


Theres only one thing that works better 
in water than Surtynor surfactants. 

When it comes to formulating water-based systems, Air Products' Surf)inol 

surfactants are real lifesavers. They're multifimctional, so they make formulating or 

reformulating in water as easy as the systems you're used to. 

And with Surfynol surfactants, your coatings perform the way they should, with 

improved flow and leveling, and better wetting with reduced foam - including microfoam. 

How can we be sure? Because we test our products in our own lab, w1der real-

world application settings. So you can be sure our entire Line of surfactants do what 

they promise. Work. For more information, or to order a sample, call us at l-800-
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An Infrared Spectroscopy Atlas 
for the Coatings Industry 

Two Volumes-1 024 Pages, Over 2500 Spectra 

This revised and expanded two-volume. 
fourth edition contains a compilation of more 
than 2.500 spectra. fully indexed. of materials 
commonly used in the coatings industry. All 
spectra hove been generated on high resolu
tion Fourier Transform spectrophotometers with 
recorded spectral ranges covering the region 
between 4.000 and 400 em -1. 

Authored by experts in the field of coatings 
infrared analysis. the 1 024-poge text consists of 
eight fundamental and comprehensive chap
ters. including theory. instrumentotion.IR instru
mentation accessories. sample preparation. 
and qualitative and quantitative analysis. 

A fully indexed literature survey represents 
the most complete bibliography published in 

this type of text. It is organized into sections 
such as theory. general information. reviews. 
instrumentation . experimental techniques. 
compilation of spectra. quantitative analysis. 
coatings. polymers applications and pigment 
applications. Each section is in chronological 
order. 

This handsome set is packaged in a sturdy 
slip case for easy shelf storage. 

Also. a computerized database of all the 
spectra featured in the Atlas has been devel
oped by the Nicolet Instrument Corp .. in coop
eration with the Federation. The Nicolet Coatings 
Technology Database is available at additional 
cost from Nicolet to assist in computer searching 
during quantitative infrared analysis. 

$150-Federation Members/$200-Non-Members 
Please make all checks payable in U.S. Funds on a U.S. Bank 

Federation of Societies for Coatings Technology 
492 Norristown Rd., Blue Bell, PA 19422-2350 

(215) 940-0777 • FAX: (215) 940-0292 
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BUT first, a "thank you" for your acceptance ofQIUQ. Without your 
loyalty, would never have been developed. Now there is a 

new standard for cost efficiency, hiding, tint strength and flatting. And without 
any ecological concerns. 

For samples and technical assistance, calll-800-841-8999. 
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DQCS~ JOURnAL OF 
COATinGS 
TECHnOLOGY 

GENERAL 

The JouRNAL OF CoATI NGS TECHNOLOGY is published monthly by 
the Federation of Soc ieties for Coat ings Techno logy for its mem
bership of approximately 7,000 in 26 Constituent Societies in the 
United States, Canada, Great Britain , and Mex ico. The JouRNAL is 
devoted to the advancement of knowledge in the science and tech
nology of surface coatings, the materials com prising such coat ings, 
and thei r use and performance. 

The Editors in vite submi ssion of original research papers. re
view papers. and papers under the special headings Open Forum 
and Back to Basics , and Leuers ro the Editor All manuscripts will 
be assumed to be previously unpublished writing of the authors, not 
under consideration for publi cation elsewhere. When rev iew pa
pers contain tables or graphs from copyrighted artic les, the au tho rs 
will be required to obtain permission for use from the copyright 
holders. When the organization with wh ich the authors are affi li 
ated requ ires clearance of publications, authors are expected to 
obtain such clearance before submission of the manuscript. Papers 
presented to assoc iations other than the Federation must be re leased 
by written communication before they can be considered for publi
cation in the JoURNAL OF CoATINGS T ECH!'OLOGY. Authors are obli
gated to reveal any exceptions to these conditions at the time a 
manuscript is submitted. 

The JOURNAL OF COATINGS TECHNOLOGY has first right to the pub
lication o f papers presented at the Annual Meeting of the Fed
eration and at local regional meetings or symposia of the Constitu
ent Societies. 

Papers in which proprietary products or processes are pro
moted for commercial purposes are specifically nonacceptab/e for 
publication. 

SUBMISSION OF MANUSCRIPTS .. . 

... for the Journal 

Four complete copies shou ld be sent to the Ed itor. Jou RNAL OF 
COATINGS TECHNO LOGY , 492 Norristown Rd. , Blue Bell , PA 19422. 
The cover leiter should address copyright , clearance, and release 
issues discussed above and should spec ify paper category: Origi
nal Research. Re\·iews. Open Forum. or Back to Basics . 

Leuers to the Editor: The JouRNAL will consider for publ ication 
all correspondence re levanl to the coatings industry and to the 
contents of the JouRNAL. When a letter concerns an article appear
ing in the JouRNAL. the original author is usually given an opportu
nity to reply. 

... by Constituent Societies 
For Annual Meeting Presentation 

Ten complete copies of the manuscript are required for commit
tee review. The set of copies should be addressed to the Editor at 
the add ress listed prev iously . 

.. .for Roon Foundation Award Competition 

Ten complete copies of the manuscript are required, and should 
be submined to the Chairman of the 1993 Roon Awards Commit
tee. Louis J. Sharp. Dexter Corp .. I E. Water St., Waukegan, IL 
60085. (For complete deta ils. see '"Roon Awards" section of the 
Jo uRNAL in January 1993 issue .) 

GUIDE FOR AUTHORS 

MANUSCRIPT PREPARATION 

In general , authors are advised to use the " Handbook for Au
thors" published by the American Chemical Society as a guide to 
the preparation o f manuscripts (ACS. 11 55 Sixteenth St .. Washing
ton, D.C. 20036). Another excellent reference work is '"How to 
Write and Publi sh a Scientific Paper." by Robert A. Day (IS! Press, 
350 1 Market St., University City Science Center. Philadelphia. PA 
19 104). 

Authors are encouraged to consider submissions in several cate
gories and to prepare their manuscripts accordingly. The categories 
are: 

Original Research Papers: The main technical content of the 
JOURNAL OF COATINGS TECHNOLOGY will continue to be original re
search papers. Editors support the trend in scientific writing to a 
direct. less formal style that permits limited use of pe rsonal pro
nouns to avoid repititious or awkward use of passive voice. 

Re\•iew Papers: Papers that organize and compare data from 
numerous sources to provide new insights and unified concepts are 
solicted. Rev iews that show how advances from other fie lds can 
beneficially be applied to coatings are also desired. Reviews that 
consist main ly of computer searches with little attempt to integrate 
or critically evaluate are not solic ited. 

Open Forum : Topics for this category may be nontechnical in 
nature, dealing with any aspect of the coatings industry. The 
subject may be approached infonnall y. Ed itors encourage submis
sion of manuscripts that constructively address industry prolbems 
and their solutions. 

Back to Basics: Papers that provide usefu l guides to Federation 
members in carrying out thei r work are solicited. Topics in this 
category are technical but focus on the " how to" of coat ings tech
nology. Usefu l calcu lations for coatings formulat ion and proce
dures that make a paint test more reproducible are examples of 
suitable topics. Process and production topics, i.e .. paint manufac
ture , will also be reviewed in the Back to Basics category . 

If a submitted paper consists of the text of a presentation made 
prev iously to a monthly or special meeting of a Society for Coatings 
Technology , or to another technical group, the name of the organi
zation and the date of the presentation should be given. If someone 
other than the author of the paper made the presentation, thi s 
informat ion. too, shou ld be noted. Papers originally composed for 
oral presentat ion wi ll have to be rev ised or rewritten by the author 
to conform to the style described in this guide. 

Manusc ripts should be typed wi th double spacing on one side of 
8 1/2 x II inch (22 x 28 em) paper, wi th at least one-inch (2 .5 em) 
margins on a ll four sides. All paragraphs should be indented fi ve 
spaces, and a ll pages should be numbered at the top center, or upper 
right corner. 

Title 

The title should be as brief and informative as possible. Selec
tion of titles that are key word-indexable is a helpful and recom
mended practice. 

Authors ' Biographies and Photographs 

Give complete names. company or institutional affiliations, and 
brief biographical sketches of all authors. If avai lable, submit a 5 x 
7 inch ( 13 x 18 em) black-and-white photograph wi th glossy or 
smooth high sheen surface. for each author. See later section on 
photographs for further details. 



Abstracts 

A 75 -100 word abstract must be part of the manuscript , and 
should be a concise description of the key findin gs or teachings of 
the work desc ribed in the paper. The abst ract should not repeat the 
title or include reference numbers, nor should it duplicate the 
Conclusion or Summary. 

Text 

Main headings and sub-headings should be used to improve 
readability, and to break up typographical monotony. The text 
should not be presented as an alphanumeric outline. 

The main headings usuall y should be INTRODUCTION , EX
PERIM ENTAL, RES ULTS AND DISC USS ION, and SU MMARY 
or CONCLUSIONS. Sub-headings will be spec ific to the subject. 

Only as much review as is necessary should be given to provide 
an introduction to the subject; the main burden for extensive back
ground should be placed on the list of references. 

Standard scientific and technical terminology should be used to 
convey clear and unambiguous meaning, but the use of technical 
jargon or slang should be avoided. Authors should bear in mind 
that the JOURNAL has an international audience, for many of whom 
Eng lish is a second , not native, language. Use of regional idioms or 
colloqui alisms should be avoided. The use of obscure abbreviations 
is a lso discouraged. When appropriate, abbrev iations should be 
made in parenthesis immed iate ly following first mention of the 
term in the text, and then used alone whenever necessary. 

Recent issues of the JoURNAL should be consulted for desired 
style and technical level. 

Metric System 

Metric sys tem units should be used wherever applicable with 
the equivalent English units shown afterwords in parentheses. The 
ASTM Metric Practice Guide, E 380-72 (Ameri can Society for 
Test ing and Materials, 19 16 Race St., Philadelphia, PA 19103) is a 
convenient reference. 

Tables, Graphs, and Drawings 

Tah/es, rather than descriptive text, should be used only when 
they are genuinely helpful. They should be proportioned in accor
dance with the height and width limitations of the JouRNAL's pages. 
Each table should be typed on a separate sheet, rather than included 
in the text, and appended to the manuscript. Each table should be 
numbered and have a descripti ve caption. Tables should be refer
enced in the text (e.g. , "See Tahle I' '). 

In numerical data in tables, numbers less than one should have a 
zero before the decimal point. 

Graphs should be on good quality white or nonphotographic 
blue-lined 8 1/2 x II inch paper. Each graph should be drawn on a 
separate sheet, numbered. and the captions listed on a copy of the 
origina l graph. Graph captions and legends should also be typed on 
a separate sheet from original for typesett ing. 

Drawings should conform to the guidelines given for Graphs 
and should be proportioned to fit the height-to-width ratio of the 
JouRNAL's pages and columns. 

Photographs 

All photographs should be sharp, clear, black-and-white prints 
no larger than 8 x I 0 inches in size. Photos should be clearly 
labeled on the reverse side, taking care not to mar the image. 

Color prints and slides are unacceptable. 
When illustrations are secured from an outside source, the source 

must be identified and the Editor assured that permission to reprint 
has been granted. 

Nomenclature 

Whenever possible, generic names should be used in preference 
to trade names. When trade names must be used to avoid ambigu
ity. and the name is a registered trademark, the symbol R. in a circle 
or parentheses, should be given immediate ly following, and the 
manufac turer li sted as a footnote. [n general , trade names should be 
used only in footnotes or in an appendix. rather than in the text. 

If spec ial nomenclature is used, include a nomenclature table 
giving definitions and dimensions for all tenns. 

Nomenclature of chemical compounds should conform to the 
style of Chemical Ahs1rac1s and the IUPAC rules. For oligomeric 
or polymeric materials. characteri stics such as molecular weight, 
polydispersity, functional group content , etc. should be provided . 

Equations 

Equations must be typed, or written clearly, wi th equations 
numbered sequentially in parentheses to the right. If Greek letters 
are used, wri te out their names in the manuscript margin at the first 
point of use. Place superscript sa and subscript \, acc urately. Avoid 
the use of superscripts in a manner that can lead to their interpreta
tion as exponents. 

Summary 

The paper should be concluded with a summary which is intelli
gible without reference to the main text. The summary may be 
more complete than the abstract. listing conc lusions drawn from the 
text. A well written summary can serve to inspire the busy reader to 
tum back to the paper. to read it thoroughly. 

Acknowledgment 

If used, it should fo llow the summary. 

References 

These should be li sted in the numerical order in which they are 
ci ted in the text, and should be placed at the end of the manuscript. 
Names of authors may or may not be shown in the text with 
reference numbers. If possible, include titles of articles referenced 
in the literature. The following are examples of acceptable reference 
ci tations for periodicals. u .J books, " and patents. ~ 

( I) Pascal, R.H. and Reig, F.L., "Pigment Colors and Surfactant 
Selection ," Official DIGEST, 36, No. 475 (Part 1), 839 ( 1964). 

(2) Davidson, H.R ., "Usc and Misuse of Computers in Color Con
trol ," JOURNAL OF COATINGS TECH NOLOGY, 54, No. 69 1, 55 
(1982). 

(3) Stephen, H.G., " Hydrogen Bonding-Key to Dispersion"," J. 
Oil & Colour Chemisl.<' Assoc., 65, No.5, 191 ( 1982). 

(4) Patton, T. (Ed.), Pigmelll Handbook. Vol. I , John Wiley & 
Sons, Inc., New York, 1973. 

(5) Henderson, W.A. Jr. and Singh, B. (to American Cyanamid 
Co.), U.S. Patent 4,36 1,5 18 (Nov. 30, 1982). 

OTHER INFORMATION 

Galley proofs will be sent to the author for checking about six 
weeks prior to publication. 

Offprints may be purchased in quantities of I 00 or more. Au
thors will receive price quotations. Each author wi ll receive a 
complimentary copy of the JoURNAL issue in which his or her paper 
was published. 

* * * * 
The Jo uRNAL oF CoATINGS TECHNOLOGY is copyrighted by the 

Federation of Societies for Coatings Technology. The editorial 
contents of the JouRNAL may not be reprinted in whole or in part 
without written pennission of the publisher. 
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An Investment in the Future 

Much has been written on the need to invest in our future through education. However, 
the time needed to make this investment pay off is sometimes viewed as too long by those 
who check the balance sheets and report the quarterly earnings. Thus, because it usually 
takes some time to recoup this investment and realize a gain, less and less money is being 
budgeted for employee education. 

Therefore, it is very important to maximize the funds available and make the best use of 
the limited resources. One way to do this is to fully participate in the activ ities of the 
Federation of Societies for Coatings Technology and its 26 Constituent Societies. These 
activities are reasonably priced, offer a wide variety of educational opportunities, and cover 
all levels from beginner to advanced. 

For starters, take a look at the offerings of your local Society. It has nine or ten technical 
meetings each year, and probably an additional seminar or a short course at a local college. 
Also, the Societies which offer special seminars also use extended mailing lists to promote 
the events, which means you are contacted by more than your own Society about such 
programs. These activities are in addition to the FSCT Annual Meeting and Paint Indus
tries ' Show and the yearly Spring Week Technical Seminar. 

The Federation also offers a variety of written literature for your use. First and foremost 
of this literature is the JOURNAL OF COATINGS TECHNOLOGY, which offers a wide variety of 
data to assist your company's operation. The JCT is also a good source for learning about 
upcoming technical events. Also, the Federation Series on Coatings Technology is a must 
for every organization, because of its practical as well as theoretical approach to coatings. 
Right now there are 20 titles available, with additional ones being planned. 

Just as important as the knowledge you gain from these offerings is the interaction you 
have with other attendees. The interchange among participants can usually bring about 
solutions to even the most stubborn problems, and these solutions will have a quick 
payback! 

We send our children to school for at least 12 years with the hope of receiving a payoff 
in 10, 20, or 30 years. Don 't we owe it to ourselves to invest in our future. 

Vol. 65, No. 820, May 1993 

Michael G. Bell 
Director of Educational Services 

t 
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Abstracts of Papers in This Issue 
(Translations provided by: French-Montreal Society Member Alain Brisson, of Hoechst Canada, Inc. and 
Spanish-Francisco Gonzalez, of lnstituto Mexicano de T ecnicos en Pinturas y Tintas.) 

A Review of Inverse Gas Chroma
tography Theory Used in the Ther
modynamic Analysis of Pigment and 
Polymer Surfaces-C.R. Hegedus 
and I.L. Kamel 

JCT, 65, No. 820, 23 (May 1993) 

Inverse gas chromatography offers the ca
pability of analyzing filler particle and poly
mer surfaces, as well as the interactions 
which occur between these species in paints 
and other particulate-filled composites. This 
is accomplished by determining retention 
times of well characterized probe organic 
solvent molecules through columns packed 
with filler and polymer particles. Intermo
lecular interaction and gas chromatography 
theory are reviewed and equations are de
rived which allow the calculation of filler 
particle and polymer surface energy; free 
energy, enthalpy, and entropy of adsorption 
of polymers onto particles ; and work of ad
hesion between these two constituents. 

Thermodynamic Analysis of Pigment 
and Polymer Surfaces Using Inverse 
Gas Chromatography-C.R. Hege
dus and I.L. Kamel 

JCT, 65, No. 820, 31 (May 1993) 

The thermodynamics of pigment particle 
surface-polymer interactions have been 
characterized using inverse gas chroma
tography (IGC). The use of IGC in this new 
application extends available analysis to the 
calculation of the thermodynamic proper
ties of reversible particle-polymer interac
tions. This IGC technique was used to de
termine solid surface energies of particles 
and polymers; free energy, enthalpy, and 
entropy of adsorption; and work of adhe
sion. Available theories to calculate the non
polar (dispersive) and polar contributions to 
these surface properties were reviewed and 
found applicable. The values obtained agree 
favorably with those obtained from alter
nate techniques. Nonpolar forces provided 
a large contribution to the free energy and 
enthalpy of adsorption. In addition, acid
base pairs were found to undergo favorable 
interactions while acid-acid and base-base 
pairs were less likely to undergo strong in
teractions. Amphoteric adsorbates under
went extensive interactions with both acids 
and bases due to their mutual compatibility 
and their tendency to self-associate. Entro
pies of adsorption for most interactions were 
found to be negative, indicating conforma
tional changes from the gaseous state to a 
more restricted adsorbed configuration, simi
lar to those in the condensation process. 
Entropy contributions to the total free en-
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Une Revue de Ia Theorie de 
Chromatographie en Phase Gazeuse 
lnversee Utili see pour I' Analyse 
Thermodynamique des Pigments et 
Surfaces Polymeriques-C.R. Hege
dus et I.L. Kamel 

JCT, 65, No. 820, 23 (May 1993) 

La chromatographie en phase gazeuse 
inversee offre Ia possibilite d'analyse des 
particules de remplissaage et des surfaces 
polymeriques, en plus des interactions se 
produisant entre ces especes dans les 
revetements et autres composes. Ceci est 
accompli par Ia determination des temps de 
retention de sondes bien caracterisees ou 
les molecules de solvants organiques 
passent a travers des colonnes contenant 
diverses particules polymeriques. L'inter
action intermoleculaire et Ia theorie de 
chromotographie en phase gazeuse sont 
etudiees. Des equations sont derivees 
permettant le calcul d'energie des particules 
de remplissage et des surfaces poly
meriques; energie libre, enthalpie et entropie 
d'adsorption des polymeres sur les 
particules; et !'adhesion entre ces composes. 

Analyse Thermodynamique de Pig
ments et Surfaces Polymeriques 
Utilisant Ia Chromotographie en 
Phase Gazeuse lnversee-C.R. 
Hegedus et I.L. Kamel 

JCT, 65, No. 820, 31 (May 1993) 

La thermodynamique des interactions entre 
les polymeres et les surfaces de pigments a 
ete caracterisee avec I' aide de Ia chromo
tographie en phase gazeuse inversee (IGC). 
L'utilisation de Ia technique IGC pour cette 
nouvelle application accroit !'analyse 
disponible pour le calcul des proprietes 
thermodynamiques des interactions 
reversibles particule-polymere. Cette tech
nique IGC a ete utilisee pour determiner 
l'energie de surface de particules et 
polymeres; energie libre , enthalpie et 
entropie d'adsorption; et travail d'adhilsion . 
Les theories disponibles pour calculer les 
contributions polaires et non-polaires de ces 
proprietes de surface ont ete revues et 
jugees applicables. Les valeurs obtenues 
s'accordent favorablement avec celles 
obtenues avec des techniques alternatives. 
Les forces non-polaires donnent une grande 
contribution a l'energie libre et l'enthalpie 
d'adsorption. De plus, les paires acide-base 
ont donne des interactions favorables tandis 
que les paires acide-acide et base-base ont 
mains tendance a donner de fortes interac
tions. Les absorbants amphoteriques ont 
donne de vastes interactions avec les acides 
et les bases a cause de leur compatibilite 

Revision de Ia Teoria de Croma
tografia de Gases lnversa Usada en 
el Analisis Termodinamico de las 
Superficies de Pigmentos y Poli
meros-C.R. Hegedus and I.L. Kamel 

JCT, 65, No. 820, 23 (May 1993) 

La cromatografia de gases inversa ofrece 
Ia posibilidad de analizar Ia superficie de 
los polimeros y de una particula de carga, 
asi como las interacciones que se presentan 
entre estas especies en pinturas y otros 
materiales compuestos rellenos de 
particulas. Esto se I leva a cabo mediante Ia 
determinacion de los tiempos de retenci6n 
de las moleculas de solventes organicos, 
caracterizadas en columnas empacadas con 
particulas de polimeros y de carga. Se revisa 
Ia teoria de interacci6n molecular y Ia de 
cromatografia de gases, a Ia vez que derivan 
las ecuaciones que permiten el calculo de 
Ia energia de superficie del polimero y de Ia 
particula de carga, Ia energia libre, entalpia 
y entropia de adsorci6n del polimero sabre 
las particulas, y el trabajo de adhesion entre 
estes dos constituyentes. 

Analisis Termodinamico de las 
Superficies del Polimero y el 
Pigmento, Usando Cromatografia de 
Gases lnversa-C.R. Hegedus and 
I.L. Kamel 

JCT, 65, No. 820, 31 (May 1993) 

Se caracterizaron las interacciones 
termodinamicas entre las superficies de 
pigmento y del polimero empleando 
cromatografia de gases inversa (IGC). 

El uso de IGC en esta nueva aplicaci6n 
extiende el anfllisis disponible al calculo de 
las propiedades termodinamicas de las 
interacciones reversibles polimero-particula. 
Esta tecnica IGC, se uso para determinar Ia 
energia de superficies s61idas de las 
particulas y los polimeros, Ia energia libre, 
ental pia y entropia de adsorcion, y el trabajo 
de adhesion . 

Se revisaron las teorias disponibles para 
calcular las contribuciones polares y no 
polares (dispersivas) a estas propiedades 
de superficie y se encontro que fueron 
aplicables. Los valores obtenidos con
cuerdan favorablemente con los obtenidos 
con tecnicas alternas . Las fuerzas no 
polares proporcionaron una gran 
contribauci6n a Ia energia libre y a Ia ental pia 
de adsorcion. Ademas, se encontro que los 
pares ilcido-base experimentan interac
ciones favorables, mantras que fue menos 
probable que los panes acido-acido y base
base experimentaran interacciones fuertes. 
Los adsorbentes anfotericos experimentaron 
extensas interacciones tanto con los acidos 
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ergy change were approximately 30% of 
the enthalpy changes. 

Suitability of ASTM Test Method D 
2369 for Determination of VOC in 
High Solids Coatings-Philadelphia 
Society for Coatings Technology 
Technical Committee 

JCT, 65, No. 820, 45 (May 1 993) 

The Technical Committee of the Philadel
phia Society for Coatings Technology con
ducted a "round-robin" study of ASTM D 
2369-89, the method used to determine vola
tile organic content (VOC) in coatings. Ini
tially seven laboratories undertook the test
ing of five coatings. Two of these coatings 
were single-component and the remaining 
three were two-component, high solids coat
ings. 

An analysis of variance was performed 
on the data obtained. The results indicated 
that the procedure can produce reliable re
sults, when single-component coatings are 
tested. However, data from two-component 
coatings yielded higher results than ex
pected with large standard deviations. 

New Oxazolidine-Based Moisture 
Scavenger for Polyurethane Coat
ing Systems-G.N. Robinson, J.F. 
Alderman, and T.L. Johnson 

JCT, 65, No. 820, 51 (May 1993) 

A research program was initiated to deter
mine whether an oxazolidine moisture scav
enger could overcome the inherent disad
vantages of physical and chemical moisture 
scavengers commonly employed in poly· 
urethane coating systems. Oxazolidines 
were selected for this study because of their 
potential reactivity with water and generally 
good toxicity characteristics. Commercially 
available oxazolidines are unacceptable due 
to their high molecular weight and slow re
activity. A wide range of oxazolidine mol· 
ecules were investigated. Oxazolidines from 
amino alcohol/ketone reactions demon
strated excellent hydrolysis characteristics. 
Ketone·based oxazolidines were then shown 
to effectively reduce moisture in single-pack
age, moisture-cured, pigmented polyure
thane coatings. Good accelerated viscosity 
stability was also observed. Polyurethane 
coating systems can be produced using a 
ketone-based oxazolidine as a moisture 
scavenger. Such a product might find utility 
as a drying agent for wet polyols, solvents, 
pigments, or fillers used in one- or two
component systems where moisture is un
desirable . 

Preparation and Properties of 
Blocked Dimethyl m-lsopropenyl 
Benzyl Isocyanate for One-Compo
nent Coatings-H.R. Lucas and K-J. 
Wu 

JCT, 65, No. 820, 59 (May 1 993) 

A unique characteristic of dimethyl m
isopropenyl benzyl isocyanate is the flex-
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mutuelle et leur tendance a s'associer a 
euxmemes. Les entropies d'adsorption pour 
Ia plupart des interactions ont ete negatives, 
indiquant des changements conformationels 
de l'etat gazeux a Ia configuration plus 
restreinte d'adsorption, similaire a celle du 
precede de condensation. Les contributions 
entropiques au changement de l'energie 
libre totale etaient approximativement 30% 
des changements d'enthalpie. 

La Convenance de Ia Methode 
Analytique ASTM D 2369 pour Ia 
Determination de COV dans les 
Revetements a Haute Teneur en 
Matieres Solides-Philadelphia So
ciety for Coatings Technology 

JCT, 65, No. 820, 45 (May 1993) 

Le comite technique de Ia societe de 
Philadelphia a mene une etude pour etudier 
Ia methode analytique ASTM D 2369-89 
utilisee pour Ia determination de composes 
organiques volatiles dans les revetements. 
lnitialement, sept laboratoires ont teste cinq 
rev8tements. Deux de ces rev8tements 
etaient a un compose et le reste trois ou 
quatre composants. 

Une analyse de Ia variance des donnees 
a ete obtenue. Les resultats indiquent que 
Ia procedure peut produire des resultats 
fiables , quand les revetements a un 
compose sont testes. Par centre, les 
donnees des revetements a deu x 
composants ont donne de meilleurs resultats 
avec une deviation standard plus grande. 

Nouvel Extracteur d'Humidite a Base 
d'Oxazolidine pour les Revetements 
de Polyurethane-G.N. Robinson, 
J.F. Alderman, et T.L. Johnson 

JCT, 65, No. 820,51 (May 1993) 

Un programme de recherche a ete initie 
pour determiner si un extracteur d'humidite 
a base d'oxazolidine pourrait resoudre les 
desavantages inherents des extracteurs 
physiques et chimiques d'humidite 
communement employes dans des 
revetements de polyurethane. Les 
oxazolidines ont ete selectionne pour cette 
etude a cause de leur reactivite potentielle 
avec l'eau et leurs bonnes carach3ristiques 
generales de toxicite. Les oxazolidines 
disponibles commercialement sent 
inacceptables a cause de leur haut poids 
moleculaire et leur lente reactivite. Une large 
gamme de molecules oxazolidine a ete 
etudiee. Les oxazolidines de reactions 
amine-alcool/cetone ont demontre d'excel
lentes caracteristiques d'hydrolyse. Les 
oxazolidines a base de cetone ont reduit de 
fa~on efficace l'humidite de revetements de 
polyurethane a un compose. Une bonne 
stabilite de viscosite a egalement ete 
observee. Les revetements de polyur
ethanes peuvent etre fabriques utilisant un 
oxazolidine a base de cetone comme 
extracteur d'humidite. Un tel produit pourrait 
etre utile comme agent siccatif pour les 
polyols humides, solvants, ou matieres de 
charges utilisees dans des systemes a un 

como con las bases debido a su mutua 
compatibilidad y a su tendencia a Ia auto
asociaci6n. Se encontr6 que las entropias 
de adsorci6n para muchas interacciones 
fueron negativas, indicando cambios 
conformacionales a partir del estado 
gaseoso a una configuraci6n absorbida mas 
resstringida, similar a aquellas encontradas 
en el proceso de condensaci6n . Las 
contribuciones de entropia al cambio total 
de Ia energia libre fueron aproximadamente 
del 30% de los cambios de Ia entaipia. 

La Conveniencia del Metoda de 
Prueba ASTM D 2369 Para Ia 
Determinacion de VOC en Recu
brimientos de Altos Solidos-Phila
delphia Society for Coatings Tech
nology Technical Committee 

JCT, 65, No. 820, 45 (May 1 993) 

El comite tecnico de Ia sociedad de Filadelfia 
condujo un estudio del metoda de prueba 
ASTM D 2369-89, que es el metodo para 
determinar el contenido de organicos 
volatiles en los recubrimientos. lnicialmente, 
fueron siete laboratories los que tomaron Ia 
tarea de probar cinco recubrimientos de 
altos solidos. Dos de estes recubrimientos 
fueron de un solo componente y los tres 
restantes fueron de dos componentes. 

Con los datos obtenidos se hizo un 
analisis de Ia desviaci6n estandar. Los 
resultados indicaron que el procedimiento 
puede producir resultados confiables , 
cuando se evaluan recubrimientos de un 
solo componente. Sin embargo, los datos 
de recubrimientos de dos componentes, 
generaron resultados mas altos que los 
esperados con desviaciones estandares 
grandes. 

Nuevo Removedor de Humedao 
Basado en Oxazolidina Para 
Sistemas de Recubrimientos De 
Poliuretano-G.N. Robinson, J.F. 
Aldeman, and T.L. Johnson 

JCT, 65, No. 820, 51 (May 1993) 

Se inici6 un programa para determinar si un 
removedor de humedad de oxazolidina po
dia superar las desventajas inherentes, 
fisicas y quimicas, de los removedores de 
humedad, empleados comunmente en los 
sistemas de recubrimientos de poliuretano. 
Para este estudio de, selecoionaron las 
oxazolidinas debido a su reactividad 
potencial con el agua y sus buenas 
caracteristicas de toxicidad. Las oxa
zolidinas disponibles comercialmente sun 
inaceptables por su elevado peso molecu
lar y su lenta reactividad. Se investig6 un 
amplio range de moleculas de oxazolidina. 
Las oxazolidinas generadas a partir de 
reacciones alcohol amino/cetonas demo
straron excelentes caracteristicas de 
hidr61isis. Las oxazolidinas basadas en 
cetonas demostraron que reducen, de 
manera efectiva, Ia humedad en recubri
mientos de poliuretano pigmentados de un 
componente , curados por humedad. 
Tambien se observ6 buena aceleraci6n en 
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ibility it offers to the coatings industry. Co
polymerization through its double bond with 
a variety of acrylic monomers offers the 
chemist broad possibilities in polymer de
sign . By blocking the isocyanate moiety of 
the monomer, one can theoretically incor
porate a hydroxyl functional acrylic mono
mer within the same polymer. 

Aimed at the automotive 's OEM, indus
trial, and coil coating applications, the coat
ings are true one-component systems. How
ever, preparation of these polymers are not 
without difficulties. A methyl ethyl ketoximine 
blocked monomer is an ideal candidate in a 
one-component coating system, with onset 
deblocking at 50' C. However, the unsatur
ated isocyanate as well as its blocked mono
mer requires a minimum polymerization of 
BO' C for complete conversion of monomer 
to polymer. With onset deblocking of the 
isocyanate moiety at 50' C, premature 
crosslinking takes place with the acrylic hy
droxyls located in the growing polymer 
chains before polymerization is complete. 
To prevent this, we have discovered that 
certain solvents used in the polymerization 
prevent this premature gelation without af
fecting the coatings cure response and prop
erties. 

Vol. 65, No. 820, May 1993 

ou deux composants, ou l'humidite est 
indesirable. 

Preparation et Proprietes d'lsocy
anate de Dimethyl m-lsopropenyl 
Benzyl Encombre pour les Revete
ments a un Compose-H.R. Lucas 
et K-J. Wu 

JCT, 65, No. 820, 59 (May 1993) 

Une caracteristique unique de !'isocyanate 
de dimethyl m-isopropenyl benzyl est Ia 
flexibilite qu 'il offre a l' industrie des 
revetements . La copolymerisation avec 
I' aide de sa double liaison avec une gamme 
de monomeres acryliques, offre de vastes 
possibilites aux chimistes pour le design de 
polymere. En encombrant le monomere de 
!' isocyanate , on peut theoriquement 
incorporer un monomere de !'isocyanate, 
on peut theoriquement incorporer un 
monomere acrylique avec une fontionnalite 
hydroxy a l'interieur du meme polymere. 

Developpes pour les applications 
industrielles, automobiles et revetement en 
continu, ces revetements sent de vrais 
systemes a un compose. Par centre, Ia 
preparation de ces polymeres n'est pas sans 
difficultes. Un monomere encombre de 
methyl ethyl ketoximine est un candidat ideal 
pour un systeme de revetement a un 
compose, avec desencombrement a 50' C. 
Par centre, !'isocyanate non-sature et son 
monomere encombre demande un minimum 
de polymerisation a BO' C pour une conver
sion complete du monomere en polymere. 
Avec le desencombrement de !'isocyanate 
a 50' C, une reticulation prematuree prend 
place avec !'hydrolyse de l'acrylique situe 
dans les chaines de polymeres grandis
santes avant que Ia polymerisatioon ne soit 
complete. Afin de prevenir ceci, nous avons 
decouvert que certains solvants utilises dans 
Ia polymerisation empechent Ia gelification 
prematuree sans affecter les proprietes des 
revetements. 

Ia estabilizacion de Ia visosidad. Los 
sistemas de recubrimientos de poliuretano 
se pueden producir usando una oxazolidina 
como removedor de humedad. Un producto 
como este puede encontrar utilidad como 
agente secante para policies humedos, 
pigmentos o cargas usadas en sistemas de 
uno o dos componentes, en los cuales is 
humedad es indeseable. 

Preparacion y Propiedades del 
Dimetil m-lsopropenil Bencil 
lsocianato Bloqueado Para Recubri
mientos de un Solo Componente
H.R. Lucas and K-J. Wu 

JCT, 65, NO. 820, 59 (May 1993) 

La caracteristica principal del dimetil m
isopropenil bencil isocianato es Ia flexibilidad 
que ofrece a los recubrimientos . La 
polimizaci6n a traves de su doble enlace 
con una variedad de mon6meros acrilicos 
ofrece, a los quimicos, amplias posibilidades 
en el disefio de polimeros. Mediante el 
bioqueo de Ia funcionalidad isocianato del 
mon6mero, se puede incorporar te6rica
mente un mon6mero acrilito hidroxy 
funcional dentro del mismo polimero. 

Los recubrimientos dirigidos a 
aplicaciones de OEM automotrices , 
industriales y lamina en rolla (COl coating) , 
son realmente sistemas de un so lo 
componente. Sin embargo Ia preparaci6n 
de estes polimeros presenta dificultades. 
Un mon6mero de metil etil cetoximina 
bioqueado es un candidate ideal en un 
sistema de recubrimiento de un solo 
componente, con Ia desincorporaci6n del 
bloqueo a 50' C. Sin embargo, el isocianato 
insaturado, asi como su mon6mero bloque
ado, requiere una temperatura de 
polimerizaci6n minima de BO' C para Ia 
conversi6n completa del mon6mero en 
pol imero. Con Ia desincorporaci6n del 
bolqueo de Ia moltad de isocianato a 50' C, 
tiene Iugar una reticulaci6n prematura con 
los bidroxilos acrilicos localizados en Ia 
cadena creciente del polimero, antes de 
quo Ia polimerizaci6n se complete. Para 
prevenir esto, se ha descubierto que ciertos 
solventes usados en Ia polimerizaci6n 
previenen esta gelaci6n prematura sin 
afectar Ia respuesta, de estes recubri
mientos, al curado ni a sus propiedades. 
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From the President: 

The combined Annual 
Meeting and Paint Indus
tries' Show, to be held at 
the Georgia World Con
gress Center, is a major 
educational activity of the 
Federation of Societies for 
Coatings Technology. This 
international coatings 
manufacturing industry 
event consists of three 
days of technical program 
sessions and exhibits, 
running concurrently. 
Registration is required for 
admission. 

The whole world is coming to Atlanta! We expect that representatives 
from 60 countries will be in attendance at the Federation's 7lst Annual 
Meeting & 58th Paint Industries ' Show. It is recog-
nized internationally as the coatings industry's pre
mier showcase for both Raw Material and Equip
ment Suppliers and the end users. In addition, the 
technical sessions are unrivaled in quality and vari
ety. And if that isn't enough, Atlanta's mild climate, 
ambiance and southern hospitality will delight you
not to mention its wonderful array of restaurants and 
stores. 

Together, the combination is unbeatable! Take a 
few minutes to review this outstanding program and 
make your reservations early. 

Looking forward to seeing y'all in Atlanta! 

~~s 
Colin D. Penny 

President, FSCT 

uToday's Competitive Coatings: Lean, Mean and Green" 

The basis for this year's Annual Meeting Technical 
Program theme is the understanding that success in the 
coatings industry both now and in the future belongs to 
those who take the lead in blending long-term profit
ability, coatings performance and environmental 
protection. 

The theme recognizes these goals in the terms: 
LEAN, as in cost effective; process efficient; 

and waste free 
MEAN, by being consistent; tough; durable; 

and resistant; and 
GREEN, through being environmentally 

friendly; renewable; recyclable; and safe. 

The following program session themes are being 
developed: 

• Advanced Topics in Coatings Research 
• Environmental Affairs 
• Latex Technology 
• Lean, Mean, Green and CLEAN -

Innovative Equipment Cleaning 
Techniques 

• Environmentally Compatible Corrosion 
Inhibitive Coatings 

+ Radiation Curing 

• Characterization of Physical Properties 
of Coatings 

+ Roon Award Competition Papers 
+ International Papers 
• APJ/Voss Award (Society) Competition Papers 

Papers presented at the event will cover the previously 
mentioned topics and also include the following: 

• Powder Coatings 
• Adhesion 
• Organic Pigments 
• UV-Curable Coatings 
• Low VOC Coatings 
• Formulating 
• High-Solids Coatings 
• Additives 

The Keynote Address will be delivered on Wednesday 
morning to kick off the event. Highlighting the 
technical program will be the Mattiello Memorial 
Lecture, scheduled for Friday morning. 

A Poster Session, featuring non-commercial work 
covering new ideas and techniques in coatings re
search, will be held all day Thursday. 

World's Premier Paint Show to Feature Products of Over 26 7 Companies 

The largest coatings-related exhibition in the world
the FSCT Paint Industries' Show-will be held in 
conjunction with the Annual Meeting at the Georgia 
World Congress Center. Over 267 supplier companies 
to the coatings manufacturing industry will be present 
to discuss .their newest products and services. In over 
90,000 sq. ft. of exhibits will be displayed a wide variety 
of i:aw materials, production equipment, containers and 
filling equipment, laboratory apparatus, and testing 
devices for the paint and coatings producer. 

Key personnel from the top technical and sales staff of 
supplier companies will be on-hand to provide attend
ees with an opportunity to learn of the latest develop
ments in their products and services. 

Exhibit hours will be: 
Wednesday, October 27 . . .. 12:00 Noon-5:00p.m. 
Thursday, October 28 ........... ...... ... . 9:00 a.m.-5:00 p.m. 
Friday, October 29 ........................ 9:00 a.m.-12:00 Noon 



Hotel Reservation Instructions 
Whether you wish the value of a moderately priced 
hotel or the luxury of an upscale property, the choice is 
yours. The FSCT has arranged for convention rates at 
eight official Paint Show hotels. To obtain these rates, 
requests for accommoda tions must be placed through 
the FSCT Housing Bureau of the Atlanta Convention 
and Visitors Bureau, using the FSCT Housing Form. 
The reservation cut-off date is September 24. 
Send your form to the FSCT Housing Bureau for 
processing. Be sure to include a phone number and 
keep a copy of the form for your records. Phone calls 
and faxes will not be accepted. The Housing Bureau 
will mail an acknowledgment of the reservation and 
the hotel assigned will then forward a confirmation. 
Allow two weeks for receipt of acknowledgment. 
All hotels requ·ire a room deposit or credit card 
guarantee. If a credit card number has been given, a 
deposit is not required. Otherwise, please send the 
deposit amount indicated on the hotel confirmation 
directly to the hotel within two weeks of receipt of 
confirmation. 
Interna tional attendees only may fax their request on 
the official housing form to 1404)521 -6392. 
All changes/cancellations must be placed in writing to 
the Housing Bureau. After September 24, changes and 
cancellations must be made directly with the hotel. 

Participating Hotels 

Atlanta Marriott Marquis 
(FSCT Headquarters) 
The Marriott Marquis, located in the city's Peachtree 
Center, features a 50-story interior atrium and glass
enclosed bubble elevators as well as an abundance of 
greenery and artwork. The guest rooms offer climate 
control, AM/FM radios, color TVs with in-room movies 
and sports, in-room video 
check-out, and a separate 
desk area. Concierge level 
guest rooms are also avail
able. The hotel operates ten 
restaurants and lounges, an 
indoor/outdoor pool, a health 
club, a sauna and a shopping 
level. 

1404) 52 1-0000 
(Requests for rooms limited to 
10 per company.) 

Hyatt Regency Atlanta 
This 23-story atrium hotel 
includes luxury guest rooms 
and suites, a landscaped 
outdoor pool, a whirlpool, 
and a full y equipped health 
and fitness center. The Hyatt 
is located in Peachtree 
Center, just across the street 
fro m the FSCT headquarters 
hotel. Available are three 
restaurants, including Polaris, 

a 327-foot high revolving rooftop restaurant accessible 
by a glass elevator. 

1404) 577- 1234 

Westin Peachtree Plaza 
The Westin Peachtree Plaza is America's tallest hotel, 
boasting 73 stories, three restaurants, four lounges, an 
indoor/outdoor pool, 24-hour room service and a fully
equipped health club. 

1404)659-1400 

Atlanta Hilton and Towers 
Eight restaurants and lounges, including the four-star 
"Nikolai's Roof," are housed by this hotel, which also 
provides a fully equipped health club, tennis courts, 
and jogging trail. INPCA headquarters) 

The Omni Hotel at 
CNN Center 

1404)659-2000 

The Omni is located in downtown Atlanta, adjacent to 
the Omni Coliseum, the Georgia World Congress 
Center and the Georgia Dome. The rooms and suites 
fea ture in-room movies, complimentary HBO, hair 
dryers, irons and ironing boards. Eighteen-hour room 
service is available, Bugatti for fine Northern Italian 
dining, and The Cafe for traditional American fare. The 
Take Two Lobby Lounge offers en tertainment. Health 
Club facilities are also available. 

1404) 659-0000 
(Requests for rooms limited to 10 per company.) 

The Radisson Hotel Atlanta 
Guest services at this hotel include dry cleaning and 
laundry services, a hair salon, and gift shop. The garden 
setting pool, surrounded by trees, flowers, and a 
fountain, is covered by a sun roof. A restaurant, lounge, 

and fitness club are also available in 
the hotel. 

1404)659-6500 

Ritz-Carlton Atlanta 
The only four-star, four-diamond 
downtown property features a 
small, intimate club-like atmo
sphere. Award-winning cuisine is 
served in four restaurants and 
lounges. A health club facility is 
available. 

1404)659-0400 

The Comfort Inn 
The convenient location of the 
Comfort Inn places guests two 
blocks from the Georgia World 
Congress Center, Peachtree Center, 
the CNN Center, and the MARTA 
Rapid Transit System. The hotel 
offers spacious guest rooms and 
suites, a restaurant and lounge, and 
a courtyard/pool reception area. 

1404) 524-5555 

The Marriott Marquis-FSCT Headquarters Hotel 



Hotel Room and Suite Rates 

Property Single Double 1 BR Suite 2 BR Suite 

Marriott Marquis· ..... ..... ... ... .$131 $146 $450-900 $550-1050 
Concierge Level ··· ·· ····· ····· ·· $175 $175 

Hyatt Regency .. . .. $128 $143 $325-800 $400-875 

Westin Peachtree .. ... . ..... $120 $135 $350-1 150 $500- 1350 

Atlanta Hilton & Towers ..... ... ..... .... $122 $135 

Omni Hotel at CNN Center· .. .... . $139 $154 $650-800 $800-950 

Radisson Hotel .. ················ ........ $ 99 $115 $260-480 $365-585 

Ritz-Carl ton .... .. ........ $140 $155 $385-985 $580-1165 

Comfort Inn .. . ................ ............. $ 89 $99 

· A limit of lO rooms per company wi ll be placed at the Marriott and also at the Omni Hotel. A parlor counts as one room. 

Shuttle Service 
Shuttle Bus service will be provided between the cooperating hotels and the 
Georgia World Congress Center. 

Marriott Marquis ... 
Atlanta Hilton . 
Comfort Inn . 

Route 1 
.... Courtland Street Entrance 

. ................ Courtland Street @ Marquis 
.. ...................... International Blvd. 

Route 2 
Westin Peachtree .......... Spring Street - Motor Lobby Entrance 
Hyatt Regency . . ...... Harri s Street - Clock of Five Entrance 

Ritz-Carlton .. 
Radisson .... 

Route 3 
. ........................................... Ellis Street 

.. .. International Blvd. - Ballroom Entrance 

Hours of Operation 

Tuesday, October 26-
8:00a. m. -6:00p.m . 

Wednesday, October 27-
7:30 a.m.-6:00p.m. 

Thursday, October 28-
7:30 a.m. -6:00p.m. 

Friday, October 29-
7:30 a.m.-3:00p.m . 

8-Westm Peachtree 
9-Comfort Inn 



1993 FSCT ANNUAL MEETING AND P A INT I NDUSTRIES' SHOW 

GEORGIA WoRLD CoNGREss CENTER, ATLANTA, GEORGIA 

WEDNESDAY, THURSDAY, AND FRIDAY, OCTOBER 27-29, 1993 

HOTEL RESERVATION FORM 

MAIL FORM & DEPOSIT TO: 

FSCT Paint Show 
Housing Bureau 
233 Peachtree Street, NE 
Suite 2000 
Atlanta, GA 30303 

HOTEL PREFERENCE 

Georgia World Congress Center 
Atlanta , GA 

October 27-28-29, 1993 

List the three hotels of your preference. First choice will be assigned if avai lable. List other preferences to avoid delay. Requests for 
the Atlama Marriott Marquis and the Omni Hotel will be limited to 10 rooms per company. 
The deadline is September 24. 

(I) (2) --------- (3) --------

RESERVATION REQUEST 

Names of Occupants Room Type Rate Arrival Departure 
I 

I 

For additional reservations, feel free to copy this form. 

ROOM GUARANTEE 

All hotels require a room deposit or credit card guarantee. List your credit card below or send a check directly to the hotel after you 
receive the hotel 's confirmation. 

CREDIT CARD I circle type): American Express, MasterCard, or VISA 

I I I I I [[] [[] 
(Number) (Expiration Date) (Signature ) 

MAIL ALL CONFIRMATIONS TO: 

Name: 

Company: 

Address: 

City/State !Province): ----------------

Country Iii other than U.S.): 

has special needs: 
(name of occupant) 

Telephone: 

FAX: 

Zip Code !Mailing Code): 

!please specify) 

I 
I 



Registration Information 
The Advance Registration fees include three days of 
admission to the Paint Industries' Show and the 
Opening Session, and all concurrent program sessions 
of the Annual Meeting. To register, simply complete 
the Advance Registration Form and forward it with 
payment to FSCT. The Advance Registration prices 
will be available until October l. The form with 
accompanying pay ment must be received at FSCT by 
October I . Registration options are listed below: 

Full Time Advance 
Member ..................... .... $ 75 
Non-member . ..... $100 
Guest ..................... . ...... $60 

Method of Payment 

On-Site 
$90 
$125 
$ 70 

Acceptable types of payments include checks in U.S. 
funds made payable to FSCT, as well as credit cards: 
VISA, MasterCard, and American Express. Payment is 
due with registration form. Forms received without 
payment will not be processed. Please note: if payment 
is made with a credit card, the form may be faxed to 
FSCT Headquarters Office. If faxing, please do not mail 
original form. 

The Registration Services Area wil l be located at the 
Georgia World Congress Center and will be open over 
the following days and times for you to pick up your 
badge and registration materials. 

Day Time 
Tues., Oct. 26 . .. ... 8:00a.m.- 5:00p.m. 
Wed.-Thurs., Oct. 27-28 ...... 7:30a.m. - 5:00p.m. 
Fri. , Oct. 29 ..... 7:30a.m.- 12 Noon 

On-site registration will also be available during the 
times noted above. 

Cancellation and Refund Policy 
All cancellations must be submitted in writing to the 
FSCT Headquarters Office. Cancellations received by 
October IS will be subject to a $10 handling charge. A 
$25 charge will apply after that date. All cash refunds 
will be processed after November I. Credit card 
cancellations received after October I will not be 
processed until after November I. 

Airport and City Transportation * 
From Hartsfield Atlanta Interna tional Airport: 
Airport Shuttle (service to downtown hotels, provided 
by Atlanta Airport Shuttle) is $8.00 one way, $14.00 
round trip. The trip takes approximately 30 minutes. 

Taxi Service from the airport to downtown hotels is 
$15.00 for one person, $8.00 per person with two 
passengers, and $6.00 per person with three passengers 
in the taxi. 

Public Tran sportation from the airport to the down
town area nearby the official hotels is available via 
MARTA (rapid transit). The fee is $1.00 and the ride 
takes approximately 35 minutes. 

· Prices are subject to change. 

Airline Information 
Convention discounts of up to 10% on domestic flights 
are available from Delta and Continental Air Lines .
Continental is also offering convention discounts on 
international flights. To make your transportation 
arrangements to the Paint Show, you may use the 
Federation's Officia l Travel Agency or contact the 
airlines directly. 

FSCT Travel Desk ...... 1-800-448-FSCT 
Delta ............... l-800-241-6760 (ref. file# U0235 ) 
Continental .... l -800-468-7022 (ref. file# ZJA35 ) 
·For each airline, certain restrictions apply . 

Guest Program 
Guest Activities begin on Wednesday, October 27, 
with a Welcome Social at the Marriott Marquis. 
On Thursday, following a continental breakfast in the 
Marriott Marquis, registered guests will depart on 
deluxe motorcoaches for a visit to Stone Mountain 
Park which features the world's largest mass of 
exposed granite. There, guests will stop at Memorial 
Hall for a view of the Confederate Memorial-a 
carving in the granite of Robert E. Lee, Stonewall 
Jackson, and Jefferson Davis. The carving, even bigger 
than Mount Rushmore's, is the largest work of 
sculptured art in existence. Guests also will have the 
opportunity to tour the park's authentic antebellum 
plantation featuring 20 structures dating between 1780 
and 1880. 
From Stone Mountain, guests will board the 
motorcoaches for the Georgia Freight Depot, a histori 
cal building in Atlanta fea tured in scenes from the 
movie "Gone with the Wind." There, a delicious lunch 
will be served . 
After lunch, guests will visit Underground Atlanta, a 
unique underground shopping district boasting retail 
shops and restaurants. 

Making Your Arrangements 
(1 I To place airline reservations, call the FSCT Travel 
Desk at 1-800-448-FSCT or (2 15) 628-2549 and mention 
Paint Show '93. To contac t the carriers directly, call 
the fo llowing numbers and reference the file numbers 
provided: 

Delta 1-800-241-6760 (ref. file# U0235) 
Continental 1-800-468-7022(ref. file# Z)A35 ) 

(2) To make hotel reservations, mail your Hotel 
Reservations Form to the FSCT Housing Bureau. The 
cut-off date for reservations is September 24. 

(3) Register in advance for the Annual Meeting and 
Paint Industries' Show by filling out the Registration 
Form and forwarding it to FSCT with payment. The 
deadline for Advance Registration is October 1. 

(4) To register a spouse or guest, fill out the Guest 
portion of the Registration Form and provide the proper 
payment. 

(5) Dates to keep in mind: 
Octaber 25-27-NPCA Annual Meeting, Hilton 
Hotel and Towers, Atlanta. 
October 26-FSCT Board of Directors Meeting, 
9:00a.m., Marriott Marquis Hotel. 
October 27 -29-FSCT Annual Meeting & 
Paint Industries' Show, Georgia World 
Congress Center. 



1993 Advance Registration 
FEDERATION OF SOCIETIES FOR COATINGS TECHNOLOGY 
ANNUAL MEETING & PAINT INDUSTRIES' SHOW 
ATLANTA, GA • OCTOBER 27-29, 1993 

I BADGE INFORMATION: This is how your badge will read. Please print clearly! I 
NICKNAME 

I I I I I I I I I I I I I 
FIRST NAME LAST NAME 

I I I I I I I I I I I I I I I I I I I I 
COMPANY 

I I I I I I I I I I I I I I I I I I I I 
STREET (or P.O. Box) 

I I I I I I I I I I I I I I I I I I I I 
CITY STATE/PROV. 

I I I I I I I I I I I I I I I ITJ 
COUNTRY (OTHER THAN U.S. ) POSTAL CODE 

I I I I I I I I I I I I I I I I I I I I I I 
TELEPHONE NO. FAX NO. 

I I I I I I I I I I I I I I I I I I I I I I 
I GUEST BADGE INFORMATION: I 
NICKNAME 

I I I I I I I I I I I I I 
FIRST NAME LAST NAME 

I I I I I I I I I I I I I I I I I I I I 
CITY STATE/PROV. 

I I I I I I I I I I I I I I I ITJ 
POSTAL CODE 

I I I I I I I I I I I 
I BUSINESS CLASSIFICATION DATA FOR INDUSTRY REGISTRANT: I 
YOUR COMPANY (CHECK ONE ONLY) YOUR POSITION (CHECK ONE ONLY) 

AA U Manufacturers of Paints, 
Varnishes, Lacquers, Printing 
Inks, Sealants, Adhesives 

BB :J Manufacturers of Raw 
Materials 

~C :J Manufacturers of Equipment 
and Containers 

DO :J Sales Agents for Raw 
Materials and Equipment 

EE :J Government Agency 

FF J Research/Testing/Consulting 

GG i Educational Institution/ 
Library 

HH :J Paint Consumer 

YY I Environmental Services 

JJ I Other 

KK n ManagementiAdm 

LL n Mfg. & Engineering 

MM I Quality Control 

NN -, Research & Development 

PP i Technical Sales Service 

00 I Sales & Marketing 

RR n Consultant 

SS n Educator/StudenVlibrarian 

TT :J Other 

c Office Use Only 

1-- Auth . Code u Date Received 
1-- Amount $ 

r-v Check No. 

Please name the Federation 
Society in which you are a 
paid-up member: 

!Registration Fees: I 
A 0 FSCT Member $75.00 

B 0 Non-Member $100.00 

D 0 Guest $60.00 

G 0 Special Fee for 
Retired Members $25 .00 

H 0 Special Fee for Spouse 
of Retired Members $25.00 

!Luncheon Tickets : I 
0 NUMBER REQUIRED: 

$25.00 EACH. 

I Method of Payment: I 
Payment is due with registration form. 

Total Amount Due$ 

Please Check One: 

0 Enclosed is Check # - - -
payable in U.S. Funds to FSCT 

0 Charge to the following card: 

_ MC _ VISA - AMEX 

Card No. 

Expiration Date : 

Signature (Credit card registrations only) 

Please print cardholder's name 

' DEADLINE DATE FOR ADVANCE REGISTRATION IS OCTOBER 1. NONE WILL BE ACCEPTED AFTER THAT DATE. If paying by check, 
please fi ll out form and mail wi th a check in the correct amount (made payable to the FSCT) to the Federation address shown below. All 
checks must be payable in U.S. Funds. Any that are not will be returned . We are pleased to accept faxes on credit card charges only. A $10.00 
charge will be made for cancellations received prior to October 15. A $25.00 charge will be made for cancellations received after that date. 

492 Norristown Rd., Blue Bell , PA 19422-2350 
Phone: 215-940-0777 ·FAX: 215-940-0292 



Aceto Corp. 
Advanced Coating Technologies 
Advanced Software Designs 
Air Products &. Chemicals, Inc. 
Alcan-Toyo America, Inc. 
Alcoa Industrial Chemicals 
Allied Signal Corp. 
Alt-Chem International 
American Felt&. Filter Co. 
American Paint Journal Co. 
Amoco Chemical Co. 
ANGUS Chemical Co. 
Anker Labelers USA, Inc. 
Aqua lon Co. 
Area Chemical Co. 
A.R. Arena Products, Inc. 
Atlas Electric Devices Co. 
Ashland Chemical Co., IC&S Oiv. 
Automated Filling Spec. Corp. 
Aztec Catalyst Co. 

B.A.G. Corp. 
BASF Corp. 
Blackmer Pump 
Bohlin Instruments, Inc. 
Brinkmann Instruments, Inc . 
Brookfield Engineering Labs, Inc. 
Brookhaven Instruments Corp. 
Buckman Laboratories 
Buhler Inc. 
Bulk Lift International 
Burgess Pigment Co. 
BYK-Chemie USA 
BYK-Gardner, Inc. 

C&E News/ACS 
Cabot Corp ., Cab-0-Sil & Special 

Blacks Div. 
Caframo Ltd. 
Calgon Corp. 
Cappelle Inc. 
The Carborundum Co., Fibers Div. 
Cardolite Corp. 
Cargill, Inc. 
Carri-Med Americas, Inc . 
Carroll Scientific, Inc . 
CB Mills, Div. Chicago Boiler Co. 
CCP Polymers 
Celite Corp. 
Chemical Marketing Reporter 
Chemical Week Associates 
CIBA-GEIGY Corp. 
The Coatings Laboratory Inc. 
Coatings Magazine 
Color Corp. of America 
Colorgen, Inc. 
Colortec Associates Inc. 
Columbian Chemicals Co. 
Compliance Services, Inc. 
Consolidated Research, Inc. 
Cookson Pigments Inc. 
Coulter Corp. 
CPI Purchasing Magazine 
CPS Chemical Co., Inc. 
CR Minerals Corp. 
Cray Va lley Products 
Crosfield Co. 
Cuno, Inc., Process Filtration Prods. 
CYDEC Inc. 
CYTEC Industries 

D/L Laboratories 
Daniel Products Co., Inc. 
Datacolor International 

1993 PAINT INDUSTRIES' SHOW 

Current List of Exhibitors 
Day-Glo Color Corp. 
DeFelsko Corp. 
Oegussa Corp. 
University of Detroit -Mercy 
Distil-Kleen, Inc. 
Dominion Colour Corp. 
Dow Chemical 
Dow Coming Corp. 
Draiswerke, Inc. 
Drew Industrial 
Dry Branch Kaolin Co. 
DSA Consulting, Inc. 

Eagle Zinc Co. 
Eastern Michigan University 
Eastman Chemical Co. 
Ebonex Corp. 
ECC International 
Eiger Machinery, Inc. 
Elektro-Physik USA, Inc. 
Elf Atochem 
Elmar Worldwide 
EM Industries, Inc. 
Engelhard Corp. 
Epworth Mfg. Co., Inc. 
Etna Products, Inc ., Specialty 

Chemical Div. 
Exxon Chemical Co. 

Fawcett Co., Inc. 
Federation of Societies for Coatings 

Technology 
Filter Specialists, Inc. 
Fischer Technology Inc. 
Fluid Management 
FMC Div., Pharm. & Bio. Div. 
FMJ Internat iona l Publications Ltd. 
H.B. Fuller Co. 

Paul N. Gardner Co., Inc. 
The BFGoodrich Co., Specialty 

Polymers&. Chemicals Div. 
The Goodyear Tire & Rubber Co., 

Chemical Oiv. 
Grace Davison (W.R. Grace & Co.) 
Guertin Polymers 

Haake Inc. 
Ha lox Pigments 
Harcros Pigments, Inc . 
R.E. Hart Labs Inc. 
Henkel Corp., Coatings & Inks Div. 
Heraeus DSET Laboratories, Inc. 
Heucotech Ltd. 
Hilton Davis Co. 
Hockmeyer Equipment Co. 
Hoechst Celanese Corp., Pigments 
Hoechst Celanese Corp., Waxes, 

Lubricants & Polymers 
Horiba Instruments Inc. 
J.M. Huber Corp. 
Hi.ils America Inc. 
Hunter Associates Laboratory, Inc . 

Ideal Manufacturing & Sales Corp. 
Industrial Finishing Magazine 
International Compliance Center 
International Resources, Inc. 
International Specialty Products 
ISP Filters, Inc. 
ITT Marlow/ITT A-C Pump 

SC Johnson Polymer 
Journal of Coatings Technology 

K-T Feldspar Corp. 
Kenrich Petrochemicals, Inc. 
Kinetic Dispersion Corp. 
Kemira, Inc . 
King Industries, Inc. 
KRONOS, Inc. 
KTA-Tator, Inc. 

Labsphere, Inc. 
Laid law Environ. Services, Inc. 
LaQue Center for Corrosion Tech. 
Lawte r International 
Leeds & Northrup/Microtrac Div. 
Liquid Controls Corp. 
The Lubrizol Corp. 
Luzenac America 

3M, Industrial Chemicals Prod. Div. 
3M/Zeelan Industries, Inc. 
Macbeth, Div. of Kollmorgen, Corp. 
Magnesium Elektron Inc. 
Malvern Instruments, Inc. 
Malvern Minerals Co. 
McWhorter, Inc. 
The Mearl Corp. 
Michelman, Inc. 
Micro Powders, Inc. 
Micromeritics Corp. 
Micromet Instruments, Inc . 
Mid-States Eng. & Mfg. 
Millipore Corp. 
Mineral Pigments 
Ming-Zu Chemical Ind., Ltd. 
Mini FIBERS, Inc. 
Minolta Corp. 
Mississ ippi Lime Co. 
University of Missouri-Rolla 
Modern Paint & Coatings 
Morehouse-Cowles Inc . 
Morton International, Inc., 

Universal Color Dispersions 
Mountain Minerals Co., Ltd. 
Myers Engineering 

Nacan Products Ltd. 
National Chemical Co., Inc. 
National Paint & Coatings Assn. 
Netzsch Inc. 
Neupak, Inc. 
New Way Packaging Machinery Inc. 
Norman International 
North Dakota State University 
NYCO Minerals, Inc. 

Obron Atlantic Corp. 
Ohio Polychemical Co. 
Olin Chemicals 
Opticolor, Inc. 
Ortech International 

Pacific Micro Software Engineering 
Paint & Coatings Industry 

Magazine 
Pen Kern Inc. 
Peninsula Polymers 
Perkin-Elmer 
Physica USA 
Pioneer Packaging Machinery, Inc. 
Plastican, Inc. 
Polar Minerals 
Poly-Resyn, Inc . 
PPG Industries, Inc., Silica Prods. 
PPG Industries, Inc. , Spec. Chems. 
PQ Corp. 
Praxair, Inc. 
Premier Mill Corp. 

Progressive Recovery, Inc. 
Purity Zinc Meta ls Co., Ltd. 
Pyosa, S.A de C.V. 

Q-Panel Co. 

Raabe Corp. 
RadTech Ind . North America 
Ran bar Technology, Inc. 
Reichhold Chemicals Inc. 
RHEOX, Inc. 
Rhone-Poulenc Inc. 
Rohm and Haas Co. 
Rohm Tech Inc. 
Ronningen-Petter 
Rosedale Products, Inc. 
Charles Ross & Son Co. 
Russell Finex Inc. 

Sandoz Chemicals Corp. 
Sanncor Industries, Inc. 
Sartomer Co. 
Schenectady International 
Schold Machine Corp. 
Schuller Filtration 
SCM Chemicals 
Scott Bader, Inc. 
Semi-Bulk Systems, Inc. 
Serac, Inc. 
Shamrock Technologies, Inc . 
Sheen Instruments Ltd. 
Shell Chemical Co. 
Sherwin-Williams Co. 
Shimadzu Scien tific Inst ., Inc. 
Silberline Manufacturing Co., Inc. 
Sino-American Pigment Systems 
Sonoco Products Co. 
South Florida Test Service 
Southern Clay Products, Inc. 
University of Southern Mississippi 
Spartan Color Corp. 
Specialty Minerals Inc. 
Steel Structures Painting Council 
Steeltin Can Corp. 
Sub-Tropical Testing Service 
Sullivan Chemical 
Sun Chemical Corp. 
Systcch Environmental Corp. 

Taber Industri es 
Tego Chemic Service USA 
Texaco Chemical Co. 
Thiele Engineering 
Troy Corp. 

U.S. Sack Corp. 
U.S. Silica Co. 
Union Carbide Corp. 
Union Process Inc. 
United Catalysts, Inc. 
United Mineral & Chemical Corp. 
United States Testing Co. 

Van Waters & Rogers Inc. 
R.T. Vanderbilt Co., Inc. 
Velsicol Chemical Corp. 
Versa-Matic Pump Co. 
Vorti-Siv Div., of M&M Ind., Inc . 

Wacker Silicones Corp. 
Warren Rupp, Inc. , a Unit of Idex 
Wilden Pump & Engineering Co. 
Witco Corp. 

X- Rite, Inc. 

Zeneca Biocides, Zeneca Inc. 
Zeneca Resins 







REVIEW PAPER 

A Review of Inverse Gas 
Chromatography Theory Used in 

The Thermodynamic Analysis 
Of Pigment and Polymer Surfaces 

Charles R. Hegedus 
Naval Air Warfare Center* 

Inverse gas chromatography offers the capability of 
analyzing filler particle and polymer surfaces, as well 
as the interactions which occur between these spe
cies in paints and other particulate-filled composites. 
This is accomplished by determining retention times 
of well characterized probe organic solvent mole
cules through columns packed with either filler or 
polymer particles . Intermolecular interaction and gas 
chromatography theory are reviewed and equations 
are derived which allow the calculation of filler parti
cle and polymer surface energy; free energy, enthal
py and entropy of adsorption of polymers onto parti
cles ; and work of adhesion between these two 
constituents. 

INTRODUCTION 

Gas chromatography (GC) is one of the most widely used 
analytical techniques in the chemica l research and indus
tri al communities. In general terms, it is a separation 
process of a mobile vapor phase through a stati onary, 
discontinuous so lid phase . The vapor phase is injected 
into one end of a packed column containing the solid 
phase. An inert gas such as helium is also introduced at 
the column inle t in order to carry the vapor through the 
column bed . A detector at the end of the co lumn analyzes 
the vapor as it exits. Figure I is a schemat ic of a typical 
gas chromatography apparatus. •·• 

•or. Hegedus can be contacted at Air Products & Chemicals. 720 1 Hamilton Blvd .. 
Allentown, PA 18 _195 . . . 

Dept. of Matenals Engmeenng. 32nd & ChestnutSts. Philadelphia. PA 19104. 

Vol. 65, No. 820, May 1993 

lhab L. Kamel 
Drexel Universityt 

While the vapor is fl owing through the co lumn , it is in 
intimate contact with the solid substrate , allowing chemi
cal and physical interact ions. Since unlike molecules will 
interact differentl y with the solid within the column , the 
" lag " time which it takes these molec ul es to travel 
through the co lumn , referred to as retention time (t,) , wil l 
vary. Packing the column with a well-characteri zed solid 
can result in precise separation and identification of the 
injected species. Tradi tionall y, gas chromatography has 
been used to identify and analyze gases and vapors, sepa
rate vapor mi xtures, study chemical structure , determi ne 
mechanisms and kinetics of reac ti ons , and study thermo
dynamics of mixtures and reactions 4

"
7 

While gas chromatography was designed for analysis 
of the mobile vapor phase, in verse gas chromatography 
(IGC) was designed fo r analysis of the stationary solid 
phase 5

·
7 In thi s case , specific reagents , called probes , 

which are well characteri zed, are introduced into a col
umn to study their interaction with the solid surface of 
interest. The probe materi als are typicall y low molecu lar 
weight organic so lvents and th e stationary phase may be 
any solid materi al which can be " packed " into a co lumn 
(i.e . , particles, whi skers , fibers , etc.). Except for the 
reve rsa l of roles of the vapor and solid phases, the theo
retica l principles and instrumentation are basicall y the 
same for both GC and IGC. 

Inverse gas chromatography is a relati vely new tech
nique for ana lysis of so lid surfaces and their interactions 
with adsorbates. Reference (8) is a recent publicat ion 
address ing the use of IGC , and Table I is a li sting of 
polymer parameters which have been studied using thi s 
technique. Although it has been used to study polymers 

23 



C.R. HEGEDUS and I.L. KAMEL 

INLET OUTLET 

Chromatograph 

Recorderllnlegraler 

Figure 1-Schematic illustration of a typical gas chromatograph 

and their interactions with solvents and fibers, it s use as a 
tool for analysis of polymer-filler particle interactions has 
been limited 23"

27 As part of an overall effort to charac
teri ze and analyze pigment-polymer interactions and their 
effects on properties , an IGC study was conducted with 
the following objectives: 

( I ) Characterize the surface energetics of filler parti
cles and polymers independently. 

(2) Analyze the thermodynamics of polymer-pigment 
interac tions. 

(3) Advance the understanding and use of IGC as a 
technique to characteri ze filler material s and develop 
organic coatings, sealants , adhesives, and other polymeric 
composites . 

The experimental details of this study will be presented 
in a subsequent paper. The following is a presentation of 
molecular interaction and IGC theory used to analyze the 
surface of so lid material s, including polymers and partic
ul ate fillers . 

INTERMOLECULAR INTERACTIONS 

The interaction between a solid substrate and an ad
sorbing species is att ributed to secondary bonding caused 
by both polar and nonpolar (dispersive) Van der Waals 
forces between adsorbent and adsorbate . Fowkes and co
workers have led the argument that these polar forces are 
actually Lewis acid-base interactions 28

-3 ' This paper 
further utilizes these concepts in describing adsorption 
phenomena, specifically in IGC. Before presenting this 
specific case of surface intermolecular interac tions, con
sider the more generic case of any two dissimilar mole
cules which are in close enough proximity to interact with 
each other. This theory addresses why Van der Waals 
forces control intermolecular interactions. One model to 
describe the forces causing these interactions originates 
with the Vander Waals equation for real gases32

: 

p + 

24 

RT 
v - b 

( I ) 

where Pis external pressure , v is molar volume, R is the 
gas constant , and T is abso lute temperature . The a and b 
parameters provide for deviation from ideal gas behavior. 
The former accou nts for intermolecular attraction-repul
sion and the latter· addresses molecular volume consider
ations. In other words , the parameter "a" provides a 
quantitative description for intermolecular forces. (Defi
nitions for a ll notations used in this paper are provided in 
the Appendix.) 

To define quantitati ve ly the intermolecular interactions 
through the parameter "a," the various types of intermo
lecular forces should be identified and classified by their 
interaction mechanisms . The most common of these (and 
the most contributory) are London , Keesom , and Debye 
forces which affect potential energies as an in verse six th 
power function of intermolecular di stance. These forces 
are collectively referred to as the Vander Waals forces. 
The London forces are induced by momentary molecular 
dipole moments producing an electric field which inter
acts with other dipole moments in adjacent molecules. 
Although the time average of these induced dipoles indi
cates no overall directional polarity , instantaneous effects 
result in mutual attractions between molecules causing a 
driving force for di spersion, thus the common reference 
to London di spersion forces. 

Keesom forces originate from the interactions between 
permanent dipoles present in adjacent molecules; Debye 
forces are caused by a molecule containing a permanent 
dipole and an adjacent molecule with an induced dipole . 
It is important to consider several points in comparing the 
characteristics of these intermolecular forces. First, Lon
don forces do not require the presence of a permanent 
dipol e and , therefore , they are present in all materials , 
including those with nonpolar molecules . Second , the 
dispersion force s have relatively longer range than many 
other types of molecular interactions. Finally , Kae lble32 

has illustrated that even with the most polar molecu les, 
Debye forces are relatively small compared to London 
and Keesom effects. 

With these desc riptions and considerations in mind, the 
molecular attraction constant , ''a'' in equation ( I ) , can be 
mathematically expressed as: 

a = A + B (2) 

where A and B are the force contributions due to London 
and Keesom effects , respectively. These contributions 
can be represented by: 

3 1,1, 
A = ~a1 a2 

which can be mathematically approximated by: 

(3) 

(4) 

where I1 and 12 are the ionization potentials, and cx 1 and 
cx 2 are the polari zabilities of isolated molecul es I and 2, 
respect ive ly. 

8 = 2u 1
2
u2

2 

3kT 
(5) 

where k is the Boltzmann constant , and u1 and u2 are the 
dipole moments of isolated molecules I and 2 , respective-
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Table 1-Polymer Properties Determined by IGC 

Parameter 

Percent crystallinity . ................... . . 
Flory-Huggens interaction parameter . . 
Solubility parameter . 
Enthalpy of solution . 
Diffusion coeffic ient . 
Activity coeffi cient . 
Free energy of mixing . ............ .......... ... . 
Glass transition and melting temperatures . ...... . . . . . . 

Reference 

(9- 11 ) 
( 12- 14) 
( 15. 16) 

( 17) 
( 18) 

( 19.20) 
(2 1) 
(22) 

ly. Since the summation of London and Keesom forces 
account for the molecular attraction constant : 

A B - + - ~ I (6) 
a a 

Now, we can define the fractional energy contributions 
to intermolecular forces as: 

Thus: 

d = A/a for London dispersion forces 
and 

p = 8 /a for Keesom polar forces 

p + d ~ I (7) 

And , substituting equations (4) and (5) into (2) yie lds: 

(8) 

where a 12 specifically addresses the interactions between 
molecules I and 2. Now , for the case of a homogeneous 
phase , 11 = 12 , a 1 = a 2 , u1 = u2 , and equations (4) and 
(5) reduce to : 

A ~ 0. 751 a 2 ~ ad (9) 

and 
2 u' 

B ~ 3kT ~ a p ( 10) 

Rearranging equations (9) and (I 0) for homogeneous 
materi als I and 2 and substituting into equation (8) yie lds 
a relati onship for intermolecular interactions: 

SURFACE INTERACTIONS INVOLVING 
A CONDENSED PHASE 

( II ) 

The concept and derivation presented has been for the 
interaction of any two molecules in close proximity. 
Now , consider the more specific case of surface interac
tions when at least one of the phases is a condensed 
phase. These interactions are also caused by Van der 
Waals forces . In thi s case, the interactions wh ich occur 
orig inate from the surface energy (tension) of the individ
ual materials involved. Good33 has made a parallel corre
lation relating surface tension (-y), the contributory inter
action energy fractions (d,p) , and the work of adhesion 
(w,) between two materials: 

w, ~ 2(~,~2 )" - ' l(d, d 2 )0·' + (p, p2)
0 ·' J ( 12) 

where -y 1 and -y2 are introduced as the respective surface 
tensions of material s ( I ) and (2) . 
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Fowkes34 has indicated that surface tension and the 
work of adhesion , W ,, can be expressed as a sum of their 
contributory molecular interactions. In this case: 

~ ~ ~D + ~p ( 13) 

and 

(14) 

where the superscripts D and Prefer to the intermolecular 
dispersive and polar contributions, respectively. Relating 
equations (13) and ( 14) to (12) and the intermolecular 
concepts presented previously , it can be shown that : 

~" ~ (~)(d) and ~P ~ (~)(p) 

and thus: 

( 15) 

Fowkes34
·
35 has independently derived a similar equa

tion solely for the di spersive contributions of surface 
tension to the work of adhesion [first term on the ri ght 
hand side of equation ( 15)]. Figure 2 compares the poten
tial energy-distance relationship for primary bonds (cova
lent , ionic , metallic) versus that for dispersion forces . At 
relatively close di stances (1-3 angstroms) , primary bonds 
have a deep energy well , indicating strong but highly 
locali zed forces. In contrast, the di spersion forces have a 
shallow energy well but they are more significant at 
longer distances. Now , consider a molecule of condensed 
material (I) in two separate equilibrium conditions , with
in the bulk phase and at the surface of the phase . The 
atoms or molecular segments within the bulk phase are 
totally surrounded by similar spec ies and they are fixed 
by the highly localized forces which dominate at short 
interatomic di stances, thus resulting in a tightl y bound, 
relatively symmetrical position . A similar species on the 
surface is in an asymmetric position where strong attrac
tion by the bulk phase is only on one side , preventing it 
from escaping to the less condensed adjacent phase. It is 

>
(!) 
a: 
w 
z 
w 
-' 
<( 
;::: 
z 
w 

~ 

' ' ' ' ' ' : INTERFAC IAL : 

'',,, ! o~;~~~E f 

~-+------~~ -,r~~-~:----------------~~D~I~ST~A=N~C~E ) '',,, _____________ .---~;;:~~=:-· 
FORCES 

PRIMARY BONDS 

Figure 2-Potential energy versus distance relationship for 
atomic and molecular forces 
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Figure 3-lllustration of the de-adhesion 
process. ll.G equals the work of adhesion 

this condition at the surface which causes excess energy 
per molecule , usually referred to as surface tension. In 
addition, since the two phases are relatively far apart 
compared to the primary bonds in Figure 2, intermolec
ular forces dominate , causing secondary bonds between 
the phases. 

If the phase adjacent to a condensed phase is gaseous, 
the intermolecular attractions between the surface mole
cules and the gaseous molecules are relatively few due to 
the relatively low density of gases. However , if the adja
cent material (2) is in a condensed phase, the opportunity 
for intermolecular attractions between materials (I) and 
(2) are significantly greater. Therefore, there is an obvi
ous difference in the energy state of a surface molecule 
residing next to a gaseous state versus that for a molecule 
next to a condensed state. Fowkes34 has stated that , due 
to their exceptionally long range, only dispersion forces 
operate across phase boundaries. He assumed that the 
reduction in energy , t.E', required to bring a molecule to 
the surface adjacent to a gaseous phase as opposed to a 
condensed phase was equal to the geometric mean of the 
dispersive component of the surface tensions of the two 
phases: 

( t6) 

Accordingly, the work required to bring a molecule of 
material (I) to the material (2) interface is: 

(Worklt ~ ~. - (uE') ~ ~. - (~, o~,o )o' ( 17) 

A similar expression can be presented for bringing a 
molecule of material (2) to the surface , and the sum of 
these contributions is the resulting interfacial surface 
energy , -y 12 : 

'Y1 2 = (Work)l + (Workh = -y 1 + -y2 - 2(-y 1D-y 2°)0
·
5 (18) 

The work of adhesion is the work required to separate 
two materials at their interface as illustrated in Figure 3. 

26 

Based on the difference in final and initial conditions of 
this system: 

W,. = 'Y1 + "Y 2 ~ 'Y1 2 (19) 

Substituting equation (18) into equation (19) yields: 

(20) 

Based on the initial assumption that dispersive forces 
are the only forces which transcend phase boundaries, 
Fowkes states equation (20) is true for all materials. 
Other researchers36. 39 consider this to be a specific form 
(addressing only dispersive forces) of the more general 
form presented in equation (15). Nonetheless, equation 
(20) is certain ly valid if one of the two interacting materi
als is nonpolar as is the case with alkanes. 

Equations ( 15) and (20) illustrate the importance of 
knowing surface characteristics, especially surface ten
sion. Liquid surface tensions can be readily measured by 
several techniques. In contrast, the surface tension of 
solids is difficult to obtain. One method is contact angle 
analysis. When a liquid is placed onto a sol id and is 
allowed to reach equilibrium , the liquid will form a con
tact angle, 0, with the solid surface (Figure 4). The 
reaction of the liquid in forming this contact angle is 
caused by its interaction with both the solid phase and the 
surrounding vapor phase. This reaction is a direct result 
of the system ' s desire to minimize its free energy. In this 
regard , the contact angle is a thermodynamic characteris
tic of the interaction between the solid surface, the liquid 
drop , and the surrounding vapor phase. Young 's equation 
for balancing the forces in thi s equilibrium condition 
is40.4I. 

'Y ~ • - "Ysv + 'Yi vcosf) = 0 (21 ) 

Since we are specifically addressing a liquid phase on a 
solid substrate , the more common subscripts sl , sv , and lv 

Figure 4-Relationship between contact 
angle and surface tension 
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will be used to designate solid-liquid , solid-vapor , and 
liquid-vapor interfaces , respectively. Rearranging equa
tion (21) for 'Y, 1 and substituting into equation ( 19) yields: 

w. ~ 'Y,,( l + cos 0) (22) 

By equating equations (22) and ( 15) for the work of 
adhesion and rearranging, we can obtain: 

y,. G~~(y,") +~::U' (y./)" ' 
(23) 

[Y I -[INTERCEPT) + 00 [SLOPE I 

Using this relationship , the solid surface tension terms, 
which have been unobtainable by direct measurement , 
can be determined by measuring the contact angles of a 
series of polar and nonpolar liquids on the so lid surface. 
Plotting the left side of equation (23) versus ('Y1/i'Y1v 

0
)
0 5 

yields a s lope equal to ( 'Y,/)0
·
5 and an intercept equal to 

('Y, 0 ) 0
·5 Therefore, applying this experimental and 

analytical approach can result in a comprehensive under
standing of both the solid surface chemistry and the inter
actions between the solid and liquid materials. 

IGC MEASUREMENTS AND THEORY 

Unfortunately, measuring the contact angle of liquids 
on fine particulate solids is impossible due to their rela
tively small size, large surface area, and extreme surface 
curvature, thus nullifying the usefulness of thi s approach. 
However, polar and nonpolar interactions , as well as 
solid surface energetics, can be characterized using IGC 
data. 

The recorded response from the IGC experiment is the 
retention time, t, , of the probe through the column. In 
addition to the chemical nature of the probe and solid 
phases , other variables affecting this respon se are tem
perature , pressure drop across the column, and carrier gas 
flow rate. The retention time can be converted to the net 
retention volume , V 0 , by4

·
42

: 

V., ~ J F (I, - lu) ~ J F 1., (24) 

where F is the carrier gas flow rate, t, is the time it takes 
the probe to travel through the column , t0 is the time it 
takes a non -interacting marker such as air to trave l 
through the column, and tn is the net retention time. J is 
the correction factor for pressure drop across the column 
causing gas compressibility4

: 

J ~ 3l(P/ P.,)2
- I)] 

2 l(P/ P0 )
3 - l ) J 

(25) 

where P; is the pressure at the inlet of the column and P0 

is the atmospheric pressure. Figure 5 is a typical IGC 
response curve. It should be noted that a non-interacting 
species is necessary to determine the net retenti o n time 
(t 0 ) or relative time lag between thi s species and the 
probe species traveling through the packed column. 

The specific retention volume, V go, is determined 
by4.42: 

' - v 273.16 
Yg - n Tw 
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t 
Injection 

of 
Probe 

Figure &-Representation of an idealized IGC response curve 

where T is the temperature of the column in oK and w is 
the weight of the stationary phase in the column. V g 

0 in 
mL!g is a conversion of the net retention volume which is 
normalized to ooc (273 .l6°K) per gram of stationary 
phase. Mathematical and graphical analysis of this data 
can result in determining the free energy, enthalpy, and 
entropy of adsorption of the probe molecules onto the 
stationary substrate. In addition, the surface energetics of 
the solid substrate and an understanding of its surface 
chemistry may be obtained, as will be shown in the 
following. 

Martin43 has proposed that the net retention volume is 
caused by both bulk and surface sorption processes which 
occur independently according to: 

(27) 

where A; is the total surface area of the stationary phase, 
V 1 is the total volume of stationary phase , and K, and K 1 

are the surface and bulk partition coefficients , respective
ly. Now with sorption of organic molecules onto a rela
tively nonporous substrate, bulk absorption is negligible 
a nd surface adsorption is the dominant retention mecha
nism , thus reducing equation 27 to32

·
44

: 

(28) 

where w is the weight of adsorbent in the column and Sa 
is the specific surface area of the adsorbent. 

For isothermal adsorption of a molecule from the stan
dard gaseous state to a standard adsorption state, the free 
energy change of adsorption per mole of adsorbate, C. G. o 
is given by45

: 

~G,0 ~ - ~Gd' ~ - RT Ln (P,./P, ,, ) (29) 

where C.Gd 0 is the standard free energy change of desorp
tion, P, ,g is the adsorbate vapor pressure in the gaseous 
standard state , P, _, is the vapor pressure in equilibrium 
with the standard adsorption state, R is the gas constant , 
and T is the column temperature in °K . 

Now, equations (28) and (29) can be related by first 
defining K ,: 

(30) 
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/ 
interacting probe 

X 

i vn 
!1 G0 sP= - RT1n [ Vr; ,.. ) 

l 

a ( 'Ylv0)\12 

(SQ. ANG. mJ 05/M) 

alkane 
..------ reference 

line 

Figure 6-Graghical representation of the (RT Ln V nl versus 
(a(-y,. )0

·
5 graph and the calculation of t.G,.,0 

where r is the surface concentration of adsorbate and Ci s 
the adsorbate concentration in the gas phase. However , 
assuming ideal conditions: 

C ~ P/RT (3 1) 

where P is the partial pressure of the adsorbate . There
fore , substituting equation (31) into equation (30) yields: 

K, ~ r RT/P (3 2) 

The surface concentration, r, is related to the surface 
pressure , 'IT, by the Gibb ' s equation46

: 

r ~ (1 /RT) (d1r/dLnP) ~ (P/RT) (d1T/dP) (33) 

In the Henry ' s Law region of infinite dilution of adsor
bate: 

d 1r/dP '-----' 1r/P (34) 

Substituting into equation (33) and subsequently into 
equation (32) yields: 

r RTIP ~ " ' P ~ K, 

In the standard adsorption state : 

Substitution into equation (29) yields: 

t.G,' ~ - RT Ln(K, P,. , ITI ) 

(35 ) 

(36) 

(3 7) 

Rearranging equation (28) to K, = V niwS. and substitut
ing into equation (37) yields: 

t.G,' ~ - RT Ln(V,P, ., h rwS, ) (38) 

DeBoer45 proposed the standard surface pressure as the 
pressure where the distance of separation between mole
cules in the adsorbed state equals that in the standard gas 
state. With this postulate: 

Pq ~ 1.013 x 105 Pa and" ~ 3.38 x to -• N/m 

Now , equation (38) can be used directly to calculate 
the standard free energy of adsorption and , since w, S, 
P, .g. and 'IT are constants , equation (38) can be reduced 
to: 

28 

t.G, ' ~ - RT LnV, + K (39) 

where K is a constant. In addition , obtaining retention 
volumes at various temperatures and subsequently plot
ting the change in free energy versus temperature results 
in a linear relationship according to: 

(40) 

where , ilH.o and ilS .o are the enthalpy and entropy of 
adsorption. These quantities are determined as the inter
cept and slope of the ilGa0 versus T graph , respectively. 

The work of adhesion (w,, per surface area) between 
an adsorbate and an adsorbent is related to the free energy 
of adsorption by'7 : 

(41) 

where N is Avagodro ' s number and a; is the area which an 
adsorbed molecule covers on the surface of an adsorbent. 
For purely dispersive interactions (i.e. , no polar interac
tions) which would occur in the case of dispersion of 
particles in alkanes , w. can be determined by equation 
(20). 

By substituting equations (41) and (20) into equation 
(39): 

RT LnVn = 2N('Ysvo)o_s (42) 
+ [INTERCEPT] [Y[ [SLOPEI IX] 

Plotting [RT LnYnl as a function of [a(-y1v
0

)
0 5

] results 
in a linear function with a slope equal to [2N(-yw0

)
0

·
5
], 

the nonpolar component of the solid surface energy . 
Schultz4 8 determined the 'lw 0 of untreated carbon fibers 
to be 5 I ± 3 mJ m - 2 using thi s method compared to 50 
± 8 mJ m - 2 from the contact angle/wetting method 
previously described, thus illustrating the validity of the 
IGC approach. 

Dorris and Gray49 have presented an empirical ap
proach to determine the nonpolar component of the solid 
surface tension, -y, v D This method is based on the con
tribution of a CH 2 group in the alkane series to free 
energy of adsorption (or desorption), ilGocHz· The re
sulting relationship is: 

"'f. · D = 
[RT Ln (V,2/V, 1)12 

4 N2 
ac H2 

2 
'Yc H2 

(43) 

where V "' is the net retention volume of an alkane , V "' is 
the retention volume of the succeeding alkane in the 
homologous series , ac H2 is the surface area of a CH 2 

group (6 A2
) , and 'lc H2 is the surface energy of a CH2 

group as constituted by close packed groups within poly
ethylene ('fc H2 = 35.6 mJ m - 2). Nardin50 found that 
the surface energies of carbon fibers determined by this 
method and that from plotting equation (42) were typical
ly within four percent. 

This derivation specifically addresses nonpolar interac
tions which are solely present in the case of nonpolar 
probes. However , polar probes will undergo both polar 
and nonpolar interactions which are typical when filler 
particles are dispersed in polymer systems. In these 
cases, retention times will naturally be longer than with 
nonpolar probes. This is reflected in the IGC data analy
sis by points on the [RT LnYnl versus [a(-y1v

0
)
0

·
5

] graph 
which are above the straight line corresponding to the 
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alkane probe response . Thus , the difference between the 
value of [RT LnY nl for a polar probe and that for a 
reference alkane probe with an equivalent [a(-y1v 

0 ) 0 ·5)] 

results in LlGa-spo, the polar contribution to the standard 
free energy of adsorption. This is graphica lly illustrated 
in Figure 6 and mathematically determined by48

·
5

' : 

(44) 

Furthermore, it should be noted that the total free energy 
of adsorption is composed of both nonpolar and polar 
contributions. Therefore , it is possib le to write: 

(45) 

where LlGa-np 0 is the nonpolar contribution to the free 
energy of adsorption . 

The implications of the relationships presented are that 
the surface energetics of particulate solids which are un
obtainable by conventional contact angle measurements 
are obtainable from IGC experiments. In fact, several 
researchers have used this techniaue to analyze interac
tions of po lymers with fibers40

·
4 

.46 •
47 and fi llers. 24

·
26 

Since our immediate objec ti ves are to analyze the surface 
energies of particul ate fillers and to determine thermo
dy namic parameters of adsorption of molecules onto 
these fillers, IGC offers an approach. In experimental 
terms, we can fill an IGC column with pigment partic les 
and independently inject a quantity of various probes with 
different chemical characteristics. The interactions which 
occur g ive rise to changes in the free energy , enthalpy , 
and entropy of the system. These changes in thermo
dynamic properties are reflected in the retention time and 
the desired thermodynamic parameters are determined 
and analyzed with the previously presented equati ons. 

It must be noted that experimental complications and 
difficu lt ies ex ist wi th the IGC technique. IGC demands 
extremely accurate monitoring of the gas flow rate, pres
sure drop across the column , and weight determination of 
the stationary phase. One critical step is packing of the 
column . Filling a co lumn solely with pigme nt will pro
vide excess ive surface area and a huge pressure drop 
across the column , causing it to be unusable. In addition , 
inconsistencies within the column such as large voids will 
cause misleading results. References (24) and (27) de
scribe experimental studies which address these issues in 
detail. 

SUMMARY 

The filler surface-polymer interactions which occur in 
paints and other particulate-filled composites are caused 
by secondary bonding, that is , nonpolar dispersion forces 
and acid-base interactions. The thermodynamics of these 
interactions have been difficult to experimentally charac
terize and ana lyze. One traditional method of studying 
surface energies of solid surfaces and their interactions 
wi th other materials is contact ang le measurements . 
These measurements cannot be performed on fi ller parti
cles due to their size and geometry. One technique which 
does allow analysis of filler-polymer surface thermody
namics is inverse gas chromatography. Retention times of 
different molecules through IGC columns packed with 
filler particles wi ll vary due to the different interactions 
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whic h occur. Surface energies of polymers and particles; 
free energy, enthalpy , and entropy of adsorpt ion; and 
work of adhesion between polymer and pigment can be 
obtai ned by measuring the retention times of well-charac
terized " probes " through IGC columns packed with fi ller 
and polymer particles and applying this data to theoreti
call y derived equat ions. This approach also permits anal
ysis of both nonpolar and polar contributions to interac
tion events. 
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APPENDIX 
Notation for IGC 

a .. ..... Molec ular attraction correction constant in the V ander 
Waal equation 

ai ...... Surface area which an adsorbed molecule covers on an 
adsorbate 

b ..... Mol ecular volume correclion constanl in ihe Van der 
Waal equation 

d ...... Frac tional conlribution of Keesom forces 10 I he mo
lecu lar attraction constant 

k ...... Bo ltmann consJant 
p ... Fractional contribulion of Londo n force s to the mo lec-

ular auraction constant 
p; ...... Vapor pressure of the adsorbaie 
tn ...... Net retention time 
t0 ...... Retention time of an inert marker 
t, ...... Retention lime of probe 
u ...... Dipole momenl 

...... Molar volume 
w . . .. Weight of Slationary phase in GC column 
w, ..... Work of adhesion 
A ...... London di spersion force conlribulion lo I he molecular 

attraction constant 
A;. . . Toial surface area of stationary phase in GC column 
B ...... Keesom force contribution to the molecular attraction 

constant 
C . . . Adsorbate concentratio n in ihe vapor phase 
E' ...... Energy required to bring a molecule in the bulk of a 

condensed phase to the surface 
F .... Flow rate of carrier gas through GC column 
G", ..... Slandard free energy of adsorption 
G" d· .... Standard free energy of desorption 
G",·op· .. Nonpolar componenl of Jhe standard free energy of 

adsorption 
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G",.,P ... Polar compo nent of ihe standard free energy of ad· 
sorplio n 

H0
, . .. .. Standard enthalpy of adsorplion 

I ....... lonizalion polential 
J ....... Correclion faclor for pressure drop across ihe GC 

column 
K . . .. Free energy of adsorplio n-Ln V" constant 
K, ..... Surface adsorptio n part ilion funclion 
K, .. Bulk adsorption partition function 
N .. ... . Avagodro's number 
P ...... External pressure on a gas 
P; ...... Pressure al the inlet of lhe GC column 
P0 . Pressure al the oullel o f I he GC column 
P s.s· .... Equilibrium vapor pressure of a probe in the standard 

adsorplion state 
P,., ..... Adsorbate vapor pressure in Jhe gaseous standard slale 
R . . Universal gas conslanl 
S", ..... Standard free enlropy of adsorplion 
S, . ..... Specific surface area 
T . Column temperaJure 
Y n ..... Net retention volume 
V," ..... Specific re lenlion volume 
AN ..... Gunman acceptor number 
AN * .... Fowkes accep1or number 
DN ..... Gunman dono r number 
a . ..... Polarizabi lity 
'Y iv . . .. Liquid-vapor surface tension 
-y,1 ••••• Solid-liquid surface tension 
-y,v . . Solid-vapor surface tensio n 
1r ... . Adsorbate surface pressure 
r ...... Adsorbale surface concenlration 
0 ...... Contact ang le 
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REVIEW PAPER 

Thermodynamic Analysis of 
Pigment and Polymer Surfaces 

Using Inverse Gas Chromatography 

Charles R. Hegedus* 
Naval Air Warfare Center 

The thermodynamics of pigment particle surface 
polymer interactions have been characterized using 
inverse gas chromatography (IGC) . The use of IGC 
in this new application extends available analysis to 
the calcu lation of the thermodynamic properties of 
reversible particle-polymer interactions. Th is IGC 
technique was used to determine solid surface ener
gies of particles and po lymers; free energy, enthalpy, 
and entropy of adsorption; and work of adhesion . 
Available theories to calculate the nonpolar (disper
sive) and polar contributions to these surface proper
ties were reviewed and found applicable. The values 
obtained agree favorably with those obtained from 
alternate techniques. Nonpolar forces provided a 
large contri bution to the free energy and enthalpy of 
adsorption . In addition , acid-base pairs were found to 
undergo favorable interactions while acid-acid and 
base-base pairs were less likely to undergo strong 
interactions. Amphoteric adsorbates underwent ex
tensive interactions with both acids and bases due to 
their mutual compatibility and their tendency to self
associate. Entropies of adsorption for most interac
tions were found to be negative, indicating conforma
tional changes from the gaseous state to a more 
restricted adsorbed configuration , similar to those in 
the condensation process. Entropy contributions to 
the total free energy change were approximately 
30% of the enthalpy changes. 

INTRODUCTION 

The interac tions which occur between pigment particles 
and polymer binder in paints have considerable effec ts on 
the properties of these coatings both prior to and after 

• Dr . Hq•.:-dus can be contacted at Air Produe1s & Chemicals, 720 1 Hamilton Blvd. , Allen
town. PA 18195. 

'!" De pl. of M:ucrial s Engineering. 32nd and Chestnut St s . . Philadelphia. PA 19 104. 
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lhab L. Kamel 
Drexel Universityt 

appli cation. These interac tions are typicall y a form of 
secondary intermolecular bonding which occurs between 
the polymer chains and surface groups on the pigment. A 
number of studies have illustrated the magnitude of these 
effects on coating properties , ' -6 and reference (7) pro
vides a recent rev iew of thi s subjec t. Nonetheless , the 
causes and effects of pigment-polymer interacti ons are 
among the least understood and under utili zed phenomena 
in coatings technology. One reason for thi s may be the 
di ffi culty in study ing pigment parti cle surfaces due to 
their size and geometry. 

Reference (8) is a rev iew of inverse gas chromatog
raphy (IGC) theory and it illust rates that thi s techn ique 
can be used to analyze thermodynamic properties of partic
ulate so lid surfaces and their interactions with other mate
ri als. Thi s theory and the IGC technique were used in the 
current study to pursue the following objecti ves : 

(I) Characteri ze the surface energetics of pigment par
ticles and polymers independently. 

(2) Analyze the thermodynamics of pigment-polymer 
interactions. 

(3) Advance the understanding and use of IGC as a 
technique to characteri ze filler materials and develop 
organic coatings, sealants, adhes ives, and other polymer 
composites. 

EXPERIMENTAL 

Equipment 

A Perk in Elmer Sigma 2000 gas chromatograph 
equipped with a high sensiti vity fl ame ionization detector 
(FID) was used for the IGC experiments. The injector and 
detector temperatures were 200°C and 250°C, respecti ve
ly. For fill er particle analys is, the co lumn experimental 
temperatures ranged from 70° to I 10°C. For polymer 
samples , a temperature range of 37. 5° to 50°C was uti-
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Table 1-Composition of Ti02 Pigments 

Pigment Ti02 Al20 3 510 P20 5 Sb20 3 K, O ZnO c 

TI0-1 ... 9 1.10 2.20 6.67 
TI0-2 . 85 .80 3.59 10.42 0.14 0.03 0 .02 
TI0 -3 . 99 . 17 0.02 0.59 O.D3 0. 19 

li zed. It was essential to test polymer samples be low the ir 
glass transit ion temperature (Tg) in order lo maintain 
cons1stent sorption characteri stics. These temperatu re 
ranges were a lso se lected because they were the lowest 
temperatures resulting in retention times of less th an two 
hours for most probes. Lower temperatures resulted in 
ex tremely lo ng retentio n times (> > two hours) , whi le 
higher co lum n temperatures resulted in retention times 
which were too short to di stinguish statistically the differ
ences between probes. Helium was used as the inert 
carrier gas at a flow rate of 30 mL!min. The gas chroma
tography (GC) instrument was eq uipped wi th a carrier gas 
flow rate regulator wh ich was confirmed with a soap 
bubb le fl ow me ter. (The carrier gas flow rate is c riti cal 
for ca lcul ation of re tention vo lumes.) The co lumn outlet 
was at atmospheric pressure which was obtained da il y 
from a barometer. The co lumn in let pressure (gage pres
su re) was determined dai ly for each column at tempera
ture by inserting a syringe attached to a mercury mono
meter into the inlet port. The to tal pressure at the inlet 
was determined by adding the atmospheric press ure to the 
gage pressure. 

The gas chromatograph was attached to a Perkin Elmer 
LCI- 1 00 computing integrator/recorder. The recorder had 
a variab le span se lection up to I 024 V. A span of 4 V was 
used to obtain hi gh sensitivity and to ens ure that ex treme 
di lution of the probes (Henry's Law reg ion) was ob
ta ined. The recorder speed was se t at 5 mm/min and a 
posi tive offset of five percent was used to detect negati ve 
deviations and base line shi fts. Re tention times (!,) of the 
inert mark er (ai r) and interactive probes were determined 
from their peak maxima as indicated by the recorder. Net 
retenti on times , ln. were determined as the lag time (di f
ference) between exi ting of the probe and air. 

Materials 

Both till er part icles (titanium diox ide and si lica) and 
polymers (po ly(methyl methacrylate) and po ly(acry lic 
acid)) were analyzed us ing the IGC technique . Table 1 
li sts the composition of the titanium dioxide samples as 
determ1ned from atomic absorption spec troscopy as per
formed according to ASTM D 1394 and D 4563. The 

silica was nearly 100% Si02 . Table 2 li sts the phys ica l 
properties of all of the tiller sam ples stud ied. Table 3 lists 
the PMMA and PAA average molecu lar we ight obta ined 
from gel permeation chromatography and T g from differ
entia l scanning calorimetry (DSC) . 

In an initi al attempt to analyze the tiller material s , a 
sample of TI0- 1 was packed into a stainless steel tube 
wi th a length of 0.5 m and an internal diameter of 5.3 
mm. This co lumn produced probe retention times in 
excess of two hours due to the large amount of titanium 
dioxide surface area and the hu ge pressure drop across the 
column(>> 600 mm Hg gage). In order to reduce thi s 
retention time, ti ll er samples were mi xed with 250 
micron diameter glass beads (Catalogue No. 5-9203, 
Supelco Inc ., Be llefonte , PA). Prior to mixing with the 
pigment sam ples , the beads were ac id washed and coated 
wi th dimethy ldicholos il ane (DMCS). which is a typical 
treatment for IGC support materia ls to render them inert. 
In order to prove that the glass would have no significant 
effect on probe inte rac tions when mi xed with the tiller 
particles of interest , a co lumn consisting solel y of treated 
glass beads was prepared and tested. The net retentio n 
time of all the probes th rough thi s column at 70°C was 
zero seconds. Therefore , a ll probe effects in the pigment
glass columns are attributable to pigment effects. 

From thi s point , col um ns for pigment analysis were 
prepared by mi xi ng the glass beads and titanium diox ide 
samples at a 5 (glass) to I (Ti02) ratio (by we ight) in a 
DMCS treated beaker. Silica samples were mi xed in a 
25 to I ratio due to their high surface area ( 130 m2/g). 
Treating the beaker was necessary to e liminate att raction 
of the pigmen t to the beaker walls. This mi xture was then 
stirred with a glass rod until a homogeneous mixture wit h 
no clum ps was obtained. The mixture was then intro
duced into a stainless stee l tube. Titanium diox ide col 
umns produced in thi s manner had in let pressu res ranging 
from 100 to 350 mm Hg gage which is comparable to 
those stated in previous studi es. Si lica columns had inlet 
pressure s up to 800 mm Hg gage. Table 4 provides a 
description of the columns analyzed. Prior to testing, all 
p1gment co lumns were conditi oned in the GC at I 20°C for 
a minimum of 15 hr with a free flow of helium through 
the column . 
. . The po lymer samples had to be analyzed by first depos
ltmg them onto a s u~port phase. A tec hnique desi gned by 
AI-Sa1gh and Munk was ut1h zed. Nme percent soluti ons 
of PMMA in methyl eth yl ketone and PAA in methanol 
we re s lowly titrated o nto separa te samples of acid 
washed, DMCS treated Chromosorb W powder (Supelco 
Inc. ), a common GC support materi al. Care was take n to 
a llow the so lution to contact the particles but not their 

Table 2 Pigment Characteristics 

Pigment 
Designation 

TIO- i ......... . . . 
TI0-2 . 
TI0 -3 

SI0 -1 

32 

Density 
(gr/mL) 

4.0 
3.8 
3.8 

2.2 

Surface 
Area 

(sq m/gr) 

14 .3 
35 .8 
7.6 

130 .5 

Average 
Diameter 

(nm) 

300 
192 
147 

16 

Packing Oil Theoret ical 
Factor Absorption CPVC 

<!> (g oil/1 00 g pig) (%) 

0.640 29.3 47. 6 
0.634 44 .5 35.2 
0.636 31.6 42 .6 

0.640 175.7 i9.2 
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container. Enough solution was applied to the support 
phase to obtain a minimum of eight percent polymer by 
weight. Following this process , the powder was dried for 
20 hr at 60°C followed by 24 hr in a vacuum oven at 
60°C. Throughout the latter stages of this procedure, a 
constant sample weight was obtained, indicating evapora
tion of all solvent. 

To confirm the removal of all solvent and the concen
tration of polymer on the resulting particulates , therma l 
gravimetric analysis (TGA) of treated and untreated 
Chromosorb W samples was performed. The samples 
were heated in air to 500°C at a rate of 5°C per minute. 
The un treated sample remained at a constant weight. The 
PMMA and PAA treated samples lost 14 and 9 w/o , 
respective ly , due to extens ive oxidation of the polymers. 
The TGA data indicated no presence of solvent in the 
po lymer-glass samples. After confirming the removal of 
solvent and the po lymer concentration on the PMMA and 
PAA treated Chromosorb W , columns were prepared in 
stainless steel tubes (Table 4). 

In order to analyze thorough ly the surface characteris
tics of the fillers and polymers , a range of Lewis acid and 
base probes was required. Gutmann 10 and Fowkes 11 have 
characterized materia ls according to e lectron donor and 
acceptor numbers, DN and AN. respectively. The donor 
number reflects the ability of the material to share its 
electrons based on the molar enthalpy of the reaction with 
a reference acceptor SbCI5 . The Gutmann acceptor num
ber characterizes the abil ity to accept the shared e lectrons 
as determined from the NMR shift of 3 1p contained in 
(C2H5hPO when reacted with the acceptor. However , 
Fowkes 11 has reported that acceptor numbers determined 
by NMR are misleadingly high because the probe Vander 
Waals contributions are significant but not accounted for. 
He corrected acceptor numbers by subtracting out the 
probe Van der Waals contributions. These conventions 
provide convenient means of characterizing and selecting 
candidate probe mate rials. In addition , Schultz et a l. 12 

have determined the surface area per mo lecule adsorbed , 
a, , and dispersive surface energies , -y1v

0
• of a number of 

probes. These parameters are required for use in equa
tions to determine filler surface tensions 8 Table 5 is a list 
of probes (reagent grade or better) used in this study and 
their pertinent parameters. 

Procedures 

Initially . three separate replicates were performed for 
each condition. Using this procedure, a standard devi
ation of less than one percent typically was obtained for 
Ln V n (net retention vo lume) values. However, while 
performing experiments with the first column tested 
(Column H-1 , TI0-1 ). it was determined that there was a 
risk of changing the column characteristics over several 
weeks of testing. This was reflected in a change in probe 
retention times. Therefore, since reproducibi lity between 
replicates was easily obta ined, each probe was performed 
in duplicate at each column temperature in order to speed 
analysis of the co lu mns. Using this procedure , co lumn 
conditions remained relative ly constant during the one to 
two week period which it took to complete the column 
testing. A detai led discussion of the changes in column 
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Table 3-Polymer Sample Designations, Suppliers, 
Mo lec ular Weight, and Glass Transition Temperature 

Polymer Supplier M. M" M, M. IM, T ,("C) 

PMMA 
PAA . 

Rohm&Haas 41.900 19.00019,000 2.21 70 
Polysciences 250,0003 

(a ) Data provided by supplier. 

Table 4-IGC Co lumns Analyzed 

Support Fi ller Total 
Support Weight Filler Weight Weight 

Designation Material (grams) Material (grams) (grams) 

H-2 Glass 13.26 TI0-1 2.65 15.91 
H-3. Glass 13.88 TI0-1 2.78 16.66 
H-4 . Glass 12.79 TI0-1 2.56 15.35 
I Glass 12.17 T I0-3 2.44 14.61 
J . Glass 11.77 TI0-2 2.36 14.13 
K . Glass 10.48 SI0- 1 0.44 10.92 
KK. Glass 10.44 SI0-1 0.44 10.88 

M -3 . . . . . . Chromosorb W 9.09 PMMA 0.9 1 10.00 
0 . Chromosorb W 4.72 PAA 0.27 4.99 
N . . . . Chromosorb W 8.91 8.91 
G . Glass 13 .77 13 .77 

All columns were constructed of stai nless stee l tubing 6.4 mm (0.25 in .) in diameter and 
approx imately 50 em long . 

Glass beads and Chromosorb W were acid washed and DMCS treated 

Table 5-IGC Probe Characteristics 

a,• 1'· 
o' 

Probe (sq. ang.) (mJ/m') ON' AN' AN' 

Pentane 46 .1 16.0 
Hexane . 51.5 18.4 
Heptane. 57 .0 20 .3 
Octane . 62. 8 21.3 
Benzene . 46.0 26.7 0.1 8.2 7.6 
CHCI 3 . 44 .0 25 .0 0.0 23 . 1 6.4 
CCI, 46.0 26 .7 0.0 8. 6 6.3 
Ether 47 .0 15 .0 19.2 3.9 1.0 
THF. 45.0 22.5 20 .0 8.0 6.1 
Ethyl acetate 

(E.A ) . 48.0 19 .6 17 . 1 9.3 4.0 
Acetone . 42 .5 16.5 17.0 12.5 3.8 

(a) a, and "Yiv D data obtained from reference { 12) . 
(b) AN and DN numbers obtained fro m reference ( 10) 
(c) AN obtained from reference ( II ). 
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Table 6-The Nonpolar (Dispersive) Component of 
Solid Surface Tension in (mJ/sq m) 

Values Obtained from the Current IGC Analysis 

Material 

TI0-1 
TI0-2 
TI0-3 
510- 1 
PMM A. 
PAA. 

Ti02 . 

Si02 . 

PMMA 

Equation (1) 

124.8 
104. 3 
50.3 
49. 8 
40 .9 
42.0 

Values Reported in the Literature 
92, 89. 14 116 

100.1 7 751S 
4Y'J 

Equation (2) 

122 .0 
94.8 
47.7 
49.2 

characteristi cs is provided in lhe Results and Discuss ion 
Section. 

Probes were injected using a I 0 J.LL Ham ilton (a ir li ght) 
syringe. The procedure for this inj ection co nsisted of 
insertin g the syringe needl e into the head space of a via l 
containing !he desired probe at 20 ± 3°C and drawing 
5 J.LL of vapo r inlo lhe sy rin ge. At thi s time, lhe syrin ge 
contained probe vapors and air which were subseq uently 
inj ected into the co lumn. Following the FID (detec lor) 
response o n the recorder whic h indicated the ex iting of 
the pro be from I he co lumn, traces of lhe probe remaining 
in the syringe from the previous inject ion were introd uced 
into the inl et port. In man y cases thi s procedure still 
introd uced an excess of probe into lhe co lumn as evi
denced by: an overload reading on the recorder , asy m
metri c peaks . and/or a variati on in retention time wi lh 
probe concentrati on. 

In order to e liminate these responses which are indica
tio ns of excess ive probe concentration and to ensure eq ui 
librium and Henry ' s law conditio ns wilhin the co lumn , 13 

the sy ringe was purged wi th air and re-injected into the 
co lumn. This proced ure was repeated until two reprod uc
ible, sy mmetrical (Gaussian) peaks were obtained. Other 
researchers have reported I hat the amount of probe neces 
sary to obta in these conditions is 10-4 to 10-3 ppm . 14 A 
least-squa res linear reg ress ion ana lysis proced ure was 
followed to fit data relationships to linear equati ons. 

RESULTS AND DISCUSSION 

General 

The average net retention time and volume of the chem
ical probes through each of the pigment and po lymer
packed columns were determined and applied to the 
app ropriate equations presented in re ference (8) in order 
to determine the vari ous thermodynamic properties of 
interest. The eq uati ons are summarized , along wi th a 
presentation and di sc uss ion of results. Prior to present ing 
spec ific re su lts, a general di sc uss ion on probe retention 
times and column performance is warranted. 

Based on previous literature and pre liminary in-house 
ex perimental efforts, the IGC co lumn characteristics 
(length , diameter , packing, temperature , and flow rate) 
were se lected and designed to obta in di scernible vari-
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ations in retention times between the probes . It was desir
able to have retention times ranging from 0. 2 min up to 
2 hr. Responses within thi s time frame clearl y illustrated 
differences between probes without req uirin g excess ive 
tim e for completi on of the experime nt and , in ge neral , the 
probe responses were within thi s time frame. However , 
seve ral of the probes introduced into 1he columns had 
ext remely short ( < 0 .2 min ) or ext remely long (> 2 hr) 
re tenti on times. Those probes with short t,s were virtuall y 
unreactive with the packing material and therefore exited 
the column quickly . One example is THF lhrough both 
the TI0- 1 and TI0-2 co lumns. As wi ll be illustrated , 
these pigments ex hibit Lewi s base characteristic s and will 
not unde rgo ac id -base interactions with anot her base such 
as THF. Therefore , this probe !raveled throu gh these 
co lumns re lati ve ly unaffected. 

Several probes had extremely long t,s through co l
umns. In fac t , there is so me ev idence that they may not 
have exited the column at all. For example , ethy l acetate 
and acetone injected into the first TI0- 1 column tested 
(H- I ) had surpri si ngly small peaks at approximately 2 hr. 
Both of these probes are amphoteric, ex hibiting both 
Lewis acid and base characteri stics and therefore able to 
undergo strong interactions with e ither ac ids or bases. It 
is suspec ted that these probes irreversibly reacted with 
TI0-1 , causing a major fraction of the injec led probe 
to remain in the column , associated with the pigment 
surface. 

When prev iously inj ected probes were re-injected into 
T I0- 1 co lumn H- 1 (after eth yl acetale and acetone) , their 
retention times we re I 0 to 30% shorter than those pre
vious ly observed (prior to ethyl acetate and acetone). It is 
suspected th at the eth yl acetate and ace tone remained 
associated with TI0-1 and lessened the number of reac
ti ve si tes on the pigment surface. When two additional 
TI0-1 co lumns were cons tructed and tested, tn and Yn 
va lues o f probes other than ethyl acetate and acetone were 
equ ivalen t to those initiall y obtained with H-1 , thus con
firming reproducibility. From thi s time on, if a polar 
probe remained in a column for more than 2 hr, a new 
column was constructed and analyzed, and the use of thai 
probe in the co lumn was di scontinued. This permitted 
reproducible te sting of columns in less than two weeks. 
The inabili ty to use probes wh ich adsorb irreve rsibly is an 
obv ious limitation of the IGC procedure at this time. Thi s 
is the reason that larger and more polar probes could not 
be analyzed in the co lumns. Further research may uncov
er methods to overcome this limitalio n . 

-y '" 0 , TH E NONPOLAR (DISPERSIVE) COMPONENT OF THE 
Souo SuRFACE T ENS ION: The nonpo lar component of the 

Table 7-The Dispersive Work of Adhesion (in mJ/m') for 
PMMA and PAA Adsorption onto Titanium Dioxide and 

Silica Pigments 

Filler 

TI0- 1 
TI0-2 . 
TI0-3 
SI0- 1 

PMMA 

143 
131 
91 
90 

PAA 

145 
132 
92 
91 
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Table 8-The Free Energy of Adsorption of Probes on Pigment Surfaces (in kJ/mol) 

Pigment 

TI0-1 
TI0-1 
TI0-1 . 
TI0- 1 
TI0-1 . 
TI0- 1 
TI0-1 . 
TI0-1 . 

TI0-3. 
T I0 -3 
TI0-3 . . . . ...... . . 
TI0-3. 
TI0 -3 
TI 0-3. 
TI0-3 
TI0-3. 
TI0-3 
TI0-3. 
TI0-3 . 

TI0-2. 
TI0-2 . 
TI0-2 . 
TI0-2 . 
TI0-2 
TI0-2. 
TI0-2 

510-1 
510-1 
510-1 . 
510-1 
510-1 . 
510-1 
510-1 . 
510-1 
510- 1 . ... .. · · · ·· 
510-1 . 
510- 1 ..... ... . .. 
510-1 . 

70' C 
Probe (343' K) 

Pentane 
Hexane 
Heptane 
Octane 
Benzene 
CHC 13 
CC I4 
Ether 

Hexane 
Heptane 
Octane 
Decane 
Benzene 
CHC I3 
CC I4 
Ether 
THF 
Eth. Ac. 
Acetone 

Pentane - 15.88 
Hexane -2 1.33 
Heptane -25 .79 
Benzene 
CHCI 3 -23.93 
CC I4 - 22.22 
Ether -15 .85 

Pentane -9.88 
Hexane - 12.7 
Heptane - 15.85 
Octane - 19.07 
Decane 
Benzene - 17.7 
CHC I3 - 13.47 
CCI4 - 12.98 
Ether - 28.2 
THF 
Eth . Ac. 
Acetone 

sol id surface tension was determined by two methods. 
The first me thod is a graph ical approach using: 

RT LnV" = 2N(~"0)05 a1 ( ~ 1 , 0 )0 · ' + K ( I ) 

where: R 
T 
N 

"Ysv
0 

'YJv
0 

a; 

gas constant 
column temperature (°K) 
A vagodo' s number 
dispersive component of the so lid-va
por surface tension 
dispersive component of the liquid 
probe-vapor surface tension 
area which an adsorbed probe mole
cule covers on the surface of an adsor-
ben t 

K = constant 
Plotting the left side of equation (I) versus [a;("Y1v

0
)0 ·5 ] 

for a series of alkanes yie lds a linear plot with a slope of 
[2N('Ysv0

)
05

] from which -y,.0 can be determined . The 
second method is from the empirical equation (2): 

0 JRT Ln (V 02/V 01 )l 2 

'Ysv = 4 N2 acH/ "YcH2 
(2) 

where: V" 1 = net retention volumne of an alkane 
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80' C 90' C 
(353'K) (363'K) 

- 14.52 - 13.55 
- 19.44 - 18.2 1 
-24.29 - 22 .98 

-27 .76 
- 26.98 -26 
- 2209 - 21.02 
- 18.8 - 17.83 
- 13.67 - 12.95 

- 14 .52 - 12.53 
- 17.66 - 16.77 
- 20.68 - 19 .69 
- 26 .83 - 25 .65 
-20.77 - 19.76 
- 20 .86 - 20 .01 
- 16 .38 - 15.5 
-23.54 - 22.67 
- 28 .88 -28.06 

- 3 1. 07 
-29.85 - 28.8 1 

- 14. 1 
- 18. 3 
-22.53 
- 27.27 
- 20.74 
- 18 .76 
- 13.55 

- 10 .72 
- 13 .61 
-16.62 
- 22.64 
- 15.42 
- I 1.75 
- 11.1 6 
- 25.22 
- 28.6 

- 26.75 

'YCH2 

100' C 110' C 
(373' K) (383' K) 

- 12.47 - 11. 44 
- 17. 12 - 15.95 
-21.89 - 20.87 
- 26 .59 - 25.73 
- 25.42 - 24.6 
-20.25 - 19.48 
- 16.86 - 16 . 17 
- 11.81 - 11.25 

- 12.83 - 11.43 
- 15.87 - 14.79 
- 18.73 - 17.69 
-24.5 1 - 23.4 
- 1878 - 17.8 
- 19. 19 - 18.05 
- 14.71 - 13.83 
-21.4 - 20 . 16 
- 27.03 - 25.69 
- 30.72 - 29.33 
- 27.58 - 26 .33 

- 12.87 - 12.82 
-16.86 - 16.91 
- 21.07 - 2 1.09 
- 26 .58 -26 06 
- 19.27 - 19.01 
- 17.47 - 17.09 
- 12.32 - 11.9 

- 12 .73 - 11.47 
- 15.63 - 14.43 
- 21.25 - 19.87 
- 14.35 - 13.28 
- 10.84 - 9.79 
- I 0.46 - 7.24 
- 23 .67 - 22.2 1 
- 27 .09 - 25.72 

- 26 .55 
- 25.49 - 23 .98 

net retention volume of the succeeding 
alkane in the homologous series 
surface area of a CH2 group (6 ang
stroms) 
surface energy of a CH2 group as con
stituted by close packed groups within 
polyethylene (35 .6 mJ m- 2) 

Figure I is a plot [RT LnV0 ] versus [a;("Y 1v
0 )05 ] for 

TI0-3 at 100°C and it is representative of all of the 
pigment plots at each of the experimental temperatures. 
The first observation from thi s and graphs of the other 
data was the perfectly linear relationship exhibited by the 
alkane probes. Correlation coeffic ients for these func
tions were typically greater than 99.9 , providing a good 
indication th at the chromatograph y method was being 
performed proper! y . 

The alkane response lines for each solid over the tem
perature range tested were relatively parallel , indicating a 
negligible change in surface tension . This is reasonable 
since physica l and chemical properties of titanium diox
ide and silica do not change significantly between 70 and 
11 ooc, 15 and PMMA and PAA surface characteristics 
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should also be stable in the 37.5 to 50°C temperature 
regime. Therefore, in order to determine -y" 0 for each 
pigment and polymer of interest , an average slope was 
calcu lated from the fo ur graphs generated for each (i.e. , 
one graph for each temperature) . In add ition , V" for the 
alkanes through pigment co lumns were utili zed in equa
tion (2) as an alternate approach to determine -y, D The 
re sulting values are presented in Table 6 along wi th "Y sv 

0 

va lues reported in the literature for Ti02 , Si02 , and 
PMMA. 

Both approaches taken in this stud y to determine "Y sv 
0 

I equat ions ( I ) and (2)] yield comparable va lues. Howev
er , the va lues reported in the literature for Ti02 and Si02 
are quite different from those obtained in this stud y. It 
should be noted that the TI0-1 and TI0-2 samples were 
surface treated and that TI0-3 has the only true Ti02 

surface (Table I ). Nonetheless, pigment processing pa
rameters and procedures play a critical rol e in determin
ing surface propertie s. Small concentrat ions of foreign 
spec ies, such as water or other chemicals , can significant 
ly a lter surface characteristic s. Furthermore , the concen
tration of surface groups can vary. Therefore . it is not 
surpri sing that reported surface energy values fo r various 
pigment samples differ. In contrast, polymer surfaces are 
typically formed from so lutions or melt s in contro ll ed 
laboratory condit ions prior to surface analysis. Thi s al
lows the formation of a more consistent surface which is 
re flected in the agreement of "Y sv D values for PMMA , 
40.9 and 43 mJ/m2 , respective ly. 

From the resu lt s in Table 6, it is obvious that the TI0-1 
and TI0-2 pigments have much higher di spersive surface 
tensions than TI0-3 and SI0-1. The general relationships 
can be summarized by: 

"YT I( >-1 D>)'TI0-1
1)> > 'YTIO -J 

0
""" 'YSIO- I D 

Since all of the pigment surface tensions are greate r 
than those for the polymers, if it is assumed that the polar 
surface tension contributi ons of the pigments are re lat ive
ly similar , both PMMA and PAA wi ll wet a ll of the 
pigments analyzed. However, the difference between 
polymer and pigment surface tension is significantly 
greater wi th Tl0- 1 and Tl0-2 , indicating that they have a 
greater potential for wetting these polymers than T l0-3 

Table 9-The Free Energy of Adsorption of Probes on 
PMMA and PAA (in kJ/mol) 

37.5°C 40°C 45°C sooc 
(310.5°K) (313°K) (318"K) (323°K) 

PMMA ... Octane - 22.7 - 22. 31 -2 1.92 - 22 .07 
PMM A. Decane -28.2 - 27 .55 - 27.04 -27 .32 
PMM A . CHC1 3 - 20.83 - 20 .56 
PMM A ... Ether -20.7 - 20 .18 
PMMA ... THF - 25.77 -25 .35 - 24.28 - 24.96 
PMMA ... Eth . Ac . -25.34 - 24.97 - 24.45 - 25 .05 
PMMA. . Acetone -26.41 -25.7 - 25 .84 - 26 .62 

PAA .. . . Octane -23.82 - 23.49 - 23. 14 -23.59 
PAA . . Decane - 29. 13 - 28 .97 -28 .47 - 28 .96 
PAA . . . . . . Ether -23.44 - 23 .27 - 22.47 - 22.41 
PAA. THF -27 .85 - 27 .52 - 27. 18 - 27.48 
PAA . . . . . . Eth . Ac . - 24 .97 - 26 .25 - 25.62 - 26.42 
PAA . Acetone -25. 16 -26.8 1 - 26.83 - 27.37 
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Table 1 0-Free Energy of Adsorption (kJ/mol) and 
Work of Adhesion (mJ/m') for Hexane and 

Heptane Interactions 

Free Energy of Adsorption Work of Adhesion 

Pigment Hexane Heptane Hexane Heptane 

TI0-1 . - 18.2 1 -22 .98 96 101 
T10-2 - 18 .30 - 22 .53 87 92 
TI0-3. - 12 .53 - 16 .77 6 1 64 
S10- 1 . - 10 .72 - 13.6 1 61 64 

and SI0- 1. An increase in wetting usuall y leads to in
creased adhesion and yields more consistent dispersion of 
pigment throughout the polymer phase. In fact , 'Ywo 
properties li sted in Table 6 can be used to determine the 
dispersive work of adhesion , w, 0 , for PMMA and PAA 
on the pigments st udied (Table 7). No conclusions on 
polar interactions can be drawn from thi s information , 
however it is obvious that di spersive attraction forces are 
much hi gher with the TI0-1 and TI0-2 pigments and it is 
suspected that they will have better dispersion and other 
physical properties when incorporated in a PMMA or 
PAA matrix. (As will be reported in a subsequent 
paper ,20 thi s is the case.) Although there is no apparent 
correlation between these result s and pigment composi
tion as listed in Table I , it is interesting to note that TI0-1 
and TI0-2 are marketed by th e ir manufacturers as " high 
quality " pigments compared to TI0-3. Polar contribu
tions to the adsorption process will be di scussed. 

It must also be noted that the thermodynamic properties 
presented herein are normali zed per mole of adsorbate 
and surface area of adsorbent. These properties are real 
indications of the likelihood, stren gth , and stability of 
filler-polymer interac tions . Howeve r, they do not account 
for differences in particulate spec ific surface area (sur
face area per weight) which can vary dramaticall y from 
pigment to pigment. For example , the titanium dioxide 
specimens have specific surface areas in the 10 to 30 m2/g 
range while that of SI0-1 is approximately 130 m2/g. 
Consequently, SI0- 1 has up to 13 times more surface 
area and more surface s ites available for adsorption (on a 
per weight basis) than titanium dioxide. 

6.G.," , 6.H.,", 6.S.," , THE STA NDARD FREE ENERGY , 
ENTHALPY , AND ENTROPY OF ADSORPTION: 6.G.," values 
for adsorption of the chemical probes on the solid sur
face s were determined from equation (3): 

t.G ," ~ - RT Ln V, P,_, 
W Sa 

(3) 

where: P,_g adsorbate vapor pressure in th e gaseous 
standard state (I . 013 x I 05 Paf 1 

w weight of adsorbent in the column 
S, specific surface area of the adsorbent 

The resulting va lues for fillers and polymers are pre
sented in Tables 8 and 9, respective ly . A representation 
of thi s data for TI0-3 is illustrated in Figures 2 and 3. It 
should be noted that 6.G," for alkanes is so lely caused by 
di spersion force s. 6.G," is negative for every probe-parti 
cle/polymer interaction investigated , thereby fulfi lling 
the thermodynamic requirement for spontaneous inte rac-
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tion and indicating a stable association. For alkane probes 
through pigment columns, the change in free energy of 
adsorption increases linearly with the length of the molec
ular chain. This result is in agreement with previous 
repo rts22

-
24 and indicate s good performance of the 

columns. 
By comparing the electron donor-acceptor numbers 

presented in Table 5 with the 6.G," results, a general 
trend of acid-base interactions becomes evident. For the 
pigments investigated , TI0-1 and TI0-2 have lower 
(more negative) free energies of adsorption with acidic 
probes (benzene, methyl chloroform, and carbon tetra
chloride), indicating a more favorable acid-base interac
tion. This result provides evidence that the TI0-1 and 
TI0-2 surfaces are Lewis bases (electron donors). Table I 
illustrates that these pigments have an alumina surface 
treatment which has been found to be primarily basic 25 

In contrast, TI0-3 and SI0-1 have lower free energies 
with basic probes indicating that they have acidic sur-

Table 11-The Enthalpy and Entropy of Adsorption of Probes 
on Pigment Surfaces. Enthalpy Results Are in mJ/mol and 

Entropy Results Are in mJ/mol K · 

Correlation 
I>H <IS Coefficient 

Pigment Probe (kJ/mol) (kJ/mol K) (%) 

T10- l . Pentane - 50.97 - 0. 1032 99.98 
T10-1 . Hexane - 60.22 - 0.1156 99 .98 
T10- l Heptane - 64.28 - 0.1135 99.83 
T10-1 Octane -65.55 - 0.1015 99 .6 1 
T10-1 . Benzene - 51.45 - 0.07 99 .51 
T10- l CHC 13 -52.36 - 0 .086 99.64 
TI0- 1 ...... CC14 - 50.02 - 0.089 99.7 
TI0-1 Ether - 43.33 - 0.084 99 .21 

T10-3 ..... Hexane - 45 .84 - 0.09 90.55 
TI0- 3 .. Heptane -5 1. 27 - 0.095 99.88 
TI0-3 Octane -55.74 - 0.099 99.99 
TI0-3 Decane - 67.16 - 0.114 99 .99 
TI0-3. Benzene - 55 .67 - 0 .099 100 
TI0-3 .. CHC1 3 - 53.57 - 0.093 99 .68 
TI0-3 .... CC 14 - 46.16 -0.084 99 .98 
TI0-3 .. Ether - 63.93 - 0. 11 4 99.67 
TI0-3 ... THF -66.42 -0. 106 99.4 
T10- 3 E1h. Ac. - 62 .82 -0.087 94 .53 
TI0-3 Acetone - 71.53 - 0.118 99.9 1 

TI0-2. Pentane - 43.86 - 0 082 97 .42 
TI0-2 Hexane - 6 1.5 - 0. 11 8 96.2 
TI0-2 . Heptane - 68.36 - 0.125 96.22 
TI0-2 Benzene - 49.2 - 0.061 99.67 
T10-2. CHC I3 -67.97 - 0.129 97 .63 
T10-2. CC I4 -67.65 - 0.133 97 .57 
TI0-2 . . E1her -50 .93 - 0.103 98 .85 

SI0-1 . Hexane - 46 .66 - 0.099 
SI0- 1 ...... Heptane - 52.87 - 0.108 99 .88 
SI0-1 . Octane -58.57 -0.1 15 99 .93 
SI0-1 ...... Decane -72.9 1 - 0. 138 100 
SI0-1 ..... Benzene -55.6 1 - 0 . 111 99 .98 
SI0-1 CHC1 3 -44.8 1 -0.09 1 99.9 
SI0-1 ... CC14 -58 .41 - 0. 13 1 93.55 
SI0-1 Ether -79.69 - 0. 15 100 
SI0- 1 ...... Eth. Ac. -80.85 - 0. 144 99.96 
SI0-1 .. Acetone - 77.07 - 0. 139 99.86 

(a) Linear regression ba sed on two data points . 
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Table 12-The Polar Component of the Free Energy of Adsorption of Probes on Pigment Surfaces (in kJ/mol) 

70' C BO' C 90' C 100' C 110' C 
Pigment Probe (343' K) (353' K) (363' K) (373' K) (383' K) 

TI0-1 .... Pentane 0 0 0 0 0 
TI0-1 . Hexane 0 0 0 0 0 
TI0-1 ............ Heptane 0 0 0 0 0 
TI0- 1 . Octane 0 0 0 0 0 
TI0-1 .. Benzene - 5.24 -5.46 - 6.03 - 6.2 1 
TI0-1 .... CHC I3 - 2.77 - 2.87 -3. 25 -3 .5 
TI0-1 . CC I4 2.98 2.77 2.57 2.28 
TI0- 1 . Ether 0.48 0.09 0. 102 - 0.043 

TI0 -3 .... Hexane 0 0 0 0 
TI0 -3 . Heptane 0 0 0 0 
TI0 -3 ....... Octane 0 0 0 0 
TI0-3 ........ Decane 0 0 0 0 
TI0-3. .. Benzene -4.83 -4.73 - 4.4 1 - 4 .53 
TI 0-3 ...... CHC I3 - 6.49 - 6.5 - 6.3 1 -6.28 
TI0-3 .. CC I4 - 0.4 -0.45 - 0.3 1 - 0 .54 
TI0-3 ... Ether -12.55 - I 2.42 - 11 .76 - 11.58 
TI0-3 .. THF - 15 .09 - 15 .08 - 14.72 - 14.47 
TI0-3. . Eth . Ac . - 18. 16 - 18.49 - 18. 18 
TI0-3 ............ Ace tone - 19.7 - 19 .34 - 18.73 - 18.54 

TI0-2 .. ......... Pentane 0 0 0 0 0 
TI0-2 . ...... Hexane 0 0 0 0 0 
TI0-2 .... Heptane 0 0 0 0 0 
TI0-2. Benzene - 7.03 - 7.23 -7.08 
TI0-2 ..... CHCI3 -3. 11 -2 .62 - 1.95 - 2. 15 
TI0-2 . CC I4 1. 14 1.53 1.94 1.93 
TI0-2 . Ethe r -0.34 0.05 0.63 0.43 

SI0- 1 ............ Pe ntane 0 0 0 0 0 
SI0- 1 Hexane 0 0 0 0 0 
SI0-1 . Heptane 0 0 0 0 0 
SI0-1 .... Octane 0 0 0 0 0 
SI0-1 Decane 0 0 0 0 0 
SI0-1 ..... Benzene -3 .75 - 3.34 -3.13 -3.16 
SI0-1 ............ CHCI3 - 1.1 8 -1.2 - 1.09 - 1.12 
SI0-1 . CCI4 1 06 0 .97 0. 79 2.9 1 
SI0 -1 ............ Ether - 18.8 - 17.97 - 17.06 - 16.65 
SI0-1 ........ THF - 18.62 - 17 .88 - 17.58 
SI0-1 Acetone -20.3 - 19.66 - 19.2 
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faces. TI0-3 and SI0- 1 are almost completely Ti02 and 
Si02 , respectively . Both of these compounds have been 
found previously to be primarily acidic. 25

•
26 

It should be noted that LlG. o and w. result s (Table 10) 
ill ustrate that TI0- 1 and TI0-2 wet and adhere to alkanes 
significantly better than TI0-3 and SI0-1 . This confirms 
conclusions from 'lsv 0 data whic h were presented and 
di scussed in the previous section . 

Responses through the polymer co lumns were not as 
predictable and were partiall y surpri sing. The first obser
vati on from Figures 4 and 5 is that the re lationship be
tween change in free energy of adsorption and tempera
ture does not exhibit the linearity observed with the 
pigment results . Although DSC and TGA data indicate no 
changes in these materials over this temperature range , 
including glass transition , it is suspected that they are far 
more sensi ti ve to thermal environment than the Ti0 2 and 
Si02 materi als . This would explain the more linear rela
tionship observed with these latter materi als. 

A second observati on is that basic probes had longer 
retent ion times and lower free energy changes than acidic 
probes wi th PAA . This is expec ted since PAA is an ac idic 
material. Howeve r, the same trend is true for PMMA 
which has been reported by a number of researchers as 
being primari ly basic. One explanation for th is may be 
the fo llowing . IGC analys is of simply Chromosorb W 
(Column N) indicated that it is ac idic. This is not surpri s
ing since it was acid washed prior to analys is. Although it 
was in itiall y believed that the PMMA tit rated onto the 
Chromosorb W covered the surface, the Chromosorb W 
has a rough surface and may be somewhat porous. There
fore, it is poss ible that the PMMA did not satu rate and 
cover the surface and that the ac idic nature of the Chro
mosorb W is controlling the IGC retention ti me through 
the PMMA columns. 

In all cases the amphoteric probes had long retention 
times and lower (more negative) changes in free energy. 
This is expected fo r two reasons which are interrelated . 
First, these probes inherent ly exhibit both acid ic and 
bas ic tendencies and , second , due to their amphoteri c 
nature , they can eas il y self-assoc iate . Therefore , they 
should undergo spontaneous and relati vely strong interac
tions with both ac idic and bas ic surfaces . 

The LlG, 0 versus T graphs are li near fo r all of the 
pigment-probe systems analyzed . Correlation coeffi cients 
were typica ll y greater than 99%. Th is prov ided a conve
nient means for determining the respecti ve standard 
enthalpies and entropies of adsorption using the class ic 
Gibbs free energy equation: 

ll.G = ll.H - Tll.S (4) 

LlH,O and LlS. 0 were determined as the in tercepts and 
slopes in the LlG versus T graphs . These values are pre
sented in Table II . The enthalpies of adsorption are all 
negative and ra nged fro m - 80 to - 43 kJ/mol, thus 
indicating exothermic interactions. This is a signifi cant 
heat of interaction considering the strength of a hydroge n 
bond can be as high as 30 kJ/mol. The enthalpy data also 
agrees with the ac id-base interaction trends observed with 
the free energy , namely TI0-1 and TI0-2 are basic wh ile 
TI0-03 and SI0- 1 are acidic. Since enthalpy of interac -
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Table 13-The Polar Component of the Free Energy of 
Adsorption of Probes on PMMA and PAA (in mJ/mol) 

37.5' C 40' C 45' C so•c 
Polymer Probe (310.5' K) (313' K) (318' K) (323' K) 

PMMA . CHCL3 - 3.87 - 3. 6 
PMMA .. Ether - 6. 78 - 6. 14 
PMM A ... THF - 9.32 - 8.89 - 8.1 6 - 8. 43 
PMMA ... Eth . Ac. - 8.98 - 8. 59 - 8.4 -8 .59 
PMMA. A ce tone - 13. 22 - 12.37 - 12.79 - 13. 11 

PAA . Ethe r -9.56 - 8. 86 -7 .46 - 5.56 
PAA . . TH F - 11 .57 - 10.66 -9.65 - 8. 03 
PAA . . Eth. Ac. - 10.29 - 9. 46 - 8. 17 -7.07 
PAA. . Ace tone - 13 .92 - 13. 14 - 12.57 - I I. I 

tion is directl y related to the strength of the resulting 
bond , and a decrease in free energy will yield a spontane
ous process , there is ample ev idence that the ac id-base 
interactions occurring in these studies are forming strong 
and stable associations between pigment and adsorbate. 

Values of Ll S.o fo r pigment-probe interactions range 
from - 0 . 144 to - 0 .06 1 kJ/moi-K bul , in general, entro
py va lues are re lati ve ly consistent between systems wi th 
an average va lue of -0 . 106 ± 0.02 1 kJ /mol-K. The fact 
that the magnitude of entropy change is simil ar fo r the 

Table 14- The Polar Component of the Ent halpy and Entropy 
of Adsorpt ion of Probes on Pigment Surfaces. Enthalpy 

Results Are in kJ/mol and Entropy Results Are in kJ/mol K 

<IH(a-sp) <IS(a-sp) Correlation 
Pigment Probe (kJ/mol) (kJ/mol K) Coefficient 

T I0 - 1 . Benzene 7 07 0035 97 .78 
TI0- 1 ..... CHCI3 6.36 0.025 7 97.94 
TI0- 1 ... CC t4 l l . t l 0.023 99 .61 
T I0- 1 Ether 5.88 0.0156 89 .34 

TI0 -3 ..... Be nzene - 9.11 - 0.012 82. 9 
TI0 -3 .... CHCI 3 - 9.41 - 0.008 91 II 
TI0 -3. .CC I4 0.61 0.003 37. 62 
TI0 -3 ... Ether - 25.22 - 0.036 96 . 18 
TI0-3 . THF - 23.0 1 - 0.0222 95.29 
TI0 -3 . . Eth . Ac. - 17.9 - 0.00 1 5.4 
TI0 -3. Acetone - 34. 13 - 0.041 2 98.27 

TI0-2. . Benzene - 6. 18 0.002 24.02 
TI0 -2 ...... CHCI3 -12.6 - 0.028 91.5 1 
TI0-2 .CC I4 - 6.24 - 0.022 96.5 
TI0-2 .. . Ether - 8.07 - 0.023 90 .01 

SI0 - 1 . Benzene - 9. 17 - 0.01 6 95.37 
SI0- 1 CHC13 - 1.89 - 0.002 67 .62 
SI0-1 .. CCI4 - 11. 34 - 0.034 60 .2 
SI0 - 1 .. Ethe r -37. 92 - 0.056 98. 73 
SI0- 1 THF -37.42 - 0.052 97 .14 
SI0- 1 . ... Acetone - 40.23 - 0.054 99 .56 

Enthalpies of Adsorption Determined from the Drago Equation.8
·
28 

E and C parameters obtained from the literature29 

Ti02 
Ti02. 
Ti02 
Ti02 . 
Ti02. 

. Benze ne - 16 . 1 
Ether -37. 1 

...... TH F - 41.5 
Eth . Ac. - 30.6 

. Acetone -33.6 

Si02 . .. . .. . Benzene - 15.5 
Si02 . . ... Ether -33. 1 
Si02 . . THF - 38. 1 
Si02 . . .... Ace tone - 29. 1 
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Figure 9-Change in free energy of adsorption due to disper
sive interactions between probes and TI0-3 
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Figure 1 0-Change in free energy of adsorption due to disper
sive interactions between probes and PMMA 
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Table 15-The Nonpolar (Dispersive) Component of the Free Energy of Adsorption of Probes on Pigment Surfaces (in kJ/mol) 

70°C sooc gooc 1 oooc 11 ooc 
Pigment Probe (343°K) (353°K) (363°K) (373°K) (383°K) 

TI0-1. . . Pentane - 14.52 - 13.55 - 12.47 - 11.44 
TI0-1. Hexane - 19.44 - 18.2 1 - 17 . 12 - 15 .95 
TI0-1 . Heptane - 24.29 - 22.98 - 21 .89 - 20.87 
TI0-1 .... Octane -27 .76 -26.59 -25 .73 
TI0-1. . Benzene - 21.74 - 20.54 - 19 .39 - 18 .39 
TI0-1 . .CHCI3 - 19 .32 - 18. 15 - 17 - 15.98 
TI0-1 .CCI4 -21.78 - 20.6 - 19.43 - 18.45 
TI0-1 . Ether - 14 . 15 - 13.04 - 11.9 12 - 11.2 1 

TI0-3. . .... Hexane - 14 .52 - 12.53 - 12.83 - 11.43 
TI0-3. . Heptane -17.66 - 16.77 - 15 .87 - 14.79 
TI0-3. Octane -20.68 - 19.69 - 18.73 - 17.69 
TI0-3. Decane - 26 .83 - 25.65 - 24.51 - 23.4 
TI0-3. ... Benzene - 15.94 - 15 .03 - 14.37 - 13.27 
TI0-3 . CHCI3 - 14.37 - 13.5 1 - 12.88 - 11. 77 
TI0-3 . CCI4 - 15.98 - 15 .05 - 14.4 - 13.29 
TI0-3. Ether -10.99 - 10.25 -9.64 -8.58 
TI0-3. THF - 13.79 - 12.98 - 12.3 1 - 11.22 
TI0 -3 . . . . Eth . Ac. - 12.9 1 - 12.23 - 11.15 
TI0-3. Ace tone - 10 .15 - 9.47 - 8.85 - 7.79 

TI0-2 . . . Pentane - 15.88 - 14. 1 - 12 .87 - 12.82 
TI0-2. Hexane -2 1. 33 - 18.3 - 16.86 - 16.9 1 
TI0-2. . . Heptane -25.79 -22 .53 -2 1. 07 -2 1.09 
TI0-2. . Benzene - 20.24 - 19. 35 - 18.98 
TI0-2. . . ..... CHCI3 - 20.82 - 18.12 - 17. 32 - 16.86 
TI0-2. CCI4 -23.36 -20. 29 - 19.41 - 19 .02 
TI0-2. Ether - 15.5 1 - 13.6 - 12.95 - 12.33 

SI0-1. Pentane - 9.88 
SI0 -1 Hexane - 12.7 - 10 .72 
SI0-1 . Heptane - 15. 85 - 13.61 - 12.73 - 11.47 
SI0-1 . Octane - 19.07 - 16.62 - 15.63 - 14.43 
SI0 -1. . .. ... Decane - 22.64 - 21.25 - 19 .87 
SI0-1. .. .... Benzene - 13.95 - 12 08 - 11.22 - 12.36 
SI0-1. . CHCI3 - 12 .29 -10.55 - 9.75 - 6.206 
SI0-1 . . . . . . . . . . . . . CCI4 - 14.04 - 12 . 13 - 11.25 
SI0-1. . . Ether -9.4 - 7.25 -8.99 -6.76 
SI0-1. . . THF -9.98 - 9.21 - 10 .27 
SI0- 1. Eth . Ac. - 10 . 18 
SI0- 1 Acetone - 6.45 - 5.83 - 6.71 

d ifferent systems is a reasonable resu lt considering that 
this is a configurationa l entropy effect and adsorbates 
should undergo similar configurationa l changes going 
from the vapor or liquid phases to an adsorbed state, 
regardless of the adsorbent. Although these entropy val
ues appear sma ll , if we qua ntify the [TLl.S] funct ion of 
equation (4) at a temperature of 363 ' K, this term has an 
average value of -38 .5 kJ/mol which is a significant 
contribution to the free energy of adsorption (Table 8). In 
fact , the entropy change has a detrimental effect on the 
change in free energy in that it is negative , indicating a 
decrease in entropy. Considering the phenomenon of ad
sorption, this is to be expected. The system is going from 
a less ordered phase (gaseous) to a more orde red adsorbed 
phase. An analogy can be drawn with condensation of a 
vapor to a liquid or so lid in which entropy is significant
ly decreased. For example , Trouton ' s rule empirically 
states that the entropy of condensat ion equals - 0.088 kJ / 
moi- K .27 

ence alkane response line due to longer retention times 
and hig her retention volumes. These longer tn and V" 
values are a direct resu lt of polar intermolecu lar interac
tions. The polar contribution to the standard free energy 
of adsorption can be determined from: 

Ll.Ga-sp0
, Ll.Ha-sp0

, Ll.S a-sp0
, THE POLAR CONTRIBUTIONS 

TO THE STANDARD FREE ENERGY , ENTHALPY , AND ENTROPY 
OF ADSORPTION : Figure I ill ustrates that in most cases 
po lar probes have responses significantly above the refer-
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(5) 

where: V" net retention volume of the adsorbing probe 
V n"r = net retention volume on the reference 

alkane line 
Values for Ll.Ga-spo are presented in Tables 12 and 13 for 

the pigment and polymer samples , respect ive ly. This data 
is ill ustrated for TI0-3 , PMMA , and PAA in Figures 6-8 , 
respectively. It shou ld be noted that Ll.Ga-sp' for all of the 
alkane probes is inherent ly zero due to their lack of 
polarity. In addition , the po lar contr ibutions to the free 
energy change for adsorption of the polar probes are 
sign ificantly higher (less negative) than the total change 
in free energy . Th is indicates that the dispersive contribu
t ions are greater than the po lar contr ibutions as Fowkes 
has suggested. 19 In fact, several Ll.Ga- sp' values were 
greater than 0 kJ /mole , indicat ing nonspontaneous (repul 
sive) interactions . This main ly occurred with base-base 
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Table 16--The Nonpolar (Dispersive) Component of the Free 
Energy of Adsorption of Probes on PMMA and PAA (in kJ/mol) 

37.5"C 40"C 45"C 50"C 
Polymer Probe (31 0.2"K) (31 3"K) (318"K) (323"K) 

PMM A ... Octane - 22.7 - 22 .3 1 -21.92 -22.07 
PMMA. . Decane - 28.2 - 27.55 - 27.04 - 27.32 
PMMA . . . CHCI3 - 18.83 - 16 .96 
PMMA . . Ether - 13.92 - 14 .04 
PMMA . . . THF - 16.45 - 16.46 - 16. 12 - 16.53 
PMMA ... Eth. Ac. - 16.36 - 16.38 - 16.05 - 16.46 
PMMA. . Acetone - 13. 19 - 13.33 - 13.05 - 13.5 1 

PAA. . Octane -23.82 -23 .49 -23 .14 -23. 59 
PAA. . Decane -29.14 -28 .97 -28.47 -28.96 
PAA. . Ether - 13.88 - 14.4 1 - 15 .01 - 16 .85 
PAA. . ... . THF - 16 .28 - 16.86 - 17 .53 - 19.46 
PAA . .. Eth . Ac. - 14 .67 - 16.79 - 17.45 - 19.35 
PAA . . Acetone - 11.24 - 13.67 - 14. 27 - 16.27 

Table 17-The Nonpolar (Dispersive) Component of the Enthalpy 
and Entropy of Adsorption of Probes on Pigment Surfaces 

6H(a-np) ~S(a-np) Correlation 
Pigment Probe (kJ/mo l) (kJ/mol K) Coefficient 

TI0-1. .. Pentane -50.97 - 0.1032 99 .98 
TI0-1. . Hexane - 60.22 - 0. 11 56 99.98 
TI0-1. Heptane - 64 .28 - 0. 11 35 99 .83 
TI0-1 . Octane - 65 .55 - 0.101 5 99.6 1 
TI0-1. .. Benzene -6 1.23 - 0.112 99.92 
TI0-1 . . . . . CHCI3 -58 .72 -0.112 99.95 
TI0-1 CCI4 - 61.13 - 0. 11 2 99 .91 
TI0-1. Ether - 49.19 - 0 099 99.48 

TI0-3 . . ... Hexane - 45.84 - 0.09 90.55 
TI0-3 . Heprane -5 1.27 -0.095 99.88 
TI0-3 . . ... Octane - 55 .74 - 0.099 99 .99 
TI0-3. Decane - 67. 16 - 0. 114 99 .99 
TI0-3 . . . Benzene - 46.56 - 0.087 99 .57 
TI0-3. .CHCI3 - 44 .15 -0.084 99.43 
TI0-3 . . . . . . . CHI4 - 46.77 - 0.087 99 .54 
TI0-3 . Ether -38 .72 - 0.078 99.32 
TI0-3 . . TH F - 43.4 1 - 0.084 99 .5 
TI0-3. Eth. Ac. - 44 .92 -0.088 99.15 
TI0-3 . . Acetone -37.4 - 0.077 99.19 

TI0-2 . Pentane - 43 .86 -0.082 97.42 
TI0-2 . . . . Hexane -61.5 - 0.118 96.2 
TI0-2 . . Heptane - 68.36 - 0.125 96 .22 
TI0-2. Heptane - 43.02 - 0.063 97.27 
TI0-2. .CHCI3 - 55.37 - 0.101 97.83 
TI0-2 . . . . . . . CCI4 - 61.41 - 0. 11 2 97 .17 
TI0-2. Ether - 42 .87 -0.08 99.37 

SI0- 1. Hexane - 46 .66 - 0.099 -
SI0- 1. Heptane - 52.87 - 0.108 99.88 
SI0-1 . . Octane - 58.57 - 0.115 99.93 
SI0 -1. Decane - 72.9 1 -0. 138 100 
SI0-1 Benzene -30.63 - 0.05 72.69 
SI0-1 . . . . . CHCI3 -60.3 1 - 0.138 92.43 
SI0-1 CCI4 - 46.05 - 0.093 99.98 
SI0-1 .... Ether -26.44 - 0.05 66.37 
SI0-1 THF - 4.41 -0. 145 26.46 
SI0-1 .. . Acetone -1.48 - 0.012 28 .75 

(a) Linear regression based on !wo data points 
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and acid-acid pairs. However, as observed with previous 
results , acid-base interactions were gene rall y favorab le . 
One notable except ion is that the acidic CCI4 does not 
undergo much interaction w ith any of the pigments or 
polymers , includi ng the basic TI0- 1 and TI0-2. This lack 
of polar interaction is probably due to the geometric and 
electronic symmetry of the CCI4 molecu le which would 
prefer not to donate or accept e lectrons in the scenarios 
presented . 

All of the ~Ga-spo versus T plots for pigment-probe 
interacti ons are linear , once again permitting calcu lation 
of ~Hand ~S va lues from equation (4). These res ults are 
presented in Table 14 along with ~H""~o for Ti02 and 
S i0 2 determined from Drago's equation. 8 A lthough the 
val ues obtained from the two stud ies are not in total 
agreement , there is a general trend in the strength of 
adsorption a nd the respective acid-base interac tions be
tween fillers and probes . 

There is a slightly different trend in the entropy effects 
for polar interactions compared to the total change in 
entropy of adsorption. Values of ~S,_,Po are still low and 
these c hanges are negative for TI0 -2, TI0-3, and Sl0-1 
with co inciding exothermic enthalpy values. However , 
entropy changes are posi tive for TI0- 1 and the enthalpy 
values are endothe rm ic . T his TI0-1 response is contrary 
to othe r results and was unexpec ted . These res ults indi
cate that po lar associations with T I0 - 1 are not favorable . 
As expected , the polar enthalpy contributions are only a 
fraction of those for the tota l entha lpy of adsorption. The 
acid-base interaction trends are sti ll ev ident and entha lpy 
values fo r lhese inte ract ions tend to be significantl y h igh
er tha n acid-acid and base-base pairs . In addition , ampho
teric probes are observed to interact with both the basic 
and acidic pigments. 

~Ga-np0 , ~H ,_ 0 p
0 , ~S,_ 0 p

0 , TH E NONPOLAR (DISPERSIVE) 
CONTR IBUTIONS TO THE STAN DARD FREE ENERGY' 
ENTHALPY , AND ENTROPY OF ADSOR PTION: The total free 
energy of adsorption is the sum of both nonpolar and 
po lar contributio ns. Therefore , the nonpolar contribu
tion s can be determined from : 

(6) 

The va lues calc ulated for ~Ga-npo are presented in 
Tables 15 and 16. Figures 9-1 1 ill ustrate the t>G, _npo 
vers us temperature graphs for T I0-3 , PMMA , and PAA, 
respective ly. Since a lkane probes cannot undergo polar 
in teract ions ~Ga-npo = ~0,0 , ~Ha-npo = ~H.0 , and 
~Sa-np o = ~S .0 • As prev iously mentioned , the change in 
free energy becomes more negative with increasing mo
lecular weight for the alkanes. The ~Ga-np o va lues for the 
po lar probes were comparable to those for the a lkanes. As 
might be expected , more sy mmet rical molec ules such as 
benzene , carbon te trach loride , and ch loroform had lower 
~Ga-np 0 • Thi s is due to the greater e ffect London di sper
sion (nonpolar) forces have on the se mo lecules. It should 
be noted that a lthough thi s trend is observed wit h all of 
the pigments, it does not overshadow ac id-base interac
tion s. T hat is , the total change in free e nergy and enth
alpy of adsorpt ion results st ill disp lay acid-base interac 
tio n trends. 
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The LlGa-np0 versus temperature plots were linear for al l 
of the pigment-probe graphs except the 383°K data points 
on the SIO- I graph. Since these points were confirmed 
several times, it is believed that they are valid. One 
explanation for this trend may be a removal of loosely 
bound water on the silica surface at temperatures above 
100°C, altering the surface characteristic to some extent. 
It is not clear why this wo uld decrease the nonpolar 
component of free energy. These data points made anal
ysis of the SI0-1 data (LlHa-npo and LlS,_np0

) difficult. 
Nonetheless, LlHa-npo and LlS,_npo are provided in Table 
I 7 . Once aga in , entropy changes are small and negative . 
The average entropy change for the probes on TIO- I , 
TI0-2 , and TI0-3, (SI0-1 excluded) was -0. 100 
± 0.017 kJ/mol-K. 

CONCLUSIONS 

Inverse gas chromatography was applied to and found 
useful in the characterization of the dispersive component 
of the surface energy of both polymers and sol id parti
cles. This new app lication of the technique to a study 
involving filler particles extends avai lable analysis to the 
calculation of the thermodynamic properties of reversible 
particle-polymer interactions. Specifically , IGC and ther
modynamic theories indicated that retention times of non
polar and polar reagents , called probes, through a chro
matography column packed with a so lid material of 
interest can be used to determine: solid surface energies; 
free energy, enthalpy , and entropy of adsorpt ion; and 
work of ad hes ion. Available theories to calculate the 
nonpolar (dispersive) and polar contributions to these 
surface interact ions were app lied. The values obtained 
from the IGC technique and the associated theory were 
comparable with those obtained from other techniques 
(infrared spectroscopy and calorimetry) and Drago 's em
pirical approac h. The nonpolar (dispersive) forces were 
found to provide a large contribu tion to the total free 
energy and enthalpy of adsorption, even with highly polar 
spec ies. Typically, acid-base pairs had favorable interac
tion while acid-acid and base-base pairs were less likely 
to have strong interaction. Alumina was found to be 
basic ; si lica, titania, and poly(acrylic acid) were found to 
be ac idic. In contrast to previous reports , poly(methyl 
methacrylate) was found to be acidic. Amphoteric adsor
bates underwent extensive interactions with both acids 
and bases due to their mutual compatibility and their 
tendency to self-associate. Although acid-base- trends 
were discernible with the polymer materials (PAA and 
PMMA), they did not display a linear relationship be
tween free energy of adsorption and temperature as did 
sili ca and titanium dioxide. Irreversib le interactions 
cou ld not be ana lyzed with the existing technique because 
these probes have an infinite retention time within the 
column. 

Entropies of adsorption were negative. This reduction 
in entropy indicates a conformat ional change from the 
gaseous state to a more restricted adsorbed configuration 
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(i.e., firmly attached to a solid surface), similar to that 
for condensation. This contribution to the total free 
energy change was approximately 30% of the enthalpy 
changes. 
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Suitability of ASTM Test Method D 2369 for 
Determination of VOC in High Solids Coatings 

B. Ancona, R. Alexander, J. Aviles , J. Bove, R. Granata, P. Kuzma, P. Peterson , 
C. Pohan, D. Schober, and N. Shearer 

Philadelphia Society for Coatings Technology 
Technical Committee 

The Technical Committee of the Philadelphia Society 
for Coatings Technology conducted a "round-robin'' 
study of ASTM D 2369-89, the method used to deter
mine volatile organic content (VOC) in coatings. Initially 
seven laboratories undertook the testing of five coat
ings. Two of these coatings were single component 
and the remaining three were two-component, high 
so lids coatings. 

An analysis of variance was performed on the data 
obtained. The resu lts indicated that the procedu re can 
produce reliable results, when sing le-component coat
ings are tested . However, data from two-component 
coatings yielded higher results than expected with la rge 
standard deviations. 

INTRODUCTION 

Among the many government regulations with which the 
formulators and manufacturers of coatings must comply is 
the Maximum Allowable Volatile Organic Content of coat
ings or "YOC." This simple calculation on the form ulator's 
speadsheet has become the cause of extensive changes in the 
coatings industry. Increased awareness of env ironmental is
sues has led to aggressive enforcement of regulations. Large 
civi l penalties for violations are not uncommon.' No longer 
can a product be formulated to meet certain application 
properties alone. Often the main consideration becomes the 
prod uct' s compliance with VOC regu lations. Presently , 
meetings are taking place between government regulators 
and the manufacturers of coatings and raw material s to es
tablish a national ruling on VOC in architectural coatings. 2 

Pr.:sented at the 69th Annual Meeting of the Federation of Societies for Cootings Technology, 
In Toronto, Ontario. Canada. On Nov.::mber 5. 1991 

Vol. 65, No. 820, May 1993 

The members of the Technical Committee of the Phila
delphia Society for Coatings Technology have become con
cerned wi th the sui tability of ASTM D 2369 for all coatings 
now produced. The membership set out to test the applicabil 
ity of thi s method on several different coating technologies, 
including one- and two-component systems. 

Satisfying the VOC regulations may appear straightfor
ward. particularly if the theoretical calculation of YOC is 
assumed to be valid. This assumption is made by many 
coatings manufacturers. Can the manufacturer rely on this 
computation to produce compliant coatings? One must as
sume that the ASTM procedure or EPA Method 24, wh ich is 
similar, yields results that will be equivalent to the calcu lated 
values. The validity of the theoretical YOC calculations wi ll 
not be dealt with , as it is beyond the scope of the project 
undertaken by the Technical Committee. 

Most manufacturers believe ASTM D 2369 to be the only 
method to determine VOC that will sati sfy government regu
lators. The EPA states that: "VOC may be measured by a 
reference method, an equivalent method, or an alternative 
method or by procedures specified under any subpart."3 If data 
can be offered that proves another procedure more appropri
ate for a particular material , the manufacturer may present 
this evidence and obtain approval for the procedure• This 
option shou ld be considered, when another procedure can be 
shown to produce data that is more accurate or reproducible. 

Those applying the test procedure to their coatings must 
be alert to the difficulties they may encounter. Because of the 
variabi li ty of the test method, results obtained are often 
misleadi ng. A coating may appear to pass, when it is 
noncompliant. Or conversely, coatings that fai l the test may 
sati sfy the regulations. A manufacturer cannot depend on 
one set of duplicate determinations to insure compliance. 
The VOC of a product should be monitored in the same way 
that other physical tests are, in the course of a product's 
production. Tracking thi s data can be a very valuable tool in 
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Table 1-Raw Data Obtained in Study of ASTM D 2369-89 

Coating 1 Coating 2 Coating 3 Coating 4 Coating 5 

% Nonvolatile 0 2369-89 Method 

36.43 36.59 36.03 26.87 29.65 26.99 25.96 25.80 25. 13 14.20 12.5 1 13.35 29.6 1 29.68 29.49 
A 

35.99 35.18 36.02 26.88 27.35 26.84 25.43 25.67 25.55 13.7 1 14.36 13.6 1 29.88 30.16 28.70 

33.94 33.90 33.67 25.92 27.73 28.09 25.47 25.30 24.88 11.04 11.20 11.56 28.85 28.8 1 28. 10 
B 

34.46 34 .55 34.20 26.10 26.55 26.19 24.70 25. 12 24.47 9.61 9.84 9.63 29.14 29.06 29.13 

3802 38.06 40.46 26.84 27.84 27.36 26.13 26.02 26.16 13.34 13.35 13. 16 30.05 29.85 30.11 
c 

36.60 35.73 36.32 26.54 26.60 26.94 24.94 25 . 13 24.94 12.05 12.03 12.20 29.03 28.99 29.05 

36.63 36.46 36.8 1 28.75 27 .61 29.47 25.45 25.77 25.23 14. 19 14.32 13. 16 29.6 1 29.61 29.64 

D 
36.85 37.2 1 36.5 1 28.63 28.46 28 .94 25 .36 24.77 25.42 13.28 13.46 13.08 29.39 28.52 28.57 

% Nonvolatile Air Dry Method 

35.2 1 34.84 33.44 23.03 22.97 22.65 24.76 
A 

34.67 34.55 33.86 22.88 23.08 23.38 

controlling process variables, as well as raw material consis
tency. The coatings manufacturer that does not perform this 
test can be misled in areas of compliance, as well as product 
quality and consistency. 

Much has changed in coatings technology since concern 
with VOC first became an issue. Although work has been 
done to establish a valid test method , the advent of high 
solids, multiple component, and cure by heat and radiation, 

Table 2-Analysis of Variance of ASTM D 2369-89 Data 

Sums of Squares 

Sum of Source of 
Variation Squares D.O.F. Mean Sq. F-Ratio Sig. Level 

Main Effects 

A:Lab ................... 52.3231 17.441 
B:Day .. .... .... .. ... ... 8.42 17 8.42 17 
C:Coating .... ... .. 7090.2286 1772.5572 

Interactions 

AB ... ...... ...... ...... ... 6.3094 3 2.1031 
AC .. . ......... . 41.6924 12 3.4743 
BC .. ....................... 0.8 187 4 0.2047 

ABC .. ... ... .. .......... 11.2309 12 0.9359 

Residual ................... 20.9243 80 0.2616 

Total (Corrected). 7231.9491 119 

No missing values have been excluded. 
All F-ratios are based on the residual mean square error. 
Residual isameasureofthereplicatcvariance. 
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66.6824 0.0000 
32. 1988 0.0000 

6777.0397 0.0000 

8.0408 0.000 1 
13.2833 0.0000 
0.7926 0.5399 
3.5782 0.0003 

24.36 24 .78 7.88 8.43 7.49 28.28 27.86 28.09 

8.84 8.62 7.47 27.4 27.75 27.59 

have posed many questions concerning the universal appli
cability of the method. 

Members of the Society's Technical Commi ttee felt that 
there could be several coating technologies, whose calcu
lated VOC would not be confirmed by D 2369. Five coatings 
were chosen representing different coating chemistries. The 
coatings studied were a very small sampling of the systems 
that might prove challenging to the analyst measuring VOC. 

The coatings selected for the study were all solvent sys
tems and were samples supplied by manufacturers of formu
lations, either in production or cons idered for production. 
Because of proprietary considerations, the formulations of 
these coatings are not avai lable for publication. However, 
these formulations are in the possession of the Technical 
Committee, along with the manufacturers' data on theoreti
cal or calcu lated YOC. 

EXPERIMENTAL PLAN 

Representatives of seven laboratories, having previous 
experience with the test method , conducted a preliminary 
trial of the procedure. The protocol for the test was then 
reviewed. Five coatings, along with necessary equipment, 
were dis tributed to these laboratories with an outline of the 
test procedure. At the time of the study, D 2369-89 was the 
most current form of the method. For multi-component coat
ings, the procedure allowed a one-hour induction time before 
sample insertion in the oven. 

One operator in each of the seven labs was to run tripli 
cate determinations on each coating system on separate days, 
using ASTM D 2369-89. 

In addition to the usual determinations , one of the opera
tors also ran triplicate determinations on each coating sys-
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0.59 0.49 0.78 .... 0.23 

CALCUlATEOYOC·2.75LBSJQAL 3SIGMA · 1.13LBSJOAl 

Figure 1-Percent volatile. 1-Polyester urethane (two 
components) 

CALCULATED VOC- 2.84 LBS./GAL 3 SIGMA· 0.09 LBS./GAL 

Figure 2-Percent volatile. 2-Polyester (two components) 

CALCULATED VOC - 2.71 LBS./GAL 3 SIGMA- 0.04 LGSJGAL 

Figure 3-Percent volatile. 3-Baking enamel (one component) 
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0.70 

CALCULATED VOC- 1.32 LBS./GAL 3 SIGMA- 0.06 LBS./GAL 

Figure 4-Percent volatile. 4-Epoxy amidoamine (two 
components) 

CALCULATED VOC- 2.92 LBS./GAL 3 SIGMA· 0.05 LBS./GAL 

Figure 5-Percent volatile. 5-Aikyd enamel (one component) 
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Figure 6-Standard deviation, coating 
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A B C D 
LAB 

Figure 7-Standard deviation, lab 

tern, dryi ng these at ambient temperature. These samples 
were prepared as in ASTM D 2369-89, to the oven insertion 
step. At thi s point the samples were placed in a protec ted 
area and dried to a constant weight at room temperature, 
77°F. 

Resu lts of all tests were reported on data sheets supplied . 
All weights taken on samples were reponed. Results were 
computed and the percent volatile by weight tabulated for 
the five coatings. consisting of two triplicate determinations. 
The experimenters did not include the weight per gallon 
determination, as this would introduce one more source of 
error, while yie lding no additional information on the suit
abi lity of the oven loss procedure for the coatings tested .5 

Initial data analysis indicated that one of the laboratories 
exhibited a much larger error than the others. The oven used 
by this tester was not a forced draft oven. as prescribed in the 
test method. For thi s reason , the data from thi s lab was 
removed from the set. Another lab reponed 22 of the re
quired 30 analyses . The results from thi s incomplete data set 
were deleted from the study. A third laboratory fa iled to 
complete the tests and presented no data. From the initial 
group of seven laboratories, only fo ur supplied data that 
could be used in the study . 

Table 3--Pounds/Gallon VOC 

ASTM D 2369-89 
As% 

Coating Theory Mean 3 Sigma of Mean 

2 Component I .............. 2.75 3. 10 0.39 12.58 
2 .. .... 2.84 3. 15 0.30 9.52 

.............. 1.32 1.39 0.48 34.53 

1 Component 3.. ...... 2.78 2.78 0.15 5.40 
5 .. ........... 2.86 2.87 0. 16 5.57 

Air Dried 
As % 

Coating Theory Mean 3 Sigma of Mean 

2 Component I .............. 2.75 2.96 0.15 5.07 
2 .. ...... 2.84 2.41 0 .15 6.22 

.............. 1.32 0.89 0 . \8 20.22 

I Component 3 .............. 2.78 2.74 0.06 2. 19 
5 .. ........... 2.86 2.73 0.09 3.30 
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Coating Systems 

(I ) POLYESTER/ALIPHATIC URETHANE: An isocyanurate of 
isophorone dii socyanate (IPDI) crosslinked with a high sol
ids polyester. 

(2) UNSATURATED POLYESTER: Peroxide curable unsatur
ated polyester oligomer crosslinked with a polyunsaturated 
aliphatic oligomer. 

(3) BAKI NG ENAMEL: Hexamethoxymelamine curing at 
325°F. 

(4) EPOXY/AMIDO AM INE: Epoxy cross linked wi th 
amidoamine including benzyl alcohol as reactive diluent . 

(5) VOC COMPLIANT ALKYD E AMEL: Common medium oi l 
soya alkyd. 

RESULTS AND ANALYSIS 

A summary of the test results that were considered for the 
analysis of variance is shown in Table l. The analysis of 
variance was then performed on the ASTM D 2369-89 data. 
As noted in Table 2, the main effect s and interaction terms, 
except the Day x Coating interaction, are significant at the 
greater than 99.9% confidence level.6 As expected , the coat
ing term is by far the strongest effector variable, followed by 
Lab, Day, and Lab x Day interaction. The experimental error 
term as expressed by the Residual, showed a relatively low 
variance of 0.26. 

Figures l -5 show the mean value obtained by the ASTM 
test method for each coating system. and the individual mean 
values for each laboratory. Along with these are plotted the 
values obtained for the air dried samples and the calculated 
values for each coating. Also, I and 3 sigma limits are 
indicated on these graphs. 

Comparison of the one- and two-component coatings 
yie lds an obvious difference. The data for the one-compo
nent coatings (No. 3 and No. 5) produce a close range of 
results falling within the I sigma limit (68.3% confidence) . 
The two-component coatings show a marked increase in the 
1 sigma value. This range is from 2.5-3% volatile. In the 
epoxy coating, the I sigma range is much larger, represent
ing about 25% of the mean value. 

Table 3 shows a compari son of the volatile content deter
mined by ASTM D 2369-89, calculated as lb/gal YOC, usi ng 
the theoretical weight per gallon in the calculation from 
percent volatile . The 3 sigma (99.7% confidence) limit has 
been calculated as a percent of the mean for each coating 
system. Examination of these values shows clearly that indi
vidual results for two-component systems could vary over a 
wide range of values. 

For the two-component coatings: Nos. I , 2, and 4 , the test 
results for VOC and percent volatile are 12.8%, 12.6%, and 
5.0%, respecti vely, higher than the theoretical values. These 
results suggest several possibilities: ( I) chemical reactions at 
II0°C producing volatile by-products, (2) volatile impurities 
in the coatings' raw materia ls, or (3) a tendency for raw 
material suppliers to make products on the low end of the 
reported solids content range. If the test yields higher YOC 
results because of the elevated temperature, the discrepancy 
between the measured and theoretical values could be re
flected in a coating 's cost, when test results are used to 
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formulate solvent content to achieve regulation compliance. 
In two-component systems, the air drying yields signifi

cantly lower values for percent volatile and VOC than the 
ASTM D 2369-89 test procedure, which indicates that slow 
curing proceeds by a different mechanism, yielding few, if 
any , volatile by-products. 

DISCUSSION 

Analysis of the data shows a large variability. The vari
ability is evenly distributed among the variables: coating, 
lab, and day. The major affecter variable is coating type. 
Figure 6 clearly shows that the variability for one-compo
nent systems (Nos. 3 and 5) is factor of 3 to 4 lower than that 
of two-component systems (Nos. I, 2, and 4 ). 

Each of the variables for the two-component systems: 
coating, lab, day, and replicate, exhibit a large standard 
deviation when compared to that of the one-component coat
ings (Fif(ures 6-9). It is clear that some factor, not present in 
the one-component systems, is contributing to the variance 
of the two-component systems. 

Some of the variability in the two-component systems 
may be caused by the separate weighing and mixing of the 
two components prior to sampling. The testers were in
structed to weigh and mix the two components of each 
coating once each test day. The three test samples were taken 
from the same mixed sample. The large replicate variability 
for the two-component systems, as compared with the single
component systems, indicates that some additional factor has 
caused the overall large variability in the two-component 
systems (Figure 9). 

Coating No. 4, the epoxy-amidoamine, shows a much 
lower percent volatile when air dried. This formulation con
tains the reactive diluent, benzyl alcohol. Some manufactur
ers of this product report benzyl alcohol to be I 00% nonvola
tile. In calculating the theoretical, the benzyl alcohol was 
considered volatile, since it will evaporate at the test method 
temperature. The disparity in the air and oven dried values 
could be caused by this product's limited volatility and en
trapment within the matrix , when the film is dried slowly. 

When data is converted to lb/gal VOC, and the three 
sigma value computed, a comparison of one- and two-com
ponent coatings indicates the large error resulting from use 

DAY 

Figure 8-Standard deviation, day 
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2 3 
REPUCATE 

Figure 9-Standard deviation, replicate 

of the ASTM procedure on two-component systems (Table 
3). The two-component polyester and polyester urethane 
have a 3 sigma value, more than twice that of the one
component baking enamel and alkyd. The error is unaccept
able when + and - 3 sigma is 0.6 and 0.8 lb/gal VOC. The 
two-component epoxy, when tested by ASTM D 2369, pro
duces a+ and - 3 sigma of 1.0 lb/gal VOC. 

Evidently , this variability is a factor of the chemistries 
involved in the two-component systems. These coatings most 
likely contain or produce low boiling residues that are vola
tilized during the test. While in the oven at 220°F, these 
residues are volatilized- a process that may be dependent on 
amount of draft at different locations within the oven, degree 
of reaction of the components, or other unknown factors. 

The participants in this study made every effort to mini 
mize error. Laboratories that use this test for their products 
must be aware of the difficulties that may befall the tester. A 
single test result is insufficient. Data must be gathered in 
replicates over a period of time. Samples of multiple compo
nent systems will exhibit large error and must be carefully 
evaluated. 

This study did not, by any means, approach every situa
tion that will be faced by the analyst. 

The systems tested represented a very small sample of the 
possibilities. Water based coatings, for example, introduce 
the problem of water content determination , as well as vola
tile determination. The analyst must be aware of the 
discrepencies between theoretical calculations and results 
obtained by ASTM D 2369-89. Also, the test may yield 
results with large variability when applied to two-component 
systems. 

CONCLUSIONS 

( 1) Multiple component coatings tested with ASTM D 
2369-89 have large variations in their test results. 

(2) Laboratory and procedural variations play a signifi
cant part in the variability. 

(3) ASTM D 2369-89 yields results higher than either the 
theoretical or air dried determination. 

The multiple-component, high solids coatings produced 
the largest variance when ASTM D 2369-89 is used to 
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determine VOC. This indicates that some unknown factors 
are important affecters of the test method. In order to make 0 
2369 work with nonstandard coatings, the individual labora
tories and the coatings industry, as a whole, must improve 
their testing capabi lities. However, this study, as a prelimi
nary investigation , does validate using thi s method. 

Reliance on calculated VOC values alone, or ignorance 
of the deficiencies in ASTM 0 2369 when applied to multi
component coatings, can cause the manufacturer to report 
erroneous values for VOC. The coatings industry must be 
able to rely on results obtained by a VOC determination. 
Considerable work needs to be done to establish a procedure 
that , when applied to unusual coating systems, yie lds consis
tent and accurate results. This procedure must prove repro
ducible in the average laboratory. 

Presentl y, Subcommittee 001.2 1 is considering changes 
in ASTM 0 2369 to "broaden the scope of the method to 
include multicomponent paint systems." This aim is quite 
ambitious because this study clearly demonstrated that the 
VOC of two-component systems cannot be reproducibly 
determined by ASTM 0 2369. This study does validate the 
method for conventional coatings. 
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An alternative procedure, in which volatiles are collected 
on tubes fill ed with activated charcoal , is also being evalu
ated.5 We hope that as a result of these investigations, changes 
will be made in 0 2369 that will make the method more 
reliable. Until then, all of us must be very cautious when 
making absolute conclusions concernin g a product 's VOC. 
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New Oxazolidine-Based Moisture 
Scavenger for Polyurethane 

Coating Systems 
Glenn N. Robinson, John F. Alderman , and Thomas L. Johnson 

ANGUS Chemical Company* 

A research program was initiated to determine whether 
an oxazolidine moisture scavenger could overcome the 
inherent disadvantages of physical and chemical mois
ture scavengers commonly employed in polyurethane 
coating systems. Oxazolidines were selected for this 
study because of their potential reactivity with water 
and generally good toxicity characteristics. Commer
cially available oxazolidines are unacceptable due to 
their high molecular weight and slow reactivity. A wide 
range of oxazolidine molecules were investigated. 
Oxazolidines from amino alcohol/ketone reactions dem
onstrated excellent hydrolysis characteristics. Ketone
based oxazolidines were then shown to effectively re
duce moisture in sing le-package, moisture cured, pig
mented polyurethane coatings. Good accelerated vis
cosity stability was also observed. Polyurethane coat
ing systems can be produced using a ketone-based 
oxazolidine as a moisture scavenger. Such a product 
might find utility as a drying agent for wet polyols, 
solvents, pigments, or fillers used in one- or two-com
ponent systems where moisture is undesirable. 

INTRODUCTION 

Reduction of moisture is an essential step in producing poly
urethane coating systems. Due to the reactivity of isocya
nates with water in urethane systems, the presence of mois
ture leads to poor shelf life in single-component coatings and 
reduced pot life in two-part systems.l.2 

Moisture is typically introduced into such systems in the 
form of dissolved water in solvent, adsorbed water in fillers, 
pigments, and polyol compounds, and water from the atmo-

Presented at the 19th Annual W;1tcrborne. Higher-Solids. and Powder Coatings Symposium. on 
Fcbwury 26-28. !992. in New Orleans. LA 

* J.'iOO E. Lake Cook Rd .. Buffalo Grove. IL 60089. 
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sphere. If the moisture is not removed, it reacts with isocya
nates to form carbon dioxide and amines [equation (I)]. The 
amines can react further with isocyanate to form ureas [equa
tion (2) [. These by-products can adversely affect the entire 
system. 

R - N = C = 0 + H20 ~ RNH 2 + C02 (I) 

R' · N = C = 0 + RNH 2 ~ R" NHCO- NHR (2) 

Generation of C02 results in gassing in the can, and bubbles 
in cured films. Amines formed in the reaction will react 
further wi th isocyanates in the system, rapidly increasing 
polymer molecular weight as well as product v iscosity. To 
prevent these reactions, it is essential that moisture scaven
gers react faster with moisture than does an isocyanate. 

Current Moisture Scavenger Technology 

A number of physical and chemical treatments are cur
rently applied to urethane raw materials and formulated sys
tems in order to reduce moisture. Vacuum extraction or high 
temperature drying are expensive, short-term solutions. For 
this reason , manufacturers frequently employ moisture scav
engers capable of efficiently removing water from a system. 
Such treatments include monomeric isocyanates (e.g., para
toluenesulfonyl isocyanate)3 and molecular sieves4-prob
ably the most common method. 

Reactive monomeric isocyanates are generally regarded as 
efficient alternatives to physical dehydration, chemically 
eliminating most of the moisture present. However, the po
tentially hazardous nature of these materials,5·6 safe handling 
requirements, and cost limit their use as moisture scavengers 
in urethane coatings. 

Molecular sieves are easily the largest group of moisture 
scavengers used in polyurethane systems. While molecular 
sieves, such as the zeo lites, are widely accepted, the technol
ogy is not totally satisfactory. Since they do not react with 
moisture but rather adsorb it, the water remains in the system 
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Figure 1-0xazolidine structures 
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Figure 2-0xazolidine reactivity (1 :5 M:M oxazolidine:water). 
0.2 M oxazolidine in acetonitrile 
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Figure 3-0xazolidine reactivity (1 :5 M:M oxazolidine:water). 
0.2 M oxazolidine in acetonitrile 
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0.2 M oxazolidine in acetonitrile 
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and may later be released. It has been reported' that molecu
lar sieves tend to lessen gloss and can contribute to foaming 
problems. Since molecular sieves are inert to the NCO/OH 
reaction, and remain in the finished product, they can also 
embrittle cured polyurethane finishes. 

General Characteristics of Oxazolidines 

The various drawbacks associated with current moisture 
scavengers for polyurethane systems stimulated the search 
for a poss ible replacemenl. It is known the oxazolidines are a 
class of compounds that can react with water. Oxazolidines 
are saturated heterocyclic compounds which can be prepared 
by reacting primary amino alcohols with aldehydes or ke
tones .'·'' 

In general, oxazolidine compounds are relatively easy to 
use, especiall y in comparison with monomeric isocyanates. 
This property was an added inducement to investigate the 
suitability of oxazolidines as moisture scavengers. 

Certain bis alkyl oxazolidines are used in urethane sys
tems as reacti ve diluents or latent hardeners. Their hi gh 
molecul ar weight makes them unacceptable as moisture 
scavengersY· 12· 1 J 

EXPERIMENTAL 

The 5-methyl-2-hexanone (MI AK) and isobutyraldehyde 
we re obtained from Aldrich Chemical Company. Paraforrn
aldehyde was obtained from Hoechsl Celanese. The 2-amino-
1-butanol was obtained from ANGUS Chemica l Company. 

The 4-ethyl oxazolidine was prepared by stoichiometri
cally mixing paraforrnaldehyde into 2-amino- 1-butanol at 
ambient temperature under nitrogen atmosphere for 10 hr. 
The reaction mi xture was then vacuum distilled at a pressure 
of 15 mm Hg and 40°C temperature to remove water. The 
material was stored under nitrogen atmosphere. The liquid 
product 4-elhyl oxazolidine was identified by gas chroma
tography-mass spectrometry. 

The preparation of 4-ethyl-2-isopropyl oxazolidine was 
accompli shed by stoichiometrically mi xing isobutyraldehyde 
into a fl ask containing 2-amino-1-butanol under agitat ion 
and nitrogen atmosphere. The reaction mixture was then 
heated to reflux continuously for 10 hr. After the initial water 
was removed, the reaction mi xture was distilled at a pressure 
of 40 mm Hg and a temperature of 70°C 10 remove any 
remai ning water and co-reactants. The materi al was stored 

120 
Percent Oxazolidine 

• Ketone-Based Product 1 C 
100 ~ Oxazolidine Type 

~ '------

Time (M inutes) 

Figure 5-0xazolidine reactivity (1 :5 M:M oxazolidine:water). 
0.2 M oxazolidine in acetonitrile 
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under nitrogen atmosphere. The yellow liquid was deter
mined to be 4-ethyl-2- isopropyl oxazolidine by gas chroma
tography-mass spectrometry. 

The 4-ethyl-2-methyl-2-(3-methylbutyl)-1 ,3 oxazolidine 
was prepared by stoichiometrically mixing 5-methyl-2-
hexanone (MIAK) into 2-amino-1-butanol at ambient tem
perature. The reaction mixture was heated to reflux and 
water was removed. The crude product was purified by 
vacuum distillation at a pressure of 0.5 mm Hg and a tem
perature of 45°C. The material was stored under a nitrogen 
atmosphere. Gas chromatographic-mass spectrometric 
analysis demonstrated the liquid was the product 4-ethyl-2-
methyl-2-(3-methylbutyl)- 1 ,3 oxazolidine. 

GC Moisture and Hydrolysis Method 

Test samples were prepared at a concentration of 0.2M 
oxazolidine in acetonitrile. Aliquots were injected at time 
zero as well as the subsequent times in Figures 2 through 5. 

The GC analyses were performed on an Hewlett-Packard 
5890 thermal conductivity instrument using a 30m by 0.25 
mm (i.d.) by I ~m (film thickness) DB-5 capillary column 
with temperature programming. The detailed GC conditions 
were: 

Column head pressure ................................................. 14 psi 
Column flow ......................................... helium at I mL/min 
Auxiliary flow ...................................... helium at 5 mL/m in 
Reference flow .................................... helium at 20 mL/min 
Split ratio .................................................................... 35: I 
Detector temperature .................................................. 250°C 
Injector temperature .................................................... 220°C 
Initial temperature . .. .. .................. 60°C with 2 min hold 
Ramp I ................................... I 0 to 150°C with 5 min hold 
Ramp 2 . .. ......... I 0 to 250°C with 7 min hold 
TCD sensi tivity ................................................. S,-helium 
TCD sensitivity ...................................................... ~ 51-high 

RESULTS AND DISCUSSION 

Oxazolidine Structure/Activity 

It is known that most commercial oxazolidine products, 
produced by reacting an amino alcohol with formaldehyde , 
could not serve as mois ture scavengers due to their 
unreactivity with moisture . In fact , they are so nonreactive 
with moisture that they can be used in aqueous composi
tions.11 

Certain oxazolidines, however, are very reactive with wa
ter. Obviously , changes to the molecule affect moisture reac
tivity. In fact , the compound based on formaldehyde, identi 
fi ed as lAin Figure I, is extremely stable. The oxazolidine 
identified as I B is isobutyraldehyde-based with ve ry slow 
reactivity while the oxazolidine I Cis ketone-based and highly 
reactive and shows promise as a moisture scavenger. After 
investigating a wide range of molecules, it was noted that 
ketone-based oxazolidines exhibit the desired combination 
of characteristics-high reactivity with water and low mo
lecular weight. 

Hydrolysis Data 

Selected developmental and commercial oxazolidines were 
screened in hydrolysis studies through GC analysis (see 
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Table 1-Performance as a Moisture Scavenger 

Experiment 
Initial 
H20% 

I ................................... 0.27 
2 .................................. 0.24 

0.0 1 
0.01 

0.03 
0.01 

Experimental Section). This technique was employed as a 
practical measurement for oxazolidine decomposition in the 
presence of water. 

This testing resulted in the hydrolysi s data represented in 
Figures 2-5, showing percent oxazolidine reactivity plotted 
against time in minutes. The oxazolidines in Figures 2 and 3 
demonstrate their stability in the presence of water, while the 
urethane-bis-oxazolidine in Figure 4 (Hardener OZ, Miles 
Inc.) shows reactivity with water after an extended period of 
time. On the other hand , the ketone-based oxazolidine in 
Figure 5 shows rapid reactivity in the presence of water. 

The ketone-based oxazolidine with a molecular weight of 
185 and a functionality of I , is a low viscosity material that 
reacts quickly with water, generating a ketone plus a primary 
amino alcohol with an equivalent weight of 45 and a func
tionality of 2. It has been used successfully to dry a variety of 
urethane system components at ambient temperatures. 

Application of the Concept 

The demonstrated ability to react readily with water sug
gests a number of possible uses for a ketone-based 
oxazolidine. It could be used to dry basic urethane system 
raw materials such as wet polyols, solvents, pigments, or any 
other moisture-containing components, including isocyanates. 
It could also be used as a package stabili zer in one-compo
nent systems. 

While ketone-based oxazolidines are theoretically suitable 
for use as moisture scavengers in urethane systems , their true 
efficacy had to be proved in a viable formulation. For this 
purpose, a single-component, highly water sensitive, pig
mented aliphatic urethane coating was formulated with the 
ketone-based oxazolidine utilized as a moisture scavenger 
(Figure 6). 

After grinding the pigment portion of the formulation 
from Figure 6 for 15 min , the moisture was determined by 
the method described in the Experimental Section. The 
moisture content of the grind paste is shown in Table l . 

Oxazolidine moisture scavenger was added, based on 18-
22 parts per part of water. Dibutyltin dilaurate catalyst was 
utilized in the grind at the typical level of 0.1-0.2% on the 
weight of the resin solids to promote cure . Agitation con tin-

Table 2-Viscosity Stability 

1 Week at 2 Weeks at # 
Experiment 

Initial 
Viscosity• 60°C Viscosity• 60°C Viscosity• 

........ .... .................. 65KU 

.............................. 72KU 
85 KU NG 
83KU NG 

(a) Viscosities were done on:~ Stom1er Viscometer (Krebs Uni1s ) 
NG "" No gassing occurred 

89KU NG 
85KU UN 
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Solvent 

Wetting Agent 
Anti-Settling Agent 

Pigments 

Moisture Scavenger 
Catalyst 
Solvent 

Isocyanate 

Figure 6-0ne-package moisture cure polyurethane coating 

Table 3-Performance as a Moisture Scavenger 

Monomeric Molecular 
_______ o_x_a_zo_l_id_in_e_• __ l_so_cyanate• ___ S_ie_v_e_' __ 

Initial ........................... 0.32 
Final' .. ..0.05 

(a) Pcrccm mois ture 

t b) Twohours. 

0.20 
om 

0.23 
0.05 GEL 

Solvent 

Wetting Agent 

Pigments 

Moisture Scavenger 
Catalyst 

Prepolymer 

Figure 7-0ne-package moisture cure pigmented polyurethane 
coating 

Table 4-Moisture Scavenger Film Performance Rating• 

Oxazolidine 

Penc i I hardness . ......... 4 
Adhesion ... .. ................. 5 
Impact res istance .. ... ... .. 5 

(a) Ra ted: l "' poor: 5 :: hl:sl 
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Monomeric 
Isocyanate 

Table 5---Moisture Scavenger Film Performance Rating• 

Oxazolidine 

Sheen ............................ ........ ... .. ...... 5 
Sward hardness. . .. 4 
IPA double rubs .. .. .............. 5 

{a) Rmed: I =poor: 5:: besT. 

Monomeric 
Isocyanate 

ued throughout a treatment period of I to 2 hr. Since duration 
of treatment depends on the efficiency of the moisture scav
enger in the urethane system, periodic moisture analysis was 
performed by the GC method previously described (Experi
mental Section) to determine water content. Immediately 
after add ing the final two ingredients, argon or nitrogen was 
used cont inuously to purge the system until the experiment 
was fini shed. 

As soon as moisture reduction was less than 0.05%, the 
grind paste was all owed to cool to below 38°C, and the 
letdown portion was added to complete the formulation. 
Containers were purged with argon or nitrogen before the 
batch was sealed. 

Viscosity Stability 

The one-component moisture-cure. pigmented polyure
thane coating for which moisture reduction results were 
reported in Table I also demonstrated good acce lerated vis
cosi ty stability (Table 2). No gassing occurred in any of the 
samples treated with the ketone-based oxazolidine moisture 
scavenger. 

Film Performance 

In order to develop information on the effects of the ke
tone-based oxazo lidine moisture scavenger technology ver
sus monomeric isocyanate and molecular sieve technologies, 
a conventional one-package moisture cure urethane coating 
was formulated for film testing (Figure 7). The coating was 
prepared utili zing standard production procedures described 
in the prev ious performance study. Since the performance of 
the moisture scavenger depends on its efficiency, it was 
necessary to record moisture leve ls before and after treat
ment. As indicated in Table 3, the ketone-based oxazolidine 
and monomeric isocyanate reduced moisture of less than 
0.05%. In the case of the molecular sieve, moisture levels 
were reduced, but since the moisture was not eliminated, the 
system gelled shortly after letdown with isocyanate. Due to 
thi s instability, the molecular sieve system was di scontinued 
from the film studies. 

The coating films prepared with the oxazolidine and mo
nomeric isocyanate were evaluated for the mechanical prop
erties of pencil hardness (ASTM D 3363), impact resistance 
(ASTM D 2794) , and adhesion (ASTM D 3359). The film 
characteristics were evaluated for sheen and Sward hardness 
(ASTM D 2134 ). Chemical resistance performance was tested 
utili zing solvent rubs (ASTM D 4752). The performance 
properties (Tables 4 and 5) for the cured films were rated 
utilizing the ASTM Standardized Scoring System approach. 
The results indicate that the moisture scavengers have little 
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to no effect on film properties. The data also confirm the fact 
that in the case of the oxazolidine-based moisture scavenger, 
it is fully reacted and will not be available to affect film 
performance. 

CONCLUSION 

Ketone-based oxazolidines have been shown to perform as 
effective moisture scavengers. Modification of the oxazolidine 
structure produced a low molecular weight ketone-based 
oxazolidine with the rapid water reactivity necessary to serve 
as a moisture scavenger in urethane systems. 

Experiments involving the use of a ketone-based 
oxazolidine in single-component polyurethane coatings 
proved the ability of this material to function as an effective 
moisture scavenger while not adverse ly affecting the stabil
ity or film performance of a coating. 
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Regulatory MAY 1993 

UPDATE 
This digest of current regulatory activity pertinent to the coatings industry is published 
to inform readers of actions which could affect them and their firms, and is designed 
to provide sufficient data to enable those interested to seek additional information. 
Material is supplied by National Paint and Coatings Association, Washington, D.C. and 
edited by members of the FSCT Environmental Affairs Committee. 

Lead--Legislation amending the Toxic Substances Con
trol Act (TSCA) that would ban certain uses of lead was 
introduced on April I by Sen. Harry Reid (D-NV) . 

The bill , S. 729, would also require the Environmental 
Protection Agency to create an inventory of all lead-contain
ing products, mandate additional TSCA rule makings to 
control lead exposure, and require federally funded , state
run inspections of day care centers and elementary schools 
for lead contamination. 

Sen. Reid maintains that EPA has not been responsible 
enough in its efforts to regulate lead under TSCA , and the 
bill will eliminate the need to rely on EPA. This is the third 
time Sen. Reid has introduced the legislation over the last 
three years. Pans of his I 992 bill were incorporated into last 
year's housing bill but most of the legislation has been 
stymied by unexpected lobbies . One of those lobbies is a 
group representing collectors of toys that contain lead. 

S. 792 would ban or restrict the lead content of several 
products including industrial paint and coatings, pest icides, 
glass coatings, and inks. It also bans the intentional use of 
lead in packaging and reduces the incidental presence of lead 
in packaging. All products containing lead would have to be 
labelled as specified. 

This bill differs from the I 992 proposal in that it has a 
built-in appropriation of $54 million to pay for the state 
inspection and reporting of lead hazards in day care centers 
and elementary schools. Sen. Reid has indicated he wi II use 
hi s position on the appropriations committee to obtain the 
necessary funding. 

In a related matter, EPA 's Office of Pollution Prevention 
and Toxics (OPPT) has completed a management review of 
non-residential lead-based paints prompting the agency to 
request a meeting with representatives of industry, unions, 
and government agencies regarding the use of lead paint on 
steel structures. 

Reportedly, the analysis indicates that when bridges con
taining lead-based paint undergo renovation or repair, work
ers and the general public are exposed to high levels of air 
and soil lead contamination. EPA has called the meeting to 
discuss ways to reduce those exposures; the discussions will 
focus on performance, cost, and availability of lead-based 
paint substitutes on steel structures as well as paint removal 
technologies. 

It is likely that this issue will receive a good deal of 
attention because of the provision in the Clinton Admini-

stration 's economic stimulus package designed to increase 
investments in bridge renovation . 

Environmental Statutes-Reauthorization-Sen. 
Max Baucus (D-MT) and Rep. AI Swift (D-WA) have indi
cated they will continue to push for recycling legislation, as 
part of a " RCRA Lite" bill, despite a full plate of other 
environmental issues facing this congress. 

Sen. Baucus, Chairman of the Senate Environment and 
Public Works Committee, recently announced that he plans 
to introduce legislation later this year. Rep. Swift, who is 
Chairman of the House Energy and Commerce Subcommit
tee on Transportation and Hazardous Materials, is also draft
ing a bill. 

Meanwhile, both leg islators must begin the reauthoriza
tion process for the Clean Water Act, the Federal Superfund 
Law and the Endangered Species Act. 

Responding to demands by environmental groups that 
Congress include stringent recycling requirements in an 
RCRA reauthorization package, Rep. Swift expressed con
cern that by trying to attempt action on Superfund and RCRA 
at the same time would render no return on either program. 
He also said he would prefer to begin the Superfund reautho
ri zation as soon as possible as it is likely to take two years to 
complete. 

EPA Cabinet Status-On April 2, the Senate Environ
ment and Public Works Committee unanimously approved a 
provision to eliminate the White House Council on Environ
mental Quality (CEQ) as pan of a bill to elevate the EPA to 
Cabinet level. Under the bill , S. I 7 I, the EPA will acquire 
the CEQ's previous authority. 

The approved provision would amend both the National 
Environmental Policy Act and the Clean Air Act. Oversight 
of environmental impact statements prepared by federal agen
cies and departments will be shipped from CEQ to EPA, and 
CEQ's report writing responsibilities will also go to EPA. 

The full Senate will likely debate the bill after the spring 
recess. 

Toxic Substances-Budget-Included in President 
Clinton 's fiscal I 994 budget, released April 8, is $23.6 mil-

The Regulatory Update is made available as a service to FSCT members, to assist them in making independent inquiries about 
matters of particular interest to them. Although all reasonable steps hove been token to ensure the reliability of the 
Regulatory Update, the FSCT cannot guarantee its completeness or accuracy. 
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lion that wi ll be used for, among other programs, the Toxics 
Release Inventory (TRI) and the EPA's Office of Pollution 
Prevention and Toxics (OPPT) lead program. 

According to budget documents, the plan provides an 
extra $15 million to fund OPPT's residential lead-based 
paint abatement program and an extra $5 million to expand 
the TRI program. Of the $15 million requested for lead paint 
programs, $10 million is targeted for state grant funding. 
According to EPA, the money would be used to support the 
development of programs to train lead paint abatement work
ers, accredit worker training programs, and certify abate
ment contractors. EPA said the remaining $5 million would 
be used to support the agency 's lead strategy. 

Of the $5 million budgeted to expand TRI activities, $4 
million will be used to refund a fiscal 1993 appropriations 
cut and $1 million will be used to enhance the program. The 
enhancements include the addition of new reporting faci li
ties and some new standard industrial codes. TRI is man
dated in Section 313 of the Ero1ergency Planning and Com
munity Right-to-Know Act (EPCRA) which requires manu
facturers file yearly reports on certain chemicals released 
into the environment. 

Comprehensive Occupational Safety and 
Health Act-Rep. William Ford (D-MI) recently re-intro
duced the Comprehensive Occupational Safety and Health 
Act. This year's bill (H.R. 1280) is multifarious and extends 
beyond the scope of the Occupational Safety and Health Act 
(OSH Act) itself. The following provisions are included in 
the legislation: 

• Mandated safety and health committees for employers 
with ll or more employees; 

• Detailed written safety and health programs, including 
a plan for providing employee training and education; 

• Expansion of National Institute for Occupational Safety 
and Health authority in OSHA enforcement; increased 
involvement in the settling of standards, priorities, and 
permissible exposure limits; 

• Expanded employee participation rights from inspec
tion to settlement in OSHA enforcement actions; em
ployees would be provided with new whistle blower 
protections and refusal-to-work rights; 

• Expanded existing OSHA criminal penalties; 

• Provisions from earlier high-risk notification proposals; 

• Increased OSHA enforcement authority and changes in 
OSHA's reporting/recordkeeping requirements; and 

• Mandated that OSHA issue generic standards for expo
sure monitoring, medical surveillance, and ergonomics 
hazards. 

Hearings in the House Education and Labor Committee, 
of which Rep. Ford is the Chairman, are expected after the 
spring recess. 

Sen. Edward M. Kennedy (D-MA) has introduced simi
lar legislation in the Senate (S. 575), but no hearings have 
been scheduled. 

How to Obtain Congressional Documents 

Bills, Reports, and Public Laws-House and Senate 
bills, reports, and public laws are free of charge, but there is a 
limit to the number that may be obtained at one time. Policies 
differ in the House and Senate. 
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Senate-Senate bills, committee reports, public laws, 
and conference reports are available in the Senate Document 
Room, B-04 Hart Building. The public may obtain as many 
as six different items per request, either in person or by mail. 
Only one copy of each item is permitted. One request per day 
will be filled. Mail orders may be sent to: Senate Document 
Room, B-04 Hart Building, Washington, D.C. 20510. 

Information on status and avai lability of legislative docu
ments is available from the Senate Document room at (202) 
224-7860. This is an information number only. Phone orders 
are not accepted. 

House-House bills, committee reports, public laws, 
and conference reports are available in the House Document 
Room, B-18, House Annex No. 2. The public may obtain as 
many as six different items per request in person. Up to 12 
items may be requested by mail and six items by telephone. 
Only one copy of each item is permitted. One request per day 
will be filled. Mail orders may be sent to: House Document 
Room, B-18, House Annex No.2, Washington, D.C. 20515. 
For information on status and availability of legislative docu
ments or to order documents by phone, call the House Docu
ment Room at (202) 225-3456. 

Hearings and Prints 
In Person: Generally, all House and Senate hearings 

and prints can be purchased at the Government Printing 
Office, Congressional Sales Office, 71 0 North Capitol Street, 
N.W. , Washington , D.C. 

By Mail: Mail requests for hearings and prints should be 
sent to the Superintendent of Documents, Government Print
ing Office, Congressional Sales Office, Washington, D.C. 
20402. 

Payment may be made by cash, check, money order, 
credit card (V ISA, MasterCard, Choice) and through GPO 
deposit accounts. Prices given for each document include 
postage and handling. No tax is charged. For questions and 
information, call (202) 512-2470 or 247 1. 

Lead Subcommittee Convenes-The Lead Sub
committee of the Policy Integration Project of the National 
Advisory Council for Environmental Policy and Technology 
has scheduled two meetings in May. 

The subcommittee, which held its first meeting on March 
3 I , will develop recommendations for improving and coor
dinating government efforts to reduce public exposure to 
lead by examining federal government policies for reducing 
lead exposure in the workplace, soi ls, paint, drinking water, 
and other means of contamination. 

The meetings will be held May 5 and 19, 1993. For 
information on the meeting location, contact Donna Fletcher: 
EPA, Office of Cooperative Environmental Management, 
(202) 260-6883. 

The following regulations are due to go into effect in 
May: 

May 8, 1993 
RCRA: Lead-bearing hazardous wastes (D008) placed in a 

staging area immediately prior to being introduced 
into a secondary smelter are prohibited from land 
disposal. (57 FR 28632; June 26, 1992.) 

OSHA: Employers of 19 or fewer employees that are subject 
to the standards for occupational exposure to cad
mium under 29 CFR 1910.1027 or 1926.63 must 
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establish properly signed, regulated areas where cad
mium concentrations exceed or possibly can exceed 
the perm issible exposure limit. (57 FR 42339; Sep
tember 14, 1992.) 

OSHA: Employers of 19 or fewer employees that are subject 
to the standards for occupational exposure to cad
mium under 29 CFR 1910.1027 or 1926.63 must 
implement a respiratory protection program for em
ployees exposed to prescribed leve ls of cadmium 
that conforms with the respirator selection. use and 
fit testing procedures. (57 FR 4234: September 14, 
1993.) 

OSHA: Employers of 19 or less employees that are subject 
to the standards for occupational exposure to cad
mium under 29 CFR 1926.63 must comply wi th a 
permissible exposure limit of five micrograms per 
cubic meter of air, calculated as an eight-hour time
weighted average. (57 FR 42453 ; September 14, 
1993.) 

May 15, 1993 
CAA *: Any product containing a Class I substance and any 

container holding a Class I or II substance int ro
duced into interstate commerce must bear the label 
described in CAA Section 61 I (b). 

CAA: Any product conta ining a Class II substance and 
introduced into interstate commerce must bear a 
label described under CAA Section 6ll(b) if the 
EPA administrator detennines that safe substitute 
products or alternative manufacturing processes are 
available. 

CA A: Any product manufactured with a Class II substance 
and introduced into interstate commerce must bear a 
label described under CAA Section 611 (d) if the 
EPA administrator determines that safe substitute 
products or alternative manufacturing processes are 
available. 

CAA: Any prod uct manufactured with a Class I substance 
must bear a label described under CAA Section 
6 11 (d) unless the EPA administrator determ ines that 
safe substitute products or a ltem~tive manufactur
ing processes are not available. 

*Clean Air Act 

May 17, 1993 
CW A*: Each group of dischargers of storm water associated 

w ith industrial activity that is req uired to obtain a 
permit and that is owned or operated by a municipal
ity with a population of less than 250,000 must 
submit Part 2 of the group application of the EPA 
Office of Wastewater Enforcement and Compliance. 
(56 FR 12 100: March 2 1, 199 1. as amended by 57 
FR 1141 2: April 2. 1992.) 

CW A: Each operator of a medium municipal separate storm 
sewer system that is required to obtain a storm water 
discharge perm it must file Part 2 of the application 
with the applicable permitting authority. (56 FR 
12 100; March 21, 1991, as amended by 57 FR 11 4 12: 
April 2, 1992.) 

*Clean Water Act 

States Proposed Legislation and Regulations 

California 
Lead (Re!?ulatory Activity)--The California Pain t Coun

cil (CPC) and the Nat ional Paint and Coatings Association 
(NPCA), along with a small group of paint manufacturers, 
may join the petroleum industry in a legal act,ion to challenge 
the Childhood Lead Poisoning Prevention Act of 199 1. Al
leging that the Act, which imposes an annual per-gallon 
"fee" on all "architectural coatings" manufac tured in or im
ported into the state of Cali fornia, was passed by the legisla
ture in violation of state law, the paint industry is hoping to 
get the statute invalidated and the first year " fees," which 
were due on April I, 1993, refunded to paint and petroleum 
industry "feepayers." 

The suit , which may be filed by late April, will like ly 
focus on the applicability of Proposition 13 to the statute. 
Proposition 13 requires that legislat ion imposing a tax be 
passed by a two-thirds vote of both houses of the legislature. 
Paint industry representatives contend that the " fees" im
posed by the Childhood Lead Poisoning Prevention Act, 
which was passed by a simple majority, are actually taxes. 

Earlier efforts by the California Pai nt Council to obtain 
an extension of time for paying the "fees" fa iled, although 
several paint companies took advantage of an extension that 
waives the penalty but not the interest fo r 30 days. Informa
tion on this extension , which wi ll remain avai lable until May 
I, can be obtained by contacting CPC. 

The paint industry plaintiff's are hopeful of getting an 
injunction either to prevent further collection of the " fees" or 
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to prevent the expenditure of " fees" already collected. Un
fortunately , another state statute, wh ich prohibits the issu
ance of an injunction to halt the collec tion of taxes, wi ll 
likely be applicable in th is case. Since the plaintiffs will 
argue that the "fees" are actua lly taxes for purposes of invali 
dating the statute, they may have to concede that this "anti 
injunction statute" will prevent the issuance of an injunction 
in this action. An injunction against the expenditure of the 
" fees" should not be affected by the statute. 

Meanwh ile, a separate ac tion challenging the regulations 
implementing the Act is also being discussed. The California 
Department of Health Serv ices is holding a public hearing on 
April 14, 1993. to receive public input on its controversial 
regulations. The paint industry contends the regu lations im
properly targeted some paint companies that have never used 
lead in any of their products while ignoring several signifi
cant sources of environmental lead contaminat ion. The CPC 
and the Western States Petroleum Association (WSPA), which 
represented the petroleum industry in earlier public work
shops, are expected to oppose the regulations at the hearings. 

Lead-CAS. 1063 (Ca lderon) authorizes a credit against 
the Personal Income Tax Law for each taxable year begin
ning on or after January I. 1993 , and before January I, 1998, 
in an amount equal to 25% of the cost paid or incurred by the 
taxpayer during the taxable year in connection with the 
abatement of lead-based paint in any bu ilding containing one 
to four dwel ling units, not to exceed $5,000 per bui lding. 
The bill was referred to the Senate Committee on Revenue 
and Taxation on March 18. 
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Colorado 
Recycled Paper-CO H. 11 46 (Gordon) requires all docu

ments submitted to State agencies to be on recycled paper, 
beginning January I , 1994. The bill passed the House on 
February 24. It was amended and passed by the Senate on 
March 29 and referred back to the House for concurrence. 

Connecticut 
Air Quality--CT H. 6843 (Committee on Environment) 

concerns fees to implement the Clean Air Act Amendments 
of 1990. The bill was reported from the Joint Comm ittee on 
Environment on March 16 and referred to the Joint Commit
tee on Transportation. 

Inhalant Ahuse-ID S. 1012 (Committee on Judiciary 
and Rules) relates to possession of inhalants by minors; 
prohibits the possession of inhalants or aerosol spray prod
ucts by minors for the purposes of utilizing the contents to 
become under the influence of such aerosol substance; de
fines "inhalant"; provides that minors illegally possessing 
inhalants shall not come under the purview of the Youth 
Rehabilitation Act unless the court orders otherwise. The bill 
was signed by the Governor on March 26. 

Florida 
Comainer Safety-FL H. 1029 (Denn is) revises provi

sions relating to notification of accidents relating to and 
restrictions on use of unsafe containers. The bill passed the 
House on March 25 and was referred to the Senate Comm it
tee on Commerce. 

Idaho 
lnhalallf Ahuse-ID S. 1012 (Committee on Judiciary 

and Rules) relates to possession of inhalants by minors: 
prohibits the possession of inhalants or aerosol spray prod
ucts by minors for the purposes of utilizing the contents to 
become under the influence of such aerosol substance; de
fines "inhalant": provides that minors illegally possessing 
inhalants shall not come under the purview of the Youth 
Rehabilitation Act unless the court orders otherwise. The bill 
was signed by the Governor on March 26. 

Illinois 
Lead- lL H. 928 (M. Davis) requires that all students in 

grades 3, 6, and 8 receive lead poisoning screening. The bill 
was reported favorably as amended from the House Commit
tee on Health Care and Human Services on April I . 

Paint Disposai-!L H. 2436 (Ryder) amends EPA Act by 
prohibiting a person from knowingly mixing a restricted 
municipal waste intended for collection and delivery to a 
restricted handling facility with any other municipal waste. 
Restricts liquid paint at sani tary landfills after January I, 
1996. The bill was referred to the House Committee on 
Environment and Energy on March 16. 

Indiana 
Workers' Rights-IN H. 1048 (Hayes) provides that statu

tory or common law remedies are avai lable to an employee 
alleging an injury from sexual or racial harassment in the 
workp lace. The bill passed the House in February and was 
referred to the Senate Committee on Corrections, Criminal 
and Civil Procedure on March 15. 
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Iowa 
Lead-!A S. 333 (Committee on Environment and En

ergy Uti lities) establishes a lead inspection and abatement 
program and provides a penalty. The bill was introduced on 
March 17. 

lA S. 383 (Committee on Human Resources) relates to 
programs and serv ices under the purview of the Iowa De
partment of Public Health, including programs and services 
relating to lead abatement and env ironmental toxins; pro
vides criminal penalties. The bill was introduced on March 
19. 

Maine 
Trihuryltin (TBTJ-ME H. 7 (Heino) repeals an increase 

in the restriction on the release oftributyltin from antifouling 
marine paints. States that the current standard of release of 
4.0 micrograms per square centimeter per day remains in 
effect. The bill was signed by the Governor on March 29. 

Packaging-ME H. 756 (Marsh) revises the toxics re
duct ion in packaging laws to require that manufacturers 
furnish cert ificates of compliance to purchasers instead of to 
the agency; establishes a six-year exemption for packaging 
that cannot meet the statutory concentration levels because 
of the addition of post-consumer materials; amends the Vol
untary Waste Reduction and Recycling Labeling Program to 
include the terms "compostable" and "biodegradable"; speci
fies other changes. The bill was introduced to the Joint 
Committee on Energy and Natural Resources. 

Maryland 
Containers- MD H. 1055 (Pitkin) requires a manufac

turer of rigid plastic containers sold, offered for sale. or used 
in association with the sale or offer for sale of a product in 
the state to ensure that the container meets designated re~ 

quirements by July I, 1994; specifies exemptions; requires 
each manufacturer to submit a specified certification to the 
Department of the Environment by October I , 1994, and by 
March I of each year thereafter. On March 15, the bill was 
reported unfavorably from the House Committee on Envi
ronmental Matters. 

Lead- MD H. 1325 (Thomas) increases the membership 
of the Lead Paint Poisoning Commission. The bill passed the 
House on March II and was referred to the Senate Commit
tee on Judicial Proceedings. 

Massachusetts 
Lead-MA H. 2798 (Jehlen) authorizes the use of market 

share liability in civil actions brought against certain produc
ers or manufacturers of lead-based paints. On March 22, the 
bill was withdrawn from the Joint Committee on Health Care 
and referred to the Joint Committee on Judiciary. A public 
hearing by that committee was held on Apri l 12. 

MA H. 1823 (Buell ) is an omnibus bill that amends the 
lead paint statutes. The bill is in the Joint Committee on 
Health Care. 

Hazardous Products-MA H. 2543 (Cahir) establishes a 
Retail Hazardous Products Identification Program which 
wou ld require special labeling of paint products. The bill is 
in the Joint Comm ittee on Commerce and Labor. 

Minnesota 
Lead- MN H. 961 (Clark) relates to lead abatement pro

grams: specifies that residence assessments must be con ~ 
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ducted regardless of availabi lity of state or federal funding, 
and must be conducted by lead inspectors licensed by the 
Commissioner of Health; requires contractor to give notice 
before beginning work at each lead abatement worksi te; 
imposes surety bond requirements on lead abatement con
tractors; allows local boards of health to adopt more st rin
gent standards; requires contractor analysis in older res i
dence. On Apri l I , the bill was passed as amended from the 
House Committee on Health and Human Services and re
ferred to the House Committee on Judiciary. 

MN H. I 099 (S imoneau) relates to Health Department 
programs; extends advisory councils and committees for 
four years (to June 30, 1997); includes modifications to lead 
abatement program provisions. The bill was introduced on 
March 15 and referred to the House Committee on Health 
and Human Services. 

MN H. 1569 (Clark) specifies allowable disposal of resi
dential lead paint waste. as defined, to exclude waste re
moved with chemical strippers or waste mixed with water 
and containing free liquid; allows disposal in a variety of 
land disposal facilities meeting state requirements; makes 
persons whose ac tivities produce such wastes responsible for 
them; requires non-residents who produce such waste to 
remove them and retain responsibility. The bill is in the 
House Committee on Environment and Natural Resources. 
An identical bill (S. 1551-Berglin) was introduced in the 
Senate on April 5 and was referred to the Senate Committee 
on Environment and Natural Resources. 

Packaging-MN S. 1217 (Johnson) amends Minnesota 
Statutes; relates to solid waste management; defi nes packag
ing (including transport cushioning materials); requires Of
fice of Waste Management to expand its public education 
campaign to cover packaging reduction and disposal issues 
and to set up a Packaging Advisory Council; authorizes 
annual Governor's awards for excellence in environmentally 
sound packaging; specifies council duties, including advis
ing on packaging materials classification system. The bill 
was introduced on March 22 and referred to the Senate 
Committee on Environment and Natural Resources. 

MN S. 1245 (Mondale) proposes new statute adopting 
packaging waste reduction requirements on companies as of 
January I , 1996; requires a 15% reduction by weight from 
1990 or a minimum packaging efficiency ratio of 90% prod
uct to 10% package by weight or volume; provides opt ions 
for companies by using a company wide approach or a 
specific package approach; requires new products to meet 
specific package approach; specifies exclusions for inconse
quential packages or insubstantial packaging parts. The bill 
was introduced on March 22 and referred to the House 
Committee on Environment and Natural Resources. 

Missouri 
Toxics-in -Packa~:ing-MO S. 100 (Good) prohibits the 

selling of packages, pack ing material, or components con
taining specified concentrations of lead, cadmium, mercury, 
or hexavalent chromium. The bill passed the Senate on March 
II and was referred to the House Committee on Energy and 
Environment. 

Nebraska 
Containers-NE L.B. 63 (Elmer) creates the Plastic Con

tainer Coding Act to prohibit the manufacture or distribution 
of any plastic bottle or rigid plastic container unless it is 
imprinted with a code ident ifying the appropriate resin type 
used to produce the structure of the container. The bill was 
signed by the Governor on March 9. 
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New York 
Lead-NY A. 3357 (Silver) enacts the Public Works 

Environmental Lead Abatement Act; provides for regulation 
of activities relating to the removal of lead-based paint from 
public works facilities . On March 23, the bill was amended 
and returned to the Assembly Committee on Health. 

NY A. 5974 (Eve) makes various provisions regarding 
lead inspection and abatement including licensing and certi
fication requirements; makes lead testing requirements; re
quires coverage for screening and diagnosis for lead by 
certain insurers and imposes a special surcharge on sale of 
paint. On March 23, the bill was amended and returned to the 
Assembly Committee on Health . 

NY A. 6804 (Granni s) prohibits the exclusion of cover
age for exposure to lead-based paint with regard to a policy 
insuring against the liability for injury. The bill was intro
duced on March 30 and referred to the Assembly Committee 
on Insurance. 

NY A. 6805 (Eve) prov ides that policies insuring against 
the liability for injury shall not excl ude coverage for expo
sure to lead-based paint . The bill was introduced on March 
30 and referred to the Assembly Committee on Insurance. 

Household Hazardous Waste-NY A. 4518 (Tokasz) 
regulates the sale at retail of household hazardous products 
and provides for management and disposal of such products; 
empowers the Environmental Facilities Corporation to fi 
nance and site household waste faci lities statewide, on a 
regional basis. The bill was released from the Assembly 
Committee on Environmental Conservation on March 30 
and referred to the Committee on Codes. 

Ohio 
Environmental Marketing---OH H. 202 (Campbell) re

quires persons who make environmental impact claims rela
tive to a consumer good or its package or container to main
tain and provide upon request documentation supporting the 
claims. The bill was referred to the House Committee on 
Energy and Environment on March 16. 

Oregon 
Containers-OR S. lOll (Committee on Agriculture and 

Natural Resources) imposes a fee on manufacturers of glass, 
metal, paper and plastic containers; requires certi ficat ion for 
manufacturing and wholesale of glass, metal, paper and plas
tic containers; requires manufacturers to keep certain records 
for examination by the Department of Revenue; directs the 
Department of Revenue to administer a fee program and 
deposit monies into the State Treasury to be credited to the 
Oregon Recycling Markets Development Fund: imposes civil 
penalties of up to I 00% of the deficiency for failure to pay 
the fee . The bill was introduced on March 22 and sequen
tially referred to the Senate Committee on Agriculture and 
Natural Resources and the Committee on Revenue and School 
Finance. 

Pennsylvania 
Toxics-in-Packafiing-PA H. 337 (Vitali) regulates toxic 

materials used in packaging and components thereof; pro
hibits packaging that includes inks, dyes, pigments, adhe
sives, stabi lizers, or any other additives containing lead, 
cadmium, mercury, or hexavalent chromium which has been 
intentionally introduced as an element during manufactur
ing. The bill was amended and released from the House 
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Committee on Conservation on March 23 and referred to the 
Committee on Appropriations. 

Spray Paim Restriction-PA H. 861 (Keller) amends the 
Crimes and Offenses Code by prohibiting the sale of aerosol 
spray-paint cans and broad-tipped markers to minors; regu
lates the display of such cans and markers; provides a pen
alty. The bill was referred to the House Comminee on Judi
ciary on March 23. 

Rhode Island 
Lead-Rl S. 767 (lzzo) prohibits the Department of Ad

minist ration from purchasing paint products or contrac ting 
for the painting of public buildings using lead-based paints. 
The bill passed the Senate on March 31 and was sent to the 
House. 

Texas 
Lead-TX H. 1901 (Martin) relates to the registration of 

certain painting contractors. The bill was referred to the 
House Comminee on Public Health on March 15. 

TX S. 1278 (Truan) relates to the regulation of lead
related activities. The bill was referred to the Senate Com
miuee on Health and Human Services on March 18. 

Toxic Household Products- TX H. 2536 (Van de Pun e) 
relates to safety requirements regarding the use of certain 
toxic household products; requires that toxic household prod
ucts containing certain substances, manufactured on or after 
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January I, 1994, include in the product a biuering agent that 
is nontoxic, in a concentration that renders the product ad
versely biuer, unless the product is packaged with child
resistant safety closures; prohibits a person from distributing 
or selling such a product if the product does not meet these 
requirements. The bill was introduced on March 18 and 
referred to the House Comminee on Higher Education. 

Vermont 
Solid Waste- VT H. 216 (Weidman) repeals provisions 

of law that provide financial assistance for the management 
of solid waste; converts the state 's role in the management of 
solid waste to one in which the state cooperates with munici
palities and the private sector in developing an integrated, 
market-driven, waste management program; removes the 
requirement that priority be given to reducing the waste 
stream through recycling and through the reduction of non
biodegradable and hazardous ingredients. The bill passed the 
House on March 26 and was referred to the Senate Commit
tee on Natural Resources and Energy . 

Lead- YT S. 30 (Ready) proposes to establish a program 
for training and certification of lead hazard abatement work
ers and to make blood lead screening and testing of children 
available upon request of parents; provides for inspection 
and testing of child care facilities; ensures that lead-based 
paint hazards are disclosed in the sale or lease of pre-1978 
housing. The bill passed the Senate on March 24 and was 
referred to the House Comminee on Health and Welfare. 
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Preparation and Properties of 
Blocked Dimethyl m-lsopropenyl Benzyl 
Isocyanate for One-Component Coatings 

Howard R. Lucas and Kuang-Jong Wu 
American Cyanamid Company* 

A unique characteristic of dimethyl m-isopropenyl 
benzyl isocyanate is the flexibility it offers to the 
coatings industry. Copolymerization through its dou
ble bond with a variety of acrylic monomers offers the 
chemist broad possibilities in polymer design. By 
blocking the isocyanate moiety of the monomer, one 
can theoretically incorporate a hydroxy functional 
acrylic monomer within the same polymer. 

Aimed at automotive OEM, industrial , and coil 
coating applications, the coatings are true one-com
ponent systems. However, preparation of these poly
mers is not without difficulties. A methyl ethyl ketox
imine blocked monomer is an ideal candidate in a 
one-component coating system, with onset deblock
ing at 50' C. However, the unsaturated isocyanate as 
well as its blocked monomer requires a minimum 
polymerization of SO' C for complete conversion of 
monomer to polymer. With onset deblocking of the 
isocyanate moiety at 50' C, premature crossl inking 
takes place with the acrylic hydroxyls located in the 
growing polymer chains before polymerization is 
complete. To prevent this, we have discovered that 
certain solvents used in the polymerization prevent 
this premature gelation without affecting the coatings 
cure response and properties. 

INTRODUCTION 

With greater emphas is being placed on coating manufac
turers by mandates from regulatory agencies and govern 
ments for high performance and envi ronmentally sa fe 
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coating systems , paint manufacturers have responded 
with systems such as low VOC acry l ic -melamines, epox
ies , and isocyanates. One such system which satisfies 
these demands is a blocked isocyanate polymer. Long 
known for their durability and reactivity, aliphatic iso
cyanate polymers are lead ing candidates for automotive 
OEM , industrial , and coil coating applications. By incor
porating blocked aliphatic isocyanate polymers, resin 
manufacturers have dramaticall y improved the industrial 
hyg iene properties and shelf stability of these resin sys
tems. Because the blocked isocyanate resins are pre
blended with hydroxy containing polymers by the resin 
manufacturer for optimum properti es , the end user has 
little concern for proper stoichiometry and needs only to 
add catalyst to the system. The chemistry of one-package 
urethane coatings has been well reviewed by Wicks. 1·

2 

Recently , a seri es of blocked isocyanates based on 
dimethy l m- isopropenyl benzy l isocyanate* (shown in 
Figure I ) was examined. Based on initial studies, these 
copolymers cou ld offer a so lution to the newest i ssue 
facin g producers of automotive coatings-that of envi
ronmental etch. 

A one-component coating system has been prepared 
from the se blocked monomers by copolymerization with 
hydroxyl functional acrylic monomers. These coatings 
typically cure in 30 min at II0- 145' C. 

POLYMER DESIGN AND BLOCKING AGENTS 

Since dimethy l meta-isopropenyl benzyl blocked iso
cyanate can be polymeri zed with hydroxy l acrylics 
through its double bond , it allows a greater lati tude of 

•TMI*C META) unsaturated aliphatic isocyanate . 
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Figure 1-Biocked dimethyl m-isopropenyl benzyl isocyanate 
and deblocking, generating free NCO. HNu = nucleopholtc 

agent (isocyanate blocking agent) 

polymer design. With the hydroxy l as an integral part of 
the polymer backbone, there is littl e concern for compati
bility. This is in contrast to the traditional one-component 
resin systems, which require the blending of compatible 
resins capable of crosslinking with each other, and still 
maintai n thi s compatibility during the transition from the 
thermoplas tic to the crosslinked state. 3 To emphasize the 
compatibility of thi s type of system (Figure 2A) vs the 
trad itional one-component system (Figure 28) , it can be 
seen that a potential problem ex ists during crosslinking. 
If not designed properly , " loose ends" of both the iso
cyanate and the hydroxy l are a potential source of incom
patibility and degradation to the coat ing. 

A series of blocked isocyanate monomers were pre
pared at our laboratori es for internal evaluation. The 
deblocking rates (Table I) were determined by following 
FTIR traces from 29-202°C at a I 0 Cimin temperature 
ramp, to the point of initial appearance of NCO followed 
by rapid ge nerat ion of NC0 4 From the data , a methyl 
e thyl ketone oxime (MEKO) blocked isocyanate mon
omer was se lected for continuing studies due to its low 
deblocking temperature. Preparation of the copo lymers 
proved difficult , as deblock ing occurs close to the tem
perature required for complete conversion to polyme r. 
Polymerizations of the unblocked isocyanate monomer 
run at temperatures of 42 and 62°C as shown in Figure 3 

Table 1-FTIR Deblocking Temperatures 

Deblocking Temp. 
("C, Via FTIR') 

NCO Rapid 
Isocyanate Blocking Group Onset NCO 

Dimethyl m-isopropenyl 
benzyl isocyanate Methanol ISS 190 

n-Butanol 16S' 190' 
n-Pentanol 16S 190 
n-Hexanol ISS 17S 
E-caprolactam 

(mp = S9-63°C) 90' 12S' 
Meohyl eohyl 

ketoxime SO' 6S' 
Acetone oxime SO' 80' 
Cyclohexy l ox ime 6S' 100' 
BD mono oxi me lOS' 120b 
n-Hydroxy 

succin imide li S' 140' 
Propylene glyco l > 180b 

(a) Temp ramp from 29-202"C (ii 5°C/min . IR re-measured every S"C. 
(bl Temp ramp from 29-202°C (ii ] 0 C/min . IR re- measured every 5 "~ 

Note: NCO Onset is clearly defined while the Rapid Onset is mostly judgmental. 
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Table 2-Typical Polymerization Charge 

Charge A 

Toluene . 

Charge B 
Toluene . 
Blocked isocyanate"'. 
Buoylacrylale (BA) . 
Meohyl melhacrylaoe (MMA) 
Hydrox y eohyl acrylaoe (HEA) 
t-Butyl peroctoate . 
n-Dodecanethiol 

ta ) MEKO blocked TMI tmetal unsaturated aliphatic isocyanate 

Wt in Grams 

6. 7 

60.0 
77.4 
S3.4 
40 .2 
3 1. 0 
8.4 
4.2 

contain bimodal spec ies and on ly conversions of 20-60%, 
re spect ively. 5 

RESULTS AND DISCUSSION 

Solution polymers contai ning methyl ethyl ketoxime 
blocked unsaturated isocyanate monomer were prepared 
with a variety of commerc ial acry lic monomers, includ
ing ac ry li c monomers wi th a pendant primary hydroxyl 
group . The typical charge for the free radical polymeriza
tion and reactor schematic is shown in Table 2 and Figure 
4, respectively. The polymerization is accomplished by 
feeding a nitrogen sparged monomer solution containing 
charge B to a preheated solvent, toluene (charge A). at 
80°C ove r a fo ur-hour period under nitrogen , followed by 
an add itional fou r hours of heat ing at 80°C. The proce
dure , developed for the polymerization of unblocked un
saturated isocyanate, does not take into accou nt acry lic 
monomer-containing hydroxy l groups that can react wi th 
the NCO moiety of the isocyanate monomer. By using the 
charges outlined in Table 2 and following the previously 
described procedure , the polymer solution ge lled shortly 
after the fou r-hour monomer addition time . Other sol
vents typicall y used in preparing solution polymers for 
coatings such as methyl amy l ketone, xy lene, and butyl 
acetate re sulted in the same premature ge lation. 

Kinetic studies on blocked isocyanates have shown 
strong evidence for the elimination-addition reaction. 2 

This supports the reason for the premature ge lat ion en
countered, i.e., once the isocyanate is liberated fro m the 
blocking agent (Ko) the isocyanate is free to react with the 
hydroxy l monomer in the growing polymer or react with 
the freed blocking age nt (Figure 5). According to Carter 
and Pappas ,6 the back reaction (K_o) , the reaction of 
isocyanates to the ketoximine, is approximately 30 times 
greate r than the reac tion to a primary hydroxyl (Kz). 
However, onl y a few crosslinks are necessary in a poly
mer to make it unprocessible. 

In the past we have experienced that some solvents , 
particularly those with large dipole moments, retard the 
reaction of dimethyl m-isopropenyl benzy l isocyanate 
polymers with difunctional primary hydroxy l com
pounds , 5 as shown in Figure 6. This is contrary to the 
Iiterature2

·
7 with this isocyanate . One possible ex plana

tion for thi s anomaly is addressed by Jensen 8 In hi s 
overview of Le.wis acid-base classification of so lve nts 
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BLOCKED DIMETHYL m- ISOPROPENYL BENZYL ISOCYANATE 

A 

New System 
Compatibility Throughout Curing 

B 

Traditional System 
lntenmittent Compatibility 

0 0 

~ II 
A-NH /C'Nu 

~ II ~ 
R - NH /C..._ Nu + A"OH 

! l l 
R'OH 

~ 
A-NCO + HNu 

! 
A-NCO +HNu 

l l 
~OH 
l 

! 
! ~ ! 
RNH-C-OR' 

l l 

Nu = Isocyanate blocking agent 

and their ability to ac t as electron donors (DN) or accep
tors (AN) , solvent electrons form potential so lvated com
plexes of both the oxime blocked and unblocked isocyan
ate monomer. This retardi ng action of the so lvent in the 
deblocking mechanism results in the reduction of the 
reaction rates of the free isocyanate with the hydroxy l 
moiety (Figure 7) and is accompli shed by supplying or 
accepting elec trons from the solvent. An example of sol
vent complexing resu lti ng in infrared sh ifts with both our 
isocyanate moiety and the MEKO blocked isocyanate 
monomers in a variety of polar and nonpolar solvents is 
shown in Table 3. 

Since the kinetics of deblocking and blocking in polar 
so lvents are critical in the preparation of MEKO blocked 
unsaturated isocyanate- acrylic polymers , a model study 
of the blocked monomer in solvent was run to determine 
the kinetic values on K1 and K_, in solvents with varying 
degrees of polarity (hexane J.1 = 0.0 , * butyl acetate 
J.1 = l. 9 , and acetonitri le J.1 = 3. 9). The ex periments 

•Tol uene fJ. ,. 0 .4 could not be used in these experiments . since it e lutes at the same time as 
the unblocked isocyanate monomer 
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Figure 2-A: New system with compati
bility throughout curing. B: Traditional 
system with Intermittent compatibility. 

Nu =isocyanate blocking agent 

00 ~---------------------------------------, 

Polym. Temp. 

.. , 
\ I I 

'.• 
1,' '· ,, 

!:~.u\\ 
1 ' ', : ' 

..... \_ \ ..... 
./ ....... ·--\,~ ··--.. -. 

10 100 1000 

Molecular Weight X1000 

Figure 3-Molecular weight of dimethyl m-isopropenyl benzyl 
isocyanate copolymer. MMA 45/BA 40/unsaturated isocyanate, 

15 mole% in toluene at various temperatures 
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Generic or Chemical Nomenclature 

Dimethyltindilaurate . 
Benzotriazole UV stabi li zer . 
HALS radica l scavenger . 
Methylated melamine . 
Acrylic resin wi th hydroxyl number of 125 
Dimethyl m-isopropenyt benzyl isocyanate .. 
Diisocyanate adduct. 
Acrylic res in . 

Figure 4-Polymerization schematic 

Chemicals Used 

Tradename 

Fomrez® UL-28 
Cyagard® UV-2337 

Sanduvor® 3058 
Cymel® 330 

Doresco® 
TM I® (META) unsaturated aliphatic isocyanate 
Cythane® 3 160 aliphatic polyisocyanate resin 

JoncryJ® 500 resin 

Temperature 
Controller 

Pump 
j 

Manufacturer 

Witco Chemical 
American Cyanamid Company 

Sandoz Chemical Company 
Amer ican Cyanam id Company 

Dock Resi n Corporation 
American Cyanamid Company 
Amer ican Cyanamid Company 

S.C. Johnson Company 

Monomer 
Reservoir-

Heating 
Mantle 

Table 3-IR Shifts Due to Complexing of Solvents with Both Blocked Dimethyl m-lsopropenyl Benzyl Isocyanate 
and the Unblocked Groups 

Solvent ~ AN ON Peak'(C = O) Shift (N=C=O) Shift 

None • • • • • • • • • • • • 0 • 1754 0 2258 0 
Heptane . 0 0 0 1754 0 2258 0 
Acetonitrile . 3.9 18.9 14 . 1 1750 - 4 2262 + 4 
MAK . .......... . . . 2. 7 12.5 17.0 1749 - 5 2256 - 2 
Nitromethane 3.4 20.5 2.7 1740 -14 2263 +4 
Butyl acetate. 1.9 16.5 1750 - 4 2246 - 12 
Toluene . 0.4 8 .2 0.1 1750 - 4 2243 - 15 
DMSO . 4.0 19 .3 29 .8 1748 -6 2240 - 18 
Benzonitrile . . . . . . . . . . . 4.0 15 .5 4.0 1750 - 4 2243 - 15 
Methylene ch loride . 1.5 23. 1 0 1744 - 10 2243 - 15 

(a) Peak denoles the urethane C = 0 of MEKO blocked adduc1s of dime1hyl m-isopropenyl benzyl isocyanale adduc!. 
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were conducted by preparing solutions of our MEKO 
blocked isocyanate mo nomer in each of the aforemen
tioned solvents. The ratio of solvent to blocked monomer 
was such that they simulated the ratios used in the solvent 
polymerization. Each so lution was placed in six separate 
vial s and sealed with a teflon septu m and placed in an 
80°C ± 0.5°C water bath. Samples of approximately 60 mg 
were extracted (one extraction per via l to prevent loss 
of blocking agent) at various intervals of time , diluted 
with methylene chloride in a 50 ml volumetric flask , 
followed by injection into the HPLC . The results shown 
in Figure 8 indicate that the deblocking (K 1) and the 
blocking (K _1) reach equilibrium in all of the solvents in 
one-ha lf hour. However , in the hi gher dipole monomer 
solvent , acetonitrile, the blocked reaction is favored by 
approx imately 2/ 1 (K_1/K 1) as compared to the low 
dipole solvent, hexane (Table 4). 

The effect of so lvent po larity on the retardation of 
premature gelat ion duri ng polymerization was exempli 
fied in another HPLC model experiment. Using the same 
technique described prev iously, equal molar ratios of our 
MEKO blocked monomer and n-butanol , to simulate the 
acryli c hydroxy l groups in the po lyme ri zat ion, were 
prepared. 

They were dissolved in the same solvents used in the 
deblocking kinetic ex periments with one exception, to l
uene was su bstituted for hexane , since we were onl y 
interested in the amount of urethane product (TM B) that 
was formed . 

The results show (Figure 9) that , in eight hours at 
80°C , 3% of the ure th ane product (TMB) was formed in 
toluene , and on ly 1.5% in acetonitri le after the same 
period. These model experiments corre late well wi th pre
mature gelation in the se lected solvent shown in Table 5. 
We believe that the effectiveness of acetonitrile in both 
the retardation of deblocking and urethane formation may 
not on ly be a result of its e lectrostatic properties, but its 
geometry as well . Being a small planar molecule , aceto
nitrile can more closely approach the blocked isocyanate 
monomer and the unblocked isocyanate moieties , as de
picted in Figure 10, allowing for a more effecti ve com
plexation, thus impeding the attack of the nucleophi li c 
agent , which in thi s case is the hydroxyacrylic 8 From 
these experiments it became clear that the choice of sol
ven t was critical in the prevention of premature ge lation 
during the preparat ion of our one-componen t po lymer and 
why , in our earlier observations, po lar solvent had retard
ed the NCO-hydroxyl reaction. By substituting aceto
nitrile for toluene in the charges in Table 2 , copolymeri 
zation of the MEKO blocked isocyanate monome r and 
the hydroxy l acrylic was prepared without premature 
ge lation. 

POLYMER PREPARATION FOR 
COATING EVALUATION 

A series of acry li c copolymers at various molar ratios 
at 75% concentration in acetonitri le was polymerized for 
eight hours , using the earlier described polymerization 
techn ique. In addi ti on to MEKO blocked monomer , the 
unsaturated isocyanate , blocked with four other blocking 
agents, e-capro lactam , n-hydroxysuccinimide, methanol , 
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Table 4-Deblocking Kinetics K, and K _, and the Effect of 
Solvents Based on their Polarity 

0-tNH-L-•-) :~ 1 0-tN•C•O Ha-N) 
Solvent ~ K _1/K1 

Hexane . 
Butyl acetate. 
Acetonitrile . 

R-NH-CO-Ox 

R-N=C = O + HNu 

0 
1.9 
3.9 

40 .0 
50.0 
70.0 

R-N=C=O + HOx 

R-NH-CO-Nu 

Ox= Oxime (blocking agent) 

HNu =Nucleophilic Agent 

Figure 5-Reaclion kinetics of blocked isocyanate. Ox= 
oxime (blocking agent) and HNu =nucleophilic agent 

Table 5-Polymerizalion of MEKO Blocked Dimethyl 
m-lsopropenyl Benzyl Isocyanate with Acrylic Monomers 

MEKO blocked monomer 15/BA 40!MMA 30/HEA 15 polymerized at 75'% 
solids at 80°C, four·hour addition, followed by an additional 

Solvent 

Toluene . 
Butyl acetate . 
Acetonitri le .. 

160 

160 

c 

I 1<0 

~ 
;:: 120 

~ 
0 100 

c 
0 

~ 80 o; 

"' 60 • 

four hours heating 

Time to Gelation " - 5 hr 0.5 
6-7 hr 1.9 
> 8 hr 3.9 

• 

• 
J 

Dipole Moment Value 

• 

AN ON 

8.2 0. 1 
16.5 

18 .9 14. 1 

• 

Dipole moments{#.~) 
of solvents 

Toluene 0.4 
OiO~Mlll 0.4 
Trictllorome tharoe 1.2 

!~:~~~etate 
Nitromethane 
Acetonltrill 

1.9 
29 ,. 
3.9 

Figure 6-Effect of solvent dipole on gelation of dimethyl 
m-isopropenyl benzyl isocyanate copolymer with 1,6-hexane

diol at 40% solids at 4o•c using 0.5% T-12 catalyst 
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30 ~--------------------------------------, 

Solvents 

I 
Acetonitrile I -+- Toh.••• ... 

• •· Butyl.:etete 

• • -- o- .'.·· 

_.._---.. - ~··// 
~~ 

,_ ... ·· · . . 
3 5 

Hours al eo•c 
Figure 7-Reaction rates of dimethyl m-isopropenyl benzyl 
isocyanate monomer and butanol. NCO/OH ratio 1/1 in 

various solvents 

Table 6-Biocked TMI"' (Meta) Unsaturated Aliphatic 
Isocyanate Self Crosslinking Copolymers 

Cure Temperature of Blocked TMI Monomer Copolymers 

Blocking Agents Temperature, oc 

Methyl e thy l ketone oxime 
E-caprolactam. 
N-hydroxysucci nimide . 
Me thano l . 
n-Butanol . 

"' 120 
130 
130 

> 145 
> 145 

2.5.----------------------------------------, 
.+ .~ ---- -+--- ------ ------ -+ -------------- -+ 

2.0 ;f' __ .. cr ··· ··· · ---o-------------·········· <>·· -· · --·-· ···· ····-----~ 

;,/ 
g' \.~ ........ 

~ i v/ ./ · 
~ ~: Solvents 

1

-+- Acetonltfi le I - +- Heune 
··<> •• Butyl.:etate 

00 ~----,------r~--~--~--~----,------r~ 
00 05 '0 2 0 25 ) 0 

Hours at 80 "C 

Figure B-Deblocking of MEKO blocked dimethyl m-isopro
penyl benzyl isocyanate monomer at so•c in various solvents 
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Table 7-MEKO Blocked TMI"' Unsaturated Aliphatic 
Isocyanate Self Crosslinking Copolymers 

Characteristics of Blocked TMI Monomer Copolymers 

Polymers 

A B c D E 

MEKO blocked TMI 
monomer, mole % . 16 20 25 20 20 15 

HEA. mole%. 19 20 25 20 20 0 
BA. mole% .. 43 50 50 20 30 35 
HEMA , mole% 0 0 0 0 0 15 
MMA , mole% 22 10 0 40 30 35 
Theo . Tg, °C . 12 10 0 40 30 35 
DMA T

8
, •c n/a 51 n/a 85 80 n/a 

NV (foil). 75.7 76.3 75.8 72.2 74 .3 70.7 

en 3.0 
::E ,_ 

"' 0 
25 

c 

I 2.0 

"-

::! 
,, 

~ >0 
0 
"-
.:1 .s 0 .5 

~ 
0 

Hours at ao •c 
Figure 9-Crosslinking kinetics during polymerization of 
MEKO blocked dimethyl m-isopropenyl benzyl isocyanate 

monomer. NCO/OH 1/1 in various solvents 

Table 8-MEKO Blocked Dimethyl m-lsopropenyl 
Benzyl Isocyanate Self Crosslinking Copolymers 

Effect of MEKO Blocked Isocyanate Monomer Level on 
Coating Performance 

Polymers 

A B C 

Blocked isocyanate 
monomer, mole % . 16 20 25 

Thickness. mi ls . I .5 1.5 1.5 
Hardness . KH N25 . 7.0 7. 1 8.6 
MEK rubs. . . 200 + 200 + 200 + 
Urethane sitesb. 1. 1 1.3 I .5 

Stamford etch resistancec (O=the best ; 10 = the worst) 
2 weeks. I I I 
I 0 weeks. . 2 2 3 

Ia~ Jonc ryJ3 500 Resi n/CymeJ<Il I 168 Rcsi n/ DDBSA = 7512510 .7. 
(b) The unit of the potenlial uret h3nc si tes: mEqtg . 

Control 
Acrylic· 

melamine• 

n/a 
1.4 
6.3 

200+ 
n/a 

9 
10 

(C) Etch resis tance is subjective rat ing scale de\'eloped by General Motor~ based on 
ob~c rvation by the viewer on the size and densi ty o f spots. 
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H 
o o 1 
N=C-C -H 

\ 

6- o· ;,
N=c=o 

H 

5- 5· l 
N=C-C -H 

\ 
H 

Figure to-Proposed dipole-dipole interaction of acetonitrile 
with MEKO blocked dimethyl m-isopropenyl benzyl isocyan

ate and the free NCO 

and butanol were evaluated to determine the minimum 
cure temperature of the coating copolymers. 

A ll of the isocyanate blocked monomers were incorpo
rated at 15 mole %. The remaining monomers were butyl 
acrylate (BA) at 35 mole %, methyl methac rylate (MMA) 
at 35 mole %, and hydroxy ethyl ac ryl ate (HEA) at 15 
mole % for thi s thermal screening process. All of the 
blocked coatings were formulated with 0.5% dimethyl tin 
dilaurate catalyst and baked for 30 min. The minimum 
cure temperature of the selected blocked copolymer is the 
temperature where sufficient cross! inking takes place in a 
clear coating to the point where it can withstand more 
than 200 double MEK rubs without noticeable attack. 
Since the MEKO blocked isocyanate copolymer (Table 6) 
had the lowest cure temperature, it was selected for fur
ther study. 

Studies focused on some of the factors wh ich could 
affect the etch resistance of a cured coating, including the 
isocyanate levels and glass transition temperature (T g) of 
cured coatings . The molar ratios and T gs of MEKO 
blocked isocyanate copolymers are shown in Table 7. 

MEKO BLOCKED DIMETHYL M-ISOPROPENYL 
BENZYL ISOCYANATE MONOMER LEVEL 
AND CROSSLINKING DENSITY 

Experiments were carried out to define the effect s of 
the urethane crosslinking density of the coating on etch 
res istance . The level of MEKO blocked isocyanate was 
varied from 15 to 25 mole % for thi s study. All of the 
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Table 9-MEKO Blocked Dimethyl m-lsopropenyl 
Benzyl Isocyanate Self Crosslinking Copolymers 

Effect ofT" on Coating Performance 

Polymers 

0 E B 
Control a 

TMP-TMXDI' 

Thickness , mils 1. 8 1.7 1. 6 
Hardness, KHN 25 . 11 .9 8.4 5.5 
MEK rubs 200 + . 200+ 200+ 200 + 
Urethane s itesc 1.4 1.3 1.3 
Theo . Tg. oc of polymer 47 32 7 
Tg. °C of crossl inked 

coali ng (DM A) . 85 80 5 1 

Stamford etch resistance (0 =the best; 10 =the worst) 
I week. 0 0 I 
3 weeks . 0 0 2 
5 weeks . . . . . . . . . . .. .. .. . 0 0 2 

Ia) Doresco :M: TA 39 - 14 Rcsin/MEKO bloc ked tri mc thy lol propanc -TMXDI ~ 
adduct =S6/3/43.7 

(b ) TMXDJ = T MXDI ® I META) aliphatic diisocy:matc . 
(c) The un it of the pmcmial urethane s ites : mEqlg 

1.7 
7.9 

200 + 
2 .5 
n/a 
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coatings were form ulated wi th 2% benzotriazole UV sta
bili zer, I% Hals radical scavenger, and 0.5 % dimethyl tin 
di laurate catalyst. The cure schedule used was 125°C for 
30 min. Comparisons were made to an ex isting acry lic 
me lamine automotive system as the control. The results 
of the experiment are shown in Table 8. 

The etch resistance rating of the baked coatings was 
exce ll ent and much better than the acrylic melamine con
trol. The ratings ranged from 2 to 3 vs the melamine 
system ' s 10 after 10 weeks. The coatings with higher 
leve ls of isocyanate we re expected to have better etch 
resistance due to their hi gher cross! ink ing density. How
ever, there were no significant differences noticed among 
the three tested isocyanate coatings. It has been hypoth
esized that the hydrolysis of urethane gro ups in the coat
ing by the ac id rain may play an important factor, but thi s 
does not seem to be the case. 

GLASS TRANSITION TEMPERATURE 

It was also hypothes ized that the higher the Tg of a 
coat ing, the better the etch resistance if the rest of the 
parameters are the same. A series of the se lf cross! inking 
MEKO blocked isocyanate copolymers with various T gs 

Table 10-MEKO Blocked Dimethyl m-lsopropenyl 
Benzyl isocyanate Self Crosslin king Copolymers 

Formulation for Xenon Accelerated Weathering 

Polymer 

A B c 
Copolymer F ... 100.0 0 .0 0 .0 
TA39- 14 0.0 53.4 65 .0 
MEKO blocked diisocyanate adduct 0 .0 46.6 0 .0 
Meth yla ted melamine resin. 0 .0 0 .0 35.0 
Tin catalyst . 0.5 0 .5 0 .0 
p-TSA .. 0 .0 0 .0 0 .3 
UV-2337 ligh t stabi lizer 2. 0 2 .0 2.0 
3058 HALS 1.0 1.0 1.0 
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1 00 ~-------------------------------------, 

r ......... -...,.......:· -~-::.-.:.:;· ~-...,. . ......,~ 
80 •• 

"' c: 
i 60 

ell 
::l 
0 a 40 

~ 
20 

____ , ____ _ 

.•......... •· ...... .1 
~ MEKO.BLOCKED ISOCYANATE COPOLYMER' 

- +- MEKO-BLOCKED DIISOCYANATE ADDUCT" 

~ •k- • MELAMINE·ACAYUC RESIN ' '' 

TMI" :c TMr- (META) UNSATURATED ALIPHATIC ISOCYANATE 
TMXDI'' = TMXD .. (META) ALIPHATIC DIISOCYANATE 
CYMEL ' "" = CYMEL• 303 RESIN 

200 400 600 800 1000 I :'00 1-100 1600 

Exposure Time, Hours 

Figure 11-Xenon accelerated weathering 

were prepared and compared to a multifunctional MEKO 
blocked diisocyanate adduct. The results of this exper
iment are shown in Table 9. As expected, better etch 
resistance was observed for coatings with higher T gs. The 
Tg of coatings D and E is approximately 80°C, whereas 
the Tg of coating Band the control polymer is in the 50s. 
It is also illustrated in Table 9 that the control, with a 
higher T g than that of coating B, has considerably worse 
etch resistance . This suggests some hydrolysis of the 
many urethane groups in the control coating. In addition, 
the control is considered a traditional one-component 
system and , as pointed out earlier in the Polymer Design 
Section and in Figure 2B, it would be surprising that 
unreacted NCO and hydroxyl do not exist , which should 
also contribute to the poor etch resistance. 

ACCELERATED WEATHERING 
(XENON EXPOSURE) 

In addition to etch resistance, the MEKO blocked 
unsaturated monomer copolymers (Figure II) have dem
onstrated excellent maintenance of gloss in Xenon expo
sure , as compared to typical coatings presently used in 
the automotive industry. 

The MEKO blocked coating F was compared to a 
MEKO blocked TMP adduct and Cyme]® 303 resin in the 
Xenon accelerated weathering test. The melamine-acrylic 
coating used was a Doresco® TA-39 resin (Polymer C of 
Table 10) which is composed of only acrylic monomers. 
The formulation is shown in Table 10. There is no signifi
cant difference noticed on the 60° gloss data. The 20° 
gloss retention data is shown in Figure I 0. 
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SUMMARY 

Dimethyl m-isopropenyl benzyl isocyanate monomer 
offers a unique opportunity in coatings. Through its dou
ble bond, it can be copolymerized with acrylic mon
omers, long known for their stability under the hard 
environmental conditions of weathering. By blocking the 
isocyanate moiety of the monomer and incorporating it 
into acrylic polymers containing hydroxyl groups, a one
component coating system has been successfully pro
duced. The monomer blocked with MEKO can be poly
merized at temperatures above its deblocking temperature 
in the presence of monomers containing hydroxyl func
tionality. Although contrary to the literature which sug
gests that polar solvents aid in the deblocking of isocyan
ates, the opposite has been experienced in certain high 
dipole moment solvents. Although not commonly used in 
polymerization, acetonitrile both retards the deblocking 
mechanism and inhibits the urethane formation, thus 
preventing premature crosslinking during the copolymer
ization stage. Curing at low temperatures , the coating 
produces excellent properties in the areas of solvent 
resistance, hardness, etch resistance, and weatherability. 
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Titanium Dioxide Pigments Industry 
In the 1990s-Problems and Profits 

James R. Fisher 
International Business Management Associates* 

The 1i1anium dioxide (T iO,) pigmeniS 
industry is a large and vita l one. with over 
30 producers having production facilities in 
25 countries on six continents. Ti02 annual 
sales peaked in 1989 wilh lhree mil lion Ions 
of pigmenl va lued al approximalely $6 bil
lion U.S. , while approximale ly S I billion of 
titanium-containing minerals were con
sumed. Sixly percenl of 1he preferred while 
pigmenl is supplied for surface eoalings , 
15% for plaslies, 13% for !he paper indus
lry , and the remaining II % sold 10 a variely 
of smaller consuming induslries such as syn
lhetic fibers , ceramics, and rubber. 

Ti02 pigments are broadly categorized 
as a qualily of life product whose consump
tion fo llows changes in GDP and sty le !rends 
such as recent preferences for white or brighl 
colored surfaces or product s. 

Production of Ti02 pigments is accom
pli shed by two processes- the sulfate pro
cess and the chloride process- in facilities 
costing as much as 53 ,500 U.S. per metri c 
ton of installed capacily in a green field site. 
These facilities have much in common with 
faciliti es which produce large volume chemi
cal products. with economies of scale. low 
cost raw materials , process automation . and 
minimi zation of low valued co-products or 
waste mater ial s import ant to rea liz ing low 
production costs. Modern production faci li 
ties have annua l capacities of 60,000+ met
ric tons per year with a total fixed invest-

Presented at the International Minerals Conference. May 20. 
1992. in San Francisco. CA. 

*14 Washington Rd .. Stc. 102 . Princeton Junction. NJ 08550. 
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ment in excess of $200 million U.S .. and a 
direct payroll of 400+ peop le. 

Des pite the commodity aspects of Ti02 
pigment production facilities. characteris
tics of pigment product technology and cus
tomer serv ice requirements are more akin to 
specialty chemical s. Considerable product 
technology is needed to manufacture high 
perfo rmance pigment products for their di
verse end use markets, where different prop
erties are preferred for each application. For 
example, a surface coating pigment is mark
ed ly different in its performance properties 
than a paper or fiber grade pigment. Di s
tinctions a lso exist in pigments used in sur
face coatings for interior and exterior appli
cations. 

The pigment industry is cyc lical in na
ture, fol lowing the performance of global 
economies which dri ve the demand for its 
products. The industry enj oyed consider
able success in the mid to late 1980s and 
added new capac ity which is now coming 
on stream. However, the industry present ly 
is having a difficuli time. Profilmargins are 
being reduced as pigmem se lling prices de
cline with reduced demand because devel
oped global economies are in recession. 
Margins are further pressured due to recent 
capac ity increases. Pigment production costs 
for some producers also are increasing, as a 
portion of the industry invests to meet gov 
ernment regulations controlling effluent di s
charges. 

Predicting profits for this industry is dif
ficult. There is a good correlation between 
pigment consumption (demand) and GDP 

in major geographic markets, and some cor
re lati on ex ists between capaci ly utili zation 
and pigment selling prices. It also is pos
sibl e to estimate cash production costs for 
pigment producers, leading to a computa
tion of typica l profit margins for producers 
in the industry. As with al l forecasting tech
niques, the resulis are on ly as good as the 
input data-the supply demand balance, the 
price forecast , and estimates of pigment pro
duct ion costs. 

As we look at thi s industry and try to 
predict its performance in the 1990s, it is 
worthwhile to look at its performance in the 
1980s under simil ar conditions. 

The 1980s 

The first quarter of the 1980s saw the 
pi gmem industry suffe ring from over ca
pac ity and low se lling prices. This fo llowed 
a period of growth and expansion in the 
early 1970s. when there was little excess 
capac ity--described by some experienced 
producers as the go lden age of litanium pig
ments. 

1973 1980 

Supply (OOOT)" ... . ..... 2. 116 2.552 
Demand (OOOT) ... .. ............. 2,058 2.0 I 0 
Capacity utilization .............. 97 % 79% 
U.S. pigme111 price (${f) .. .. ... 775 1.350 

(a) Mctricwns. 

Despite the rapid increase in selling 
prices during this period, margins were im
pacted by the run up in energy and raw 
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material costs. In the early 1980s, profit 
marg ins averaged approx imately $400 U.S. 
per ton. However, a low cost producer would 
have enjoyed a margin 300 ${f higher than 
this, whereas a high cost producer would 
have experienced margins approx imately 
200 ${f lower. 

Very little production capacity was added 
dur ing the earl y 1980s, as the pigment pro
duction industry consolidated, shut down 
some older ineffi cient fac ilit ies, and began 
seriously grappling wi th new government 
regulations cont ro lling effluent discharges 
from pigment plants. 

Plant Shutdowns 

1981 ........ 30.000 TPY Tioxide. in Bill ingham, 
U.K. 

1882 . ...... 75.000 TPY NL Industries. in 
Sayerv ille, NJ 

I 984 . ...... 40,000 TPY Gu lf & Western , in 
Gloucester City. NJ 

I 985 ...... .. 30,000 TPY Dow Chemical, in 
Balboa. Spain 

Consolidations 

1984 ........ SCM acquires NJ Zinc (Gulf & 
Western ) pigment business 

1984 ........ Kemira Oy acquires American 
Cyanamid pigment bus iness 

1984 ........ Tiox ide acqu ires Montedison 
pigment business 

1984 . .... . SCM acquires LaPone's pigment 
busi ness 

Effluent Discharges Affected by Regulations 

Liquids .... D ischarge of ac idic wastes and th ose 
containing soluble heavy metals into 
surface waters. Some regu lations 

controlling underground injecti on 
we lls 

Gaseous ... Acid mist. part iculates. SO, and SOt 
Solids . .. Solid waste landfills and ioxic sub

stances. particularl y soluble heavy 
metal compounds 

During thi s period of consolidation and 
shrinking production capacity, pigment prod
ucts were readily avai lable in all markets 
and the major globa l pigment producers be
gan look ing to Third World emerging mar
kets for growth opportunities. particularly 
in the Asia Pacific market where Japan had 
established a strong industrial economy, and 
Malaysia, Thai land, Singapore, South Ko
rea, and Taiwan were showing signs of de
veloping strong, globally focused industrial 
economies. All pigment consuming mar
kets were beg inning to demand improved 
pigment properties such as durabi lity , gloss, 
and d ispersibility. 

During this period in the early 1980s, 
mineral suppliers to the pigment production 
industry were also suffering from over ca-
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pacity and low mineral selling prices. How
ever, higher Ti02 containing mineral prod
ucts such as slag and synthetic and natural 
ruti le were growing in demand since pig
ment producers viewed them as a cost ef
fec tive way to reduce liquid and solid efflu
ents. 

As the global economy entered a sus
tained period of growth and expansion in 
the second half of the 1980s, the pigment 
industry entered its second golden age. Rapid 
growth in demand far exceeded growth in 
supply during this period since little pig
ment production capac ity was added from 
1980 to 1988. Pigment demand was driven 
not only by growth in GOP, but also by a 
strong preference for whiter and brighter 
colored surfaces and products using more 
of the improved pigment products being in
troduced. Pigment selling prices and profit 
margins dramatically improved from earlier 
in the decade. 

1984 1985 

Supply (OOOT) .............................. 2.582 2,633 
Demand (OOOT) ............................ 2.364 2.49 1 
Capacity utilization ................. ....... 92% 95% 
U.S. pigmem price ($(f) .............. 1.450 t .575 
German pigment price (DM{f) .... 3.1 70 3.770 
Average margin (${f) ..................... 450 

Pigment producers who had achieved a 
low cost position early in the decade real
ized very high margins during thi s period, 
as much as 350 ${f above the average. Pig
ment selling prices also were high enough 
to provide acceptable profits even to high 
cost producers, who realized a margin of 
450 ${f, which represented to many of them 
reinvestment quality profi ts. During this pe
riod of growth and high profits, some pro
ducers' attention was diverted from concern 
with government regulations on effluent dis
charges and rigorous cost control. 

The mineral industry, at this time, also 
began experiencing acceptable profit mar
gins and quickly expanded its capaci ty 10 
supply high Ti02-containing raw materials. 
Margins justified invest ing in high capital 
and hi gh fixed cost manufacturing facilities 
to produce slag and synthetic ruti le. The 
increased avai lability and acceptance by the 
pigment producing industry of manufactured 
versus mined products dramatically changed 
the charac teristics of thi s industry-the re
sults of which are now being c learly felt. 

As pigment producers began anticipat
ing and planning new green fie ld facilities 
during ,;,e second half of the decade, the 
preferred pigment production technology 
was the chloride process.lts advantages over 
the sulfate process have been well docu
mented. Briefl y, they are: 
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• Reduced liquid and solid efflu ents
approximate ly one ton of waste per ton of 
pigment versus approximately five tons with 
a sulfate process plant using slag feed. 

• Reduced air emissions-chloride pro
cess air emissions can be incinerated and 
scrubbed to meet air quality standards, 
whereas ex isting scrubbing technology may 
not adequately control sul fate plant ai r emis
sions. 

• Higher performing coating and plas
tics grade pigment products not avai !able 
via the sulfate process. 

• Favorable production economics typi
cal of a continuous (chloride) process ver
sus a batch (sulfate) process. 

Difficu lties associated with chloride pro
cess technology are less frequentl y discussed 
bul are experienced by all chloride process 
producers. They are: 

1986 1987 1988 1989 

2,772 2.849 3,002 3.171 
2,605 2.743 2,910 2.933 
94% 96% 97% 92% 

1.660 I .750 1,950 2.270 
4.080 4. t40 4.340 4.660 

600 630 800 1.000 

• Complex unit operations linked closely 
together, all o f which must operate satisfac
tori ly to achieve an acceptable operating, or 
on-stream, factor. This operating facto r gen
era ll y determines whether a chloride pro
cess pigment plant can achieve acceptable 
production economies and is a good mea
sure of a producers experience. 

• Hazardous materials such as chlorine 
and titanium tetrachloride being reacted, re
covered, and handled at elevated tempera
tures. 

• Complex machinery involving exotic 
materials of construct ion and control sys
tems all requiring careful monitoring and 
continuous maintenance with skilled per
sonnel. 

The prosperity enjoyed by the industry 
in the second half of the 1980s masked some 
fundamental , pervasive problems which re
main largely unresolved and are exacerbated 
by current economic and industry cond i
tions. 

(I) The inabi lity of most sulfate pro
cess pigment producers to comply with gov
ernment regulations controlling effluent dis
charges in a cost effective way. This is not a 
universal condition as some sulfate process 
plants enjoy low production costs such that 
additional efflu ent treatment costs do not 
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result in uncompetitive production econom
ics. 

(2) Chloride process technology ca
pable of being implemented in large scale 
facilities with low operating cost is avail
able only to a few pigment producers. The 
economics of operating a chloride process 
pigment plant clearly follow the experience 
curve. This, coupled with its intrinsic tech
nical and design problems, restrict its suc
cessful economic operation. 

(3) High quality end use applications 
such as automotive coatings demand high 
performance pigment products. Chloride 
process producers find it easier to meet these 
performance standards than sulfate process 
producers. 

(4) Some high cost producers face the 
dilemma of having to invest in cost increas
ing assets needed to comply with govern
ment regulations controlling efflu ent dis
charges. These can be trul y nonproductive 
investments if the pigment producer is un
able to economicall y recycle or sell the re
covered, fanner waste materials, or remains 
constrained to produce pigment products 
which are inferior to newer product offer
ings. 

The 1990s 

The pi gment production industry has 
entered the 1990s facin g many of the same 
problems of a decade ago: overcapacity, 
soft pigment demand and weak pigment sell
ing prices, and cost effective compliance 
with government regulations. 

1989 1991 

Supply (OOOT) ............................. 3,17 1 3.284 
Demand (OOOT) ............................ 2.933 2.785 
Capacity utilization ..... .... ........ ... ... . 92% 85% 
U.S. pigment price (${f).. . .. $2.270 $ t .980 
German pigment price (DM{f) .... 4.660 3,900 

During the 1989 to 199 1 period, 113,000 
tons of new capacity began operating. Dur
ing thi s same period, demand declined 
148,000 tons. The industry was anticipating 
a reduction in demand following the 1985 
to 1989 growth period, but did not foresee 
how deep and broad the economic recession 
driving demand down would be. Pigment 
demand declined 2.5% per year in North 
America from 1989 to 1991 , 7.5% per year 
in Western Europe, while growing 2% per 
year in Asia/Pacific and the rest of the world 
markets. The 15% excess capacity currently 
experienced by the industry is exacerbated 
by the resistance of higher cost producers to 
permanently shut down older inefficient fa
cilities. Continued poor economic condi
tions may change this. 

Economic forecasts for global econo
mies in the 1990s include deflation in North 
America and West Europe with continued 
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growth in Asia/Pacific and Third World 
markets having western-style quality of life 
consumption. Producers will adjust to mod
est demand growth in North American and 
Western European markets by concentrat
ing on cost reduction programs, compliance 
with government regulations, and attempt
ing to penetrate Asia/Pacific and Third 
World markets in competition with new pro
duction capacity in these areas. Growth in 
demand during this period will not consume 
excess capacity, consequently the industry 
cannot expect to grow its way out of its 
excess capacity condition. 

In line with this excess capacity and soft 
demand, pigment prices fell13% in the U.S. 
from 1989 to 1991 and 16% in Germany. 

Cost effective compliance with effluent 
discharge regulations is difficult and in some 
cases not possible. Cleaning up liquid and 
solid effluent from a sulfate process plant is 
more costly than from a chloride process 
plant because there is more of it. Chloride 
process plants typically use higher TiO,
containing minerals and the reduced quanti
ties of metallic salts or hydroxides, mainly 
iron, can be landfilled. Recovering and re
cycling sulfate process plant wastes has re
ceived considerable attention and careful 
scrutiny. Processes which recover iron sul
fate and su lfuric acid are expensive, with 
capital costs as high as $ 1,500 per ton of 
pigment capacity and can add as much as 
$160 per ton to operating costs. Selling iron 
salts into secondary market s such as waste 
water treatment, iron pigments, animal feed, 
or fertilizer takes considerable time and ex
pense in an effort to develop commercial 
and technical organizations, speciali zed 
products, and channels of distribution. 

Issues which have not been addressed 
but will capture the attention of the pigment 
industry in the 1990s are regulatory, eco
nomic, and technical. 

Regulatory issues include: the economic 
treatment of weak acid streams from both 
sulfate and chloride process pigment plants; 
obtaining suitable solid waste disposal si tes; 
and meeting point source standards on air 
emissions from sulfate process pigment plants. 

Economic questions concern increased 
production cost differences between high 
cost and low cost producers. 

Technical problems include improved 
pigment product performance and quality 
standards. 

Briefl y stated, low cost pigment produc
ers with large plant facilities and greater 
purchasing power have been better able to 
manage and control their costs, whereas 
higher cost sulfate process pigment produc
ers have not been as successful and are now 
realizing the effects of increased effluent 
disposal costs. 

Improved pigment products are being 
utilized by some pigment producers to pen
etrate new markets or defend share in estab-

TITANIUM DIOXIDE PIGMENTS 

lished markets. This has increased expecta
tions of pigment consumers such that they 
now demand, and receive these improved 
products from a large number of producers. 
Some pigment producers have successfully 
embraced quality as a marketing tool and 
are attempting to create a higher valued qual
ity image with their customers. 

Current conditions in the Asia/Pacific 
pigment market are worth reviewing as this 
is a market where the major, global produc
ers are focu sing their efforts, and there could 
be some interesting parallels to other mar
kets in the 1990s. 

The Asia/Pacific market has enjoyed 
good growth in pigment demand, growing 
at a compound annual growth rate of 6% per 
year from 1985 to 1991. It is a large market 
which consumed approximately 600,000 
tons of pigment in 1990, and it contains 
some dynamic, innovative, and aggressive 
industrial manufacturers whose consump
tion of pigments will continue growing at a 
greater rate than other markets. 

Because of the attractive opportunities, 
numerous producers constructed capacity in 
this region to facilitate penetrating these 
markets: Ishihara, Singapore, 40,000 TPY 
chloride, 1990; SCM, Australia, 70,000 TPY 
chloride, 1990; Tiwest, Australia, 56,000 
TPY chloride, 1991 ; Tioxide , Malaysia, 
50,000 TPY sulfate, 1992; and other Far 
East producers, 35,000 TPY sulfate, 1988-
1991. 

In addition, Du Pont and Tioxide have 
increased exports to this market in anticipa
tion of their new planned capacity: DuPont , 
Taiwan, chloride 60,000 TPY; and Tioxide, 
Australia, chloride 60,000 TPY. 

With this new capacity either in place or 
be ing constructed, the leading local Asia/ 
Pacific producers are defending their posi
tion by forcing new entrants to match high 
quality products at lower prices. Aside from 
benefitting the Asia/Pacific pigment con
sumers, this is forcing new entrants to pro
vide higher quality, improved products, and 
carefully control pigment production costs. 
A side effect is the impact Asia/Pacific con
ditions are having on W estern Europe, where 
European producers who traditionally ex
ported to the Asia/Pacific market are being 
forced out, exacerbating problems of excess 
capacity and stagnant or declining demand 
in European markets. The net result is that 
economic pressure is focusing on some older, 
high cost su lfate capacity in Western Eu
rope. 

In developing a forecast for the remain
der of this decade, one must start with a set 
of assumptions. The following assumptions 
arc a composite of what professional econo
mists are saying, and what the industry ' s 
performance in the 1980s portends for the 
1990s. 

• Def1ation in developed economies is a 
real possibility, meaning that demand growth 
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will be stagnant or at best e rratic in the early 
to mid-1 990s. Susta inable, strong demand 
growth in developed economies will not be 
reali zed until the middle of the decade, at 
the earliest. Driving this deflation is comin
ued problems in the U.S. with its deficit and 
liquidity of funds. In Europe, Central and 
Eastern European problems are more diffi
cult and costly than originally perceived , 
di verting funds from fin ancial institutions 
(mainly German) which provide financing 
for much of Europe ' s industrial growth. 

• Technological barriers are real in the 
pigment producing industry and their sig
nificance will be more widely fe lt as pro
ducers attempt to reduce costs. 

• Niche pigment markets will be diffi
cu lt to defend as low cost producers pen
etrate es tablished , growing markets. 

• The pigment producing industry will 
not grow out of its present overcapacity 
problems-dosures and consolida tions will 
occur in the 1990s. 

From this, supply demand forecasts can 
be const ructed . Two forecasts have been 
prepared . The optimistic forecast sees mod
est growth returning in the developed econo
mies in 1992 and 1993, and some capacity 
shut down in the same period (Table 1). 

A pess imistic fo recast was prepared 
where stagnant demand growth and large 
excess capacity continues th rough the middle 
of the decade (Table 2). 
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Table 1-- Optimistic Forecast 
1989 1991 1995 2000 

Supply (IJOOT) . ·· ··· ··· ·· .. . .. .. .. 3.17 1 3,286 3,555 3.887 
Demand (OOOT) ....................................... ... 2,933 2,785 3.242 3.683 
Capaci ty uti lization ................................ ...... 93% 85% 9 1% 95% 

Table 2-- Pessimistic Forecast 
1989 1991 1995 2000 

Supply ........................................................ 3.17 1 
Demand . .. .. ..... . ... . ... ...................... 2.933 
Capacity utili zat ion .. .. .... .. ... ... .... .. .. ... ..... . ... . 93 % 

3.286 
2.785 
85% 

3.784 
3.078 
81% 

3.887 
3,49 1 
90% 

Table~ Price Forecast 

Optimistic Scenario 1991 1995 2000 

Capacity utili zation ........ 85% 9 1% 95% 
U.S . price per ton .. .. .. . $1,980 $2.300 $2.600 

Attaching a pigment price forecast to 
these scenarios is d ifficult because of the 
large number of variables impac ting pric
ing. However, assuming the industry will 
react to capacity ut ilization and general eco
nom ic cond itions as it has in the past, price 
forecasts can be made (Tahle 3). 

Despite the poor economic condi tions 

Pessimistic Scenario 1991 1995 

Capacity utili zation .. ... ... 85% 8 1% 
U.S. price perton ....... $ 1,980 $ 1.790 

2000 

90% 
$2,300 

we are ex periencing today, we believe the 
optimistic scenario w ill preva il , prices and 
margins will improve, and the 1990s will 
provide opportunities for the imaginative, 
aggress ive producers to ex pand their busi· 
nesses. This indus try has demonstra ted a 
remarkable ability to solve its problems 
while generating substanti al profits. 
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These subcommittee reports are fo r the use of the membership of ASTM Committee D-1 in continuing its 
work and for the interest in the activities of ASTM Committee D-1. These reports are not off icial actions of 
ASTM and may not be quoted as representing any action of the American Society fo r Testing Materials. 

January 1993 Subcommittee Reports 
of ASTM Committee D-1 

The January meeting of ASTM Committee D-1 on Paint and 
Related Coatings, Materials, and Applications was held on January 
17-20 at the Crown Sterling in Fort Lauderdale, FL. In the three and 
one-half days preced ing the final session and general meeting of 
Committee D-1 , 240 members and guests met in about 200 sched
uled meetings of D-1 and working task groups. The current mem
bership of Committee D-1 is 600. 

Highlights 

DOl .08-lncreasing foc us at the U.S. Environmental Protection 
Agency on the reduction of hazardous air pollutants highlights the 
need for increasing attention in D- 1 on the analysis of these materi 
als in paints and coatings. 

DOJ.21- The second edit ion of the ASTM Technical Manual 
"Determination of the Volati le Organic Compounds (VOC) in Paints, 
Ink and Related Coat ing Products," is schedu led for release mid
year. Two workshops on measuring VOC content in paints are 
planned for 1993: May 5-6 in Chicago. IL, and November 3-4 in El 
Monte. CA. Information on the workshops can be obtained by 
contacting Matt Lieff, of ASTM. 

DO! .24- Work to develop a guide on detection, identification, 
and characterization of odors of paints, inks, and related materials is 
commencing. The committee is searching the literature for infor
mation and inviting interested people to join the task group. 

DOI.42-A new task group was formed to develop a guide on 
exterior stains. Interested people are invited to participate. 

DOl .46-A task group has been formed to develop a practice 
for field sampling samples of coatings fi lms for heavy-metal analy
sis. 

• • 

DOl .55-ln a task group on scratch resistance of automotive 
topcoats, a mechanical " brush test" with image analysis of defect 
formation is being investigated . 

DOl .57- A new task group on colored pencil s was established 
to develop a specification for artists ' colored pencils. 

New Standards 

New standards approved by the ASTM Committee on Stan
dards since the June 1992 meeting are (subcomm ittee jurisdiction): 

D 5326--Standard Test Method for Color Development in Tinted 
Latex Paints (D01.42); 

D 5328-Standard Test Method for Volati le Organic Com
pound (VOC40) Content of Non-Heatset Pas te Printing Ink Sys
tems at 40°C (DOl. 56): 

D 5327-Standard Practice for Evaluating and Comparing Trans
fer Effic iency Under General Laboratory Conditions (DO 1.55): and 

D 5235-Standard Test Method for Microscopical Measure
ment of Dry Film Thickness of Coatings on Wood Products (DO 1.52) 

• 

Future Meetings 

June 27-30, 1993-Franklin Wyndham, Philadelphia, PA. 
January 23-26, 1994--Crown Sterling, Fort Lauderdale, FL. 
June 26-29, 1994-Raleigh, NC. 
January 22-25 , 1995-Hyatt Regency, San Antonio, TX. 

• 
DIVISION 1 

ADMINISTRATION 

(AIM); MSDS-related documents; EPA pro
grams on VOC in consumer and commer
cial products; and VOC-related standards 
development in D-1. 

well as di sc uss other proposals that may be 
presented. EPA plans to issue a proposed 
ru le in late summer of 1993 with a final rule 
scheduled for January 15. 1994. 

SUBCOMMITTEE 001 .08 
ENVIRONMENTAL CONCERNS 

J.J. Brezinski, Chairman 

Topics discussed at the meeting include 
a progress report of the ongoing negotiated 
rulemaking regarding VOC control of ar
chitectural/industrial maintenance coatings 
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Nego1ia1ed Ru lemaking AIM- R . 
Klesper and M. Gaschke reported that data 
from an industry survey was used in the 
development of an initial industry proposal 
for the control of VOC content in AIM coat
ings and of recommended VOC levels for a 
number of spec ialty architectural coatings. 
Future meetings will rev iew the industry 
response to questions presented by the fa
cilitator related to the industry survey as 

MSDS- Relmed Documellls-Ongoing 
activ ity on MSDS-related documents in
cludes: 

• The American National Standards In
stitute (ANS I) is expected to recommend a 
standard format for preparing MSDSs in the 
spring of 1993. 

• Comm ittee E-34 on Occ upational 
Health and Safety, in response to a request 
from the General Service Administration 
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(GSA), is nearing completion of the devel· 
opment of a " Prac tice for Preparing Mate· 
rial Safety Data, Transportation Data and 
Disposal Data Sheets for Hazardous Mate
rials for the General Serv ices Administra
tion." The general prac tice includes as ref
erenced documents the related ANSI stan
dards, NPCA 's Hazardous Materia ls Identi
fication System (HMIS) and Canada's Haz
ardous Product Act (WHMI S). 

No interest was expressed in the devel
opment of a guide in D- 1 that would tabu
late ASTM standards that could be used to 
develop physical property data on paints for 
inclusion on the MSDS. 

VOC in Consumer and Commercial 
Products-Projects at EPA dealing wi th 
consumer and commercial products used in 
people's homes include the use of a source 
ranking da ta base to characterize (rank) 270 
chemicals founds in these products accord
ing to the known or projected adverse health 
effects. Of these chemicals, all but 32 ranked 
of high to medium concern . Other projects 
at EPA include identifying the source cat
egories that account for 80% of the VOC 
emissions from consumer/commercial prod
ucts and div idi ng the categories in to four 
groups for fu ture regulatory attent ion. 

The increasing foc us at EPA on the re
duction of hazardous air pollutants suggests 
the need for inoreasing attention in D-1 on 
the analysis of these materials in paint and 
coatings. 

VOC -Related Standards- Standards that 
have advanced to the society letter ballot 
(from DOI.55) include: "Volatile Content 
of Radiation Curable Materials" and the 
" Detennination of Transfer Effi ciency Un
der General Production Conditions for Spray 
Application of Paints." If approved and 
available in time, these standards will be 
included in the appendix of the second edi
tion of the ASTM manual " Detenninat ion 
of Volatile Organic Compounds (VOC) in 
Paints, Inks, and Related Coating Products," 
expected to be published in mid- 1993. 

DIVISION 20 
RESEARCH 

AND 
GENERAL MEETING 

SUBCOMMITTEE 001.21 
ANALYSIS OF WHOLE PAINTS 

AND PAINT MATERIALS 

K.H. Fujimoto, Chairman 

D01.21.10-Lead Paint Policy-J.C. 
Weaver, Chainnan, met wi th members and 
guests to discuss the great ly increased con-
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cern over reported excess blood lead levels 
in small children across the U.S.A. 

The housing ac t passed by Congress in 
1992 has many pans of which Title X is a 
complex and lengthy dictum on the abate
ment of lead in housing by HUD. HUD 
appropriated over $40 million to be spent 
by I 0 large ci ties, conditional upon state/ 
local matching funds and other stipulations. 
Fannie Mae has appropriated over $5 mil
lion to a new lead abatement foundat ion in 
Columbus, MD, with a stipu lation that its 
Board of Di rectors and advisory comm it
tees be balanced for fairness. This implies 
representation by paint industry experienced 
technologists who know both historic paint 
fonnulations and modem sampling and ana
lytical procedures. 

Subcommittee E06.23 has held six meet
ings since their March II , 199 1 fonnation 
with M. McKnight as their chairperson. Most 
ofE06.23's th irteen task groups meton Janu
ary 14-15, 1993 to advance IOormoredraft 
standards. There is a glaring lack of com
monality of membership between the mainly 
environmental advocacy bod ies and the paint 
community technologists. 

Task group DOI.57.08, chaired by S. 
Stopford, is in the fi nal stages of a subcom
mittee ballot on a gastric solubil ity concept 
of analysis fo r total lead extractable in art
ists' colors. This gastric method is adapted 
from the prac tice used in Europe. 

As a result of EPA 's study of lead in 
soil s in the cit ies of Boston, Balt imore, and 
Cincinnati , a final draft report is to be re
leased. This midtenn 199 1 report contains 
strong inferences that much of the lead in 
children's blood comes not from paint, but 
from soil, dirt , and dust; lead fa llout from 
gasoline is suspected. 

Many of the 50 states have lead abate
ment legislation in various stages of draft 
and passage. However, their great dispari 
ties call for the paint community to attempt 
to approach the legislators to rationalize 
these bills toward the Minnesota lead law 
concept of the "Swab-Team" as the most effi 
c ient , quick, and least costly control of lead 
in homes and environmental surroundings. 

On July 25, 1993, in Boulder, CO. a 
broad program on diverse lead hazards and 
abatements will be sponsored, joint ly, by 
Committees D- 1, D-18, D-22 and E-06. With 
many speakers not con finned , D-1 's only 
contribution is a paper to be given by J.C. 
Weaver on the theme, "Tain ' t Paint , 'Tis 
Petro l that Taints Children's Blood With 
Excess Lead. " 

D01.2 1.13-Coordinalion ofVOC Stan
dards and lnformation-J.J. Brezi nski, 
Chairman, used transparencies to present an 
overview of the major ponions of the Clean 
Air Act of 1990 and highli ghted those 
amendments which have affected and which 
wi ll affect the coating industry today and in 
the near future. The infonnation presented 
was timely, useful , and up-to-date. 

The current status of the work being 
done by the EPA related to the preparat ion 
of Control Technique Guidelines and Na
tional Rules for coatings used on plastic 
automotive/transportation parts was dis
cussed by E. Praschan. 

The overv iew of the Clean Air Act of 
1990 indicates that there will be increased 
regulatory ac tion foc used on the control of 
various paint solvents and those materials 
charac teri zed as hazardous air pollutants. It 
is , therefore, important that D- 1 develop 
test methods which wi ll identi fy and quanti
tate these paint components. 

D01.21.14-VOC New Publications and 
Workshops- J.J . Brezinski, Chainnan, an
nounced the ASTM peer rev iew of the draft 
of the second edition of the ASTM techni
cal manual, " Detennination of the Volatile 
Organic Compounds (VOC) in Paint, Inks 
and Related Coating Products," has been 
completed, and appropriate changes have 
been made. The final rev ised document will 
be forwarded to ASTM headquarters by mid
February and publication is expected by mid
year. 

A review of the analysis presented in the 
manuscript suggests the fo llowing needs: 

- Development of precision data which 
uses the calculation for VOC content based 
on applied volume solids-after an accept
able consensus, an ASTM standard is de
veloped for the detennination of dry coat
ing density and the re lated percent volume 
nonvolatile content. 

- Mathematical analysis, which uses the 
minus water eq uation, showing the VOC 
content of water-reducible coatings as the 
VOC content decreases (and the water con
tent increases), and as the values for volatile 
content, pai nt density, and water content 
vary wi thin the range of the precision limits 
indicated in Federal Reference Method 24. 

The 1993 Paint Volati le Organic Com
pound workshops are designed to instruct 
persons in the use of U.S. EPA Method 24 
tests to determine if paints or coatings meet 
VOC requirements. Workshops are sched
uled for: May 5-6, 1993--Chicago, IL; and 
November 3-4, 1993-EI Monte, CA. Con
tac t Matt Lieff, ASTM, (2 15) 299-5516. 

DOI.24.24-Revision ofD 2369-92 Test 
Method for Volatile Content ofCoatings
M.E. Sites, Chairperson, presented results 
on the latest revision of D 2369, which re
ceived two negative and seven affi rmatives 
with comments on a D- 1 ballot. Many ex
cellent editorial comments were received 
and will be incorporated where appropriate. 
The negative received from M.A. Umezis 
was editorial in nature and has already been 
taken care of. 

K.H . Fuj imoto cast a negative for the 
following reason: "Note 10 is not scient ifi 
cally correct since no round-robin tes ting 
was done to verify whether an induction 
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period of 24 hours would give the same 
results as the one-hour induction period used 
in the test. The note should be placed in D 
3960 and removed from D 2369." 

Preliminary tests show that if longer in
duction periods are used, the surface of the 
fi lm cures trapping solvents which lowers 
the VOC numbers. Even though a few mem
bers claim a 24-hour induction period is 
necessary fo r some multiple component sys
tem, no data has ever been submitted to 
substantiate thi s claim. 

K.H. Fujimoto distributed a letter from 
M. Mahon which showed that in a limited 
trial conducted using one hour up to a 24-
hour induction period, indicating that , "con
cern over possible solvent entrapment is 
valid ." 

After considerable disc ussion concern
ing " Note 10," three motions were passed: 

( I) A motion to find K. H. Fujimoto 's 
negative persuasive: 

(2) A motion to change "Note I 0" to 
make it acceptabl e in terms of the scope of 
the method and compatible with the preci
sion statement which is based on round
robin studies using a one-hour induction 
period . There should be nothing said or im
plied about a 24-hour induction period. 

(3) A motion to change "Note I 0" to 
read: "Other induction periods are used. See 
U.S. EPA Reference Method 24." 

The revised D 2369 will be withdrawn 
from ballot, and it will be reballoted concur
rently on the next DO 1.21/D- 1 ballot. 

DOI.2 1.24A-Ion Chromatography for 
Electrocoat Bath Samples-M. Mahon , 
Chairman. presented data from a recently 
completed ion chromatography (I C) rou nd
robin study to detem1 ine the anions present 
in a cathodic e lectrocoat permeate bath 
sample. The penneate sample was spiked 
with 25 ppm of a nitrate anion and 50 ppm 
of a phosphate an ion. None of the five par
ticipating laboratories could detect phos
phate, but all could determine the nitrate 
anion with good quant itative accuracy. 

Based on the close agreement of the 
data to the theoretical values for the nitrate 
ani on, a s tandard guide for analyzing 
electrocoat permeate samples by IC was pre
pared and distributed for discussion. As a 
result of the comments received, some edi
torial revis ions were made to this proposed 
method. J. Benga agreed to assist Mr. Mahon 
in re-evaluating the Precision and Bias sec
tion of the document by using ASTM E 
691. Once thi s work is compl eted, the 
method will be submitted for concurrent 
DOI.21 /D- l ballot. 

D01.21.25A-Method to Determine the 
Amoum of VOC Released f rom Automotive 
Waterborne Coatinl!s-J. Komjathy, Chair
man, reviewed the status of the method after 
a D- 1 ballot. A comment received from the 
March D-1 ballot suggested that , if pos
sible, the symbols and calculat ions used in 
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thi s method should be made identical to 
those used in D 3960 and/or those symbols 
used in the two EPA methods. At the June 
1992 meeting, task group DOI.2 1.25A re
quested Mr. Komjathy to review the method 
and ascertain if any of the symbols could be 
changed. If the symbol s and calculat ions 
are found not to be interchangeable. then a 
note should be added which states an effort 
was made to incorporate symbols and cal
culations used in other methods, e.g., D 3960. 
In add it ion, it should be stated that the sym
bols and calcu lations used in this method 
are unique to this test method. This request 
had been fu lfilled as Section 1.4. 

The rev ised method was sent out for 
DO 1.21 ballot in January 1993. To date, 
only one negative has been received, and 
thi s has bee n wi thdrawn. T ask g roup 
DO 1.2 1.25A voted to place the method on a 
D- 1 ballot. 

Round-robin tes t results are expected by 
May 1993 and if possible, a precision state
ment will be generated for the next June 
1993 meeting. 

0 01.21.26--Revision of D 2697, Per
cent Volume Nonvolatile Content Using the 
Heli11m Gas Pycnometer-B .L. Neff, Chair
man, rev iewed the ac tions taken during the 
previous meetings and the scope of this task 
group. The first item of discussion was a 
letter by the chairman to the U.S. EPA 's 
Messrs. Jim Berry and Gary McAllister 
which discusses the justification for a sample 
preparation change in the current method. 
Since the chairman has not received any 
negative comments, it is assumed the sample 
preparation procedure is acceptable. 

D. McCunn suggested a video be made 
to illustrate the procedure and technique used 
to obtain dried/baked free paint film s. The 
chairman will look into the feas ibility of 
preparing a demonstration video. 

H. Stanley offered to send loaner pyc
nometer units to the round-robin collabora
tors. This wi ll include set-up and use in
structions along with a calibrat ion sample. 
Mr. Neff extended hi s apprec iation for 
Micromeretics ' generosity and for making 
his task easier to inaugurate his round-robin 
work. 

It was agreed that Mr. Neff will select 
three types of paint samples for the test and 
insure that the samples are sent to the col
laborators with detailed instru cti on s. 
Micromeretics wi ll be notified and will sup
ply he li um gas pycnometer loaners. The 
chai rman hopes to have the necessary data 
by the next meeting to ascertain the viabil 
ity of the new sample preparation proce
dure. 

D01.2 1.27A- VOC Conte/11 of Aero
sols-R. Osterman, Chairman, reported that 
the " Determ ination of the Percent Weight 
Solids of So lve nt Borne Aerosols" has 
passed soc iety ballot, and it has been placed 
in the ASTM Books of Standards as D 5200. 

Method D 5325, "Determination of the 
Percent Weight Solids of Waterborne Aero
sols." will be on the March 1993, society 
ballot. Both D 5200 and D 5325 wi ll be 
submitted to the U.S. EPA for their ap
proval. 

001 .2 1.278-New Approach to VOC
R.K.M. Jayanty, Chairman. In the absence 
of Chairman Jayanty, K.H. Fujimoto chaired 
the meeting. 

The objective of this task group, to de
velop a di rect procedure to determine the 
YOC of water-reducible paints, was re
viewed. It was hoped this direct method 
would eliminate or minimize the inherent 
calculation errors present in the U.S. EPA 's 
Reference Method 24. 

Based on the round-robin results of what 
appeared to be "apparently good data," 
Chairman Jayanty transposed the method 
into the ASTM format, recalculated the YOC 
data as " Weight of YOC/Yolume of Paint 
Minus Water" instead of the standard de
viation motif, and developed an ASTM pre
cision statement. The rev ised method was 
sent out in August 1992 to 001.21 ballot. 
Nine negatives and three affirmatives with 
comments were received in the ballot. 

Instead of addressing all of the nega
tives, the task group decided that if one of 
the negatives was found to be persuasive, 
the method would have to be withdrawn 
and rev ised. The other negatives and com
ments would be studied and handled at a 
later date. 

K.H. Fujimoto ' s negative was chosen, 
disc ussed, and fo und persuasive. His nega
tive stated: I) Paragraph 9, Precision & Bias, 
was difficult to follow and understand; 2) 
repeatability of 50% was unacceptable; 3) 
the method does not collect methanol or 
low MW alcohols; 4) the apparatus is too 
complicated and difficult to run ; 5) no com
parable commercial apparatus is ava ilable; 
6) the method does not duplicateD 2369 so 
it would give different VOC results; 7) more 
round-robins and improvement in equipment 
are needed; and 8) commercially available 
and light- in-weight charcoal tubes should 
be tried. The method will be withdrawn 
from letter ballot and furt her improved. 

Other comments received were: I) the 
method is sti ll in the experimental stages; 2) 
too large a mass of carbon and moisture 
absorbent tubes used to measure the small 
differences in weight; 3) use other commer
cially available absorbent; 4) simplify equip
ment ; 5) simplify leak checks; 6) too time 
consumi ng a method to be used routinely; 
and 7) the method redefines YOC. 

The task group felt the work shou ld be 
continued to improve thi s YOC measure
ment method . 

0 0 1.2 1.46--X-Ray Analysis of Pig
ment-M. Mahon, Chairman, discussed the 
comments which he received on the three 
items on D- 1 ballots. Minor editorial cor-
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rections were made to two documents: I) 
"New Standard Test Method for the Identi
fi cation of Crystalline Pigments and Ex
tenders in Paint by X-Ray Diffrac tion Analy
sis; and 2) "New Standard Gu ide for X-Ray 
Fluorescence Spectroscopy of Pigments and 
Extenders." These two documents will move 
to society ballot. 

Comments received concerning the re ~ 

approval of D 4764, "Standard Test Method 
for the Determination by X-Ray Fluores
cence Spectroscopy of Titanium Dioxide 
Content in Paint ," were discussed. It was 
agreed by all of the task group members that 
defini ti ons of the symbols used in Section 
I 0 were adequate, and, therefore, no revi
sions are necessary. This method will go on 
to society ballot. 

Following this meeting. task group 46 
will be placed on " inacti ve" status. 

D0/.2 1.49--Sample Preparation for 
Trace Metal Analysis-B. Neff, Chairman. 
di scussed a proposed sampl e dige stion 
method for trace metal analysis. In sum 
mary, this method is an enclosed (at atmo
sphe ri c pressure) wet digestion scheme 
which uses commercially avai lable equip-
ment. 

The results of a currem round-robin were 
disc ussed. The round-robin samples con
sisted of an alkyd and acrylic res ins inocu
lated wi th known amounts of lead and co
balt. Three laboratories (Du Pont. Glidden, 
and PPG ) reported their data. 

The data for cobalt shows excell ent 
agreement amon-g the laboratories. 

Lead presented a problem as it formed a 
precipitate under the digestion conditions. 
The task group decided to continue with 
other metal s which will be chosen after the 
meeting. It was agreed a caveat will be added 
to the procedure to check precipitates for 
lead content. Another round-robin is 
planned. 

D0 / .2 1.5 1-Free Formaldehyde in 
Paints-D. McCunn . Chairman, reviewed 
the discussions which took place at the June 
1992 meet ing. S. A. Kail proposed the use 
of an OSHA approved method, #52, to mea
sure the evolved formaldehyde. The task 
group indicated that the room temperature 
evolution of formaldehyde , collection by 
the air sampling tubes and measurement by 
gas ch romatography connected to a nitro
gen selective detector, should be both se lec
tive and sensitive. Hopefully, this approach 
will meet the task group 's initial goal of 
measuring " free" forma ldehyde in air-dried 
water-reducible paints. 

Ms. Kail will provide sampling tubes to 
J. Benga and D. McCunn who agreed to 
evaluate the proposed method. Assuming 
success, the chairman will draft a method 
and a round-robin will be conducted prior to 
the next meeting. Currently five or six col
laborators wi ll analyze two or three samples 
which will be supplied by Glidden. 
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D0/.21.52-Paint Solvelll Analysis by 
Gas Chromato&raphy-J. Lamberton , 
Chainnan. reviewed the initial mission of 
this task group which is to utilize D 327 1 
methodology. as initially modified by the 
chai rman, to quantitate a selected group of 
solvents found in water-reducible paints. 

Two solvent standards and two paint 
samples are to be sent to the round-robin 
co llaborators. Both polar (Carbowax 20M 
type) and non-polar (SE 54 type) fu sed silica 
capillary columns, 30 M x 0.32 mm J.D. 
with a 1.0 ).! stationary phase coating are to 
be used by each partic ipant. 

At first, a flame ionization detector will 
be used. However, a mass spectrometric de
tector is to be considered as part of the fin al 
method. The results of the round-robin are 
to be considered at the nex t meeting in order 
to determine if the direc tion of the task group 
is correct. 

001.21.54-Revision of D 4017. Per
cent Weight by Karl Fischer Titration- M. 
Mahon , Chairman, led a discussion centered 
on a recent round-robin study of a proposed 
methodology for the Karl Fischer analys is 
of latex paints using methanol ex trac tion. 
One laboratory reported difficulty in keep
ing the sample-resin system dispersed dur
ing the ultrasoni fi cation step. Another labo
ratory found handli ng methanol and keep
ing it "water-free" problematic, and they 
di scovered th at other alcohol s such as 
isopropanol worked as well. The proposed 
procedure will incorporate the use of addi
tional alcohols in the extraction steps. 

After a lengthy discussion. the task group 
decided to rewrite the proposed extraction 
method into ASTM format , incorporate the 
procedure in D 4017, and utilize the data 
obtained thus far to develop a precision state
ment. Add itionall y. a note will be added to 
D 40 17 allowing the use of HydranaJ® re
agent in place of the pyridine containing 
reagent currently specified in the method. 

D0/ .21 .56-Revision of D 3960-92 . 
Standard Practice for Determining Volatile 
Organic Compounds (VOC ) Content of 
Paints and Related Coatings-M. E. Sites, 
Chai rman , discussed the latest revision of D 
3960-92, which was balloted on a D- 1 bal
lot. It received no negatives and one com
ment. Thi s standard will be placed on a 
society ballot to become D 3960-93. Al
though this standard has undergone con
stant annual rev isions since 1985 to keep it 
up to date. we anticipate more and constant 
changes. 

The purpose of the latest revis ion was as 
follow s: 

- Delete under "Scope" the last phrase 
refere ncing VOS (volatile organic substance) 
since New Jersey has changed from VOS to 
VOC to be in compliance wi th the EPA 
terminology. 

- Add D 5095 10 the section of " Refer
ence Documents" since the EPA has ap-

proved the use of D 5095-90 for the deter
mination of VOC content of silane and si
loxane coatings. 

- Under Section 6.22, add reference to 
the D 5095 method. 

- In " Appendix X3 ," replace " X3 ", 
regulatory definition of VOC with the re
vised definition published by the EPA un
der 40 CFR, Part 51 , Federal Register, Vol. 
57 , No. 22, February 22, 1992, PP3941 -
3946. 

- The co mm ent rece ived from M. 
Rosso! concerned the lack of consistency 
between definitions of ozone depleting 
chemicals in 40 CFR 5 1 and in 40 CRF 82. 
She hoped all definiti ons that apply to CFCs 
could be made consistent. M. Rosso with
drew her comment when it was shown the 
two defin itions referred to "good" and "bad" 
halohydrocarbons, i.e., those which react 
immediately and those which eventually drift 
to the stratosphere where they can destroy 
the protec ti ve layer of ozone. 

0 0 1.21 .80--Exploratory Analytical Re
search-K. H. Fujimoto, Cha irman, re
viewed the purpose of task group 80 which 
is: I ) to review new or needed test methods; 
2) to ascertain whether proposals made to 
DO 1.2 1 have merit and deserve further study 
and consideration: and 3) to recommend the 
fonnation of new task groups. 

J.C. Weaver submitted two items: I ) use 
of a Parr bomb for the degradative analyses 
of reactive coating res ins; and 2) the poten
tial use of a portable laser spark surface 
mass analyzer. 

Item I is based on an article by J .K. 
Haken in which he proposes the use of a 
modified Parr bomb to alkali and/or acid 
fuse resin into volat ile components to be 
analyzed by gas chromatography or HPLC. 
The heavier components are derivati zed to 
enhance their volatili ty and identificat ion. 

Since none of the task group members 
use the Parr bomb due to the fear of possible 
explosion, and since no interest was shown, 
the proposal was dropped. 

Item 2 referred to a portable laser spark 
surface mass analyzer, wh ich is used to ob
tain rapid measurements of surface contami
nants, such as lead, at the 0.06 milligram/sq 
em level. Other hazardous materials can also 
be determined. The instrument appears to 
be an emission spectograph. A laser is used 
to fonn a microplasma or spark to atomize 
and electronically excite the elements that 
make up the paint or other target materials. 

The chairman will inquire to determine 
the availability of the equipment and to ob
tain any data to substantiate the sensitivity 
of the equipment. 

Since there was no imerest in develop
ing an "OH" determination method for res
ins and polymers, no action was taken on 
this matter. 
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SUBCOMMITTEE D01 .22 
HEALTH AND SAFETY 

J.J. Brezinski, Chairman 

D0/ .22.01- F/ammahi/ity andComhus· 
tihility-R. Osterman, Chainnan, reported 
increased interest in promoting international 
acceptance of the use of ISO TR 9038, "De· 
tennination of the Abi lity of Liquid Paints 
to Sustain Combustion," as a means of dis· 
criminating between liquid products in the 
same nominal flash point range that do and 
do not sustain combustion. Future accep
tance by the UN Committee of Experts o n 
the Transport of Dangerous Goods could 
lead to revised flammability class ification 
of those water-dilutable material s, inc lud
ing paint products. that meet spec ified test 
criteria. 

A round-robin study has been organized 
to test the acceptability as an alternate to 
ISO 9038 o f a modification of D 4206. "Sus
tained Burning of Liquid Mixtu res by the 
Seta !lash Tester (Open Cup )." usi ng 55 and 
75°C test temperatures. Materials to be stud· 
ied include several water-d ilutable paint 
products and selected water/a lcohol mi x· 
tures previous ly tes ted in ISO TC 35 using 
ISO 903X. The closed cup flash points will 
be dell ned using D 3278. 

ERDCO Eng ineering has offered to con
vert setallash closed cup testers to open cup 
(and to reconvert ) for round-robin partici
pants. Persons wishing to join the study 
shou ld contact R. Ostennan, ( 414) 94 7 ·6857 
or S. Orthey, ASTM, (2 15) 299-5400. 

D0/.22.02--Chromates . Health and 
Safety Standard- ). Brezinski, Ad hoc 
Chai nnan. reported that E 848, " Practice 
for Safety and Health Req uirements Relat· 
ing to Occ upational Exposure to Water-In
sol uble Chromates,'' will be inc luded in the 
March society le ller ballot showing the cor
rected placement of the lines and headings 
in Table I. Suggested changes in the appen
dix of literature references will be addressed 
in the next rev ision. 

SUBCOMMITTEE D01 .23 
PHYSICAL PROPERTIES OF 

APPLIED PAINT FILMS 

P.R. Guevin, Jr., Chairman 

DO 1.23.1 0-Adhesion-G. Nelson. 
Chainnan, reported the proposed addendum 
of D 3359-90, "Test Methods for Measur
ing Adhesion by Tape Test," completed 
DOI.23 letter ballot. Several ed itorial com· 
ments were received which will be incorpo
rated into the addendum and submitted to 
concurrent ballot before the nex t meeting. 

The project to evaluate adhesion using 
tapes with varying adhesive strengths has 
been hindered by the inability to find a coat· 

Vol. 65, No. 820, May 1993 

ing with consistem "mediocre'' adhesion for 
testing. Issues re levant to D 5 179. "Test 
Method for Measuring Adhesion of Organic 
Coatings to Plastic Substrates by Direct Ten· 
si le Testing," and D 3002, "S tandard Prac· 
tice for Eva luat ion of Coat ings for Plas
tics." cu rrent ly under rev ision, were dis
cussed. 

D0/.23.12-Dry Film T!t ickness-S. 
Boocock , Chainnan , reported two negatives 
were received on conc urrent DO 1.23/D- 1 
ballot of revisions of D 11 86-87, "Test Meth· 
ods for Nondestructive Measurement of Dry· 
Film Thickness of Nonmagnetic Coatings 
Applied to Ferrous Base." and D 1400-87. 
"Test Methods for Nondestructive Measure
ment of Dry Film Thickness of Noncond uc
ti ve Coatings Applied to a Nonferrous Base:· 
One negati ve was found persuasive and the 
items were wi thdrawn from balloting for 
further revision. 

P.R. Guevin, Jr. reported on work be ing 
conducted on the use of ultrasonic instru
mentation to measure the dry film thickness 
of organic coatings. Further work wi ll be 
conducted in task group DO 1.23.20 on Ex · 
ploratory Research. 

D0/ .23 .14- Hardness. Ahrasion and 
Mar Resisrance- P.R. Guevin, Jr. , Chair
man . A. Rutkiewic re po rt ed for B. 
G regorov ich on the results of the second 
round-robin on the proposed "Test Method 
for Mar Resistance of High Gloss Coat· 
ings." The method uses a Taber Abraser to 
measure coating mar resistance as defined 
by a change in gloss. Variations in the re
sults from three of the seven cooperating 
laboratories were discussed. The problem 
of the size of the port on most glossmeters 
in relation to the area being marred. as wel l 
as possible changes in the gloss cal ibration 
standards currently used to meet ISO stan· 
dards, were discussed. Cooperators for the 
next round-robin will use new abrasive 
wheels, mechanical refacers. and a gloss
calibration ceramic tile. 

A discussion on the proposed revision 
of D 2 134, "Test Method for Determining 
the Hardness of Organic Coatings with a 
Sward-Type Rocker," cemered on variations 
in the weight outlined in the method versus 
one of the currentl y marketed rockers. N. 
Bender wi ll eva luate these variations to de
tennine if we ight affects test results. Three 
types of the Sward-Type Roc ker with vari· 
o us we ights will be used. 

D0/.23 .15- Siip Resi.Han ce- P.R. 
Guevin, Jr. , Chai rman, read M. Morse's re
port on the status of round-robin activity to 
develop a precision statement for D 45 18· 
91, .. Test Methods for Measuring Static Fric
tion of Coating Surfaces." Add itional tests 
wi ll be run using a calibrated spring hori 
zontal pull slip tester and a method to cali 
brate the spring will be written. 

The chairman reported on a survey con
ducted with subcommittee members to de-

termine industry awareness of government 
legislation involving proposed OSHA and 
in effect laws, e.g .. ADA (American with 
Disabilities Act). on spec ified coe ffic ient of 
friction (COF) val ues, and test methods for 
walking surfaces. The small number of re
sponses was disappointing. 

The chairman reported on activities in 
other ASTM Comm ittees and the workshop 
held at Bucknell Universi ty evaluating vari
ous static and dynamic COF slip testers. 

DOl .23.16---Water Vapor Transmis
sion-T.J. Sli va, Chairman. reported the 
addendum to D 1653-85, .. Test Method for 
Water Vapor Transmission of Organic Coat
ing Films." is currentl y under 001.23 bal
lot. The chairman will rev ise the addendum 
to incorporate the editorial comments re
ceived and submit the item to concurrent 
ballot before the nex t meeting. 

It was the decis ion of the task group not 
to introduce the terms ''wet" and "dry" penns 
to the method. to make reference to the 
inverted cup method or, to define the term 
.. moisture vapor barrier." H. Ashton will 
report on the results currently under study 
by the NRC on moisture vapor transm ission 
methods at the nex t meeting. 

D0/.23.18-F/e.rihi/itr- P.R. G ucvin , 
Jr., Chainnan. reported the revision of D 
522-88 , .. Test Methods for Mandre l Bend 
Tests of Attached Organic Coatings,'' com
pleted D-1 ba llot and will proceed to soc i· 
ety ballot if suggested add itional comments 
are deemed editorial. 

Ed itorial comments were suggested to 

rev ise the footnotes on equipment sources 
in D 2794, "Test Method for Res istance of 
Organic Coatings to the Effects of Rapid 
Deformation (Impact).'' With no further ac
ti vity at thi s time, the task group has been 
made inacti ve. The rev ised test method will 
be submitted for concurrent ballot. 

D0/.23.19-Mechanica/ DryinR Time
T.J. Sliva. Chainnan. Subcommittee DOI .23 
has responsi bility for D 1640, "Standard 
Test Methods for Drying, Curing or Film 
Forma1ion of Organic Coatings at Room 
Temperature." The method will be rev iewed 
for ed i10rial and lechnical revisions and ba l
loted before the next meeting. 

The chairman distribu!ed copies of the 
first draft of the proposed tes t method for 
de1ennining drying characteristics of organic 
coatings using mechanical drying time re
corders. Task group members will review 
the document and submit suggested changes. 
H. Ashton reported that data on the circ ular 
drying time recorder deve loped by Carlisle 
Chemica l Works was not sufficient for a 
Precision and Bias statement. and the task 
group will need to run a round-robin using 
thi s device. At the present time. the task 
group will initiate a round-robin using only 
the straight line dryi ng time recorder. Four 
cooperators agreed to participate. The group 
will evaluate the drying times obtained on 
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three coatings and compare them to drying 
times obtained with D 1640. 

DO 1.23 .20-Exp/oratory Research
P.R. Guevin, Jr., Chainnan. This task group 
was set up to make members aware of new 
instrumentations and technologies that are 
being developed to de tennine the physical 
properties of applied films. Task group mem
bers will present and report relevant litera
ture and articles. 

At this meeting, the chainnan reported 
on initial results on the determination of 
film thicknesses of coatings applied to con
crete using ultrasonics. The use of X-ray 
fluorescence spectrometry to measure paint 
thickness on coil coatings was also di s
cussed. 

The chairman reported on tests run by 
Fischer Technologies using their dynam ic 
hardness tester at the 1992 Paint Industries' 
Show. A. Rutkiewic indicated how useful it 
appears based on work at Du Pont and its 
ability to eva luate organic coatings. R . 
Bearhalter, a representati ve for a similar 
instrument from Shimadzu, offered to be a 
participant in the study. Samples of coat
ings on different substrates and with vary
ing morphology wi ll be evaluated. The chair
man will report the results of these findings 
at the next meeting. 

SUBCOMMITTEE D01.24 
PHYSICAL PROPERTIES 

OF LIQUID PAINTS 

C.K. Schoff, Chairman 

D0/.24. 18--Dispersion Phenomena
R.K. Morrison, Chainnan, reported on the 
rev ision of D 1210. "Fineness of Di spersion 
of Pigment-Vehic le Systems." A new step 
gauge (deve loped by SC M) for measuring 
cleanliness or texture will be included in the 
revised method. Provided proper arrange
ments can be made, round -robin tests of the 
step gauge wi ll be conducted at the June 
1993 D- 1 meeting. The chainnan will pre
pare a draft of the rev ised method for dis
cussion at the meeting. 

D0/.24.33-0dor Evaluation-D.E. 
Darr, Chainnan, discussed the preparation 
of a new guide titled, "A Guide to the De
tection, Identification and Characterization 
of the Odors of Paints, Inks and Related 
Materials." The proposed scope for the guide 
wi ll be publicized in both ASTM and trade 
publications solic iting input to determine 
what already is available and who is ac
tively working on odor evaluation. A.F. 
Rutkiewic volunteered to search ASTM lit
erature for applicable methods; the chair
man wi ll conduct a literature search of non
ASTM sources. The gathered infonnation 
will be used at the June meeting to begin 
writing the guide . 
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SUBCOMMITTEE D01.26 
OPTICAL PROPERTIES 

R. Kumar, Chairman 

D0/.26.02-Color Measurement-R.T. 
Marcus, Chainnan, reported that the results 
of the D- 1 ballot on the revision ofD 1544, 
"Test for Color of Transparent Liquids 
(Gardner Color Scale)." were discussed. The 
method wi ll be rev ised by J. Peters and 
submitted for concurrent DOI.26/D-I bal
lot. 

The results of the DO 1.26 ballot on a 
new "Standard Guide for the Preparation, 
Maintenance and Di stribution of Physical 
Product Standards for Color and Geometric 
Appearance of Coatings," were discussed. 
There was one negative from J. Cave and 
several comments. The guide will be re
vised accordingly and submitted for con
current DO 1.26/D-1 ballot. 

The present edition of D 2244, "Stan
dard Method for Calculation of Color Dif
ferences from Instrumentally Measured 
Color Coordinates," contains an error in the 
CIELAB de lta E equation. The square root 
( l/2 power) function is missing. C. Shennan 
wi ll make the correction and submit it for 
concurrent DO 1.26/D-1 ballot. 

D0/.26.06-Hidin~ Power-L.E . 
Schaeffer, Chainnan, reported on the re
su lts of the lates t round-robin run by 
DOI.51 .02 ... Hiding Power of Powder Coat
ings ... Thi s is the same round-robin for which 
partial results were discussed at the last meet
ing. At thi s time, it is considered complete 
with data from three cooperators. The re
sults were calculated so as to present hiding 
as the film thickness at the contrast ratio of 
0.98. Two values were obtained for each 
test application, one based on film weight 
converted to thickness by ca lculation and 
the other based on direct film thickness mea
surements. The weight derived values 
showed much better reproducibility . From 
these and the results of two previous ly re
ported round-robins, a weight basis method 
could be balloted. However, the consensus 
of the DO 1.5 1.02 was to continue its effort s 
based on direct film thickness measurement 
since this is a familiar and accepted proce
dure in powder coating technology. Task 
group DO 1.26.06 will continue to cooperate 
with DO 1.5 1.02 in these efforts. 

D0/.26.11-<J/oss andGoniophotometry-
A.F. Rutkiewic, Chairman, reported on the 
DO 1. 26 ballot action on Draft #6 on "New 
Test Method for Instrumental Measurement 
of Distinctive of Image Gloss of Coating 
Surfaces." A negative was cast because 
Method B was removed in the latest draft. 
Method B employs the use of the Suga in
strument and was removed because there 
was no description or reference of the in
strument in any other ASTM method. How
ever, it is used in an ISO method. It was the 

consensus of the group that this is valid and 
Method B wi ll be reinstated. The revised 
method will be reballoted by DO 1.26. 

D0/.26 .24- Tintin g Strength-R. 
Morrison, Chainnan, reported that two meth
ods, D 387, "Test Method for Color and 
Strength of Color Pigments with a Mechani
cal Muller," and a new method, "Standard 
Test Method for Evaluating the Tint Under
tone of T itanium Dioxide Pigments," were 
approved for concurrent DOI.26/D-I ballot. 

The lates t ballot of D 2745, "Standard 
Test Method for Relative Tinting Strength 
of White Pigments by Renectance Measure
ments," to correct an error in the tinting 
strength equation, received a negative. The 
negative was withdrawn when the equation 
was explained and a comment was added to 
c larify it. The method now goes to society 
ballot. 

As a future project for this task group, it 
was decided to investigate the development 
of a waterborne tinting strength method. 
Committee D-1 will be surveyed to deter
mine if there is a need for such a method, 
and suggestions if indeed there is. 

D0/.26- R. Marcus, Vice Chainnan of 
DO 1.26 and Chainnan DO 1.26.02 on Color 
Measu rement, has resigned because of 
changed responsibilities. F. O'Donnell has 
agreed to be Chainnan of DOI.26.02. Chair
man Romesh wi ll appoint a vice chairman 
by the next meeting. 

SUBCOMMITTEE D01.27 
ACCELERATED TESTS FOR 

PROTECTIVE COATINGS 

D. Grossman, Chairman 

D0/.27.02- Water Tests-D. Grossman, 
Chainnan. A DO 1.27 ballot will be made on 
a new Method B for D 2247, " I 00% Hu
midity." The practice now specifies that cabi
nets shall generate humidity by heating a 
bath of water in the chamber bottom. How
ever, most of the cabinets being used for 
this type of humidity test generate humidity 
by bubbling compressed air through an un
heated water bath, while maintaining cham
ber temperature by a heated water jacket 
around the walls. This des ign often fail s to 
produce adequate condensation on the speci
mens, unless the water j acket is drained to 
be low the level of the spec imens. F. Lutze 
will draft a revision specifying the proper 
operation of thi s alternate design. 

D0/.27.04--Light and Water Exposure 
Apparatus-L.E. Thieben, Chairman, re
ported that D 3361 , "Unfiltered Carbon Arc," 
received a negative on the D-1 ballot. Minor 
changes will be made and the rev ision will 
be sent to concurrent DO 1.27 /D-1 ballot. A 
draft for the new standard on Xenon Arc 
received two negatives and several com-
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ments at DOI.27 ballot. J. Robbins will re
vise the draft for another DOI.27 ballot. 

DOl .27.10-Accelerated Outdoor 
Weathering-}. Robbins, III , Chairman, dis
cussed the DOI.27 ballot of D 4141 , "Stan
dard Practice for Conducting Accelerated 
Outdoor Exposure Tests of Coatings. " A 
decision was made to submit this practice to 
concurrent D0\ .27/D- 1 ballot with a modi
fication of Section 7.4.2.1. The frequency 
of calibration proposed for ultraviolet radi
ometers wi ll be changed from every six 
months to every year. 

DOI .27. I 2-Detergent-F. Lutze, 
Chairman, reviewed the results of the DO 1.27 
ballot on D 2248, "Detergent Resistance of 
Organ ic Fini shes." Several editorial and 
technical comments were received and con
sidered. Since no negat ive votes were cast, 
this will be sent to soc iety ballot. 

DOI.27.17-Evaluation of Weatherin~: 

Effects-}. Martin, Chairman, reponed that 
six items were sent to D-1 ballot in Novem
ber 1992. D 660, "Evaluation of Checking," 
and D 66 1, "Evaluating of Cracking," will 
be withdrawn from further balloting based 
upon a suggest ion by M. Crewdson to com
bine the two. M. Crewdson will write the 
draft for the combined D 660. Method D 
661 will be balloted for withdrawal as soon 
as the new combined standard is approved. 

D 662, "Evaluation of Erosion," received 
no negatives and will be sent to society ballot. 

D 772. "Evaluation of Flaking," will be 
reballoted in its entirety. The sections that 
were rev ised have been balloted. The main 
body of the document was never balloted . 

D I 006. "Conducting Outdoor Weather
ing Tests on Wood Coatings," received one 
negative from R. Carlson, saying that re
porting UV exposure should not be manda
tory . Since the draft does not in fact make it 
mand atory , DO 1.27 voted the negative 
nonpersuasive, and wi th the concurrence of 
D-1, wi ll proceed to society ballot. 

The round-robin conducted for flaking 
and blistering last year wi ll be incorporated 
into the methods. Another mini round-robin 
is tentatively scheduled for January 1994 
for ot her tes t method s. J . Martin , M. 
Crewsdon, and D. Dietz wi ll look for 
samples to use in this mini round-robin. 

DOl .27.28-Filiform Corrosion-F. 
Lutze, Chairman, reviewed the results of 
the DOI.27 ballot on D 2803, "Filiform Cor
rosion Resistance of Organic Coatings on 
Metal." Several editorial and technical com
ments were reviewed and considered. The 
negative vote concerning a precision and 
bias statement for a guide was wi thdrawn. 
This document will be sent for society ballot. 

DOl .27.29-Test Substrates-D. 
Grossman, Chairman. F. Lutze noticed that 
in D 220 I , "Zinc Coated Steel Panels for 
Paint Tests," Appendix X I , Characteriza
tion of Zinc Coat ing, many of the newer 
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metric designations used in the auto indus
try are missing. He will draft a revision for 
concurrent DOI.27/D-I ballot. 

DOl .27.30-Corrosion Tests-Automo
tive-F. Lutze, Chai rman. A rev ised draft 
of the "Standard Practice for Accelerated 
Outdoor Cosmetic Corrosion Exposure Test
ing of Organic Coatings on Metal," was 
rev iewed and discussed. This draft wi ll be 
submitted for DO 1.27 ballot. 

A draft of the "Standard Practice for 
Cyclic Corrosion Testing of Painted Steel 
Parts" was rev iewed. This document pro
v ides a li sting of seven cyclic corrosion ex
posures used in various industries and is 
intended as a guide to aid the user in selec
tion and performance of cyclic corrosion 
testing. This will be sent for DO J.27 ballot. 

A draft of a prac tice utilizing outdoor 
exposure on a 45° open rack with a twice 
weekly salt solution application was re
viewed. The draft wi ll be revised to reflect 
the results of the discussion and submitted 
for DO 1.27 ballot. 

DOI.27.31--Corrosion Tests-Non-Au
tomotive-$. Boocock, Chairman, led a dis
cussion of a round-robin to compare out
door exposure with various cyclic corrosion 
tests. A proposal had previously been sub
mitted to the Institute for Standards Re
search (ISR) which would result in under
writing certain fixed costs associated with 
the round-robin testing program. The task 
group quest ioned the time being taken to 
activate the round-robin test ing program 
through the !SR. Furthermore, they ques
tioned the value, both technical and finan
cial, derived from continuing the proposal 
development. The task group voted that the 
round-robin program should be init iated 
immediately as a direct funding of DO 1.27.3 1 
to save time and money. Funding required 
for activi ties related to the round-robin would 
be identified and rev iewed. Exterior expo
sure sites will be finali zed before the June 
meeting and samples preparation could be
gin immediately. 

Two new draft standards for cyclic cor
rosion tests were reviewed: I ) cycl ic salt 
fog alternating with UV/condensation, and 
2) cyclic immers ion/UV exposure. Both 
drafts will be sent to DOI.27 ballot. 

A mini round-robin intended to identify 
an ideal drying temperature for use with the 
cyclic salt fog component of the draft cyclic 
salt fog!U V /condensat ion standard was ar
ranged. W. van der Linde will be distribut
ing sample panels to participating volun
teers. 

SUBCOMMITTEE 001.28 
BIODETERIORATION 

M.C. Mclaurin, Chairman 

DOJ.28.0!- Package Stability-M.C. 
McLaurin, Chairman. S. Orthey aga in 

prompted us to stan a ballot action on the 
revised method, D 2574. The revised draft 
incorporating our various changes wi ll be 
prepared by J. Hinkle and M. McLaurin, 
and circu lated for DOI.28 balloting Febru
ary 5. 

DOI .28.02-Rapid Determination of 
Enzymes-G. Moore, Acting Chairman for 
C.W. Vanderslice. A very rough version of 
the drafted method was circulated for re
view. This will be put into final ASTM 
format and the round-robin agreed to last 
June wi ll be conducted. 

DOl .28.03-Microhial Quality of Raw 
Materials-}. Hinkle, Chairman, circulated 
a final draft of the method prior to the meet
ing which incorporated changes proposed 
after June's meeting. A revision of the rat
ing scale was agreed upon to more clearly 
define the differences between 1-4 ratings. 
After thi s section is rev ised, the method wi ll 
be balloted with DO 1.28 in February. 

DOI.28.04- Resistance of Paint Films 
to Algae Attack-}. Hinkle, Chairman , cir
culated a proposed draft prior to the meet
ing which was discussed. Several minor 
changes were suggested, along wi th a con
sistent rating scale (0-4) based on other mi
crobiological methods. This scale is consis
tent with D 2574, European Methods, and 
long-standing methods in the industry. These 
changes will be incorporated and the method 
used for round-robin testing. The choice of 
algal species to be used has not been fin al
ized. 

D01.28.05-Revision of D 3273 (Mil
dew Chamber)-}. Hinkle, Chairman. This 
new task group met and had a good start. 
Elimination of the circulating fan was di s
cussed. B. Matta confirmed that, in his test
ing, elimination of the fan did not hurt, and 
in fac t increased reproducibility of the 
samples. J. Hinkle and M. McLaurin indi
cated similar findings. The fan wi ll be elimi
nated from the proposed revision. The chair
man reported updated components for the 
chamber which wi ll also be incorporated. 

A revision to include the test 's applica
bility for estimating relative performance in 
exterior coatings wi ll be done separately 
since several complications may arise. It 
was generally agreed that even though sur
vival of the exterior fungi Aureohasidium 
pullulans is minimal, this method gives com
parable results to exterior exposure as long 
as: I) the samples are subjected to prior 
"weathering" simulations such as leaching 
or accelerated weathering machine expo
sure; and 2) test ing is for standard, pig
mented film-forming coatings. M. McLaurin 
reported distinct changes with clear coat
ings and non-film forming stains. It was 
suggested that these be mentioned as exte
rior applications for which the method may 
not be representative. These two revisions 
will be drafted separately and balloted in 
DOI.28. 
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001.28.06--Resistance of Paint Films 
to Funiial Altack-J. Hinkle, Chainnan, c ir
cul ated a proposed draft prior to the meet
ing based on the algal method (D01.28.04). 
Thi s method was discussed and appeared to 
have few problems (the rating system was 
made consistent to be 0-4). Thi s method 
will be tes ted in a round-robin simulta
neously with the algal method . 

DOI .2X- Biodeterioration- The min
utes from June's meeting were approved 
without comments or changes. It was noted 
that the meeting a ttendance was very good 
and contributed to va luable discussions in 
the various sess ions. 

B. Matta brought the original photo
graphs used in D 3274 for rating funga l 
growth on test fence panels and di scussed 
the concerns he and M. Crewdson have had. 
It was agreed there are problems with this 
rating scale and that most companies are not 
using it as a resu lt. B. Matta will coordinate 
some proposed revisions and present them 
at the next meet ing. 

It was discovered that the changes to D 
4610 proposed to address the negative in 
June of 1991 were never balloted. M. 
McLaurin thought he had prev iously done 
thi s and will check his records. Rough text 
was verbally agreed upon at the meeting 
and will be included in a rev ision for the 
D01. 28 bal lot to address the negati ve. 

DIVISION 30 
PAINT MATERIALS 

SUBCOMMITTEE 001.31 
PIGMENT SPECIFICATIONS 

D.E. Kesatie, Chairman 

DO 1.3 1.08-Titanium Dioxide-C.C. 
Tatman . Chairman. rev iewed the current 
standard D 476, "S tandard Specification for 
Titanium Dioxide Pigments," and compared 
it to the compositio nal req uirements of BSI 
85 1 and ISO 59 1. In preparation for the 
June 1993 meeting, the task group will poll 
the North American producers to detenn ine: 
I) whether the standard represents the cur
rent grades: 2) if the types should be ex
panded to incl ude the "ultra-fine" grades 
and the new " multi-purpose" grades: and 3) 
should D 476 be aligned closer to ISO 59 1. 

0 0 1.3 1 12-Zinc Pigmenrs-W. 
Spangenberg. Acting Chairman. reported 
that the method fo r zi nc phosphate pigments 
is still under disc ussion. W. Spangenberg 
and M. Denesha wi ll collaborate on a method 
regarding the two types of zinc phosphate 
based on water of hydration. 

DO 1.31.15-M icaceous Iron O.ride- M. 
Hendry, Chainnan. will submit a revised 
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method for a DOI.31 ballot. If approved , it 
w ill be submitted for a D-1 ballot prior to 
the June 1993 meeting. It was decided that 
the color pictorial standards sho uld be sup
plied by ASTM rather than the micaceous 
iron oxide suppliers. Thi s will require an 
adjunct procedure by ASTM. 

001 .3 1- Fourt een s tandard s were 
placed on the D-1 ballot for reapproval or 
wi thdrawal. Nine standards were approved. 
Negative votes were rece ived for D 867 
"Pumice": D 912, "Cuprous Oxide": D 963 , 
"Copper Phthalocyanine Blue": and D 302 1, 
"Phthalocyanine G reen," when balloted for 
withdrawal. The negati ve votes were found 
to be persuasive. The four preceding meth
ods will be placed on the D- 1 ballot for 
reapproval. 

Negati ve votes were also rece ived on 
the reapproval of D 962. " Aluminum Pow
der and Paste Pigments for Paints.'' A minor 
revision was requested adding a reference 
document. The negative voters are being 
asked to withdraw their votes so that the 
method can be published "as is." Then a 
revised method will be written that will in
corporate their request for the June 1993 
meeting and submitted for a D01.3 1/D- l 
ballot prior to the Jan uary 1994 meeting. 

The method, D 1649 , "Strontium Chro
mate.'' was di scussed. The revised method 
will be submitted for a DOI .3 1/D-l ballot. 

The method. D 212 , "Chrome Green," 
will be rev iewed by M. Denesha and wi ll be 
discussed at the nex t meeting. 

In new business, fi ve standards are to be 
reviewed in 1993. The methods are: D 480, 
"Flaked Aluminum Powder," D 763, " Raw 
and Burnt Umber Pigments," D 768, "Yel
low Iron Oxide." D 9 11 , "Mercuric Oxide 
for Use in Antifou ling Paints," and D 3724, 
"Brown Iron Oxide." All but D 91 1 will be 
placed on the D-1 ballot for reapproval with 
no revisions. D 911. "Mercuric Oxide for 
Use in Antifou ling Paints," will be placed 
on the D- 1 ballot for withdrawal. 

SUBCOMMITTEE 001.33 
POLYMERS AND RESINS 

M.J. Mahon, Chairman 

001 .33-M.J . Mahon. Chairman, re
ported results of the D-1 bal lot. Most of the 
negatives and comments received concern
ing these ballot items were able to be ad
dressed through editorial revisions. These 
changes were considered, approved, and the 
document sent for society ballot. D 1615, 
"Test Method for G lycerol, Ethylene G ly
col, and Pentaerythritol in A lkyd Resins," 
and D 1641. "Test Method for Exterior Du
rability of Varnishes ." were withdrawn from 
furth er bal loting based on the negat ives re
ceived. h was recommended that these meth-

ods and D 1642. "Test Methods for Elastic
ity or Toughness of Varnishes," be trans
ferred to DO 1.42. Due to the absence o f task 
group chainnen, or reports of task gro up 
acti vities, no further discussions of the ure
thane prepolymer isocyanate content or the 
D 563 round-robin were held . 

SUBCOMMITTEE 001.34 
NAVAL STORES 

J. Russell, Chairman 

001.34 .0 1--Capillary Gas Chromatog
raphy of Rosin and Fa tty Acids-W. Trainor, 
Chainnan , reviewed the status of the devel
opment of this new standard method. He 
stated that a draft of the method had been 
circulated prior to the meeting and that ex 
perimental work had been carried o ut by 
committee members to compare the use of 
diazomethane, tetramethylammon ium hy
droxide (TMA H). and trimethyl pheny l am
monium hydrox ide (TMPAH ) as reagents 
for converting rosin and fatty ac ids to the ir 
more volatile methy l es ters. After consider
able discussion, it was agreed that the latest 
draft should be reorgani zed to make it easier 
to follow. J. Bowers and J. Russell will 
work with the chairman on th is reorganiza
tion and the new draft submitted to the 
DO 1.34 members prior to the next meeting. 

The experimental work rev iewed by the 
committee consisted of capillary GC analy
ses o f a samp le of di still ed tall o il. 
Diazamethane, TMAH, and TMPAH were 
compared and the results obtained and con
finned that diazomethane and TMPAH gave 
identical resu lts even when excess TMPAH 
was used. Excess TMAH however, was 
found to cause isomerization of the conju
gated fatty ac ids, so ex treme care is re
quired when this reagent is used for fatty 
acid analys is. 

001 .34.03-Sofimin!i Point of Rosin and 
Rosin Derivati\'es h\' the Automatic Mertler 
Apparatus- ?. Za~islak, Chairman , re
ported on the results of the experimental 
work carried out since the last meeting to 
establish which heating rate on the Mettler 
apparatus would g ive the same softenin g 
po int as the manual Ring and Ball Method 
(E 28). The desired heating rate appeared to 
be between 1.4 and 1.6°C/min. However, it 
was decided that the bal l used in these trials, 
i.e., the standard ball used in the Ring & 
Ball detennination, was sli ghtly too large 
for the cup used in the Mettler equipment 
and so the results obtained were suspecl. 

It was agreed that W. Trainor would 
identify a source of stainless stee l balls of 
the correct size and a round-robin will be 
carried out using three materials of differ
ing softening points at heating rates of 1.4, 
1.5, and 1.6°C/min. P. Zaw islak will ask 
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Mettler to supply " loaner" instruments to 
laboratories that wish to partic ipate in the 
round-robin but do not have the Mettler cup 
and ball apparatus. 

D0/.34.04----/odine Value Using So/rents 
other than Carhon Tetrachloride-]. Bow
ers, Chairman, reported that a ll experimen
tal work to-date indicated that iso-octane 
appeared to be a promising replacement for 
carbon tetrachloride in the determination of 
iodine value by Wijs solution and that a 
round-robin should be carried out e ither 
alone or jointly with DOI.32 Drying Oils. 

J . Russell , reported that DOI.32, the sub
commiuee currently having responsibility 
for iodine value determination (standard D 
1959), was essentially an inac tive subcom
mittee and the changes of a joint round
robin were not good. It was agreed that 
DO 1.34 wou ld offer to take over responsi
bility forD 1959 from DOI.32. If that ap
proach is not successful. DOI.34 will pre
pare its own standard and carry out a round
robin on the new method. Interested parties 
would be invited to participate in this round
robin. 

D 465-Acid Numher-W. Trainor, 
Chairman, reported on the final results of 
the round-robin held on tall-oil fatty ac ids, 
rosin , and distilled tall o il. It was agreed by 
the subcommittee that the results obtained 
in the round-robin reflected the precision to 
be expected from this standard method and 
that a research report should be prepared. 
Further. a prec ision statement should be writ
ten for inclusion in the standard method and 
the method submitted for appropriate bal
loting. 

D 464-Sapnnification Numher- S . 
Whitfield. Chairman. reported on the final 
results of the round-robin on tall -oil fatty 
acids. rosin. and d istilled tall oil. The preci
sion obtai ned with this complicated method 
was di sappointing. especially the reproduc
ibili ty between laboratories. It was suggested 
by R. Humphrey that the precision could be 
improved if a small amount of water is 
present during the final titration. Conse
quentl y. it was agreed that another round
robin, this time with the added water. be run 
on tall -oil fatty ac id. The results of this 
round-robin will be discussed at the next 
subcommittee meeting. 

D /065-Unsaponifiah/e Matter-]. 
Bowers , Chairman, reported on the final 
results of the round-robin analysis carried 
out on tall-oil fatty acid, rosin, and distilled 
tall oil. He concluded that the repeatabi lity 
within a laboratory was at the expected level, 
but the reproducibility between laboratories 
was poor. Apparently, there are enough op
portunities for individual variations in tech
nique in thi s rather complex method that 
laboratory to laboratory d iffe rences are in
evi table. It was agreed by the subcommittee 
that this method does not have the prec ision 
required for selting product specifications. 
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It was also agreed that J. Bowers wou ld 
prepare a research report and also a preci
sion statement for inclusion in the standard 
method. 

D 1240--Rosin Acid Content and D 
1585. F artv Acid Content-W. Mark, Chair
man. was unable to attend, and in his ab
sence J. Bowers reported on the results of 
the round-robins carried out on these two 
inter-related methods. Round-robins to mea
sure ros in acid content had been run on tall
oil fatty acids. distilled ta ll oil, and rosin 
and in every case the repeatability within a 
laboratory had the precision expected. With 
tall -o il fatty acid and distilled tall oil. the 
reproducibility of the rosin, acid determina
tion was also satisfac10ry. However. with 
rosin, the reproducibility of the rosin acid 
content was poor. It would appear that the 
method, as written, permitted too many 
variations and this affected the precision of 
the results. Similar conclusions were reached 
with the fatty acid content determination as 
this method is essent ially a mathematical 
calcu lation based on D 1240. "Rosin Acid 
Content' ' and D 1065, "U nsaponifiable Mat
ter." It was agreed that these findings needed 
further di scuss ion before a research report 
could be written. Specifically. some of the 
options ex isting in the current method need 
to be eliminated. 

E 2/i-Ring and Ball Softening Point-
P. Zawis lak. Chaim1an. reported that the 
experimental resu lts obtained comparing the 
automated Herzog Ring and Ball method to 
the manual Ring and Ball method showed 
that the resultant soft ening point was al
ways higher with the Herzog method. It was 
agreed that if the automated method was to 
be included in standard E 28 , then some 
changes would be required in the exist ing 
equipment. It was agreed that the German 
manufacturer be contacted and informed of 
ou r findings. Herzog wou ld be invited to 
participate in future round-robins and amend 
his equipment so that the results were the 
same as those found with the manual method. 
Another area of discuss ion on this standard 
was the use of an alternative heat ing me
dium especially for high-melting resins. Cur
rently , the recommended heating med ium is 
g lycerol, but at high temperatures it darkens 
and decomposes. It was agreed that inter
ested members of the committee would ex
plore the use of Dow Corning 200, a sili 
cone based fluid. and report back to the 
commiltee at the next meeting. 

D0 / .34-J. Russell, reported that nine 
of the subcommittee's standard methods will 
be on the March 1993 society ballot. As
suming no negative votes, thi s wi ll mean 
that all 22 of the subcommittee standards 
are now up-to-date. It was also agreed that 
DO 1.34 would not meet in Philadelphia in 
June, but hold task group meetings in Sa
vannah, GA, in May and Atlanta, GA. in the 
fall. 

SUBCOMMITTEE D01.35 
SOL VENTS, PLASTICIZERS 

AND 
CHEMICAL INTERMEDIATES 

R.G. Montemayor, Chairman 

D0/ .35.10--Hrdrocarhon So/rents and 
Ketones-S. A. Yuhas and R.L. Hinrichs. 
Co-Chairmen. A new method. D XXXX. 
" Boiling Paint Distribution of Hydrocarbon 
Solvents by GC," has passed the D- 1 ballot 
and is now ready for society ba llot. 

D0235, "Spec ification for Mineral Spir
its." is bei ng revised to expand the table of 
types of mineral spirits to inc lude I 0 types. 
This standard drew a negative from J. 
Lebeau. He requested that the minimum flash 
point of Type II Mineral Spirits (high flash 
point) be raised from 140°F to 142°F in 
view of the forth coming DOT rec lassifica
tion of"flammable liquids" to include those 
having flash points up to and including 
141 °F. In conjunction with thi s, the sugges
tion was made to raise the 50% di stillation 
temperature from 385°F to 390°F max. The 
negative was ruled persuasive . J. Lebeau 
also cast a negative on the basis of the odor 
requiremen t in the spec ificat ion and re
quested that it be de leted on the grounds 
that it might pose a health hazard to the 
person performing the test. After much dis
cussion. Mr. Lebeau withdrew his negati ve 
if the odor specifica tion was footnoted as 
fo llows: 

"Optional: Test for odor only when agreed 
as necessary by supplier and customer." 

The changes will be made and D 0235 
wi ll be reba lloted at DO I .35. There was con
siderable discussion on the potential health 
hazard associated with performing the odor 
test by D 1296 which is part of many ASTM 
solvent specifications. Many solvent sup
pliers are de le ting the odor test requirements 
from their sales specs. DOI.22 on Hea lth 
and Safety wi ll be consulted for advice. 

A round-robin for a capillary GC method 
to be added to D 3257, "Aromatics in Min
eral Spirits by GC." has been initiated and 
being coord inated by S. Kail. Five samples 
and potentially six participating labora to
ries have been identified. 

D0/ .35.20---Reactire Monnmer.I'-J.E. 
Fruge, Chairman. There were a number of 
negatives received at the D-1 ballot for sev
eral standards under the responsibility of 
this task group relating to the bias statement 
on the standards. P. Guevin cast negatives 
say ing that the bias statement on a number 
of standards did not confirm to the August 
1992 Form and Style Handhnok. E. Gutman 
(ASTM Staff) and P. Guevin were present 
during the discussion on the bias statement. 
Initial ly, E. G utman agreed that the advice 
g iven to DO 1.35 by ASTM staff several 
years ago was correct, i.e., that a simple bias 
statement such as ''Bias has not been deter-
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mined for this method," would be adequate, 
as long as the subcommittee considered and 
addressed the matter. However, in the new 
Blue Book revision, further explanation and 
action will be necessary as standards come 
up again for reapproval. P. Guevin with
drew his negatives contingent on DO 1.35 
doing something to provide more definitive 
bias statement in the future. 

D 3362, "Purity of Acrylate Esters by 
GC," received a negative from R.P. Doshi. 
Mr. Doshi wanted a capillary column to 
replace the packed column required by the 
standard. The negative was found to be 
nonpersuasive since changing to capillary 
column will be a different method than the 
existing method (9-0-0). The proposed new 
procedure was forwarded to DO 1.35.60 
(Method Development Task Group) for con
sideration. 

DOI.35.30---Chemica/ lntermediates
J. Morrison, Chairman. A number of stan
dards under the responsibility of this task 
group did not make it into the recent D-1 
ballot. They will be balloted in the March 
1993 D-1 ballot. 

A GC method for the determination of 
"Acetone in Diacetone" is being reviewed 
for evaluation. 

D01.35.40-P/asticizers and Ester Sol
vents-J.E. Lawniczak, Chairman. Anum
ber of negatives were received on the with
drawal of standards relating to tricresyl phos
phate (TCP) and methyl amyl acetate 
(MAA). T-he Department of Defence have 
the TCP Standards as part of their specs and 
S. Yuhas pointed out current producers and 
suppliers of TCP and MAA. These nega
tives were found to be persuasive. The stan
dards were withdrawn from D-1 ballot and 
will be reballoted for reapproval. In the 
meantime, the Department of Defence will 
find out if it will still have TCP as one of 
their requirements, and the producers and 
suppliers of TCP will be contacted by the 
chairman of the task group as to their re
quirement of keeping the standards on TCP 
current. 

001.35.50---Coordination-L. Forrest, 
Chairman. A number of standards from D-
2, D-16, and E-15 were discussed. Among 
these is the round-robin to detennine im
proved precision on D 86 using a wider 
neck flask and a thermometer centering de
vice. There is also a round-robin being 
planned by D-2 on the effect of viscosity of 
liquids on the flash points when determined 
by D-93, Procedure A or Procedure B. This 
round-robin activity was relayed to 
DOI.22.01. A request was made to indicate 
any interest of participation by organiza
tions which are D-1 members to R.G. 
Montemayor. S. Yuhas and R. Hinrichs re
ported that they noticed errors in the meth
ods calculation in D 1555. "Calculation of 
Volume and Weight of Industrial Aromatic 
Hydrocarbons." These have been commu-
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nicated to ASTM headquarters for referral 
to the appropriate subcommittee. 

001.35.60--Method Development-T. 
Nemchock, Chairman. R.G. Montemayor 
presided during the meeting due to the ab
sence of the chainnan. There are three new 
methods under development by the task 
group: I ) Acetone in Diacetone Alcohol; 2) 
Capillary GC Method for Acrylate Esters; 
and 3) Capillary GC Method for Total Aro
matics in Mineral Spirits. 

SUBCOMMITTEE D01.36 
CELLULOSE AND 

CELLULOSE DERIVATIVES 

G.Y. Moore, Ill, Chairman 

DOI.36-After five years as chai rman 
of this committee, D. Martin resigned, but 
will continue to be a member of the com
mittee. G. Moore is now Chairman, and J. 
de Wit is Secretary. 

Two methods were submitted for main 
comminee ballot and received no negatives, 
"New Standard Test Method for 
Hydroxypropylcellulose," and D I343, 
"Standard Test Method for Viscosity of Cel
lulose Derivatives by the Ball Drop Method." 
D 4085 , "Standard Test Method for Metals 
in Cellulose by Atomic Absorption Spec
trophotometry,·· was updated with keywords 
only. and received one negative concerning 
the complexity of the precision statement. 
The negative was found persuasive. G. 
Moore will edit the precision statement to 
conform with the standard format , and will 
place the information in the current state
ment in a footnote. The method will be 
resubmitted for concurrent DO 1.361 ballot. 

In new business, G. Shore, of Chemical 
Coatings Inc., IRPM, a visitor at this meet
ing, has indicated interest in becoming a 
member. He also indicated a need for ASTM 
methods for high-solids and water-based 
coatings. 

001.36 will continue recruitment efforts. 
A publicity request form has been obtained 
from D-1 to publicize the work this small 
but active committee is doing. 

SUBCOMMITTEE D01.37 
INK VEHICLES 

A.N. Scarlatti, Chairman 

001 .37.01-Resin Solutions-J.T. 
Daust, Chairman, reported that the proposed 
method for "The Preparation of Resin Solu
tions Using a Stirrer Hot Plate," received 
two negative votes in D-1 ballot. The method 
will be revised and resubmitted to DOI.37 
ballot. Another proposed method for 'The 
Preparation of Resin Solutions Using a War-

ing Blender," will be edited and discussed 
at the June meeting. A. Scarlatti will write 
proposed test methods for "The Preparation 
of Resin Solutions Using a Hot Air Gun," 
and "The Preparation of Resin Solutions 
Using a Hot Oil Bath," for review at the 
June 1993 meeting. 

D0/.37.03~e/ahility of Resin Solu
tions-AN. Scarlatti, Chairman, reported 
that the proposed practice D 5165, "The 
Laboratory Preparation of Gelled Vehicles 
Using a Resin Kettle ," has passed D- 1 bal
lot and will be submitted for society ballot 
this spring. H. Brooks will provide a pro
posed method for "The Evaluation of Gelled 
Vehicles," for DOI.37 in June. J. Daust and 
H. Brooks will review European data and 
methods for evaluating vehicle rheology us
ing oscillatory cone and phase rheometers. 

001.37.04-Standard Ink Oii-J. T. 
Daust, Chairman, reported that attempts to 
fonnulate a standard ink oil from chemi
cally pure components, to be used for resin 
Q.C., has been unsuccessful. Before the end 
of February 1993, both Pennzoil (Magie) 
and Exxon have agreed to submit proposals 
for offering a quantity of aliphatic oil in the 
boiling range of 465-530°F, which will be 
held for distribution as the standard oil for 
resin Q.C. The quantity of oil, the storage 
conditions, method of marketing, and pro
visions to replace the standard with like oil 
when the initial inventory is depleted will 
be outlined. The task group is looking for 
representation from vegetable oil suppliers 
so that efforts can be made to provide stan
dards for common vegetable oils (i.e., lin
seed, soybean). 

001.37.05---Quality Control of Ink 
Oils-J.B. Sardisco, Chairman, reported on 
the results of the round-robin on the pro
posed method for "The Quality Control of 
Ink Oils." The ballot of this method re
ceived three negatives. The method will be 
rev ised so that users can easily distinguish 
between hydrotreated and non-hydrotreated 
oils. The method will also state that by us
ing this method and viscosity, various grades 
of oils can be distinguished. The method 
will be reballoted after revision and approval 
by DOI.37.05. 

001.37.06-Pigment Dispersihility of 
Paste Ink Vehicles-M.E. Fuchs, Chairman, 
reported that use of the Hoover Muller in 
reverse for analyzing pigment dispersibility 
was found ineffective. A literature search 
will be conducted to find methods that might 
be used to measure the pigment dispersion 
characteristics of vehicles. DOI.37 .06 will 
also investigate a quick mill method for 
vehicle and presscake dispersion. 

DOI.37.07-Resin!Solvent Compatihil
ity-D.P. Frisch, Chairman, accepted the 
chairmanship of DOJ.37.07 after the resig
nation ofT. Sayer. A.N. Scarlatti will write 
a proposed method for "Determining the 
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Compatibility of Resin in a Given Ink Sol
vent by Precipitation Temperature" and dis
tribute for DO 1.37.07 rev iew before the June 
1993 meeting. 

D0 / .37.08-New Memhership- D.P. 
Frisch , Chairman, reported that three D-1 
members, H. Brooks, A. Mercado, and G. 
Wouch have reque sted membe rship in 
D01. 37. For business reasons, J.H . Thomas 
and T.J. Sayers have resigned from DOI.37 . 
DOI. 37 is planning a membership dri ve to 
recruit new members. Anyone associated 
with printing ink vehicle formulation , manu
facture, or use is welcome to join . 

DOl .37-lnk Vehic/es- A.N. Scarlatti , 
Chairman, accepted the chairmanship of 
DOI.37 after the resignation of J. Thomas. 
Aside from the development of new ink 
vehicle test methods, a primary agenda item 
for DOI .37 will be to increase membership 
with industry specialists. A.N. Scarlatti has 
asked current DO 1.37 members to assist in 
recruiting additional members for acti ve 
ASTM participation. 

DIVISION 40 
PAINT PRODUCTS 
APPLIED ON SITE 

SUBCOMMITTEE 001.42 
ARCHITECTURAL FINISHES 

L. Schaeffer, Chairman 

D0/ .42.03-Porosity of Paint Films-
C. Tatman, Chairman, rev iewed the task 
group objec ti ve, which is to develop a quan
titative method for measuring the porosity 
of a paint film of any color or brightness 
level. (Present method D 3258 works only 
with light colors.) Data obtained thus far 
indicates that round-robin activity should 
be limited to tes ting latex paints formulated 
above the CPYC, using low viscosity min
eral oil as the saturant. Based on these deci
sions and on group disc ussion, a new round
robin will be conducted by five cooperators 
using three latex paints formulated above 
the CPYC. Ti02 and extender variations 
will be used to produce test paints with 
different levels of porosity. The use of a 
lluorescent dye retention technique will first 
be investigated, as possible alternative to 
the weighing of absorbed mineral oil. This 
technique was not tried previously and war
rants consideration before the task group 
proceeds to the new round-robin . 

D0/ .42.04- Wet Adhesion of Latex 
Paints-C.W. Vanderslice, Chairman, was 
unable 10 attend and the meeting was chaired 
by A.J . Desmarais. The original tes t method 
was discussed, which employs as its test 
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surface, an air-dried gloss alkyd enamel ap
plied on wood panels. A strip of cheese 
cloth is embedded in the wet tes t paint ap
plication . and after drying and subsequent 
soaking, the cheesecloth is pulled off with 
weights to determine the force required to 
peel the tes t paint from the alkyd enamel 
substrate. Thi s method is now considered 
by the group as too tedious, and it is not 
known to be widely used. A new and sim
pler method was proposed involving the use 
of a scrub test machine, with the alkyd 
enamel applied on a plastic pane l instead of 
wood, and the test film scored prior to scrub
bing. Data was presented showing this tes t 
to give essentially the same adhesion differ
entiation as measured with the cheesecloth 
technique. Several suggestions for furth er 
improvement of the new method were di s
cussed. Polyester panels were suggested to 
provide a more definiti ve test substrate, in 
view of the variability of alkyd enamel film s 
due to aging and formulation. The chemical 
similarity of polyesters and alkyds was 
pointed out. Another suggestion was to score 
the film in the form of a grid pattern. instead 
of just parallel lines. Scrub media type and 
soak time were also considered to be critical 
parameters. Samples of polyester panels will 
be obtained, and these will be evaluated in 
addition to the other suggested variables 
prior to the June meeting. 

D0/ .42.09-Color Deve lopment in 
Tinted Paints- L. Schaeffer, Chairman Pro
Tem, reported that the proposed test method, 
"Color Development in Tinted Latex Paints," 
had passed soc iety ballot and would be pub
lished in the 1993 ASTM Book of Standards 
as D 5326. Technical comments from H. 
Ashton and D. Rich that had not been prev i
ously addressed were di sc ussed brielly. 
These are 10 be addressed in a rev ision of D 
5326 that will be submitted to concurrent 
ballot during 1993. The next step for this 
task group is to develop specific methods 
for evaluating (I ) colorant dispersability in 
tint bases, and (2) tint base recepti vity for 
colorants. Although the basic experimental 
procedure, namely the tes t method of D 
5326, is the same for both objecti ves, it was 
tentatively agreed that the two need 10 be 
studied separately so as to avoid the need 
for excessively large round-robin testing pro
grams. 

D0 / .42.20-Water Repelle ncy of 
Wood- Y . Scarborough, Chairman, reported 
that the D- 1 ballot of the proposed test 
method received two negatives and several 
editorial comments. One negative questioned 
how the wood was positioned during im
mersion, and in response the word "full y" 
was inserted in the appropriate location. This 
negative was withdrawn. The second nega
tive was also withdrawn after an explana
tion was given as to the location of all refer
enced documents in the method. The method 
will next move to society ballot. 

D0 /.42 .21-Project Planning-S . 
LeSota, Chairman, led the discussion on 
possible new ASTM test methods for archi
tectural fini shes, to be worked on by DO 1.42. 
A. Lethers suggested that a new task group 
be formed to evaluate and measure exterior 
stain properties, such as appearance, mode 
of deterioration , lap sheen uniformity, grain 
raising, and UV penetration. It was accord
ingly agreed to form Task Group DOI.42.29, 
Guides and Tests for Exterior Stains. with 
A. Leathers as Chairman. Anyone else per
ceiving an unmet need for an ASTM stan
dard test method re lative to architectural 
finishes, should contact the task group or 
subcommittee chairman. 

D0/ .42 .22---<Juide fo r Testing Architec· 
rural Coatings-H. Ashton, Chairman , re
ported that the Guide to Testing Waterborne 
Architectural Coatings which was on D-1 
ballot last spring and di scussed at the June 
meeting, had subsequently passed society 
ballot as ASTM D 5324. His rev iew of the 
limited staff revision and the printer 's proof 
copy had eliminated several errors, so that 
the document in the /993 ASTM Book of 
Standards should be in very good shape. In 
addition, the chairman had written to two 
voters explaining the dispositi on of their 
comments. It was agreed that the four stan
dards covered by D 5324 would be balloted 
for withdrawal in due course. However, since 
two of them have just been rev ised and 
published in the / 992 ASTM Book of Stan
dards. it was further agreed to initially sub
mit only the nowdue guide, D 3358-88. 

The chairman next reported that edito
rial revisions had been submitted for the 
companion sol vent-borne guide D 5146-90, 
which therefore now becomes D 5146-90 
E I. As agreed at the last meeting, the four 
standards incorporated in D 5146 will also 
be balloted for withdrawal , and a DOI.42 
ball ot for th at purpose will go forward 
shortly. 

With regard to technical revisions to D 
5146 and D 5324 mentioned at the past two 
meetings, the chairman said he would work 
on these shortly. He noted that of the many 
good comments from B. Schiller, one of 
them related to D 3928, "Test for Unifor
mity of Gloss or Sheen," was not in the 
jurisdic tion of this task group and should be 
redirected to the subcommittee chairman. 

Finally, the results of the DOI.42 ballot 
on revising the related guide. D 3730-78 
(1988) "Testing of High-Performance Inte
rior Architectural Wall Coatings," was an
nounced as 18 affirmati ve, 18 abstaining, 
and 0 negative . Since no one present felt 
qualified to comment on the present max i
mum free dii socyanate content of 0.5%, the 
chairman said that if he could not obtain 
sufficient information on this subject in time 
to meet the D-1 ballot deadline, he would 
send forward only the three revisions that 
were needed to make D 3730 agree with D 
5146-93 and D 5324-93. 
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D0/.42.24-App/ication Properties of 
Paints-J. Price. Chairman. reported that 
there had been no comment from the task 
group or subcomminee on the data from the 
second round-robin attempting to measure 
lhe "naiUral spread ing rale" of pa inls. ICI 
high shear viscometer va lues of the test 
paints were reported by one cooperator. The 
chaimHm will evaluate hi s viscosity data for 
possible corre lalion wilh lhe round-rob in 
brushout results, and wi ll present an analy
sis at the next meet ing. Based on that analy
sis. a decis ion will be made as to the possi
bilily of develop ing a reproducible 1es1 
method for "natural spread ing rate:· 

D0/ .42.25~~cmh Resistance of Archi
tectural C(Jafings- D. Licata. C hainnan . 
discussed conc lusions reached at the last 
meeting. It had hccn agreed that su ffi cient 
data was ava ilable to warrant rewriting D 
2486 to inc lude the use of cal ibration panels 
for normalizing cyc les-to-fai lure va lues . An 
initial proposed rev ision for that purpose 
was passed around. Note was taken of the 
extremely wide cyc le-to-failure var iations 
between laborator ies in the most recent 
round-robin. This occurred despite the fact 
that all of the cooperating laboratories used 
basically I he same lype of scrub lcsler. Pos
sible variables that might have caused these 
large differences were considered. with the 
harshness of the scrub brush being particu
larl y suspect. The chairman proposed lhal 
each cooperating laboratory should adjust 
its scrub test machine to a standardi zed level 
of abrasiveness as a regular part of the test 
procedure. After much discussion. it was 
agreed that an additiona l round- robin should 
be conducted which would include that fea
ture. In this new series of tes ts. applicator. 
brush 1ype. brush ho lder weight. brush pre
conditioning. and scrub medium will al l be 
care full y controlled. with the objective of 
obtaining reasonably simi lar scrub cyc le 
va lues among the cooperators. The scrub
bing machines themselves. as we ll as opera
tor techn ique. would of course remain as 
variables. Eleven members have volunteered 
for th is round-robin. Results will be dis
cussed at the June meeting. 

D0/.42.26---Burnish Rcsistann'- W. 
Vanderslice. Chairman. was unable to at
tend and the meeting was chaired by A.J. 
Desmarais. He reviewed the proposed test 
method and presented new data show ing 
diffe rences in both dry and wet burnish re 
sistance with an interior eggshe ll inter ior 
flat. an exterior low gloss house paint. and a 
llal wall pa int. Dry burnishing gave a grealer 
increase in R5 ° gloss than wet burnishing in 
al l three cases. The quest ion of the opt imum 
number of rubbing cycles for th is test was 
discussed. and 1he group decided on 5. 25. 
and 200 cyc les for lhe ir nexl round-robin 
The usc of a moleskin c loth was suggested 
as a substi tute for cheesec loth to possibly 
make the procedure more reproducib le. 
Since the perceived degree of gloss change 
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d id not necessarily agree with the instru
menta l g loss measurements. the possible usc 
of visual gloss standards was a lso discussed; 
bu1 for I he nexl round-robin. il was decided 
to continue using the 85° gloss change as 
the criterion of burnishing. 

D0/.42.2X---Coating Remm·ers-V. 
Scarborough. Chairman. d isc ussed the first 
drafl of a proposed mel hod for lesling coal
ing removers. The draft method details the 
preparation of wood and metal panels. with 
subsequent application of several layers of 
a test coating. The coating remover is ap
plied. a llowed 10 work for a period of lime. 
and then taken o tT. The effic iency of coat
ing remova l is then scored on a scale of 0-
10. and damage to the under ly ing substrate 
is also noted. It was suggested that masonry 
should a lso be included as a substrate. and 
that the app lication of the coating remover 
should a llow for a va riely of 1echniques . 
These comments wi ll be incorporated into a 
second draft. A round-robin will be initiated 
with at least three cooperators and the re
sults will be reported at the next meeting. 

DIJ/.42- Two new me1hods passed D-1 
ballol: D 5324. ··Guide 10 Tesling 
Walerbome ArchileciUral Coa1ings." and D 
)326. ··Tesl Mel hod for Color Development 
in Tinted Latex Paints ... Reapproval was 
gai ned on D 3258-90. ··Tesl Me1hod for 
Porosity of Paint Fi lms ... and revisions were 
approved on D 4213-92. ··w e i Abrasion Re
sis tance of Interior Paints ... and D 4828-92. 
·Tesl Melhod for Praclica l Washabilily." 
The proposed new 'Tesl Melhod for Evalu
ating C lem· Water Repe llents on Wood" re
ce ived two negati ves. on a D- 1 ballot and 
both were resolved. It wi ll proceed to soci
ety ballot. The DOI.42 ballol on lhc rev ision 
of D 3730-78 ( 1988). ··Guide for Tesling 
Hi gh-Performance Interior Architectural 
Wall Coatings,'' passed with no negat ives. 
A motion was made and passed unanimously 
10 ballol lhe individual 1es1 gu ides D 2931. 
D 3 129. D 3358. and D 4540 for wilhdrawa l 
in favor of the new combined guideD 5324 
for walerborne comi ngs. D 3358 will be 
ba lloled firsl and lhe olhers subsequenlly. 
as recommended by D01.42.22. A new 1ask 
group. DO 1.42.29. ··Guides for TeSIS for Ex
ter ior Sta in s." was formed and will be 
chaired by new member A. Leathers. Any
one interested in participating is inv ited to 
contact the chairman. New member A. 
Leman has agreed to take over the chair
manship of Task Group DO 1.42.05. ··Adhe
sion of Cha lky Surfaces:· w i1h 1he coopera
tion of previous chairman B. Sch iller. 

SUBCOMMITTEE 001.45 
MARINE COATINGS 

R.P. Gangi, Chairman 

D0/.45.08--Antifotdam Release Rmcs
C.B. Bieter, Chaim1an. Interest has been 

expressed in expanding lhe scope of lhe 
organotin test protocol to include c uprous 
oxide. New marine antifoulants can be added 
fo llowing review and approval of 1he ana
lytica l methods by the committee. 

D0/.45.11-Marine Coatings: Partiallr 
lmmersNI-C. Perez. C hainnan. A draft of 
I he ··s1andard Praclice forTesl ing Biofou ling 
Resistance of Marine Coatings Partia lly Im 
mersed." was presented to the committee 
for review. Following the commi ttee d is
cussion. previously registered negative votes 
were withdrawn. A motion was passed to 
have lhe me1hod. as des igned by C. Perez 
and amended at the committee meet ing. sub
mitted for joint comm ittee and subcommit 
lce ballot. 

D0/.45 .12- /ntermittent Antifiwling 
lmmersion- K. Nichol s. Chairman. K. 
Nicho ls was appoinled chairman of 
DO I .45 .1 2 rep lac ing R. Gangi. A name 
change was recommended and accepted for 
this task group to better describe the objec
tive. The new name is "Standard Pract ice 
for Testing Ant ifouling Coati ngs in Cyclic 
(A ir/Waler) Exposure." No progress was 
made on a draft of the procedure. It was 
agreed that the bio and physical evaluations 
proposed in task groups I I and 13 wou ld be 
em ployed in rat ing the antifouling coat ings 
in this method. in addition to the met hods 
for submerged and water line exposures. 

D0/.45.13-Bh~(ou/ing f~{Trl'afed Sur
faces-C. Perez. Chairman. J. Hinkle pre
senled a drafl of lhe ··s1andard Mel hod for 
Rating Biofou li ng of Marine Coatings." 
wh ich will be reviewed by lhis 1ask group. 
II was agreed lhal lhe melhod shou ld a lso 
inc lude the raling of physica l propenics 
which can impact on the biofouling ratings. 
A previous decision to separate these sub
jects was reversed. C. Perez wi ll continue as 
C hairn1an of lhe 1ask group and will be 
assisled by J. Hink le. G.W. Swain, and K. 
Nichols. 

DIJ/.45- A new lask group, DOI.45. 14 . 
has been eslablished lo sludy s1andard melh
ods of measuring barnacle adhes ion. A need 
has been identified for assessing the fouling 
resistance of a new generation of coatings 
which funct ion by offering a poor surface 
for fouling attachment. G. Swain has been 
appointed Chainnan of the group. 

SUBCOMMITTEE 001.46 
INDUSTRIAL PROTECTIVE 

COATINGS 

G.W. Gardner, Chairman 

D0/.46.02- Swfaa Preparatirm- K.A. 
Trimber. Cha irman. reponed lhal he voled 
nega1ive on 1he Augusl soc ie1y ballol for D 
44 17. ··s1andard Tesl Melhods for Fie ld 
Measuremenl of Surface Profi le of Blasi 
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Cleaned Steel." to prevent publication of 
the technical e rrors d iscussed at our June 
1992 meeting. D 44 17 was w ithdrawn from 
ba llot to correct these errors. Mr. Trimber 
corrected these technical errors in the preci
sion statements and D 44 17 was sent out on 
the concurrent DO 1.46/D- 1 fall ballot. Two 
affi nnat ive comments and no negati ves were 
rece ived on this ba llot. Mr. Ashton 's affir
mati ve comment regarding using Dixon' s 
test for di scarding outliers to give improved 
prec ision and correlation was considered 
va lid as long as the Dixon lest is used for a ll 
test methods in th is standard . However. all 
agreed that the present prec ision tests were 
techn ical ly correct and we shou ld proceed 
with a soc iety ballot. Further. a ll agreed to 
begin working immediately to incorporate 
Di xon ·s test in the nex t rev ision of 0 4417. 
Mr. Ashton's second comment regarding 
de le ting the word '·qua li tat ive" in 8. 1.1 wil l 
be incorporated in the soc iety ballot as an 
editorial change since the word ··qualita
ti ve" had been removed from 8.2 .1, 8.3 . 1. 
and 8.4. 1 in the prev iou s D- 1 bal lot. 

The affirmativ e comment from Mr. 
Se ll ars regarding another suitable compara
tor and gage to be added to Notes 3 and 5 
was accepted and wi ll be incorporated in 
the next rev ision of D 44 17. In addit ion. the 
Precision Section shou ld be modified in the 
nex t rev ision of D 441 7 to inc lude informa
tion on the type of equipment used to gener
ate the prec ision infonnat ion. 

D 2092 . "Standard Practice for Prepara
tion o f Zinc-Coated (Ga lvanized ) Stee l Su r
faces for Painting:· is due for reapproval. 
Thi s standard is significantly ou t-of-date 
when compared with current prac ti ces. 
DO 1.46 does not have the expe rti se to ad
dress many of the treatments and . speci fi 
call y. those treatments used on zinc-coated 
(galvani zed) stee l sheets and co ils. 

K.A. Trimber and G.W. Gardner will 
approach N. Emil y to see if he knows of 
someone who has the expenise to rev iew 
and rev ise D 2092 with a change in scope 10 

limit D 2092 10 zinc-coaled (galvani zed) 
steel sheets and coils. Thi s wi ll most likely 
require a change in res ponsibil ity from 
DOI.46 to another subcomminee. DOI.46 
then will concentrate on a new standard 
practice having a scope limited to zinc
coated (ga lvani zed ) structu ral type steel. 

DIJ/.46.03-Repailllillg-G .W. Gard
ner. Chainnan. reported tha t D 4752 , "Stan
dard Test Method for Measuring MEK Re
s istance of Ethy l S ilicate (Inorganic) Zi nc
Rich Primers by So lvent Rub ... received two 
negati ves on the D- 1 ballot. K. Oschwald' s 
negati ve stated a need to have a stronger 
safe ty statement o n methyl ethy l ketone. 
DO 1.46.03 found Mr. Oschwald persuasive 
and agreed 10 change D 4 752 to have the 
same type of safe ty statements as the new 
proposed "Standard Prac tice for Assessing 
the Solvent Resistance of Organic Coatings 
Using Solvent Rubs. " D 4752 was wi th-
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drawn from ba ll ot 10 incorporate these 
changes. 

W . Galton's negati ve pointed not the 
need for precision statements to validate 
thi s practice. DO I .46.03 agreed that thi s is 
impo rtant and that it will be done. However. 
DOI.46 .03 unanimously agreed that we 
sho uld proceed wi th rev ising thi s practice. 

The new "Standard Practice for Assess
ing the Solvent Resistance of Organic Coat
ings Using Solvent Rubs" was on the D- 1 
ballot and received no negati ves. Three af
firmative with commen ts persuad ed 
DO 1.46.03 10 make editorial changes to the 
pract ice before it goes to soc iety ba llot. 

D 1014. "Standard Test Method for Con
ducting Exterior Exposure Tests of Paints 
on Steel.'' is due for reapproval. After con
siderable discussion. DO 1.46.03 agreed that 
the scope of this method was outside DO 1.46 
respons ibi lities. DOI .27 on Acce lera ted 
Tests wi ll be comacted to dete rmine if they 
arc willing to take over this method. 

/J IJ/.46.04- Pu/1-0ff Adhcsion- M.E. 
Mc Kn ight , Chairman, reported that D 4541 . 
"S tandard Test Method for Pull-Off Strength 
o f Coati ngs Us in g Portab le Adhes ion 
Testers." passed the DO 1.46/D- 1 ball ot with 
zero negat ives and fi ve affinnatives with 
comments. The Ketola affirmati ve comment 
propos ing an editorial rewrite of the Annex 
notes referenci ng equipment ava ilabili ty 
convinced DO 1.46.04 to make the suggested 
changes. 

The Clement affirmative comment sug
gesting editorial changes in the Scope 1.2 
Section was found nonpersausive. However, 
Mr. Clement 's comments on A2. 1.4, point
ing out tl1c need for editorial clarificati on in 
the manner in which the dev ice ranges are 
presented. was considered persuasive. M r. 
Ashton's comments on stre ss rate in Sec
ti on 5. 1.5 and 7.5 are persausive and will be 
added as Note I. 

T wo tech nical errors in Footnote 7. Mr. 
Ashton 's comment on add ing "X I 00" to 

convert to perce nt and C.J. Ray's comment 
on dividing by 2. wil l necess itate reballoting. 
Since thi s standard passed D-1 ballot wi th 
no negatives. it wi ll automat ically go to 
society bal lot. M.E. McKn ight w ill vo te 
negati ve on the soc iety ballot in order to 
prevent publicat ion. To proceed with thi s 
standard . M s. McKnight wil l correct these 
technica l errors and submit the revised stan
dard to D- 1 ballot. 

Additional comments from Mr. Ashton 
on Bias and Table I will also be incorpo
rated in the spring ballot. as well as P. 
Guevin's comments on correction to Lord 
Corporal ion· s address. 

/J0/ .46.07-Inspecrion-G.W. Gardner 
reported that D 3276, "Standard Guide for 
Painting Inspectors (Metal Substrates):· re
ceived two negatives (W.S. Z imml and H.R. 
Stoner) in the D- 1 ballot. H.R. Stoner's nega
tive stating the need to reword the second 
sentence in 5.4.4.4 to clarify the relat ion-

ship to o rganotin and ant ifou lant was per
suasi ve. M r. Stoner's recommendation to 
add to 6 .2.6 .1 the requ irement 10 wipe dry 
around detected holidays to e liminate tele
graphing was also persuasive. 

Also. H.R. Stoner po inted out the incor
rect metric in9.5 . After find ing Mr. Stoner's 
negati ve persuas ive. DO 1.46.07 agreed to 
remove this guide from bal lot. W.S . Zimmt' s 
negative had several part s. all of wh ich were 
considered persuasive, except for the add i
tion of the words ''and commercial" to the 
sentence: "This guide is intended as a refer
ence for those concerned with inspect ion of 
industrial ·and commercial' coating work." 
DO 1.46.07 fe lt that the addition of commer
cial coating work is outside the scope of this 
document. a lthough DO 1.46.07 agrees that 
thi s guide could be used for some commer
cia l work. T he other e leven parts of W.S. 
Zimmt' s negative wi ll be incorporated into 
the next rev ision of thi s guide. 

Comments from affinnative voters. D.S. 
Heinrich. F.M. Winke lman. and I. C. Se llars 
will also be added to the next rev ision. 

Draft #4 of the "S tandard Guide for 
Painting Inspectors (Concrete and M asonry 
Substrates)." was sent o ut to DOI .46 for 
rev iew on January I . 1993. Comments will 
be incorporated into a draft to be sent out 
for spring DO 1.46 ballot. 

/J0 /.46. 1 2~'iampling-K. A. Trim ber. 
Chairman. reported that Drafl #2 of the new 
"S tandard Practice for Fie ld Sampling of 
Coat ing Films for Analys is o f Heavy Met
als." was sent out for DO 1.46 ba llot. One 
negati ve from J.C. Weaver and several af
firmative comments were rece ived. The 
Weaver negative pointed out the need for a 
cleaning method to remove soi l. dirt . and 
dust from the lOp surface of the samp ling 
area. DO 1.46.1 2 fou nd th is negative persua
sive and this standard will be withdrawn 
from ba llot 10 add a c leaning method to the 
Proced ure section. 

In addition. J.C. Weaver s second nega
ti ve comment concerni ng reporting the con
d ition of the substrate under the paint sample 
was also found persuasive. Condition of sub
strate wil l be added to the Report sec tion. 
An affirmati ve comment from B. 
Wittenbaum regarding expanding the scope 
to include substrates other than steel was 
found persuasi ve. In additi on, D 1400 w ill 
be added to the Referenced Documents li st 
as a method to measure by film thickness on 
nonferrous substrates. B. Witten baum 's sec
ond affirmati ve comment to broaden the 
scope to include sampling for purposes other 
th an heavy meta l analysis was found 
nonpcrsuasive. DO 1.46. 12 wants to limit the 
scope to heavy metal s at this time in order 
to prov ide a good standard practice in a 
time ly manner. We will consider broaden
ing the scope in the future once this stan· 
dard has passed soc ie ty ballot. 

An affirmati ve comment from J. Raska 
regardi ng use of heat to aid sample removal 
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was found persuasive. K.A. Trimber will 
add a heat statement to the Procedure sec
tion. The revised standard will be sent to 
concurrent DO 1.46/D-1 ballot. 

K.A. Trimber reported that no work had 
been done in DOI.46.12 on a standard prac
tice for sampling soil. However, ASTM 
E06.23 has a draft on "Standard on Soil 
Sampling." M.E. McKnight wi ll send a copy 
of this draft to K.A. Trimber so that DOI.46 
can be a liaison to E06.23 for this new 
standard. 

D0/.46--G .W. Gardner, Chairman, wel
comed two new members to the DO 1.46 
roster: R. Max , of Zarco Industries, Chi
cago, IL, and D. Schwab, of Garrett Auto
motive, in Torrance, CA. K.A . Trimber re
ported that DO 1.46.02 has been unsuccess
ful in its attempt to find a subcommittee that 
has the expertise to review D 2092. D 2092 
covers surface preparation of hot-dip and 
electrop lati ng galvanized surfaces. S. 
Boocock will initiate a revised draft of D 
2092 with a scope limited to surface prepa
ration of hot-dip galvanized surfaces since 
DOI.46 does not have the expertise to cover 
electroplating. 

DO 1.46 reviewed the standards under its 
jurisdiction and assigned stewards for each 
one. 

SUBCOMMITTEE D01.47 
MASONRY TREATMENTS 

F. Gale, Chairman 

D0/.47.01-Water Repellency of 
Treated Masonry-V. Scarborough, Chair
man, reviewed the recently conducted round
robin using 2-inch mortar cubes as the test 
substrate. Initial reproducibility was im
proved. The cooperators were polled to de
termine if the procedures were properly fol
lowed. 

Draft #3 of the "Proposed Test Method 
for the Determination of the Water Repel
lency of Treated Masonry ," was distributed 
and reviewed in pa'1 by the group. It was the 
decision of the task group to initiate a round
robin of the method using three materials. A 
more extensive data form will be used for 
reporting results and the test specimens wi ll 
be allowed to equilibrate for a longer period 
of time before beginning the test. V. 
Scarborough will report the results of the 
round-robin at the next meeting. 

DO 1.47.05-Water Vapor Transmission 
ofTreated Masonry Substrate s-LY. Mertz, 
Chairman, distributed Draft #3 of the pro
posed "Test Method for WaterVaporTrans
mission of Treated Masonry Substrates" and 
reviewed the results of a recent round-robin. 
Results indicate good correlation from lab 
to lab. 

It was the decision of the task group to 
initiate another round-robin with the method. 
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The coatings to be used will include a silox
ane. acrylic, and urethane to evaluate mate
rials having a range from low to high WVT. 
A two-minute drainage period after the 
coated bricks are removed from the water 
will be specified. L.V. Mertz will work with 
several task group members to prepare the 
document for balloting and will report the 
results of round-robin testing at the June 
meeting. 

DOl .47.06--Freeze!Thaw Resistance of 
Treated Masonry-L. Stark-Kalsey, Chair
man, distributed the results of the first round
robin conducted on the proposed "Test 
Method for the Evaluation of the Freeze/ 
Thaw Resistance of Treated Masonry." 

After a review and discussion of the 
data, it was the decision of the task group to 
initiate another round-robin. In this round
robin, the water will be changed and the 
water level measured weekly and metal con
tainers will be used for tes ting. L. Stark
Kalsey will incorporate suggested editorial 
and technical changes into the method and 
distribute the revised method and the results 
of the round-robin testing at the June meet
ing. 

DOl .47.10--Evaluation of Field Applied 
Treatments-E. McGettigan, Chairman, dis
tributed literature relating to current meth
ods used to determine the effectiveness of 
field-applied treatments. Results from the 
proposed method conducted by E. 
McGettigan included discussion on the size 
of the test specimens, length of the immer
sion period, surface condition of the sub
strate, and hydrostatic head of water used 
during the immersion period. 

E. McGettigan will work with the task 
group members in writing up the method 
and in setting up a round-robin of the method 
before the June meeting. 

DOI.47.1 I --Research and Planning-
F. Gale, Chairman, discussed comments re
ceived since the last meeting. A request was 
submitted to DOI.47 to establish a task group 
on textured coatings to develop a standard 
similar to TT-C-800. All interested parties 
should contact F. Gale. 

V. Scarborough has expressed an inter
est in setting up a task group on bond break
ers. Several task group members have agreed 
to assist her. A publicity release will be 
issued to find out how much interest there is 
in setting up this new task group. 

J. Kreiger circulated a draft of a pro
posed test method for the "Qualitative De
terminations of the Surface Beading Char
acteristics of Water-Repellent Treatments 
on Masonry Substrates." There was consid
erable interest and it was decided to create a 
new task group, D01.47.12, on water bead
ing. Task group members will also look at 
quantitative methods using contact angle 
measurements of water beading to be pre
sented at the June meeting. All interested 
parties should contact F. Gale. 

DOl .47-T. Sliva reported that the revi
sion of D 1734, "Practice for Preparing Mor
tar Panels for Testing Paint Finishes," had 
completed DOI.47 ballot without receiving 
any negatives. Several editorial comments 
were received and will be incorporated into 
the method and the item will be submitted 
to concurrent ballot. 

The group was also informed that D 
5095 , "Determination of the Nonvolati le 
Content of Silanes, Siloxanes and Silane/ 
Siloxane Blends Used in Masonry Water 
Repellent Treatments," has been accepted 
by the EPA as method to determine non
volatile content. The method will be incor
porated into D 3960. 

DIVISION 50 
PAINTS FOR FACTORY 

APPLICATION 

SUBCOMMITTEE D01.51 
POWDER COATINGS 

N.D. Emily, Chairman 

D0/.51.02--Hiding Power of Powder 
Coatings-M.P. Sharma, Chairman. Round
robin test results, from four collaborators, 
were returned. Three sets of data were re
viewed. One set was eliminated because the 
collaborator's spray-out developed craters. 
The standard deviation for weight determi
nations was consistently lower than for the 
"caliper" film thickness determination. This 
proposed method would utilize metal Leneta 
black and white contrasting substrates. There 
is still concern with the film uniform ity of 
the test samples. 

D0/.5 I .03--Spray Characteristics of 
Powder--C. Merritt, Chairman. A draft ver
sion for powder transfer efficiency testing 
has been made available for comments by 
March 15, 1993, to the chairman. First-pass 
transfer efficiency of powder was recog
nized as an important application character
istic to the economical use of organic pow
der coatings. 

D0/.51 .04--0ptical Properties of Pow
der Coatings-H. Fairman, Chairman. A 
"Guide to Optical Properties of Powder 
Coatings" has been approved by D-1 ballot 
and will be submitted for society ballot in 
the spring of 1993. 

D0/.5 I .05--Specific Gravity of Coating 
Powders-D. Schneider, Chairman. The sta
tistical results of an initial survey were dis
cussed. The repeatability of micromeritic 
pycnometer results was +/-0.005 which was 
much better than some other me thods 
screened. Two round-robin collaborations 
are scheduled for early 1993. One will use a 
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micromeritic pycnometer procedure while 
the second wi ll be a modificat ion of an ex
isting industry method . 

D0/ .5 1.06-Review of Particle Size 
Measuring Techniques-D. Pont, Chainnan. 
Results of a powder panicle size distribu
tion round-robin were discussed. A urethane 
polyester system had been submitted to 2 1 
collaborators in December 1992. Eleven sets 
of data were returned by January 15 , 1993. 
The most frequentl y used technique was 
laser analys is. The fina l II round-robin re
sults are expected to be returned before the 
June 1993 meeting in Philadelphia. 

SUBCOMMITTEE D01.52 
FACTORY COATED WOOD 

BUILDING PRODUCTS 

S.B. Schroeder, Chairman 

D0/ .528----Hardboard-S.B. Schroeder, 
Chairman, reponed that D 4144, " Standard 
Test Method for Estimating Package Stabil
ity of Coatings for Ultraviolet Curing," was 
again discussed. A negat ive on 0 0 1.52 bal
lot which sugges ted repl ac ing the 60°C sta
bility test temperatu re with 50°C was found 
persuasive, and it was recommended that it 
be reballoted accordingly. 

A comment on a D- 1 ballot suggesting a 
spec ification for the water quality to be used 
in D 292 1, "Standard Test Method for Quali 
tat ive Tests for the Presence of Water Re
pellents and Preservatives in Wood Prod
uc ts ," was di sc ussed a nd found 
nonpersuas ive for this rather imprecise fie ld 
test. 

More extensive comments were received 
on D 2793, "Standard Test Method for Block 
Res istance of Organic Coatings on Wood 
Panel Substrates." These were largely edi
toria l in nature and were incorporated into 
the method with the exception of a sugges
tion to change the damage rating scale from 
an industry practice 0-5 to the more tradi
tional 10- 1. It was recommended that the 
revised method be submitted to concurrent 
DO 1.52/D- I ballot. 

It was also reponed that the "Cobb Ring" 
water permeability method research report 
is being completed before submitting the 
method to D- I ballot. 

D0/.52.13-Prefinished Hardboard-T. 
Rieth, Chairman, provided an overview of 
task group history and objective. This was 
followed by a discussion of Revision 4 of 
the proposed "Standard Guide for Perform
ing Outdoor Weathering of Factory Coated 
Embossed Hardboard using Concentrated 
Natural Sunlight and a Soak-Freeze-Thaw 
Procedure." Several editorial changes were 
made, and one suggestion to scale edges 
and backs of sa mples was found 
nonpersuasive. It was recommended that the 
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method be submitted to concurrent DOl .52/ 
D-1 ballot. 

Considerable tes ting was reported in 
progress in an attempt to extend the new 
method to primed hardboard . Much of this 
new data is expected to be avai lable at the 
summer meeting. 

Discussion of negatives and comments 
on the ballot of D 37 I 9, "Standard Test 
Method for Quantifying Dirt Collection on 
Coated Exterior Panels ," resulted in a rec
ommendation to withdraw D 37 I 9 from bal
lot for addi tional study. 

D0/ .52 .15-Fi /m Thickness-R. 
Matejka, Chairman, reported little progress 
on the proposed round-robin pending sub
mission of appropriate samples. These are 
anticipated and a round-robin design should 
be completed by the summer meeting. 

D0/.52- The minutes of the summer 
I 992 meeting were approved and a ll task 
group recommendations accepted by unani
mous votes. The d ifficulty in resolution of 
negatives on the ballot of D 37 I 9 was solved 
by withdrawal of D 37 I 9 from ballot and 
formation of a new task group 001.52. I 7 
on Din Collection, K. Oschwald, Chairman. 

SUBCOMMITTEE D01.53 
COIL-COATED METAL 

R.J. Tucker, Chairman 

001.53.01-Pretreatment of Metal Sub
srrates-H.E.G. Rommal, Chairman, dis
cussed the recent draft of a proposed prac
tice, "Determination of Chromium in Metal 
S urface Treatments by X-Ray Fluores
cence," prepared by D. Steele. A third draft 
wi ll be prepared by the next meeting. 

D0/.53.03-Accelerated Weathering
D.A. Cocuzzi, Chairman. Due to the Jack of 
adequate samples, there was no need for a 
meeting. A complete set of samples is ex
pected by the next meeting. 

001.53- ln the absence of the chai r
man, C. Milburn, Vice-Chairman, conducted 
the meeting. He reported that D 3794, "Stan
dard Practice for Testing Coil Coatings," 
will be reballoted short ly. D 3003 , "Test 
Method for Pressure Mottling and Blocking 
Resistance," was reviewed. Minor changes 
are needed, thus th is method will be bal
loted. D 4 147, "Standard Practice for Ap
plying Coil Coatings Using the Wire-Wound 
Drawdown Bar," was reviewed. With some 
minor changes, this too will be balloted. 
Some consideration is being made to writ
ing a specification for the variable- gap bar, 
better known as a Damon bar. Milburn also 
led a discussion of the subcommittee's ap
prehensions regarding the writing of perfor
mance specifications, as suggested by mem
bers of A-5 . 

A new task group was formed to investi
gate and evaluate the various methods to 
measure the dry fi lm thickness (OFT) of 
coil coatings. G .R. Pi lcher will serve as task 
group Chairman. Particular attention wi ll 
be paid to a new device (although an old 
concept) manufactured in Canada by DJH 
Designs. At the next meet ing, a plan wi ll be 
formu lated to perform round-robin testing 
to evaluate a ll known devices suitable for 
measuring OFT in coil coatings. 

SUBCOMMITTEE D01.55 
FACTORY APPLIED COATINGS 
ON PREFORMED PRODUCTS 

G.R. Pilcher, Chairman 

0 01.55.06-Coatings on P/astics
M.A. Lutterbach, Chairman, conducted a 
survey regarding rev ision of D 3002, "Prac
tice for Evaluation of Coatings for Plas
tics." The survey generated an excellent 
(5 I%) response. Based upon these results, 
as well as add itional comments subm itted at 
the DO 1.55.06 and DO 1.55 meetings. M.A. 
Lutterbach will prepare a rev ised draft for a 
guide to be presented at the June meeting. 

DO 1.55 .08-Transfer Efficiency-Labo
ratory Conditions-R.J. Diem , Chairman, 
reported that the new , "Standard Practice 
for Evaluating and Comparing Transfer Ef
fi c iency under General Laboratory Condi
tions," received no negatives when it was 
sent out for society ballot. This method will 
be published in the 1993 ASTM Book of 
Srandards as D 5327. The task group was 
offi c ially dissolved. 

001.55.09-Transfer Efficiency--Pro
duction Conditions-J.S. Komjathy, Chair
man, indicated that the new, "Pract ice for 
the Determination of Transfer Effic iency 
Under General Production Cond itions for 
Spray Application of Paints," received one 
negative on the recent society ballot, citing 
the need for precision data. This was unani
mously found not persuasive by the mem
bers of DO 1.55 . since it would not be pos
sible to find two identical produc tion s ites 
which could generate such data. The task 
gro up will immediately begin producing a 
revised version of this practice; it is pos
sible that D 5009 can be rev iewed for re
peatability data which may be o f use in this 
practice. 

0 01.55.10-VOC of Radiation-Cured 
Cnarings-J.J . Brezinski, Acting Chairman, 
reported that the negative cast in the D- I 
ballot against the proposed new, "Standard 
Method for Volatile Content of Rad iation
Curable Coatings," has been withdrawn. The 
method will advance to society ballot with 
only editorial changes. The EPA has been 
made fully aware of this method, and Chair
man Carlblom will write EPA formall y re-
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questing that they adopt this method . It ap
pears that Methods A and B do not apply to 
two-component catalyst cu red systems, and 
T. Wood has been asked to organi ze a new 
task group to address th is issue. 

001.55.11~\'crarch Resistance of Au
tomotiFe Topcoats- J.S. Komjathy. Chair
man. advised that existing marring tests are 
too severe to deal wi th th is subtle effect. 
Since manual operat ions involve too much 
operator error. a mechanical "brush test" 
was run by BASF and Du Pont. Preliminary 
conclusions based upon image ana lysis in 
dicate that the test has validity. Round-robin 
test ing will be initiated. 

0 01.55-Factorv Applied Coarings
G.R. Pilcher. Chainnan. indicated tha t the 
six methods/pract ices requiring action in 
1993 are being reviewed: D 1211 and D 
3459 wi ll be sent for D- 1 reapproval ballot. 
Both D 1308 and D 3023 will be sent to 
soc iety ballot with editori al changes. It was 
announced that AFM A involvement wil l not 
occur at this time. and will be dropped from 
future agendas. At the request of L. E. 
Thieben. DO 1.55 wi ll schedule an organiza
ti onal meeting in Philadelphia to explore 
the feasibility of wri ting a method for test
ing "conducti vi ty of boom coatings under 
conditions of 60.000 vol ts." Thi s was G.A. 
Pilcher's final meeting; he will be replaced 
in June by long-t ime D01 .55 supporter E. A. 
Praschan. of the Motor Vehicle Manufac
turers Association of the United States. 

SUBCOMMITTEE D01.56 
PRINTING INKS 

J.M. Fetsko, Chairman 

001 .56.02--Lightj(ISIIIess of Prillt.I'- J. 
Robins , Chaim1an, reported that the revised 
D 3424. "Test Method for Lightfastness and 
Weatherability of Printed Mauer." has been 
approved and will appear in the 1993 ASTM 
Book ojSta11dards. Data generated by "natu
ral day li ght under g lass'' is being stat isti
call y evaluated. and carbon-arc data must 
be assembled . 

001.56.1 1--Nonl'()larile C1111/enr- B. 
BJorn , Chainnan . reported that the proposed 
title change of D 4713 to, "Test Methods for 
Nonvolatile Content of Heatsel and Liquid 
Printing Ink Systems.'' passed the soc iety 
ballot and will appear in the 1993 ASTM 
Book of Standards. 

001.56.12-Viscosirr of' Liquid lnks
J. Daugherty. Chai nnan. reported that five 
of eight laboratories reported data from a 
round-robin designed to com pare the prec i
sion of the Shell and Zahn cups. The study 
was conducted with prediluted inks and a 
standard o i I. 
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001.56.14--Seuing ofHearser Inks- D. 
Ness, Chairman , reported that he ran 
Sinvatrol tests using an eight-path wedge 
plate on the Vandercook. It was suggested 
that he also try a two-path variable film 
thickness plate on the Little Joe. 

001.56.15-Demirv (wtlgal) of' Paste 
lnks-P. Ford. Chaim1an. distributed round
robin results in which seven labs tested ink 
densi ties by the weight-per-gallon cup along 
with VOC40. The results will be analyzed 
stat ist ica lly. 

001 .56 .1 7---<Juide j{1r Pri11ti11g lllks
J. Fetsko, Chairman. reported that D 50 I 0. 
"Gu ide for Testing Printing Inks and Re
lated Mate ri a ls." .should be updated to in
clude the revised title for Test Method D 
4713. the new tes t method on VOC40. and 
method D 2090 for c larity o f paint and ink 
liq uids. 

001.56.19- Prilltillg Srre11gth a11d 
Opacity- G. Wouch. Chainnan. reported 
that he conducted a study using a blue 
offset ink diluted with a white tinting base 
and an exte nder in order 10 obtain samples 
varyi ng in opaci ty. Delta E was the only 
parameter that showed any prom ise. I t was 
sugges ted that he try lay ing down an ink 
film on a glass plate or overprinting one ink 
on a dry ink film of a diffe rent color. 

D0/.56.20--Technica/ Coordination-
B. Blom. Chairman. repon ed that EPA will 
support the use of method D 2369 with a 
one-hour wait ing period: 24 hours is a con
cern due to possible skin format ion. He also 
reported that the TAG and Labe l Commit
tee has approved a new method for the 
Sutherland Rub Tester. 

001.56.21- Prinr Ahrasion- G. Van
dermeersche, Chairman. reported that he is 
developing a proposed standard coveri ng 
the use of the GV-CAT for test ing cans and 
other meta l decorated products . He also de
scribed a new target system for evaluating 
smudging in nonimpact printing. 

0 01.56.22-Drying of'O.ridizahle Inks-
B. Blom. Chainnan . reported that he is ready 
to prepare in ASTM format a proposed test 
method by which the drying of printed ox i
dizable inks is eva luated using a mod ified 
Sutherland Rub Tester and a cotton wipe 
with sq ualene. 

001.56.23-Degree of Dispersion (Mi
croscope )- A. M ercado, Chainnan. reported 
that he is exploring methods for eliminating 
the human factor from preparation of slides 
for microscopic eval uation of degree of dis
persion. 

001.56.25-Degree of Radiation Cur
ing- E. Kobylarz. new Chainnan. agreed 
to conduct a literature survey on methods 

for evaluating degree of cure in radiation 
curing of printing inks. 

DOI.56.27-VOC40 on Non- Hearse/ 
Paste lnks-P. Ford, Chairman. reported 
that the new tes t method, "VOC40 of Non
Heat set Paste Inks at 40°C," has been as
signed the number D 5328 and will appear 
in the 1993 ASTM Book of Standard.<. 
Round-robin data discussed in DO 1.56. 15 
will be the basis for a revised prec ision 
statement. 

001.56.21!-Tinring Strength of Liqnid 
Inks-D. Ness. Chainnan. reported that three 
labs returned round-robin data in which liq
uid inks were reduced with a tinting base 
and placed in a cuvene for spectrophoto
metric detennination of tinting strength. One 
of the labs detected a shift in spectrophoto
metric response with time in the cuvette. h 
was also agreed that the tints sho uld be 
based on a we ight ratio rather than a spe
cit1c set of weights. 

DO 1.56.29- Memhership- J. Daugh
erty. Chairman, reported that T. Sayres has 
res igned from ASTM due to a change in 
work assignment. New members of ASTM 
and D01.56 include E. Koby larz and H. 
Brookes. R. Marcus and R. Sch iller have 
also requested DO 1.56 membership. 

0 01.56-Having accepted the chainnan
shi p of DOU7 Ink Vehicles. A. Scarlani 
submitted hi s res ignation as secretary of 
D01.56. H. Brookes was appoimed as his 
replacement. 

SUBCOMMITTEE D01.57 
ARTISTS' PAINTS AND 
RELATED MATERIALS 

M. Gottsegan, Chairman 

001.57.02--Lighifastness ojPigmenrs-
T. Yonderbrink, Chainnan. A negati ve vote 
by W. Ketola on a D- 1 ballot of a revision 
of D 4303 was discussed and ruled persua
sive: a suggested rev ision was presented 
and will be submined for concurrent D01.57/ 
D-1 balloting. 

W. Ketola was also concerned with other 
spec ifics of D 4303 regarding sec tions 
7.3.2.2, 7.3.3.2. and 7.3.3.3 on measuring 
total radiant energy and the calculati on of 
broadband radiant energy dose. W. Ketol a 
agreed 10 join a group consist ing of T. 
Yonderbrink. R. Kinmonth, and J. Luke to 
work up a revision of D 4303 to address 
these issues. T. Takigawa will a lso be asked 
to participate. 

Further results from additional fluore s
cent lamp testing in the HPUV apparatus 
were distributed and di scussed, in an ongo
ing effort to find a replacement for the dis
continued Veri lux bulb specified in D 4303. 
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Although the new results seem to confinn 
earlier data, another round of testing was 
agreed to before making a final recommen
dation for the rev ision of D 431>3. 

D0 /.57.04~\·pec ification of Artists' 
Paints-A. Spizzo. Chairman . Changes in 
D 4302, D 4303. D 5067. and D 5098 were 
proposed to inc lude recommending testing 
for pigment s which may darken in masstone, 
as a result of a study reported on by B. 
Gaven. of Golden Arti st Colors. Prior to 
initiating the changes. a further study wi ll 
be conduc ted unde r th e au sp ices of 
DO I .57 .07 on Phys ical Properties, to clarify 
the extent to which different binders and 
varied fonn ulations affect darkening and to 
quantify the extent of the darkening. S ix 
man ufac ture rs expressed inte rest in partici
pat ing in the study. 

A change in D 509X to req uire the art
ists' acrylic emulsion paints be eva luated 
for pigment bleeding was proposed and will 
be sent for DOI.57 balloting. 

A proposa l to further amend D 5098. 
presented at the last meeting and which 
wou ld have a llowed the use of chemical 
description labe ls for pi gment names. in
stead of the common name from Table 1- a 
change which would have affected all the 
other paint spec ifications- was withdrawn 
afte r a compromise amendment was agreed 
upon. Under the new agreement. sections 
5. 1.5 ofD 4302. D 5067 , and D 5098 wi ll be 
modified to read: .. The common name o f 
the signi ficant pigment used shall be given 
in le tters no less than l /2 the type size of the 
title and be c learly legible." Thi s proposed 
change will be sent for DOI.57 ballot. 

A new task gro up. DOI.57.14 on Col
ored Pencil s was es tabli shed. w ith I. 
Seymour as Chairman . A pre liminary rough 
draft of a proposed "Standard Specification 
for Arti sts' Colored Pencils'' was distrib
uted and lightfastness test methods were 
disc ussed. Mr. Seymour requested input 
from the Colored Penc il Socie ty of Ameri
ca and other manufac turers of co lored pen
cil s in preparing the next draft. 

DIJ/ .57.07-P!trsica/ Propcnies- R. 
Gamblin. C ha im1<111 . reported on a study by 
the Conserva ti on Analytical Lab of the 
Smithsonian. using compute r modeling in
stead of artificial aging techniques to exam
ine the effect of temperature and relati ve 
humidity changes on the performance o f 
paint film s. He proposed that the results of 
such work cou ld be used to strengthen ex
isting performance standards and support 
the development of new standards. A sur
vey of arti sts to detennine the ir concerns in 
thi s area will be drafted for the next meet
ing. 

D0/ .57.0/i- To.ricitr Laheling-W . 
Stopford, C hairman. A phrase. "Not for use 
in Health Care Facilities." was proposed by 
W. Stopford to be added to the Annex of D 
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4246 and will be sent for DOI.57 ballot. 
Removal from the Annex of the phrase. 
"Possible Cancer Agent Based on Tests wi th 
Laboratory Animals." was also proposed: 
the word "poss ible'' is too vague. and the 
a lready-ex isting phrase. "Cance r Agent 
Based on Tests with Laboratory Animals ... 
can be used. This proposed change will a lso 
be sent for DO 1.57 ball ot. 

DO 1.5 7.09-Watercolors- T. 
Vonderbrink , Chairman. stepped down as 
chai r of this task group. and W. Upchurch 
and G . de Calan agreed to co-chair. There 
was no new business to repo rt . 

D0/.57.10-Con.wmer Eraluation-J.T. 
Luke. Chainnan. reported that both new stan
dards dealing with the visual dete rmination 
of the lightfastness of art materials passed 
D- 1 balloting and will be balloted at the 
society level in March 1993. Some slight 
editorial rev isions were proposed: if they do 
not inhibit soc iety balloting they will be 
made. 

D0/ .57. 11-Couac!te Paints- T. 
Takigawa . C hai rman. In Mr. Tagikawa·s 
absence. M. Gottsege n presided. Final re
sults of Mr. Tagik awa's light fas tness tests 
and a third draft of the proposed " Standard 
Speci fi cation for Gouache Paints" were dis
tributed and di sc ussed . A change in the de fi 
ni tion of"designers gouuche' ' was requested, 
since the current one implies the usc of less 
permanent pigments and lower quality
this is problematic for companies which have 
historicall y labeled the ir gouache paints as 
"des igners:· but which use permanent in
gred ients. Furthe r comments we re requested 
to be sent to M. Gott segen. 

DO 1.57.12--Determination oj'To.ricity-
W. Stopford. Chairman. Three negatives 
were received o n DOI.57 ballot of ' 'S tan 
d ard T es t Me th od for De termininl! 
Bioava il ab ility of Metal s in Art Material s."='· 
T wo were wit hdrawn, one wi th the proviso 
that some editorial changes be made in the 
section on Scope. The third negati ve . by H. 
Fujimoto conce rning stati s tical reporting 
procedures. was voted persuasive. There 
were several othe r editorial suggest ions sub
mitted. When the proposed standard has been 
modified to re llect the changes. it will be 
sent for DOI .57/D-I balloting. 

W. Stopford reported that the proposed 
"Standard Tes t Method for De te rmining 
Bioequi valency of Nitroaromatic A mines in 
Art Materials." still needs intra laboratory 
prec ision test ing, and that he will approach 
the Dry Color Manufac tu rers Assoc iation 
and the Art & Craft Materials Institute to 
manage the effort. 

Validation studies and in tralaboratory 
prec ision testing are complete on two other 
me thods under considerat ion: "Dete rmina
tion of Respirable Fraction of Art Materi
als" and Dete rmination of Crysta lline Silica 
in Art Materia ls.· · Discussion produced some 

di sagreement about the suitability of a wa
ter column test for de tennining respirable 
frac tions of certain types of art mate rials. 
and W. Stopford agreed to look into it. 

Dr. Stopford a lso presented a summary 
and brief descripti on of other methods to be 
considered for adaptat ion in support of D 
4236: Methods for the Detennination of Free 
Formaldehyde. Acrylate Monomers. Ethyl
ene Oxide. Acrylam ide and Viny l Acetate 
Monomers in Art Materials. 

C. Jacobson distributed copies of the 
recently published fina l guide lines for "De
tennining C hro nic Toxic ity of Products Sub
ject to FHSA ... which also contai ns the final 
supplemental definition of .. toxic ... defining 
chronic toxic ity under the FHSA 1 Federal 
Hazardous Substances Act). Mr. Jacobson 
also reported on the C PSC' s enforceme nt 
ac ti vity regard ing the Labeling of Hazard
ous Art Materials Act. which incorporates 
D 4236. He said that awareness of the law 
by fine arts material s producers is generally 
good, but othe r groups like importers of 
children's products (wate rcolors. c raft ma
terials. c lays. and so on) usually don ' t con
side r themselves to be in the ··art materials" 
business. It was suggested that the U.S. Cus
toms Service might be of ass istance regard
ing proper labe ling o f impo rts. 

C. Jacobson al so reported that the CPSC 
has requested that D 42.16 be revised to 
el im inate the requirement that tox icologists 
using D 42.'6 be "board-certified." in order 
to make the standard consistent with the 
Commission 's enforcement policy. Since a 
DO 1.57 member expressed substant ial op
posi tion to the idea o f loosening the defini 
tion of " toxicologist" in the standard . no 
direct ac tion was taken. However. a mod ifi 
ca ti on of a footnot e in D 4236 referri ng to 
the law was moved and passed : " Under this 
law and its regu lati ons I 16 CFR 1500). 
manufacturers must submit to CPSC (Wash
ington. DC 20207) wr itten crite ria used by 
the toxicologist to recommend l:.1beling." 
This change to D 4236 will be sent for 
DOI.57 balloting. 

D0/.57.13- Was /w hi/itr Testing-C. 
Sathre. Chainnan. has agreed to draft a wash
ability standard and requested input from 
the members. 

D0/.57-A vote to reapprove D 4XJX 
with no changes passed . Votes de te rmining 
persuas ive negati ves on the rev isions of D 
4303 and the proposed "B ioavailability: stan
dard passed. The motions for changes in the 
Labeling Annex and a new footnote in D 
4236. the addition of a requirement to test 
pigments for bleeding in D 5098. and to 
reduce the type size requirement of the com
mon names in D 4302. D 506 7, and D .109X. 
all passed. 

The nex t DO 1.57 meeting wi ll be in con
junction with the National Art Mate ria ls 
Trade Assoc iation in Miami . FL. April 30. 
1993. 
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DIVISION 60 
PAINT APPLICATION 

SUBCOMMITTEE 001 .61 
PAINT APPLICATION TOOLS 

F.B. Burns, Chairman 

D0 / .61.01- Painr Brushes-T. Sli va, 
Chainnan, reported that the proposed "Stan
dard Practice for Physical Charac terization 
of Paint Brushes' had successfull y com
pleted society ballot (92-2) and will be pub
lished as D 5301-92. Copies of the new 
standard were distributed and the chainnan 
has agreed to serve as steward fo r the 
method . 

T. Sli va distributed the results of the 
recently completed round-robin on leveling 
efficiency and ease of clean-up of paint 
brushes . The results of this round-robin 
looked promising. h was the dec ision of the 
group to repeat the round -robin. Six mem
bers have agreed to be cooperators. The 
leveling test wi ll be altered to specify an 
application rate of 500 ± 50 ft 2/gal. The 
times requi red for the various steps in the 
clean-up procedure wi ll be extended and 
the coated brush wi ll be allowed to air dry 
for only 30 minutes before clean-up. 

The chainnan will detennine the num
ber of paint samples needed to develop a 
prec ision and bias statement, locate a source 
for panels for brushout, evaluate which paint 
would be best suited for this test. 

J. Price will develop a statement as a 
guide for the type of paint 10 be recom-
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mended for use with th is method. G. Harsch 
will develop a statement as a guide for the 
type of paint to be used for brush clean-up 
when using bristling materials of various 
colors, and submit a procedure used in the 
industry for cleaning a brush after use. 

T. Sliva will report the results of the 
next round-robin and present the first draft 
of the method for rev iew by the task group 
at the June 1993 meeting. 

D0/ .61.02-Painr Rol/ers-J.F. Price, 
Chainnan. led a discussion on the method. 
Two members volunteered to become coop
erators bringing the total to the desi red five. 
The chainnan agreed to send preliminary 
infonnation to the new cooperators, includ
ing that for panel preparation. As soon as 
the method is revised, a new round-robin 
wi ll be initiated. 

D0/ .6/ .05-Bu/k Density of Filamellls 
and Brisrle- W .B. Bond, Chainnan, pro
vided a lener summarizing data for level 
and tapered, hollow and solid fi lament. 
When data from T .S. Simms (hollow ta
pered) is supplied, a research report wi ll be 
drafted with assessment of precision and 
accuracy for level fil aments. 

An insert of 1.45 in. diameter. I in. long 
and tapered conically for one-half that length 
was designed and tested to aid in measure
ment of bundle tip diameter as well as but! 
diameter. Use of th is insert improved test 
reproducibility for two testers. W.B. Bond 
agreed to issue a revised draft for thi s test 
as well as a description of the derivation of 
the new equation. 

H. Stanley, described a dev ice Micro
meri tics is developing to measure bu lk den
sity and promised a report on the status for 

the next meeting. The potential advantage 
of this technique is that an assumption of 
the shape of the bundle taper is not needed. 

DOl .61.06-Buck/ing Resistance oJFila
mellls-W .B. Bond, Chainnan , led a dis
cussion concerning the Ketema test dev ice 
status and filaments needed for testing. Af
ter explaining the reasons for the delay, Mr. 
Simms estimated de livery of equipment by 
mid-February. 

Polymers (S. Nelson) agreed to supply 
one bundle each of 2 in. hollow polypro
pylene and polyes ter in .040 in. and .050 in. 
wall and 8, 10, and 12 mil th ickness. Ketema 
(T. O'Brien) wi ll supply the same sizes in 
one wall th ickness. This will provide 18 
bundles for testing. The chainnan requested 
data from tests by Apri l or May so he could 
analyze the data and prepare a report for the 
June meeting. Once the initial round of test
ing is complete, the method will be revised. 
The group agreed that a pass/fail test is 
des irable from both the supplier and user 
point of view. 

D0/ .61- F. Bums commented that the 
newly issued 530 1-92, "Standard Prac tice 
for Physica l Charac te ri za ti on of Pai nt 
Brushes," was to be reviewed by E. Louder, 
as a model for a possible new task group on 
Physical Charac terization of Woven Paint 
Roller Fabrics. T . Sl iva circulated a report 
from the Paul N. Gardner Company, which 
related to testing bristle brush charac teris
tics. Their model Dl 2VFI paint fi lm wash
ability machine was modified so that brushes 
used in washability tes ts could be evaluated 
for bristle sti ffness. Upon review, it was the 
consensus that this procedure is not appl i
cable to paint brushes. 
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January 1993 Subcommittee Reports 
of ASTM Committee G-3 

The January meeting of ASTM Committee G-3 on Durability of Nonmetallic 
Matenals was held on January 17-20, 1993 at the Crown Sterling in Fon Lauderdale, 
FL. The present membership ofG-3 is 90. 

Future Meetings 

June 27-30, 1993-Franklin Wyndam, Philadelphia. PA. 
January 23-26, 1994-Crown Sterling, Fon Lauderdale, FL. 
June 26-29, 1994-Marriott Crab Tree Valley, Raleigh, NC. 
January 22-25 , 1995- Hyatt Regency, San Antonio, TX. 

SUBCOMMITTEE G03.01 
EDITORIAL AND DEFINITIONS 

M.J. Crewdson, Chairman 

The G-3 General Terminology Standards 
has passed society ballot and wi ll appear in 
the 1993 ASTM Book of Standards as G 11 3-
92. The chairman advised that the immedi
ate incorporation of the new accepted ter
minology into documents under rev ision was 
necessary. There was discussion concern
ing the procedures for updating the termi
nology standard, incorporat ing new terms, 
and how to correctly reference the new G 11 3 
document. 

A draft of the proposed "Practice for 
Conditioning and Handling of Nonmetallic 
Materials" was presented. A discussion of 
proposed changes followed, and at the re· 
quest of the subcommittee, the chairman 
will present thi s draft for immediate sub
committee ballot. 

A draft of the proposed "Practice for 
Applicat ion of Statistics to Weathering Data" 
was presented. It was agreed that this docu
ment should be a guide. The chairman will 
make further revisions to the draft in order 
to make a more complete presentation. 

As a result of the increased interest gen
erated by the two new draft standards, it 
was decided that two new task groups be 
established: G03.01.02, Cond itioning and 
Handling; and G03.01.03, Stati stics. These 
task groups wi ll have their own distinct time 
slot at the next meeting, as it is hoped to 
attract a wider participation. 

SUBCOMMITTEE G03.02 
NATURAL ENVIRONMENTAL 

TESTING 

J.S. Robbins Ill, Chairman 

Data was presented at this and previous 
meetings concerning the transmittance of 
glass used in G 24, "Conducting Exposures 
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to Daylight Filtered Through Glass." At the 
January 1992 meeting of this subcommit
tee, A G03.02 ballot which would have re
quired laboratories to measure and repon 
g lass transmittance received one negative 
vote. Discussion concerning this negative 
vote continues and a revision to G 24 will 
likely be balloted prior to the June 1993 
meeting in Philadelphia. 

The G03.02 ballot ofG 90, "Performing 
Accelerated Outdoor Weathering of Non
metallic Materials Using Concentrated Natu
ral Sunlight," received one negative vote. 
The latest rev ision of G 90 requires the use 
of a collimat ing tube to measure direct beam 
ultraviolet radiation. A simpler method of 
making this measurement was proposed and 
will be investigated further. If this investi
gation is satisfac tory, G 90 wi ll be revised 
and reballoted prior to the June meeting. 

Task group G03.02.05, which was as
signed to develop standards concerning the 
measurement of short wavelength ultravio
let radiation, has been made a separate sub
committee (G03.09). The standards on solar 
radiation measurement formerly managed 
by subcommittee G03.02 will be handled 
by G03.09. This includes E 824, "Transfer 
of Calibration from Reference to Fie ld 
Pyranometers," and E 816, "Calibration of 
Secondary Reference Pyrheliometers and 
Pyrheliometers for Field Use." 

SUBCOMMITTEE G03.03 
SIMULATED AND CONTROLLED 

ENVIRONMENTAL TESTING 

A.M. Fischer, Chairman 

G03.03.0/-Round·Rohin Studies- R. 
Fischer, Chairman. A copy of the G 26 
round-robin final repon will be attached to 
the G03.03 minutes. Group discussion cen
tered on identifying sources of variabi lity in 
G 23 , G 26, and G 53 round-robins. Of 
panicular interest was the outlier lab 11 of 
the G 26 round-robin. The range of gloss 

values for the ten round-robin test speci
mens was especially compressed in thi s lab. 
An action plan was developed which in
volves; (I) comparative sample analysis for 
surface contaminants between G 26 lab 11 
and the other panicipants, (2) investigate 
protocol problems, and (3) prepare preci
sion statements for these standard practices 
for discussion at the June 1993 meeting. 

G03.03-A revision ofG 53-9 1, "Stan· 
dard Practice of Operating Light and Water 
Exposure Apparatus (Fl uorescent UV -Con
densation Type) for Exposure of Non-me
tallic Materials Lamp Application Annex," 
received no negatives on G-3 ballot and will 
go to society ballot. This panicular revision 
describes typical fluorescent lamps that are 
used in fluorescent UV -condensation de
vices. 

The G03 .03 ballots for the revision of G 
23-90, "Standard Practice for Operating 
Light Exposure Apparatus (Carbon Arc 
Type) With and Without Water for Expo· 
sure of Non-Metallic Materials," and of G 
26-90, "Standard Practice for Operating 
Light Exposure Apparatus (Xenon Arc 
Type) With and Without Water for Expo
sure of Non-Metallic Minerals," passed with 
no negatives . These particular revisions set 
the specimen water spray temperature lO 

25±5°C. Previously, these standards recom· 
mended 16±5'C which often meant the sup
ply water required special treatment to fall 
within this temperature range. Few labs com· 
plied with this requirement. 

The G03.03 ballot of draft "Standard 
Practice for Conducting Light-Exposure 
Tests of Non-Metallic Materials using Hori
zontal Spec imen Tray Xenon-Arc Exposure 
Apparatus," returned with several negatives 
that were found persuasive. J. Robbins lll 
will redraft this proposed standard which 
will again be balloted at subcommittee level. 

Data was presented comparing Suga Test 
Instruments xenon arc devices to G 26 de
vices. Spearman rank correlation coefficients 
between G 26 laboratories (for gloss loss of 
I 0 vinyl tape samples) ranged from 0.82 to 
0.99. In Trial #I, correlation coefficients 
from the Suga devices (to the G 26 devices) 
ranged from 0.32 to 0.81. Repeat exposures 
were conducted and the correlation coeffi· 
cients compared to the G 26 devices had 
increased to 0.86 to 0.98. The Suga water
cooled devices in Trial #2 gave essentially 
equivalent results compared to the G 26 
devices. The ensuing discussion involved 
whether Suga Test Instruments should be 
added to the G 26 footnote as a supplier or 
should footnotes referencing any equipment 
manufacturer be dropped from G03.03 stan
dard practices. D. Van Coun moved (sec
ond by K. Scott) that all dev ice manufac-
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turer footnotes by dropped from G 23. G 26. 
and G 53 standard practices. The subcom
mittee voted 14 affirmati ve and 6 opposed 
to bal lot this proposed change at subcom
mittee level. 

P. Brennan requested that time be set 
as ide at the next meeting to di sc uss the tran
sition of the current G03.03 "equipment 
based" standards to a "perfonnance'' stan
dard. Mr. Brennan agreed to prepare a pro
posal that will serve as a basis for th is dis
cussion. 

SUBCOMMITTEE G3.05 
REFERENCE MATERIALS FOR 

EXPOSURE TESTS 

W.O. Ketola, Chairman 

W . Ketola reported that all seven labo
ratories participating in the round-robin have 
completed ex posures of polysulfone film s 
in flu orescent UV /condensation dev ices . 
Results show that there is exce llent agree
ment between two operators in one labora
tory for determination of absorbance change 
at 330 nm. Components of va riance analy
sis showed that ROC/c of the variability in 33 
nm absorbance change is cau sed by di ffer
ences between laboratories and that 209( of 
the variability is caused by differences be
twee n replicate spec imens ex posed in a 
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single dev ice. The laboratory vari able in
cludes variabil ity caused by the exposure 
device and the spectrophotometer in each 
laboratory. The continued change in 330 
nm absorbance after exposure makes it im
possible to separate these variables. Based 
on anal ys is of data for all exposure times, 
the 95% confidence interval for 330 nm 
absorbance change for replicate specimens 
of polysulfone exposed in a sing le labora
tory is ±0.03 absorbance un its. The 95 % 
confidence interval for 330 nm absorbance 
chan ge is ± 0 .06 absorban ce units for 
polys ulfone fi lms exposed in any labora
tory. The variability between labora10ries is 
smaller for shorter exposure times. Addi 
tional analysis of data will be reported at the 
nex t meeting. 

Six of seven laboratories have completed 
exposure of polystyrene in water-cooled xe
non arcs and determ ination of CIELAB lib* 
according to SAE J 1960. Analys is of data 
obtained to date shows exce llent agreement 
between operators in a single laboratory. 
The data for lib* detennined by transmis
sion measurements shows less variabi lity 
than fo r lib* measured by reflec tance. In 
add ition. lib* data determined using a single 
colorimeter shows significantly less vari 
abi li ty. indicating the separat ion of labora
tory vari ability into exposure deY ice and 
colorimeter components m<ty be possible. A 
complete repon wil l be presented at the next 
meeting. 

O nly three of seven laboratories have 
completed carbon arc exposures and deter
mination of carbonyl absorbance change of 
the polyethylene fi lm . It is hoped that all 
laboratories wi ll have completed exposures 
before the next meeting. 

N. Searle reponed results from pre li mi 
nary measurements of acti vation spectm for 
the polyethylene fi lms exposed in carbon 
arc dev ices . In all cases, mdiat ion in the 
290-340 nm region caused the most c<tr
bonyl absorbance increase. It also appears 
that there is significant vmiability in car
bonyl absorbance increase within a single 
spec imen of the polye thylene film used for 
the round-robin. A more complete summary 
of activati on spectm determination for the 
polyethylene film will be presented at the 
next meeting. 

SUBCOMMITTEE G.03.07 
LIAISON AND HARMONIZATION 

R.A. Kinmonth, Chairman 

In the third meeting of this subcommit
tee. final task group assignments were made. 
with chairs as reported at last meeting. Liai 
son report s were given by several members 
covering their work on other ASTM com
minces as we ll as wi thin ISO. DI N. and 
SAE. 

Journal of Coatings Technology 



Dcs~Joumam Circle the numbers of the items you would like more 

Coatings 
Information on, and mail it-postage paid ! 

Technology 001 021 041 061 081 101 121 141 161 181 201 221 241 261 281 

Reader Service Card 002 022 042 062 082 102 122 142 162 182 202 222 242 262 282 

February 1994 Issue 003 023 043 063 083 103 123 143 163 183 203 223 243 263 283 
004 024 044 064 084 104 124 144 164 184 204 224 244 264 284 

Your Company 005 025 045 065 085 105 125 145 165 185 205 225 245 265 285 
006 026 046 066 086 106 126 146 166 186 206 226 246 266 286 

(Check One Block) 007 027 047 067 087 107 127 147 167 187 207 227 247 267 287 
AA D Manufacturers of Paints. 008 028 048 068 088 108 128 148 168 188 208 228. 248 268 288 Varnishes. Lacquers. Printing 

009 029 049 069 089 109 129 149 169 189 209 229 249 269 289 Inks, Sealants, Adhesives 
BB Q Manufacturers of Row 010 030 050 070 090 110 130 150 170 190 210 230 250 270 290 

Materials 01 1 031 051 071 091 111 131 151 171 191 211 231 251 271 291 
cc 0 Manufacturers of Equipment 012 032 052 072 092 112 132 152 172 192 212 232 252 272 292 

and Containers 
013 033 053 073 093 113 133 153 173 193 213 233 253 273 293 DD 0 Sales Agents fOf Row 

Materials and Equipment 014 034 054 074 094 114 134 154 174 194 214 234 254 274 294 
EE 0 Government Agency 015 035 055 075 095 115 135 155 175 195 215 235 255 275 295 
FF 0 Research/Testing/Consulting 016 036 056 076 096 116 136 156 176 196 216 236 256 276 296 
GG 0 Educational Institution/ 017 037 057 077 097 117 137 157 177 197 217 237 257 277 297 Ubrory 

018 038 058 078 098 118 138 158 178 198 218 238 258 278 298 HH 0 Point Consumer 
JJ 0 Other 019 039 059 079 099 119 139 159 179 199 219 239 259 279 299 

020 040 060 080 100 120 140 
Your Posillon 

160 180 200 220 240 260 280 300 

(Check One Block) 
KK 0 tvklnagement/Adm. Name l l o Mfg. & Engineering 
MM 0 Quality Control Company NN 0 Research & Development 
PP 0 Technical Sales Service Address 
QQ 0 Soles & Marketing 

City State __ Zip---RR 0 Consultant 
ss 0 Educator/student/Ubrorlan 
n 0 Other Phone FAX 

t ---.-- ,.....___....._ ....... ~ ~---~-~ ~ ~ ~ -.~--~ ~-~ ~ ::--- -~ ~ ~~ =--~--=- ~-~- """='="' ~-~- -=-- .. 
I 

DcsG Joom~d i Circle the numbers of the items you would like more 

I Coatings 
information on, and mail it...:...postage paid ' 

Technology 
001 021 041 061 081 101 121 141 161 181 201 221 241 261 281 

Reader Service Cord 002 022 042 062 082 102 122 142 162 182 202 222 242 262 282 
February 1994 Issue 003 023 043 063 083 103 123 143 163 183 203 223 243 263 283 

004 024 044 064 084 104 124 144 164 184 204 224 244 264 284 

I Your Company 005 025 045 065 085 105 125 145 165 185 205 225 245 265 285 
006 026 046 066 086 106 126 146 166 186 206 226 246 266 286 

j 
(Cheek One 8k)ek) 

007 027 047 067 087 107 127 147 167 187 207 227 247 267 287 AA Q Manufacturers of Paints, 
Varnishes, Lacquers. Printing 008 028 048 068 088 108 128 148 168 188 208 228 248 268 288 

~ Inks, Sealants. Adhesives 009 029 049 069 089 109 129 149 169 189 209 229 249 269 289 
BB 0 Manufacturers of Row 010 030 050 070 090 110 130 150 170 190 210 230 250 270 290 

! Materials 011 031 051 071 091 111 131 151 171 191 211 231 251 271 291 

~ 
CC a Manufacturers of Equipment 

012 032 052 072 092 112 132 152 172 192 212 232 252 272 292 and Containers 
DO a Soles Agents for Row 013 033 053 073 093 113 133 153 173 193 213 233 253 273 293 

I Materials and Equipment 014 034 054 074 094 114 134 154 174 194 214 234 254 274 294 
EE a Government Agency 015 035 055 075 095 11 5 135 155 175 195 215 235 255 275 295 

t FF a Research/Testing/Consulting 016 036 056 076 096 116 136 156 176 196 216 236 256 276 296 GG a Educational Institution/ 

l library 017 037 057 077 097 117 137 157 177 197 217 237 257 277 297 
HH 0 Point Consumer 018 038 058 078 098 11 8 136 158 178 198 218 236 258 278 298 

I Jj a Other 019 039 059 079 099 11 9 139 159 179 199 219 239 259 279 299 

rl 
YourPosillon 020 040 060 080 100 120 140 160 180 200 220 240 260 280 300 

I 
(Check One Block) 
KK 0 Management/ Adm. Name 

I 
ll a Mfg. & Engineering 
MM 0 Quality Control Company 

I 
NN 0 Research & Development 

Address PP a Technical Soles Sei'Vice 

I 
QQ 0 Soles & Marketing 

City State __ ZiP---RR 0 Consultant 

J 
ss 0 Educator/Student/Ubrarion Phone FAX n o Other 

J 



BUSINESS REPLY MAIL 
FIRST CLASS PERMIT NO. 12522 CHICAGO, ILLINOIS 

POSTAGE WILL BE PAID BY ADDRESSEE 

Journal of Coatings Technology 
Reader Service Center 
650 S. Clark St. 
Chicago, IL 60605-9960 

1.11 •• 11 •••• 11 •• 11 •••• 1.1.1.1 •• 1.1 ••• 11 •• 11 ••• 1.1 •• 1 

NO POSTAGE 
NECESSARY 

IF MAILED 
IN THE . 

UNITED STATES 

I 
) 
I 
1 
I 
l 
1 
l 
l 
I 
I 
i 
l 
l 
·I 
I 
I 
I 
I 
I 
i 

- -- ~ ---~--~ ~~~~ ~-- ~ ~------ - ---------- -}-----. 

BUSINESS REPLY MAIL 
FIRST CLASS PERMIT NO. 12522 CHICAGO, ILLINOIS 

POSTAGE WILL BE PAID BY ADDRESSEE 

Journal of Coatings Technology 
Reader Service Center 
650 S. Clark St. 
Chicago, IL 60605-9960 

1.11 •• 11 •••• 11 •• 11 •••• 1.1.1.1 •• 1.1 ••• 11 •• 11 ••• 1.1 •• 1 

NO POSTAGE 
NECESSARY 

IF MAILED 
IN THE 

UNITED STATES 

,I 

'I 
:1 

~ 
I 
I 
I 
~I 

I 
·I 
I 
I 
·I 
'I 
I 
I 
I 
l 
j 
I 
l 



Society Meetings 

BIRMINGHAM .................. MARCH 

"Rheology" 

The meeting's technical presentation was 
given by Mark Power, of Carri-Med Ltd. 
Mr. Power's topic was "RHEOLOGY AND ITs 
IMPLICATIONS FOR THE COATINGS INDUSTRY." 

The speaker defined rheology as the 
study of flow and deformation of matter. He 
said that over the last 5-10 years the interest 
in this fairly new science has increased. 

Mr. Power reviewed the many different 
theoretical models of flow that have been in 
existence for many ye ars. including: 
Bingham, plastic. pseudoplastic. Newtonian, 
and dilatent. 

Constant shear equipment and constant 
stress equipment were discussed. The tech
nicalities of yie ld stress, the amount of force 
needed to make it flow , were explained. 

Mr. Power said that three ways to mea
sure sample structure include: Hysteres is 
Loop Technique, osci llation (wobble), and 
creep. The Hysteresis Loop Technique de
stroys the st ructure, is not repeatable, and 
can be called shear thinning. Oscillation does 
not destroy the structure and is good for 
shon times and fast processes. The creep 
technique can only be used on cont ro lled 
stress equipment which enables materials to 
be looked at over a long time frame. 

D AVID C. MoRRIS, Secretary 

CDIC ................ ...................... FEB. 

"1509000" 
The meeting's first speaker was Lisa 

Brown, of Boehringer-Mannheim Company, 
who discussed " ISO 9000. " 

The speaker described ISO 9000's vari
ous components and objecti ves, indicating 
that is analogous with Total Quality Man
agement. 

Ms. Brown stated that ISO 9000 requires 
a company to give its players strategy. She 
pointed out that the objecti ve of the ISO 
Series of Standards is to describe the generic 
requirements of a set of quality systems that 
maximize the probabi lity that a product or 
service organization will satisfy customer 
needs in a manner consistent with its orga
nizational policies, goals, and objectives. 

The speaker said that ISO 9000, an in
ternational standard that spells out guide
lines, is based on British Standard 5750. 
Ms. Brown explained the different ISO 9000 
standards, including: ISO 900 1-a quality 
assurance model for design/development; 
ISO 9002-a quality assu rance model for 
production and installations: ISO 9003-a 
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model for final inspections; and ISO 9004-
guidelines for elements. 

It was noted that EN 29000 to EN 29004 
are regional European direct equ ivalents for 
the ISO 9000 series. The U.S. equivalent is 
A Sl/ASQC Q 90 to Q 94. 

The advantages of ISO 9000, an oppor
tunity for increased sales, maintained sales, 
and decreased costs, were discussed. 

Q. In a recent issue of Business Week . 
an article listed disadvantages of ISO 9000. 
What comments can you make? 

A. One disadvantage is to make the 
performance requi rements too limiting. The 
document shouldn ' t be so rigid that it pre
vents the employee from doing a good job. 

The second speaker was John R. John
son. of Reilly Industries. whose topic was 
''NEW CATALYSTS FOR E POXY C OATINGS." 

PAUL R. G UEVIN JR ., Acting SecretQ/y 

CDIC ........ .. .. .... ..................... MAR. 

"Chemophobia and Ecohysteria 
Mongers" 

The Nominating Committee's slate of 
officers for 1993-94 was announced as fol
lows: President-Paul R. Guevin Jr. , of P.R. 
Guevin Associates: Vice President- Alan 
L. Machek , of Dow Corning Corporation: 
Secretary-John C. Avery, of Cintech In
dustrial Coatings and Kenneth Pendleton. 
of K.A. Pend leton Company. Inc.; and 
Treasurer-Sherrill Henegar, of Reilly In
dustries and William Jelf lll , of Ak zo 
Coatings, Inc. 

Joseph Reekers, retired, former ly of 
Perry & Derrick Company, Inc., was nom i
nated for Society Honorary Membership. A 
vote will take place during the April Society 
meeting. 

h was announced that Hugh Lowrey, of 
Perry & Derrick Com pany, Inc., has been 
appointed as the Society Representative to 
the Ohio Paint Counc il 's Operating Com
mittee. 

A chairman is being sought to head up 
the planning for the Society's 75th Anni
versary celebration in 1995. Interested 
people should contact President Alipio R. 
Rubin Jr. , of Rubin Dispersions. 

Golden Gate Society member Robert D. 
Athey Jr. , of Athey Technologies, gave the 
meeting's technical presentation. H is topic 

was "CH EMOPHOBIA MO NGE RS AND 

ECOHYSTERIA MONGERS ... 
Dr. Athey summari zed hi s ac tivi ty re

garding the environmental community over 
the last four years. Global warming was one 
of his topics of discussion. He said that 
carbon dioxide levels may be increasing and 
the reason why may not be fu ll y under
standable . 

The speaker said that when scares arise, 
they are full of sound and fury but usually 
sign ify nothi ng. Each case has multiple 
levels of direction at each stage and each 
monger group is different. Each of these 
mongers has a unique driving force for thei r 
contribution of the hysteria. 

Dr. Athey rev iewed the five groups that 
are "staging' these scares- media, regula
tors, legislators, public interest groups, and 
labor/trade unions. 

In conclusion. the speaker stated that 
people should take a pro-active approach 
and confront inappropriate sources of in
formation. 

The edu cati onal speaker was Mark 
Ball ard, of Huntington Nationa l Bank , who 
discussed "BUSINESS ETIQUElTE IN THE 90s." 

The speake r reviewed many of the 
common business faux pas according to 
Catalyst , a New York based nonprofit or
gani zation. Some of the more common 
mistakes include: calling business associ
ates and clients by their first names, sending 
out sloppy bus iness correspondence, smok
ing in the wrong places, and talking on ly 
about business at a function that is both 
business and social. 

PAUL R. GuEVIN JR. , Actin!? Secretary 

VOC COMPLIANT COATINGS-Rich 
Johnson, of Cargill, Inc., addresses mem

bers of the Chicago Society during the 
February meeting 
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Constituent Society Meetings and Secretaries 
BALTIMORE (Third Thursday- Manins West, Baltimore. MD). H ELE;'\E J. R ANFONE. 

Duron, Inc .. 10460 Tucker St. , Beltsv ille. MD 20705. 
BIRMINGHAM (First Thursday-Strathallan Hotel. Binningham. England). D.C. 

MoRRIS, PPG Industries (UK) Ltd., P.O. Box 359. Bim1ingham. B 16 OAD. England. 
CDIC (Second Monday-Location a lte rnates between Columbus, Cincinnati , Day

ton. and Indianapol is). J EFFERY L BucHMAN. Akzo Coatings. Inc. P.O. Box 147. Colum
bus. OH 432 16-0147. 

CHICAGO (First Monday-Sharko's Restaurant. Villa Park. IL). N,\Tu C. P ATEL. Ace 
Hardware Corp .. Paint Div .. 2190 1 S. Central Ave .. Maneson. IL 60443. 

CLEVELAND (Third Tuesday-Brown Derby. Independence. OH in Nov .. Mar .. 
and Apr.; Cleveland Hilton. Cleveland. OH. in Feb.: Landerhaven. Mayfie ld Heights. 
OH. in May). CoNSTANCE F. W ILLIAMS. The G lidden Co .. 80 I Canterbury Rd., Westlake. 
OH 44 145. 

DALLAS (Thursday following second Wednesday-Holiday Inn Crowne Plaza. 
Dallas, TX). BENNY PucKETI. Ke ll y~Moore Paint Co., Inc. , 301 W. Hurst Blvd .. Hurst. TX 
76053. 

DETROIT (Second Tuesday-meet ing sites vary). JANE ALLEN. Reichhold Chemi· 
cals, Inc .. 8 14 Commerce Dr. , Oakbrook, IL 6052 1. 

GOLDEN GATE (Monday before third Wednesday-a lternates be tween Francesco's 
in Oakland. CA. and Holiday Inn in S. San Franscisco). RICHARD CooPER. Synergistic 
Perfonnance Corp .. 580 1 Christie Ave., #590, Emeryville, CA 94608. 

HOUSTON (Second Wednesday- Hobby Airport Hilton, Houston. TX ). ToM 
FITZGERALD. Monarch Paint Co., P.O. Box 55604. Houston . TX 77255. 

KANSAS CITY (Second Thursday-Cascone's Restaurant . Kansas City. MO ). 
LAWRENCE J. MuRPHY. Tnemec Co. Inc., 123 W. 23rd Ave .. N. Kansas City. MO 64 11 6. 

LOS ANGELES (Second Wednesday-Steven's Steakhouse. Commerce. CA). JoHN 
C. KuL;o.;ANE. Ameritone Paint Corp .. 184 14 S. Santa Fe Ave .. P.O. Box 190. Long Beach, 
CA 90801. 

LOUISVILLE (Third Wednesday-Executi ve West Motor Hotel. Louisv ille, KY ). 
WiLLIAM LEJGHTNER, C.L. McGuire & Co., 8134 Newlagrange Rd .. Lou isville. KY 40222. 

MEXICO (Every fifteen days-Gabriel Mancera. Mexico Ci ty. Mexico). SERGIO RoJAS. 
Pinturas International, S.A. De C.V., Ganaderos 234. Col. Granjas Esmeralda. 09810 
Mexico, D. F .• Mexico. 

MONTREAL (Fi rst Wednesday-Le Biftheque Steakhouse. Ville St. Laurent. Que
bec). EsTHER RouLEAU McCARTHY. Stochem Inc .. 1455 32nd Ave .. Lachine. Que. H8T 
31 I, Canada. 

NEW ENGLAND (Third Thursday-Sheraton Lexington Hotel. Lex ington, MA, and 
other locations in Massachusetts and Rhode Island ). CHARLES SHEA RER. ICI Resins US, 730 
Main St. , Wilm ington, MA 01887. 

NEW YORK (Second Tuesday-Landmark II. East Rutherford . N)). GEORGE M. 
AMRICH JR .. Benjamin Moore & Co .. 134 Lister Ave .. Newark. NJ 07105. 

NORTHWESTERN (Jax Cafe, Minneapolis, MN). MICHAEL GRI VNA, Hirshfield 's Paint 
Mfg .. Inc .. 4450 Lyndale Ave .. N .. Minneapolis. MN 554 12. 

PACIFIC NORTHWEST (PoRTLAND SECTION-Third Tuesday; Puocr SouND Sec
TION-Third Wednesday; VANCOlNER SECTION- Third Thursday). JOHN WESTENDORF, 
Lipscomb Chemical Northwest. 2627 NW Nicolai, Portland. OR 97210. 

PHILADELPH IA (Second Thursday- Williamson's Restaurant , GSB Bldg .. Bala 
Cynwyd, PA ). ROBERT D. THOMAS, M.A. Bruder & Sons, Inc .. 52nd & Grays Ave. , Phi la· 
delphia. PA 19 143. 

PIEDMONT (Third Wednesday-Ramada Inn Airport, Greensboro, NC). DALE 
BAKER, Kohl Marketing, Inc. , 3859 Bal!leground Ave., Ste. 203, Greensboro, NC 274 10. 

PITISBURGH (Second Monday-Montemurro's Restaurant, Sharpsburg. PA). MARK 
A. HARLEY JR .. PPG Industries, Inc., 4325 Rosanna Dr., P.O. Box 9, Allison Park , PA 
15 101. 

ROCKY MOUNTAIN (Monday following fi rst Wednesday- Zangs Brewery. Den
ver. CO). CHRISTINE LESCAMELA, Luzenac America. Inc .. 8985 E. Nichols Ave., Englewood 
co 801 12. 

ST. LOUIS (Third Tuesday-Salad Bowl Cafeteri a. St. Louis. MO). CHUCK REnTER. 
American Paint Journal Co., 2911 Washington Ave .. St. Louis. MO 63 103. 

SOUTHERN (GULF CoAST SECTION- thi rd Thursday: CENTRAL FLORIDA SECTION-third 
Thursday after first Monday; ATLANTA SECTION-third Thursday; MEMPUIS SECTION-hi· 
monthly on second Tuesday; and MIAMI SECTION-Tuesday prior to Central Florida Sec· 
tion). JEFF SHUBERT, Shubert Paints. Inc., 2157 Mountain Industrial Blvd., Tucker, GA 
30084. 

TORONTO (Second Monday-Cambridge Motor Hotel. Toronto). BoB C. No, Hoechs! 
Canada Inc. , 100 Tempo Ave., Willowdale, On!. M2H 2N8, Canada. 

WESTERN NEW YORK (Third Tuesday-meeting sites vary). MARKO MARKOFF, 182 
Fanningdale Rd., Cheektowaga, NY 14225. 

CHICAGO ,,, ,,,,.,,,,.,,. FEB. 

" VOC Compliant Coatings •• 

Ric h Johnson. of Cargill , Inc ., spoke 
about .. NEw DEVELOPMENTS IN VOC CoM
PLIANT COATINGS FOR CONSUMER PAINTS." Mr. 
Johnson is a me mber of the Northwestern 
Society. 

The spreading restrictions on VOCs in 
architectural and industria l maintenance 
coatings under the C lean Air Act were re
viewed. According 10 the speaker. these re
strictions have inc ited renewed in teres t in 
high solids and waterborne systems. A lso. 
the need to meet hazardous air pollutan t 
regul ations has prompted new research into 
waterborne di spersions and water-reducible 
res ins. 

A c hart d ispl ayed the industry usage of 
va rious types o f resins and thei r nonnal end 
usage . The degree of difficulty of replac ing 
thei r usage with a lte rnative res ins to achieve 
the required properties a lso was presented . 
According to Mr. Johnson, this might ex
plain why the sales of higher solids a lkyds 
increased 37 % in lhe momh fo ll ow ing 
Califo rnia 's reduction in allowable VOCs 
in architectural paints. whereas the use of 
waterborne a lte rnatives increased only by 
I 0%. He expla ined that the c ustomers had 
to be educated to brush out the a lte rnati ve 
high solids a lkyd products 10 achieve the 
same drying speed and spre ading rate pe r 
gallon as the lower solids prod ucts. 

In addition. Mr. Johnson said that most 
industri a l maintenance coati ngs required 
newer produc ts. Also. new water· reduciblc 
polyolefins are bei ng successful ly used as 
penetrating sta in vehic les. 

Mr. Johnson rev iewed the progress in 
the des ig n of new ac rylic waterborne dis
pe rs ion resins o f much lower VOCs than 
water· reducible solut ions. 

CLI FFORD 0. SCHWAHN , Puhlicity 

CHICAGO ....................... , , .. MAR. 

"Associative Thickeners •• 

Edward J. Schalle r, of Rohm and Haas 
Com pany, was the meeting's tech nica l 
speaker. His ta lk was entitled "SELECTING AND 
USING A SSOC IATIVE TH ICKENER S.' ' 

An assoc iati ve thickener was defined as 
a high molecul ar we ight multi -functiona l 
surfactant w ith hydrophobe modifiers at each 
end and some limes within the molec ule. 
Mr. Sc halle r said assoc iative thic keners g ive 
a lo t more thickening than expected from 
their molecul ar weight due to the ir assoc ia
tions with other materials. the latex, pig
ments, and o ther thic ke ner molecules. 

The three basic types of assoc iative 
thi c keners were de sc ribed: H EU R , 
hydrophobe modified ethy le ne ox ide ure
thanes; HASE, hydrophobe modified a lkali 
so lubl e e mul s ions; a nd HMHEC , 
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hydrophobe modified hydroxy ethy l 
celluloses. 

According to Mr. Schaller. because of 
the many types and grades of associative 
thickeners avai lable, and the relative sensi
tivity of this type of thickener to other for
mulation components, it is often difficult to 
select the appropriate grade for the best bal
ance of performance and cost. He stressed 
the need to consider the inherent properties 
of the various types in considering the best 
choices for the formulator for each of the 
formu las. 

The advantages and disadvantages of the 
different associative thickeners were dis
cussed. 

In conclusion, Mr. Schaller stated that 
most people like combinations of thicken
ers for optimum properties rather than 
changing the ir basic surfactant system 10 
accommodate the thickeners themselves. 

CLIFFORD 0 . ScHWAHN, Puhliciry 

CLEVELAND ...... ... .. ...... .. ... .. FEB. 

"Responsible Care " 

It was announced that the Society Board 
of Directors has approved a Scholarship 
Fund for the membership. 

The technical presentat ion was deliv
ered by Bernard Silverstein , of ARCO 
Chemical Company. Hi s topic was " RE
SPONSIBLE CARE." 

The speaker said the Responsible Care 
concept was developed by the Chemical 
Manufacturers Association to restore a 
positive image of the chemical industry in 
the public's eye. 

Mr. Si lverstein presented on overview 
of ARCO Chemical and its involvement wi th 
Responsible Care. 

He explained the goals of Responsible 
Care including continuous improvement in 
health, safety, and the environment, which 
wi ll be driven by the demands of the public. 

Also, the principles of the Responsible 
Care program, safe operation guidelines at 
all plants, research, and resolving past waste 
problems were discussed. 

According to Mr. Silverstein , a new trend 
of the program is developing whereby noti 
fications of hazards are not just reported to 
regu latory agencies, but 10 the public, sup· 
pliers, industry. and the competition. 

The speaker stated that the industry has 
to study the public's opinion of the chemi
cal industry and determine where the public 
feel s comfortable with the industry. 

He emphasized that regulations are only 
a nuisance when bureaucracy plays a part. 
The chemical industry can reduce the ne
cessity of government regulations by show
ing Responsible Care through self-evalua
tion, and therefore, self-regulation of the 
industry. 
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Employee safety, community awareness. 
emergency response, pollution prevention. 
process safety, and distribution of prod
ucts-the six codes of the program were 
di scussed. 

Mr. Si lverstein explained the codes of 
the program. More health and env ironmen· 
tal personnel are being located in the plants 
to get more input for plant designs and more 
research on products. The community 
awareness code involves working wi th the 
community to prepare them for a possible 
emergency, 10 respond to their concerns by 
meeting with them to find out what the in
dust ry is doing right or wrong. Poll ution 
prevention means a manufacturer should 
examine the processes involved in making a 
product and try to prevent or minimize the 
amount of waste generated versus looking 
at treatment of waste. Process safety is where 
the company examines the outer boundaries 
where products are stored , in addition to 
inside the manufacturing facility. The Dis
tribution Safety Code promotes safety over 
the road. 

According 10 the speaker, product stew
ardship is considered the umbrella of all the 
other codes. dictating that the company go 
outside to suppliers. customers, contractors, 
and tool manufacturers and work with them 
on products through their entire life cyc le. 

In conclusion, Mr. Si lverstein stated that 
the Responsible Care program is interna
tional. and those involved in the chemical 
industry will become much more involved. 
He said self-regulation will be the trend of 
the future, because if the chem ical industry 
docs not clean up its act to meet the public's 
concern. the industry will gradually fade 
out of ex istence. 

CoNSTANCE F. WILLIAMS, Secretary 

LOS ANGELES .................... MAR. 

"Silicones" 

The Society Pas t-Presidents in allen
dance were greeted with a "formal" intro
duction. In addition, each was presented with 
a complimentary three-day pass to the 
Western Coat ings Societies' Symposium and 
Show. 

The 14 honorees inc luded: Leonard S. 
Feldman , Society Honorary Member ( 1960-
6 1); Alan U. Hershey, retired ( 196 1-62); 
Robert A. McNeill , RAM Consulting ( 1974-
75); Kenneth J. O'Morrow, retired ( 1975· 
76); Robert F. Koperek, retired ( 1977-78); 
Fred Croad , retired ( 1978-79): Albert 
Scnekcr, retired ( 1979-80); Donald I. Jor· 
dan. Society Honorary Member ( 1980-81 ); 
Jan Van Zelm, BYK-Chemie USA (198 1-
82); Romer E. Johnson , Dorsen & Jackson 
(1982-83); Michael Gildon, retired (1985-
86); Ray DiMaio, of Kop-Coat Inc . (1987-
88); Melinda Rutledge, of RHEOX, Inc. 
(1989-90); and James D. Hall, of Sinclair 
Paint Company ( 1991 -92). 

MARCH TECHNICAL SPEAKER-Edward 
J. Schaller, of Rohm and Haas Company, 

explains associative thickeners to the 
members of the Chicago Society 

It was noted during the presentation of 
the Environmental Comminee Report that 
the South Coast Air Qual ity Management 
Di stri ct has proposed Rule 20 13 for "Mea
suring and Reporting Emissions of Reactive 
Organic Compounds (ROC)." It was an
nounced that many changes have been made 
from the original version of the rule. 

In addition, bills from the State Board of 
Equalization regarding the Childhood Lead 
Poisoning Prevention Fee for Architectural 
Coatings distributors have arri ved . A 
$.02388 fee per gallon based on 199 1 pro
duct ion is the amount arrived at. 

Man Dustin, of the California Paint 
Counci l, suggests preparing the form and 
check but not sending it immediately. The 
Chemical Manufacturers Association is at· 
tempting to fi le legal action to block the 
billing on two counts. First , the fee appears 
10 be a tax. Second , the regulation fail s to 
assess other lead sources. The State Depart
ment of Hea lth Serv ices definition of an 
architectural coating appears to be different 
from that of the South Coast Air Quality 
Management District. 

Also, Bert Osen, of Fine Line Paint Cor
poration, advised the membership to inves
tigate the applica tion of the "fee" for the 
Childhood Lead Poi soning Prevention Fee 
for Architectural Coatings. He commented 
on the fact that the fee does not apply to 
lacquers, varn ishes, etc . Mr. Osen said that 
product types manufactured shou ld be clari
fied. because some of the products may not 
have to be reported for the fee . 

New York Soc iety member Edward W. 
Orr , of BYK -Chemie USA, was th e 
meeting 's technical speaker. Hi s topic was 
"SILICONES IN THE COATINGS INDUSTRY: THE 

I NFLUENCE OF CHEMICAL STRUCTURE UPON 

PROPERTIES." 

The speaker discussed silicone addi tives 
and their use in coatings. He stated that wi th 
the proper silicone additive, a coating can 
be made to coat a grease coated steel. 
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Mr. Orr explained that a new structure 
has been developed to provide very low 
surface tensions to match those of fluoro 
type products. minus the side effects of foam. 

However, he said that si l icones are 
thought to cause problems with intercoat 
adhesion. It was noted that the longer the 
alkyl group. the less influence on surface 
tension reduction. 

The speaker stated that the si li cone 
molec ule can be modified by changing the 
molecular weight. He said the molecular 
weight must correspond to the molecular 
weight of the rela tively low or moderately 
low areas. 

The ge nera l structure s of the 
pol ys iloxane molecule were reviewed. 

In conclusion , Mr. Orr stated that many 
surface defects are caused by differences in 
surface tension. By proper se lection of sili
cone add it ives. many of these defects can be 
eliminated. 

Q. What is the fastest way to find the 
optimum amoulll of silicone additi\'e? 

A. Match the surface tension of the 
components of the formu lat ion wi th the 
silicone additive and avoid use of silicone 
add itives wh ich conta in pendant oxygen 
groups. 

Q. Are silicone additiw•s as effecti,·e in 
~1 ·ater as they are in soh·ellf coatings." 

A. Yes. The mechanism of matching the 
effect of fluoro type compounds actually is 
more effective in water than solvent coatings. 

JOHN C. K uLNANE. Secrewry 

MONTREAL ......................... FEB. 

"Waterbased Coatings: Low VOCs " 
Symposium 

The Society's Annual Symposium was 
conducted during this month' s meeting. The 
theme of this year's event was ' 'W ATER BASED 
COATI NGs: Low VOCs." 

The first speaker was Nonhwestem So
ciety member Rich Johnson. of Cargill , Inc. 
His topic was "W ATERBASED TECHNOLOGIES 
FOR LOWER VOC." 

Mr. Johnson presented an out li ne of the 
driv ing forces behind the new waterborne 
technologies. According to a coatings in
dustry survey. 78% of the respondents stated 
that the primary reason for thi s new waler
borne technology was legislative regu lations. 
including the Title I Clean Ai r Act. Title III 
190 Hazardous Air Pollutants, and the En
vironme ntal Protection Agency's 33/50 
project. 

According to the speaker, the ult imate 
result of this legislation will be the eli mina
tion of many raw materials now used. and 
eventuall y zero VOC limits. 

Mr. Johnson reviewed the major tech
nologies ava il able. 

In conc lusion. the speaker stated that 
major changes are tak ing place and. to sur
vive. successful raw materia l suppliers and 
coating producers will change. He sa id th at 
many technologies have been developed in 
the last 5- l 0 years which "common wisdom 
at the time thought impossible ... Mr. Johnson 
assured the membersh ip that this change 
wi ll con tinue to occur. 

Q. Will a uniform standard he l'.'itab
lished in the U.S.for VOC requiremems? 

A. Yes. efforts are underway between 
industry and both nat ional and state gov
ernment bodies to establish a minimum 
uniform requirement. However. individual 
states will reta in the right to set more strin
gent norms (i.e .. California probably wi ll 
st ill lead the way). 

The nex t speaker was Kri shan C. Sehgal. 
of Union Carbide Chemica ls & Plastics 
Company Inc .. whose talk was entitled, 
"SOLV!t'\G PRACTICAL ADHESION PROBLEMS IN 
TRADE PAINTS WITH FuNDAMENTAL STUDIEs." 

The various adhesion models and com
mon methods used in the coatings industry 
were reviewed. 

LOS ANGELES SOCIETY PAST-PRESIDENTS-Attending the March Society meeting 
are, standing (from left): Fred Croad, Jan Van Zelm, Melinda Rutledge, Romer E. John
son, Leonard S. Feldman, and Ray DiMaio. Seated: Alan U. Hershey and Michael Gildon 
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Dr. Krishan showed that adhesion fail
ure can be divided into two types: interfa
c ial , between coating and substrate: and bu lk 
contribution. with in the coat ing itse lf. 

Accord ing to the speaker. the tes ting 
methods used present ly are bot h destructive 
and nondestruct ive (x-ray) types. These 
methods measure different modes of fai lu re 
(or potential fai lure). He noted that test re
sults do not always correlate w ith the ex
pectations of the coating. or from one tes t 
method to the next. 

Dr. Krishan stated that most measu re
ments are defined not by the fonna tion of 
the bond. but by the break ing of the bond. 
To make full use of the test results, he said it 
is important to know the mode of fail ure. 

Wettability stud ies and SEM results used 
to characterize the surface energy. compo
si tion. and morphology of naturally weat h
ered surfaces were presented. 

In conclusion . Dr. Sehgal explai ned that 
a combination of tes t resu lt s ( i .e .. tape pu ll. 
lnstron. wet scrub. shower stall. I SO peel 
test) should be conducted to best compare 
adhesion perfonnance of latex coat ings. He 
stated that in many cases one test gave mi s
lead ing results. Also. the morphology of the 
substrate (chalk paint). includ ing roughness. 
surface characteristics, and the cross section 
of the substrate (chalk layer) are important. 

Kent Wood. of Rohm and Haas Com
pany. gave a ta lk on "WATER BASED COATING 
SYSTEMS FOR THE Wooo FINISUI NG INDUSTRY ... 

The speaker said that traditionally. ni
trocellu lose lacquers have been used by the 
furniture industry. resulting in over a 
250.000.000 lbs of solvents (VOC) being 
re lease annuall y by thi s industry. Mr. Wood 
stated that waterborne resins offer lower 
VOCs and improved safety for the furniture 
industry. 

Fi lm properties. latex film formation, 
and UV curable coating systems were dis
cussed. 

In conclusion. Mr. Wood said molecu lar 
weights will increase. along with good early 
fi lm properties, through improved latex de
sign. Also. VOC will continue to drop, and 
fonnulat ion adjustments w ill continue to be 
cr iti ca l for success. 

Q. How good is the color retention t~l 
these waterborne coatings? 

A. Very good, thermoplastics retain ini 
ti al color very well. 

Q. /-las the grain raising problem been 
soh·ed? 

A. Not rea lly. but it can be minimi zed 
by controlling the pH. When the pH is over 
8, it increases: below 7 is the best. Hybrid 
systems (sealers) are perhaps still the best 
for difficult wood substrates. 

The Society' s Annual Symposium was 
concl uded with a presentation by New York 
Society member Edward W. Orr, of BYK
Chemie USA. His topic was "ADDITIVE Us-
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AGE IN ENVIRONMENTALLY FRIE DLY COAT
INGS." 

Mr. Orr explained that the trend towards 
environmentally acceptable coatings poses 
special challenges to addi ti ve suppliers. in
cluding: flow . rheology, catalys is. substrate 
wett ing, pigment wett ing. and dispersing. 

On overv iew of new addi ti ve technolo
gies, with emphasis on wetti ng and dispers
ing. surface now and leveling, and defoam
ing. was presented. 

The speaker discussed the proper usage 
of silicone additives (flow and surface con
trol) for environmental coatings. He ex
plained that the increased understandability 
of silicone chemistry has allowed manufac
turers to develop new classes of si l icone 
compounds that are " trouble free." 

In conclusion . Mr. Orr stated that envi
ronmentally acceptable coatings demand 
higher perform ance. so new additive struc
tures have evolved to meet the new demands 
of advanced coat ings components and ap
plication technolog ies. 

Q. Are swfauants the primGJ)' cause of 
foamin g prol>lems? 

A. Yes. but if the system does not have 
enough surfactants. the shear stabi lity will 
be poor. 

J ASON G. H ART 

NORTHWESTERN ............... FEB. 

Spouses' Night 

Environmental Committee Chai rman 
Mark Uglem. of Hirshfield' s Paint Mfg .. 
Inc .. reported on the activit ies of the Paint 
Council. Currently there are two items of 
concern : Bil l H.F. 65 , regarding recycl ing 
and packaging , wh ich could have great 
ramificat ions to the industry: and proposed 
Environmental Protection Agency regula
tions for above ground storage tanks. 

Technical Committee Chairman Edward 
Ferlauto, of The Valspar Corporation , gave 
an update on the Committee 's activities. 
including a paper he is writing regarding 
lead abatement. Other active projects in
clude work on acid rain. forma ldehyde, and 
corrosion test methods. 

The first speaker was Juergen H. Braun. 
of DuPont Chemicals, who spoke on "Gwss 
OF PAINT FILMS AND THE M ECHANISM OF PIG
MENT iNVOLVEMENT." 

The speaker defined gloss as the inten
sity of refl ected light. The optics of g loss 
include the physics of reflected light and the 
measurement of intensity. Also discussed 
was the psychology of gloss. 

Dr. Braun said the drying process of a 
paint film is divided into two phases. Dur
ing the wetter stage of drying, the surface of 
the fi lm is smooth down to a molecule level 
and appears wet. As the film dries , a Surface 
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Critical Point is reached . According to the 
speaker, this is when the pigment structure 
forces are equal to the surface tension forces. 
Beyond thi s point the pigment structure 
forces become more dominant. 

The second speaker was Doris Brashear. 
of Hirshfie ld's Paint Mfg .. Inc. Ms. Brashear 
di scussed " TuE L ATEST IN FABRIC AND WIN
DOW TREATMENTS." 

The speaker demonstrated many new 
products. Current trends in w indow cover
ings. including shear/blind combinations, 
wood blinds. custom blinds. and headers, 
were rev iewed. 

In conc lusion , M s. Brashear stated that 
blinds can help conserve energy better than 
conventional drapery. even when the blinds 
are partia lly open. 

MICHA EL GRIVNA, Secretary 

PHILADELPHIA .................... FEB. 

"Adhesion to Chalky Surfaces" 

The meeting featured a visit from FSCT 
Presi de nt - Elect John A . Lannin g, of 
Courtaulds Coatings, Inc., and staff mem
bers Michael Bell. Director of Educational 
Serv ices. and Patricia Viola, Director of 
Publicat ions. 

Mr. Lanning spoke first and discussed 
the importance of quality improvement and 
how some of the FSCT 's many programs 
and training aids can help contribute toward 
quality improvement. 

A lso, he talked about membership par
ticipation and membership growth in the 
FSCf. 

In conclusion, Mr. Lanning outlined the 
cooperative efforts of the FSCT and NPCA. 

Mr. Bell reviewed the attendance statis
tics of the 1992 Annual Meeting and Paint 
Industries ' Show (A M&PS ). held in Chi
cago. IL, and talked about future AM&PS 
sites. 

Also discussed were Spring Week 1993. 
scheduled for May 16- 19 , in Houston. TX: 
the Coatings Industry Education Fund: and 
the FSCT budget. 

Mr. Be ll talked about the quantity and 
quality of the many FSCT publications. and 
reviewed the coatings MSDS system on CD
ROM project, which wi ll provide a compi
lation of the Material Safety Data Sheets 
used by the coatings industry on new CD
ROM techno logy. 

The technical speaker was Krishan C. 
Sehgal. of Union Carbide Chemicals and 
Plastics Company, Inc .. who spoke on ''Ao
llESlON TO W EATHERED CHALKY SuRFACEs.' ' 

Several models of adhesion and their 
respective limits and benefits were discussed. 
Dr. Sehgal sugges ted that an adequate treat
ment of adhes ion must dea l with both the 
surface energy component and the v is
coelastic componem of adhesion. He stressed 
that the test data always should include the 
mode of fai lure as well as the data for the 
point of fa ilure. It was noted that the mode 
of failure will indicate the d irection of greater 
interest when seeking improvements. 

The speaker commented that the charac
teri zat ion of the surface is very important 
when studying the coating-substrate inter
face and its integri ty. 

In conclusion, Dr. Sehgal said good ad
hesion properties depend on a proper bal
ance of the surface energy and the vis
coelastic contributions. 

RoBERT D. THOMAS. Secretary 

weader Servtce 1 d 
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Elections 

BALTIMORE 

Active 

Frick , Jan P.-Farboil Co., Baltimore. MD. 
Timmins. Jess<' S.-W.R. Grace & Co .. Balt i· 

more. 

Associate 

Akers. Woodrow J.-Farboil Co., Ba ltimore. MD. 
Boldt, Paul W.-E.W. Kaufmann Co .. Ellicott 

Ci ty, MD. 
Brophy, Terrence K.-The Thomley. Wilmington. 

DE. 
Crowley. Colin D.-ChemCentral. Bahimore. 

BIRMINGHAM 

Active 

Price. Andy- PennaBond. East leigh. Hampshire. 
Yuer1. Shu Wa h- Manfield Coatings Co .. Ltd., 

Fotan Shatzn. Hong Kong. 

Associate 

Costin. Cofin- Synthopol Chemie. Rush Green. 
Romford. Essex. 

Martin . John C.-Inchema. Orpington . Kent. 
McGregor. Ronald 1.-S iber Hegner Ltd .. 

Beckenham. Kent. 

CDIC 

Active 

Chihara. Kohji Y.---Gencorp .. Wabash, IN. 
Hearer . Kenneth 1.-Banelle Columbus Labs .. 

Columbus, OH. 
Humphrey. Burnice L.- Patriot Paint Co .. Inc .. 

Portl and, IN. 
McDonald, William F.-Bauel\e Columbus Labs .. 

Columbus. 
Metz. Barbara A.-Battelle Columbus Labs., 

Columbus. 
Mitchell. Ben G.-Akzo Coatings Inc .. Colum

bus. 
Parsons. Alice B.-Battelle Columbus Labs .. 

Columbus. 
Russell, Robert£. /!/-Battelle Columbus Labs .. 

Columbus. 
Spangler. J . Mil:haeJ-Bauelle Columbus Labs .. 

Columbus. 
Wojtowicz. Jadwiga- Akzo Coatings Inc .. Co

lumbus. 

Associate 

O 'Co nnor, J . Brian- McWhon er In c .. 
Carpentersville, IL. 
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CLEVELAND 

Active 

Allen. Karen S.-Lubrizo l Corp .. Wickl iffe. OH. 
Bourne. Roherr G.-American Co lors Inc .. 

Sandusky. OH . 
Brannon, Selhy M.-Pias ticolors. Inc .. Ash

tabulam. OH. 
Davies. Oswald G.-The Sherwin-Wi ll iams Co .. 

Cleveland. OH . 
Ragha\'an. \faikunt- Lemora Coatings, Cleve

land. 

Associate 

Hand. Patrick F.-CPS Chemica l. Strongsville. 
OH. 

Educator/Student 

Payer. Joe H.-Case Western Reserve Univer
sity. Cleveland, OH. 

Retired 

Rohinson. Peter \I.-Medina. OH. 

GOLDEN GATE 

Active 

Phillips . Dow S.-P & S Sales. Inc .. Hayward , 
CA. 

Shratter. Alan £.-Kell y-Moore Paint Co .. Inc .. 
San Carlos. CA. 

Associate 

Kercher. Dou~.: G.-Harcros Pigmems. Oakley. 
CA. 

Witt, Monica E.-SCM Chemicals. Inc .. Santa 
Fe Springs. CA. 

LOS ANGELES 

Active 

EJ/is. George £ . Jr.-Ell is Engineering & Man
agement Systems. San Pedro. CA. 

Loren:. Arthur W.-Sincla ir Paint Co., Los An
geles. C A. 

Schule. Martin- Ink Systems. Inc., Bell , CA. 
Thompson. Carl V.-Superior Industries. Van 

Nuys. C A. 

Associate 

Gray. Daniel A. JJ·.-John K. Bice Co., Inc .. Los 
Ange les. CA. 

Hmchins. Ward- P.T . Hutchins Co. , Ltd., Los 
Ange les. 

RoJJer , David-A lpha Consultants, Upland. CA. 

Sherman. Roger F. Jr.-Sonoco Fibre Drum, 
Santa Fe Springs. CA. 

MONTREAL 

Active 

Ades. David- PrOlec h Chem ica ls Ltd., St. 
Laurent. Que. 

Cha11tal. Ja( ·ques- Sico Inc .. Outremont . Que. 
Laurent. Edouard £/.-Pemla Inc .. St. Leonard, 

Que. 

Assodate 

Pierre. Y\·es- Inortech Chimie Inc .. Lava l. Que. 
Primeau. Guy D.-R .M . Ferg uson & Co .. 

Corn wall , Ont. 

NEW YORK 

Active 

Colil'fllii. James }.-Willi am Zinsser Co .. 
Somerset, NJ. 

Kapi low. Lnrraine- C JBA-GE IG Y Co rp .. 
Hawthorne. NY. 

Ktwsisto. Et> l'a L.- Troy Corp .. Newark , NJ. 
Maniar. Kash N.-Insi/X Products Corp ., Stony 

Point . NY. 
Randolph. Jolm H.-Randolph Products Co .. 

Carlstadt , NJ. 
Sc:haeufe le. Peter J.-Troy Corp., Newark. 
Swan. Archie G. Sr.-Hartin Paint & Filler. 

Carl stadt . 

Assod ate 

Aromando. Donald A.-Schwe izcrhall , Inc., 
Piscataway. NJ. 

Chelak, Wi/Jiam l r.,Buckman Laboratories. Inc .. 
Philadelph ia. PA. 

Happe. George W.- Mineral Pigments Co., 
Pompton Plai ns. NJ. 

Martino. Nancy M.-Lonza Inc., Fair Lawn, NJ. 
Saul. Frank T.-Seegott Inc .. West Orange, NJ. 
Stotler. Kristin M.-Praxair Inc. , Moorestown, 

NJ. 

SITUATIONS 
WANTED 

A Chemical Engineer with 24 years of expe
rience in trade sales seeks a senior 
management position in plant, technical and/ 
or quality assurance. Experience in formula
tion . process improvements. trouble shooting. 
Antoine Chaoui , 348 1 Be lcou rd Rd ., 
Longueuil, Quebec, J4M 2KG Canada. 
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People 

The appointment of Maria Repici as 
Marketing Services Manager has been an
nounced by the Instrument Systems Divi
sion of Minolta Corp. , Ramsey, NJ. She 
will manage and supervise all advertising, 
public relations, and 
trade show activities 
for the Instrument 
Systems Division. 
Additional responsi
bilities include the 
developmen t and 
implementation of 
marketing programs 
in support of sa les 
and the division's 
objectives. 

M. Repici 

Two new sales representatives have been 
appointed by Lomas International, Macon, 
GA. James Harrell will represent Lomas 
in the mid-central section of the U.S. and 
wi ll work out of his Memphis. TN. office. 
Previously. he held a Senior Sales Manage
ment position with a Memphis-based spe
cialty chemical supplier. He replaces fanner 
Lomas salesman for this region . .lim Hunt, 
who has been transferred to Tampa for sales 
work in northern and western Florida. 

In addition. Mandy Thomas, a long
time Customer Service Representative at the 
Macon headquarters. will relocate to the 
regional office in Charlotte, NC, and be 
responsible for sales in North and South 
Carolina. Lisa Lusk fills the vacant cus
tomer service position left by Ms. Thomas. 

Albert P. Stroucken has been named 
Executive Vice President of the Miles In
dustrial Chemicals Div .. Pittsburgh. PA. Pre
viously. Mr. Stroucken was the Vice Presi
dent of the Pigments, Enamels and Ceram
ics business. He succeeds Richard L White, 
who has been named Executive Vice Presi
dent of the Miles Organic Products Divi
sion and Polysar Rubber Division. as well 
as President and CEO of the Polysar Rubber 
Corporat ion of Canada. 

ICI Surfactants. Wilmington. DE. has 
appointed Ronald K McCoy as Director of 
Production for ICI Surfactants in North 
America. He is responsible for four manu
facturing sites in the U.S. and Canada. Prior 
to his recent appointment, Mr. McCoy served 
as Director of Corporate Safety for ICI 
Americas Inc. He is based at ICI' s Atlas 
Point Site in New Castle, DE. Mr. McCoy 
joined ICI in 1988. 
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The Polymers Div. of Cook Composites 
and Polymers has announced organizational 
changes due to the acquisition of Cray Val
ley Products. Inc. 

Eric Percy has been appointed to Field 
Sales Technical Director. He will provide 
technical support to CCP"s field sales people. 
agents. and distributors. 

Michael Foster has been promoted to 
Eastern Regional Sales Manager. He will be 
responsible for the division's sales for the 
eastern United States. Prior to this promo
tion, Mr. Foster was Marketing Manager. 

Following a change in CCP"s sales struc
ture from a nmional to an eastern/western 
regional concept. Edwin Bigelow was 
named Western Regional Sales Manager. 
Previously. Mr. Bigelow was National Sales 
Manager. 

John Bradley has been appointed Mar
keting Manager. He will retain responsibil
ity for sales outside the U.S., and will coor
dinate toll manufacturing. Mr. Bradley pre
viously held the position of National Ac
counts Manager. He is a member of the 
Kansas City Society. 

Patricia Fricano was named Product 
Manager. and will oversee the coatings res
ins product line. Prior to her appointment. 
Ms. Fricano was Product Manager for CCP's 
Compos ites Division. 

Buckman Laboratories International, 
Inc .. Memphis, TN , has named Mohan D. 
Karve to the newly created position of Vice 
President-Corporate Alliances. He is to 
develop corporate partnerships on a global 
basis. Recently , Mr. Karve was instrumen
tal in creating a Buckman associate com
pany in Tokyo. 

Troy Corp .. East Hanover, NJ. has ap
pointed Kurt L Hansen as Manager. Mi 
crobiology within Troy's Applied Research 
and Technical Service Group. Mr. Hansen's 
responsibilities inc lude developing new 
methods for testing the effect iveness ofTroy 
biocides in a wide range of formulation and 
env ironmental conditions. and he lping cus
tomers test specific formu lat ions. Before 
joining Troy. he directed corporate micro
biological research. 

Wit co Corp., New York. NY. has an
nounced the formation of an international 
business development department. David 
A. Kreckman has been named Director of 
thi s department, which was c reated to de
ve lop new business for Witco's spec ialty 
chemical product lines concentrating in Asia 
and Latin America. 

Obituary===== 
Elias Singer, retired President of 

Troy Corp .. East Hanover. NJ. died on 
January 23 , 1993. in Debray Beach. FL. 
He was 81. 

Mr. Singer received a B.S. Degree 
from the City College of New York. 
Shortly after receiving an M.S. Degree 
in chemistry in 1933 from Columbia Uni
vers ity. Mr. Singer began work ing as a 
Chemist for the Joachim Research Labo
ratory. He joined the D.H . Litter Co. as a 
Chemist in the company's technical ser
vice laboratory in 1933. Mr. Singer was 
named the laboratory's Research Direc
tor in 1938 and Technical Director in 
1947. 

In 1952. Mr. Singer began his long 
associat ion with Troy C hemical Corp. 
as the company's President and Techni
cal Director. He remained the company's 
President until 1979, when the company 
was sold to its current owners. Mr. Singer 
continued working there as a consultant 
until his retirement in 1988. 

In 1946, Mr. Singer began 19 years 
of service as an instructor of surface tech-

nology at New York University.ln add i
tion. he was an author of numerous tech
nical artic les on coat ings. 

As a member of the New York Soci
ety for Coatings Technology, Mr. Singer 
served on the Educational and Historical 
Committees. He was also a member of 
the National Paint and Coatings Asso
ciation and the American Chem ica l So
c iety. 

In appreciation and recognition of Mr. 
Singer"s long service to Troy. the com
pany created the annual Elias Singer 
Award, which is given to authors of out
standing technical papers at the annual 
Waterborne. Higher-Solids and Powder 
Coatings Symposium in New Orleans. 

A 50-year member of the Federation, 
Mr. Singer was also the 1982 recipient 
of the New York Society's PaVac Award. 

A native ofZaleschicki. Austria-Hun
gary, Mr. Singer is survived by his wife, 
Sy lvia; two daughters, Carol and Marion; 
and a son, Fred. 
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Meetings/ Education 

Technical Program and Exhibition Focus on VOC; 
Highlight 21st Western Coatings Societies' Event 

On March 23-25. the Western Coatings 
Societies held their 21st Biennial Sympo
sium and Show, at the Disneyland Hotel & 
Convention Center, in Anaheim, CA. Ap
proximately 2,200 people attended the event 
which focused on the theme, "Visions-Op
portunities-Challenges." 

The Los Angeles Society hosted the con
ference and exhibition, and was supported 

"PLANT HOUSEKEEPING CONS IDERATIONS 
WITH NONMERCU RIAL BIOCIDES"-Jeffrey S. 
Hinkle, of HUis America Inc. The speaker 
focused on Ihe causes of spoi lage from a 
microbiological standpoint. Describing the 
systems and components of paint formula
tions which are most susceptible to attack, 
Mr. Hinkle discussed possible sources of con
tamination in the plant/manufacturing envi-

ronment. The effects of spoil-
age were explained. 

I ~ I ''APPROACHTO f ORMULA-
{) j i/)rl(' Jit( ()_ , l .'L ,'.J-1 TION OF ARCHITECTURA L & 
. VVCf:{ Vff l OXJtfilf,;{f:;- M AINTENANCE COATINGS"-

John Ballard, of Burgess Pig
'-----------------------' ment Co. According to Mr. 

by the Golden Gate, Pacific Northwest, and 
Rocky Mountain Societies. 

Exemplifying the theme of the event were 
24 technical presentations, centering around 
VOC regulations, formulations, and new tech
nologies, and a trade show featurin g I I 0 
exhibitors in I 5,400-sq. ft. of exhibit space. 

The "Visions-Opportunities-Chal lenges" 
theme was best stated during the technical 
sessions. What follows is a brief synopsis of 
each speaker's presentation. 

"NEW CATALYSTS FOR HIGH SOLIDS COAT
INGS"-Robert Middlemiss, of OMG Group, 
Inc. Mr. Middlemiss spoke on the optimum 
drier combinations for many new high-solids 
resins. Significant dry time reductions. and 
cost savings were discussed. In conclusion, 
he explained drier promoted polymerization, 
use of chelating agents to enhance dry, and 
driers for waterborne coatings. 

"EXTERIOR STUDIES OF EXTERIOR LATEX 
HousE PAINTS CoNTAINING KAOLIN CLAY PIG
MENTs"-Thad T. Broome, of J.M. Huber 
Co. Mr. Broome reviewed the typical physi
cal characte ristics of kaolin clay pigments. 
His presentation focused on data from a four
year study which described the formulation , 
laboratory tests, and exposure tests performed 
on various kaolin clays. The exterior studies 
which were conducted compared scrub re
sistance with exterior durability. Character
istics such as opacity, brightness. and oil 
absorption were examined. 

This nent was dedicated to the 
"beautiful memory" of Geneva Wells . who 
died last year. Ms. Wells was an integral 
member of this symposium and show. Four 
years ago, she accepted the position of 
General Chairman and set the founda 
tion for this successful event. 
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Ballard, three factors which 
must be considered when formulating coat
ings are cost, hiding, and touch-up. He de
tailed factors which influence touch-up and 
those which affect mud cracking. Investi
gated were I 0 key architectural maintenance 
large volume products, which in combina
tion contribute significantly to profi tability. 
Specific raw materials were evaluated. 

"NPCA UPDATE"-J. Andrew Doyle, Ex
ecutive Director, National Paint & Coatings 
Association; Sandra Skommesa, President, 
Southern California Paint & Coatings Asso
ciation; and Mathew Dustin, Director, Cali
fornia Paint Council. National and local 
issues affecting the coatings industry were 
the focus of this session. 

" OPTIMIZING LJGHTFASTNESS OF O RGANIC 

PIGM ENTs THROUG H PARTICLE SizE CoN
TROL"-Romes h Kum ar, of Hoech st 
Celanese Corp. Dr. Kumar reviewed the 
influence of particle size distribut ion on 
lightfastness of organic pigments in vari
ous resin systems. Physical parameters in
fluencing lightfastness, including crystal 
structure and specific surface area, were 
detailed. 

"GLOSS: f ACTORS INFLUENCING GLOSS 
D EVELOPMENT AND F ORMULATING G UIDELINES 

TO ACHIEVE Gwss IN PAtNT"-Rebecca Craft
Tulloch, of E. I. du Pont de Nemours & Co. 
The speaker began with a discussion of sur
face roughness and some new techniques for 
measuring gloss. Paint properties that influ
ence gloss development include flow and 
leveling, particle size dispersion and concen
tration, and film formation. Ms. Craft-Tulloch 
emphasized achieving the proper set of physi
cal properties of a coating to create the de
sired appearance. She stated that in some 
coatings formulations the actual achievement 
of gloss is not a primary concern, while in 

others gloss must be high and is of primary 
importance not only in the initial dried film , 
but over an ex tended period of time of expo
sure to the elements. 

" IoN ExCHANGED ALTERNATIVES TO CHRO
MATE FOR CORROSION INHIBITION"- Michael 
Maule, of W .R. Grace Co. The properties 
and behavior of calcium exchanged silica gel 
were covered. Mr. Maule described the anti
corrosive results obtained in comparison to 
chromate pigment(s). In addition, practical 
formulating rips for the paint chemist were 
provided. In conclusion, the speaker reviewed 
incorporation techniques, loading levels, and 
the benefits of synergistic pigments. 

"HYLP SPRAY GuN TECHNOLOGY" --Glen 
L. Muir, of Graco Inc. The basic forms of 
atomization of airspray/high volume low pres
sure and airless were presented. Performance 
parameters of all types of tools and some of 
the benefits and problems of each method 
were reviewed. 

" W ATERBORNE E POXY RESIN E MULSJON"

Marcel Gaschke, of Ciba-Geigy Corp. The 
speaker described a stable aqueous emulsion 
free of organic solvents, based on a multi
functional epoxy resin of a re latively high 
molecular weight. Detailed were the stability 
of the emulsion, irs application. and its per-

fonnance in ambient temperature systems 
cured with a polyamidoamine. Dr. Gaschke 
explained the properties of the coatings and 
the chem ical resistance of the cured films. 

" GRAFFITI A BATEMENT A D PREVENTION 

HANDBOOK"- V.C. "Bud" Jenkins, Consult
ant. Mr. Jenkins referenced a handbook pre
pared by the L.A. Society Technical Com
mittee on ways to best fight particular graffi ti 
problems. He said the handbook will be sent 
to cities throughout the world. In addition, 
experts in the graffi ti eradication field were 
present to give their views on how the paint 
industry can help fight graffiti. The pros and 
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cons of many existing techniques 
for fighting graffiti were discussed . 

"HIGH SOLIDS SOL VENT FREE BAK
ING ENAMELS"-Richard Farmer, of 
Cargi ll Resin Products Div. The ob
jectives of high solids coatings-to 
reduce VOC and retain coating per
fonnance requirements-were cov
ered. Explained was the feasibility 
of the application of higher viscos
ity, solvent-free formulations based on a poly
ester/melamine system. The speaker high
lighted advantages and disadvantages of con
ventional polyesters and current high solid 
polyesters, and predicted the capabilities of 
the next generation of high solids polyesters. 

"THE CAL POLY POLYMERS AND COATINGS 
P ROCiRAM: FROM DREAM ro REAurv"-Dane 
Jones, James D. Westover, and Max T. Wills, 
of California Polytechnic State Univers ity. 
Discussed was the Chemistry Department's 
undergraduate program in Pol ymers and 
Coatings. Projects undertaken by the pro
gram include: the California Paint Recycling 
Program, the use of glass as a filler in latex 
coat ings, the effect of opaque polymers on 
color of latex coatings, the use of Raman 
scattering to analyze latex coatings, and de
velopment and testing of new coatings for
mulations. 

coating process as it relates to system design 
considerations was reviewed. Infonnation 
ranging from the most basic batch systems, 
to the more elaborate semi-automated con
veyorized systems, was covered. In addition, 
the speaker discussed plant layout, racking 
system design, pretreatment and rinse water 
systems, appl ication and powder recovery 
equipment , oven design, and fire protection. 

"'U LTRAFJNE T ITANIUM D 1oxmE: ITs PRoP

ERTIES AND APPLICATIONS IN C OATINGS"-John 

Clayton, of Tioxide Specialties, Inc. The 
speaker explained the differences between 
ultrafine titani um dioxide and traditional 
TiO,. By drastically reducing its crys tal size 
and controlled application of inorganic coat
ings, one can obtain a material that has dra
matically different properties than pigmen
tary TiO,. Mr. Clayton stated that ultrafine 

- titanium dioxide is 
"OPTICAL BRIG HT

ENERS-MORE THA 
J usT CLEAN LAUN
DRY"- Tim o thy 
Geran, of Ciba-Geigy 
Corp. The structure 
ac tivity re lationships 
of fluorescent whi ten
ing agents, including 
both waterborne and 
solvent soluble chem
istries were detailed. 
Mr. Geran provided an 

r-----~,....,n.!:':"'"---------, being used to pro-

introductory rev iew of the photochemical 
physics. 

" EL-RAP"-Representatives from the 
Environmental, Legislative, and Regulatory 
Advocacy Program of the Southern Califor
nia Paint & Coat ings Association discussed 
programs recommended by the EL RAP Ac
tion Committee. 

" AQUEO US SUSPENSIONS OF CELLULOSIC 
THICKENERS: F UNCTION AND MECHANISM IN 

WATER BASED COATINGS"----Z:.W. Vanderslice, 
H.F. Haag, and C.L. Burdick, of Aqualon 
Co. According to Mr. Vanderslice, recent 
advances in technology have a llowed both 
conventional and newer hydrophobically
modified types ofhydroethyl cellulose (HEC) 
to be produced in aqueous suspension form. 
These stable liquid suspensions do not con
tribute to VOC since organic diluents are not 
required to prevent polymer hydration dur
ing storage. Explained were the processing 
and production advantages of using these 
types of HEC during paint manufac ture. 

" S YSTEM D ESIGN CONSIDERATIONS FOR Pow
DER COATINGS OPERATIONS"-Michael W. Cra
vens, of Powdercoats Services. The powder 
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duce pearlescent 
metallic fin ishes 
and displays poten
tial as a transpar
ent UV absorber, 
particularly in 
wood fini shes. 

"' I NVESTIGA

TION OF LoNG-TERM 

YELLOWI NG OF AR
CHITE C T U R AL 

E NA MELS AS A 

FuNCTION OF CoATING CoMPOSITION"- Jeffrey 
H. Danneman and Arthur C. Smith, of Reich
hold Chemicals, Inc. An investigation of the 
fi lm yellowing phenomenon of high solids 
ai r dry alkyds was presented. The inOuence 
of drier combination, additives, storage con
ditions, and resin composition on long-tenn 
yellowing of architectural enamels was de
scribed. 

" TH E U T ILITY OF GLYCOL ETH ERS AS 

CosoLvENTS IN WATER-BAsED CoATINGs"
Tom D. Boyce, Doug K. Pollock, and Randy 
La Tulip, of The Dow Chemical Co. Reviewed 
was the acce lerating trend of the industry to 
move from conventional solvent-based coat
ings systems to water-based (emulsions and 
dispersions) coatings systems. It was pointed 
o ut that paint formu lators are working to
wards developing systems that comply wi th 
continually changing, more stringent regula
tions, while not sacrificing coating quality. 

" DEVELOPMENTS IN THE EUROPEAN AQUE
OUS Low VOC ARCHITECTURAL COATI NGS 
MAR KET"-David Sykes, ofRohm and Haas 
Co. Concerns about environmental protec
tion and health and safety caused by solvent 

emissions during paint application exist. 
These issues were discussed on a country
by-country basis, with details of the relevant 
government legislation or voluntary agree
ments in place. 

" RISK MANAGEMENT IN P AINT BIOCIDE 

UsE"-Judith Ross and Angela Downey, of 
Rohm and Haas Co. Reviewed were the safety 
advantages of the nonmetallic biocides cur
rently used in the paint industry. Safe han
dling procedures for these concentrated bio
cides in the work place were examined, in
cluding improved delivery systems. The en
vironmental fate profile, another aspect of 
modem biocides, and formaldehyde release, 
a property exhibited by some in-can preser
vatives, were discussed. M s. Ross recom
mended training employees to understand 
MSDSs; improving plant hygiene techniques; 
and using protective clothing and equipment 
as recommended by biocide suppliers. 

''ECONOMIC O UTLOOK FOR 1993-1994"
Richard Stuckey, of E.!. duPont de Nemours 
& Company. The speaker predicted moder
ate growth for 1993 and 1994, and offered a 
cautiously optimistic outlook for the future 
of the industry . 

In addition, the Industry Luncheon had 
Darryl F. Gates, retired Chief of Police o ft he 
Los Angeles Police Department , as its guest 
speaker. Chief Gates addressed the luncheon 
crowd on "How to Fight Crime in the Streets." 

The three-day event was concluded with 
a Banquet and Show. featuring entertain
ment by Danny Gans, Marie Osmond, and 
the Joe Diamond Orchestra. 

The fo llowing members of the L.A. Soci
e ty were responsible for the success of the 
2 1st Biennia l Western Coatings Societies ' 
Symposium and Show: General Chairman
Donald l. Jordan, of Cargill , Inc.; Co-Chair
men: Melinda Rut ledge, of RHEOX , Inc. , 
and Sandra Dickinson, of Synergistic Perfor
mance Corp.; Advisor-Andrew Ellis, of 
KRONOS, Inc.; Entertainment- Bruce Cot
ton, of Pluess-Staufer; Exhibits Committee 
Chairman- William Zimmerman, of Sinclair 
Paint Company; Publications-Ronald R. 
Elliott, of J.R. Elliott, Inc.; Publicity-Samuel 

A. Rumfo la, o fTCR Industries; Registration 
Commi ttee Cha irman-James Hall , of 
S incla ir Paint Co.; Secretary-Richard 
Sutherland ll , of E.T. Hom Co.; Technical 
Committee Chairman-John Kulnane, of 
Ameritone Paint Corp.; and Treasurer
James Calkin, ofE.T. Hom Company. 
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Piedmont Society Mini-Symposium and Trade Show 
Focuses on "Compliance: Plain and Simple" 

The Piedmont Soc iety for Coatings 
Technology sponsored a Mini-Technical 
Symposium and Exhibit Trade Show geared 
to the theme, " Compliance : Plain and 
Simple," on March 10, at the Holiday Inn , 
in High Point, NC. 

The Technica l Symposium consisted of 
four presentations, with each session being 
attended by approximately 70 people. The 
following topics were di scussed : 

" Solvents and the Clean Air Act of 
1990"-Tom Boyce, of Dow Chemical 
Company; 

" Low-VOC Waterborne Coatings for 
Wood Based on Nit rocellulose-Acrylic La
tex"- Harold Haag. of Aqua ion Company: 

"Compli a nce a nd Perfo rm a nce of 
Waterborne UV Curable Polymer Resins 
for the Wood Fini shing lndustry"-Paul 
Stenson , of Zeneca Res ins; and 

"Compliant Waterborne Acry lic Latexes 
for Wood Coatings"- Linda Smith. ofRohm 
and Haas Company. 

The Exhibit(Trade Show featured a total 
of 33 exhibitors. The following vendors at
trac ted nearly 200 people to the Show: 
Aqualon Company: Buckman Laboratories. 
Inc.; Burks, Inc.; BYK-Chemie USA ; BYK
Gardner; Chemarco, Inc .; Ciba-Geigy Cor
poration; Cytec Industries; Degussa Corpo
ration; Du Pont Company; Engelhard Cor
poration; Epworth ; Etna Products; Florida 
Stee l Drum Company; W.R. Grace & 
Company; HeucoTech Ltd.: Hoover Color 
Corporation ; J .M. Huber Corporation; HUis 
America, Inc.; King Industries, Inc.; Kohl 
Marke tin g, Inc.; Lom as Interna ti ona l; 
McCullough & Benton. Inc. : Mineral Pig
ments Company; Penn Color. Inc. ; RHEOX. 
Inc.; Rohm and Haas Company; Seegott , 
Inc. ; Silberline Manufacturing Company, 
Inc. ; Tego Chemie Serv ice: U.S. Borax; Van 
Hom, Metz & Company. Inc. : and Zeneca 
Resins. 

Highli ght ing the Piedm ont Pai nt and 
Coatings Association sponsored luncheon 
was a presentation by Daniel Cox, of Cargill , 
Inc. Mr. Cox addressed a luncheon crowd 
of 150 people on the " Status and Future of 
the Coatings Industry." 
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PIEDMONT SYMPOSIUM-Technical sessions on "Compliance" are well attended 

Golden Gate Society Manufacturing Committee 
To Host "Process and Compliance" Conference 

The Manufac turing Committee of the 
Golden Gate Soc iety for Coatings Technol
ogy will sponsor a conference on "Process 
and Compliance," on June 14, at the Ramada 
Inn (fonnerly Holiday Inn), in South San 
Francisco, CA. 

The all -day program was designed to 
help manufacturers and paint contractors 
understand and he lp each other in dealing 
with both community and government offi
c ia ls. The conference will feature what 
standards arc being applied for quality con
trol. both locall y and internationally. 

The following topics are scheduled fo r 
presentation: 

" Inte rnati ona l S ta ndard Orga ni zati on 
(IS0)-9000 Se ries"-speaker to be an
nounced, Clorox Company; 

Piedmont Soc iety members who helped 
make the event a success include the fo l
lowing: Exhibits Committee-Richard C. 
Chodnicki , of Van Hom, Metz & Company. 
Inc., Sara Robinson, of HeucoTech Ltd ., 
and Fred L. Tolerico, of Chemarco. Inc.: 
Technical Program Chainnan- Robert C. 
Matejka, of Akzo Coatings, Inc.; and Lun
cheon Chainnan-David L. Reynolds, of 
Eastman Chemical Products, Inc. 

" Appli ca tion of ISO Sta nd a rds"
speaker to be announced, E.!. du Pont de 
Nemours & Company, Inc.; 

"Computer Systems for Small Business/ 
Paint Contrac to rs"-speaker to be an
nounced, Pacific Micro Engineering; 

" Wh y Mate ri al Sa fe ty Data Sheets 
(MSDS)"-spea ke r to be a nn o unce d, 
OSHA; 

" Basis for Raw Material MSDS"- Mike 
Larson, of Minerals Technologies: 

" Bas is fo r Coatings MSDS"-Chri s 
West, Co-Chainnan of PARLE; 

"Paint Contractor/Consumer Opinion of 
MSDS"-Ciifford Burg, Executive Direc
tor, of California Paint and Decorating Con
trac tors of America; and 

" What arc Government and Industry 
Doing to He lp Business"-Michael Allen, 
of A-K Associates. 

In additi on, a panel di sc uss ion, on 
'"Safe ty and MSDS-Program Part icipants ," 
has been planned. 

The registration fee for the conference 
is $70.00, and includes lunch and dinner. 
Registration for the all -day symposium is 
limited. 

Members of the Golden Gate Soc iety 
Conference Comminee include: Chainnan 
Louie F. Sanguinetti , of Jasco Chemical 
Corporation; Co-Chainnan Ronald Hughes, 
of Ashl and Chemica l Company; Ernest 
"Bud" Harmon, consultant; Adrian Adkins, 
of Schoofs, Inc.; Raymond J. Benedetti and 
Ken E. Trautwein , of Triangle Coatings, 
Inc.; Jack Duis. of Pacific Coast Chemi cals 
Company; Lawrence Graubart , consultant; 
Don Mazzone, of The O ' Brien Corporation; 
Tina Onderbeke, of Dowd & Guild , Inc.; 
Kevin Porterfield, of Minerals Technologies; 
A. Gordon Rook, consultant ; Leo Schinasi, 
consultant ; and Rocky Williams, of Napa 
Valley Paint Company. 

For more inform ation , contac t Mr. 

PIEDMONT TRADE SHOW-Exhibitors are kept busy by inquisitive attendees 
Hughes, Ashland Chemical, Inc., 8600 En
terpri se Dr. , Newark, CA 94560. 
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Uterature 

Spectrometer 
The introduction of a new. fully opti

mized system spectrometer has been made 
through a product release. By combining 
the complementary techniques of Raman 
and infrared spectroscopy, the new spec
trometer is designed to enhance routine 
analysis of solids, liquids, powders and gels, 
including stressed polymers, pharmaceuti
cal tablets, and pharmaceutical polymorphs. 
For more information on the System 2000R 
Near- IR FT-Raman Spectrometer, write The 
Perkin-Elmer Corp. , 761 Main Ave., 
Norwalk, CT 06859-0012. 

Circle No. 200 on Reader Service Card 

Colorants 
Information highlighting a line of indus

trial colorants that are based on an acrylic 
resin vehicle intended to minimize the need 
for surfactants and additives has been re
leased. Chroma-Chem 844® colorants are 
designed specifically for use in high perfor
mance, non-aqueous, industrial and mainte
nance coatings. For more infonnation on 
Hiils indu s trial colorant s , contac t M. 
Fe ldman , Hiils America Inc., 80 Centennial 
Ave .. Piscataway. NJ 08855-0365. 

Circle No. 201 on Reader Service Card 

Coating Thickness Gage 
A digital coating thickness gage that 

combines four gages in one, as it measures 
non-magnetic coatings on ferrous and non
ferrous metals, is introduced in a product 
release. This gage also measures both low 
range and high range thicknesses with a 
gage range of 0-200 mils (0-5000 microns) . 
For fun her information on the QuaNix 1500, 
contact KTA, 115 Technology Dr., Pitts
burgh, PA 15275. 

Circle No. 202 on Reader Service Card 

Microwave Furnace 
A new microwave high temperature fur

nace has been introduced through literature. 
The furnace reported ly harnesses the power 
of microwave energy to heat a variety of 
materials at temperatures up to 1200°C, 
which reduces typical analysis of ash and 
LOI to minutes instead of hours. For more 
information on the MAS-7000 Microwave 
Muffle Furnace, contact Vickie Kiker, CEM 
Corp., 3 100 Smith Farm Rd., P.O. Box 200, 
Matthews, NC 28106-0200. 

Circle No. 203 on Reader Service Card 
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Waste Disposal 
A new product designed to remove paint 

solids from water wash spray booths, allow
ing the user to dispose of dry , solid waste 
material instead of water filled barrels , is 
the topic of a literature. Available in differ
ent sizes and configurations, the Paint Pig 
Plus is incorporated as a side stream filtra
tion loop into the booth 's water wash sys
tem. Contact Aaron Vermilion, US Centri
fuge, 1435 Brookville Way. Ste. G, India
napolis, IN 46239 for more information. 

Circle No. 204 on Reader Service Card 

Media Mill 
The availability of a line of heavy duty. 

horizontal media mills for cont inuous pro
duction in paint, coatings, spec ialty chemi
cal, food , pharmaceutical, and other appli
cations has been announced. The units are 
designed with a high-energy coo ling system 
for maximum heat transfer on heat sensitive 
products as well as a self-cleaning, rotating 
screen. To obtain more information on the 
SupermiJJ® Wet Processing Media Mills, 
contact Premier Mill Corporation, One 
Birchmont Dr., Reading, PA 19606-3298. 

Circle No. 205 on Reader Service Card 

Coatings' Inspection 
Instrumentation 

The 73-page handbook on coatings' in
spection instruments use has been published. 
The publication provides pictures. descrip
tions, step by step calibration and use, and 
helpful hints for over 30 coatings inspection 
instruments and standards manufactured or 
written by leading companies and organ iza
tions in the coatings industry. Contact KTA. 
115 Technology Drive , Pitt sburgh, PA 
15275. for more information on how to ob
tai n a copy of Volume II of this handbook. 

Circle No. 206 on Reader Service Card 

Carbon Dioxide 
Ultra-pure grade carbon dioxide devel

oped spec ifically for use in supercritica l fluid 
chromatography (SFC) and supercritical 
fluid extraction (SFE) is described in litera
ture. The data sheet explains the manufac
turing, packaging, and de livery of the two 
supercritical grades of carbon dioxide. For 
more information, request form #6905R 
from Liquid Carbonic Corp. Communica
tions Dept. , 800 Jorie Blvd .. Oak Brook, IL 
60521 -2216. 

Circle No. 207 on Reader Service Card 

Solution to April's "CrossLinks" 

103 



Color Analysis System 
The introduction of an advanced com

puterized color analysis system has been 
made through a product sheet. The system 
is designed to measure spectral characteris
tics of metallic and pearl surfaces as seen at 
different angles. For more information on 
the MUL TlFLASH M 45 color analysis sys
tem, write Color and Appearance Technol 
ogy, Inc., Princeton Commerce Center, 29 
Emmons Dr. , Bldg. G-2, Princeton, NJ 
08543-3709. 

Circle No. 208 on the Reader Service Card 

Process Controllers 
A series of universal process controllers 

is the topic of a new fu ll -color brochure. 
The literature describes and illustrates the 
features of the new fami ly of panel-mounted 
instruments avai lable in three DIN sizes, 
l/4 , 1/8, and 1/1 6. For a copy of the bro
chure on the AT Series controllers, write 
Athena Controls, Inc. , 5145 Campus Dr. , 
Plymouth Meeting, PA 19462. 

Circle No. 209 on the Reader Service Card 

Weathering Tester 
A new eight-page, full -color brochure 

detail ing a QUV weathering tester with so
lar eye irradiance control has been printed. 
Product spec ifications are included, as well 
as figures and photos. For a copy of the 
brochure, contact Russell Raymond, The Q
Panel Co., 26200 First St., Cleveland, OH 
44145. 

Circle No. 210 on the Reader Service Card 

Cellulose Fibers 
A new technical bulletin discussing the 

use of cellulose fibers in roof coatings, crack 
sealers, and cementitious-base coatings has 
been published. Laboratory evaluations per
formed are detailed. Copies of the literature 
on lnterfibeTM cellulose fibers are obtain
able from Chris Sullivan, lnterfibe Corp., 
6001 Cochran Rd. , A-202, Solon, OH 44139. 

Circle No. 211 on Reader Service Card 

Ultramarine Pigments 
A complete line of high quality, ultra

marine pigments is the subject of literature. 
These pigments are suitable to color a wide 
range of products including: styrenics, ole
fins, rubber compounds, paints, printing inks, 
and artists ' colors. For additional informa
tion on the complete line of ultramarine 
pigments, contact Color Div. , Ferro Corp., 
P.O. Box 6550, Cleveland, OH 44101. 

Circle No. 212 on the Reeder Service Card 
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Reactivated Carbon 
A product bulletin highlighting a new 

powdered reactivated carbon has been is
sued. Applications for this product include: 
municipal and industria l wastewaters, ce
ment kiln flue gas treatment, dioxin and 
mercury removal from incinerator flue gas, 
sludge stabi lization, soil remediation, amine 
and glycol purification, and agricultural and 
industrial spill kits. Write Calgon Carbon 
Corp., P.O. Box 7 17, Pittsburgh, PA 15230-
071 7. for a copy of the product bulletin on 
Type WPX'" . 

Circle No. 213 on the Reader Service Card 

Film Maker 
A fi lm maker developed to provide an 

easy-to-use and highly reproducible method 
of pressing polymers and other plastics into 
a thin film is the topic of a press release. 
The instrument produces 20 mm diameter 
film s (an optional 3 mm platen is also avail 
able), which needs less pressure to prepare 
and can be produced wi th any hydraulic 
press. Write Spectra-Tech Inc . , 652 
Glenbrook Rd., Bldg. 8, P.O. Box 2 190-G, 
Stamford. CT 06906 for furt her details on 
the Universal Film Maker. 

Circle No. 214 on the Reader Service Card 

"Introduction to Pigments," Monograph 
by J. Braun, of Dupont Chemicals, 

Published by Federation 
-Introduc tion to Pigments." which is authored by Juergen Braun. of 

Dupont Chemic als. surveys. explains. compares. and distinguishes the 
common elements and the important differences between pigment classes 
and their functions. 

The new Federation Series on Coat
ings Technology is intended to serve as 
an educational resource for the indus
try. 

Additional titles in the series include: 

- "Film Formation .~ by Zeno Wicks. 
Jr. 

- "Introduction to Polymers and Res
ins . ~ by Joseph Prone 

- "Radiation Cured Coatings,~ by 
J.R. Costanza. A.P. Silveri, and J.A. Vona 
-"Solvents.~ by William Ellis 
- "Coil Coatings,~ by Joseph Geske 
-"Corrosion Protection by Coat-

ings. H by Zeno Wicks. Jr. 
- "Mechanical Properties of Coat

ings. - by Loren W. Hill 
- "Automotive Coatings.H by Bruce 

N. McBane 

- · coating Film Defects: by Percy 
E. Pierce and Clifford K. Schoff 

-"Application of Paints and Coat
ings. H by Sidney B. Levinson 

- "Organic Pigments.H by Peter A. 
Lewis 

- "Inorganic Primer Pigments: by 
Alan Smith 

- · Marine Coatings.H by Henry R. 
Bleile and Stephen Rodgers 

- -Seolonts and Caulks.- by Joseph 
Prone 

- · Aerospace and Aircraft Coat
ings.- by A.K. Chaffopadhyay and M.R. 
Zentner 

- "Introduction to Coatings T echnol
ogy: by Alan Brandau 

- "Cationic Radiation Curing.H by 
Joseph Kaleske 

-"Rheology,- by Clifford Schoff 
-"Powder Coatings. H by Josef Jilek 

The monographs are prepared in a standard 8 1/2 x 11 inch format. List 
price is S 15 for individual copies, S 10 if the existing set is purchased. The 
member cost is $7.50 for individual cop ies and $5.00 with an o rder of the 
full set. Orders may be placed by contacting Meryl Cohen. FSCT. 492 
Norristown Rd., Blue Bell, PA 19422-2350. 

Circle No. 215 on the Reader Service Card 
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Program Director, or Debbie Shasky, Program Coordinator, Dunbar 
Hall , Rm. 54, NDSU, Fargo, ND 58105). 

(June 15 and 17)- "Rheology" Seminar. Sponsored by Brookfield 
Engineering Laboratories, Inc. Chicago, IL on the 15th and Lansing, 
Ml on the 17th. (Barbara Cunningham, Marketing Dept. , Brookfield 
Engineering Laboratories, Inc., 240 Cushing St., Stoughton, MA 
02072). 

(June 21 -22)-"Thin Film Coatings: Topics in Coating and Drying 
Technology." Short course sponsored by the University of Minne
sota, Minneapolis, MN. (Jackie O'Brien , Dept. of Chemical Engineer
ing & Materials Science, University of Minnesota, 421 Washington 
Ave. SE, Minneapolis, MN 55455). 

(June 21 -23)-lnternational Colouristic Symposium. Sponsored 
by the Colouristic Section of the Hungarian Chemical Society, 
Balatonszeplak (by Lake Balaton) , Hungary. (Hungarian Chemical 
Society, Colouristic Symposium Organizing CommiHee, H-1 027 
Budapest Fa u. 68, Hungary). 

(June 22-24)-"Predictive Technology" Symposium and Exhibi
tion . Sponsored by American Defense Preparedness Association. 
Twin Towers Hotel and Convention Center, Orlando, FL. (Tracy 
Stuckrath , American Defense Preparedness Association, Two Colo
nial Place, 2101 Wilson Blvd., Ste. 400, Arlington, VA 22201-3061). 

(June 23-25)- Tecnopinturas '93. First Argentine Congress on 
the Technology of Coatings, Resins, Varnishes, Printing Inks, and 
Related Products. Sponsored by the Argentine Chemical Associa
tion. Buenos Aires, Argentina. (TAL Organizaciones y Servicios, A.J. 
de Sucre 1552, 8vo. Piso "A" (1428) Buenos Aires, Argentina). 

(June 23-25)-"Coating Process Fundamentals." Short course 
sponsored by University of Minnesota, Minneapolis, MN. (Jackie 
O'Brien, Dept. of Chemical Engineering & Materials Science, Univer
sity of Minnesota, 421 Washington Ave. SE, Minneapolis, MN 55455) . 

(June 27-July 2)-0RGABROM '93. 2nd International Sympo
sium. Sponsored by the Dead Sea Bromine Group in cooperation 

New Krebs Viscometer 
with digital display 
speed~ paint 
VISCOSity 
measurements 
Simplify viscosity measurement of 
points, coatings and related 
material with Brookfield KU- 1 
digital viscometer. New economical 
instrument provides: 
e Compatibility with industry 

standards 
e Continuous sensing and display 
e Test reading within seconds 
e Switchable Krebs Units or grams 
e Resolution within 1 KU or 5 

grams 
e Traditional Brookfield 

Call us at 1-800-628-8139 

/.JROOKFIELD BROOKFIELD ENGit:IEIRING LABS, INC. l!l ~g~\',;~,~0'4:1~-~';W, USA 
617·344·4310 • FAX: 617·344-7141 • Boo-628·8139 (US ex MA) 

Circle No. 135 on the Reader Service Card 

106 

with the Casali Institute of Applied Chemistry, The Hebrew University 
of Jerusalem. (Secretariat, P.O. Box 50006, Tel Aviv 61500, Israel). 

(July 11-14)-Sixth International Symposium on "Polymer Analy
sis and Characterization." Crete, Greece. (Judith A. Sjoberg, Profes
sional Association Management, 815 Don Gaspar, Santa Fe, NM 
87501). 

(July 12-16)-19th International Conference in Organic Coatings 
Science and Technology. Ledra Marriott Hotel, Athens , Greece. 
(Angelos Patsis, Institute of Materials Science, State University of 
New York at New Paltz, New Paltz, NY 12561 ). 

(July 25-29)-Conference on "Lead in Paint. Soil, and Dust." 
Cosponsored by ASTM Committees D-22, E-6, D-1 , and D-18. Uni
versity of Colorado, Boulder, CO. (ASTM, 1916 Race St. , Philadel
phia, PA 19103). 

(July 28-30)-"Basic Coatings for Sales and Marketing Person
nel." Short course sponsored by University of Missouri-Rolla (UMR), 
Rolla, MO. (UMR Coatings Institute, 142 Schrenk Hall, Rolla, MO 
65401). 

(Aug. 2-6)-Gordon Research Conference on "Chemistry and 
Physics of Coatings and Films." Colby-Sawyer College, New Lon
don, NH. (A.K. St. Clair, Head, Advanced Aircraft Program Office, 
Materials Div. , NASA, Langley Research Center, Hampton, VA 23681-
0001). 

(Aug. 3-5)-"Fundamentals of Corrosion and Its Control." Course 
sponsored by LaQue Center for Corrosion Technology. Blockade 
Runner Hotel, Wrightsville Beach, NC. (LaQue Center for Corrosion 
Tech nology, Inc., P.O. Box 656, Wrightsville Beach, NC 28480). 

(Aug. 9-12)-"Coatings Science of Powder Coatings." Short course 
sponsored by University of Southern Mississippi (USM), HaHiesburg, 
MS. (Debbie Ballard or Shelby Thames, USM, Dept. of Polymer 
Science, Southern Station, Box 10076, HaHiesburg, MS 39406-0076). 

(Sept. 5-1 0)-3rd International Congress on Polymer Photo
chemistry. Sponsored by Manchester Metropolitan Universi ty and 
University of Milan. Genova, Italy. (Emmezeta SRL, Via C. Farini, 70, 
1-201 59, Milano, Italy). 

(Sept. 8-10)-3rd International Paint Congress and Exhibition on 
Paint Industry Suppliers. Sponsored by the Brazilian Association of 
Paint Manufacturers. Palacio de Conven~oes do Anhembi, Sao Paulo. 
Brazil. (Especifica SIC Ltda, Rua Augusta, 2516-2nd, Cj 22, 01412-
100 Sao Paulo SP, Brazil). 

(Sept. 8-11 )-Conference on "Innovative Responses from an 
Industry under Siege." Sponsored by the Skandinaviska Lackteknikers 
Forbund (SLF) Congress. Copenhagen, Denmark. (Michael Symes, 
President, SLF, Strandboulevarden 38 , DK-2100, Copenhagen, 
Denmark). 

(Sept. 12-14)-"Back to Basics." 81st Annual Convention of the 
Canadian Paint and Coatings Association (CPCA). Queen's Landing 
Inn, Niagara-on-the-Lake, Ontario, Canada. (CPCA, 9900 Cavendish 
Blvd., Ste. 103, St.-Laurent, Quebec H4M 2V2. Canada). 

(Sept. 14-17)-Eurocoat '93 and XXth Congress of the French 
Association of Technicians of Paints, Varnishes, Printing Inks, and 
Adhesives (AFTPV). Acropol is Palace, Nice, France. (Secretariat 
UATCM, c/o AFTPV, 5 rue Etex, F. 75018 Paris, France) . 

(Sept. 23)-Detroit Colour Council Meeting. Michigan State Man
agement Education Center, Troy, MI. (James Hall, General Motors 
Corp., 30009 Van Dyke, Warren, Ml 48090). 

(Sept. 29-0ct. 1 )-"Accelerated and Natural Weathering Tech
niques for Coatings and Polymers." Short course sponsored by Kent 
State University (KSU), Kent, OH. (Carl J. Knauss, Director, Coop
erative & Continuing Education-Chemistry, KSU, P.O. Box 5190, 
Kent, OH 44242-0001 ). 

(Oct. 3-5)-"Crosslinked Polymers: Chemistry, Properties and 
Applications"; "Fundamentals of Adhesion : Theory, Practice and Ap
plications": and "Polymer Blends and Alloys: Phase Behavior, Char
acterization , Morphology, Alloying Technology ." Conferences spon
sored by State University of New York (SUNY) at New Paltz. New 
Orleans, LA. (Angelos Patsis, Institute of Materials Science, SUNY, 
New Paltz, NY 12561 ). 

(Oct. 4-6)- "Polyethylene '93." Conference sponsored by Maack 
Business Services, Swiss6tel Zurich, Switzerland. (Maack Business 
Services, Moosacherstrasse 14, CH-8804, AU/ZH. Switzerland) . 

(Oct. 5-8)-"lntroduction to Coatings Technology." Short course 
sponsored by Kent State University (KSU), Kent, OH. (Carl J. Knauss, 
Director, Cooperative & Continuing Education-Chemistry, KSU, P.O. 
Box 5190 , Kent, OH 44242-0001 ). 

(Oct. 1 0-12)-"Advances in Polymer Colloids/Emulsion Polymers"; 
and "Pri nciples of Polymer Degradation and Stabilization." Confer-

Journal of Coatings Technology 



ences sponsored by State University of New York (SUNY) at New 
Paltz. Orlando, FL. (Angelos Patsis, Institute of Materials Science, 
SUNY, New Paltz, NY 12561 ). 

(Oct. 12-14)-"fndustriaf Painting : Application Methods." Short 
course sponsored by Kent State University, Kent, OH. (Carl J. Knauss, 
Director, Cooperative & Continuing Education-Chemistry, KSU, P.O. 
Box 5190, Kent, OH 44242-0001 ). 

(Oct. 19-20)-"Aspects of Photoinitiation ." Conference sponsored 
by Paint Research Association (PRA). Anugraha Conference Centre, 
Egham, England. (Richard Kennedy, Radcure Services Dept., PRA, 
8 Waldegrave Rd., Teddington, Middlesex, TW11 8LD, England). 

(Oct. 25-27)-"Polypropylene '93. " Conference sponsored by 
Maack Business Services , Swiss6tel Zurich, Switzerland. (Maack 
Business Services, Moosacherstrasse 14, CH-8804, AU/ZH, Swit· 
zerland). 

(Oct. 25-29)-"lmage Analysis and Measurement in Scanning 
Electron Microscopy" ; "Scanning Electron Microscopy and X-Ray 
Microanalysis for Materials Science. An Introductory Course"; and 
"Scanning Electron Microscopy for Polymeric Science. An Introduc
tory Course." Conferences sponsored by State University of New 
York (SUNY) at New Paltz. Nevele Resort Hotel , El lenville, NY. 
(Angelos Patsis, Institute of Materials Science, SUNY, New Paltz, NY 
12561). 

(Nov. 1·4)-12th Biennial Symposium on Managing Corrosion 
with Plastics. Sponsored by National Association of Corrosion Engi
neers (NACE), American Society for Testing Materials, Materials 
Technology Institute of the Chemical Process Industries, Inc ., SPI 
Composites Institute, and Technical Association of the Pulp and 
Paper Industry. Baltimore, MD. (NACE, P.O. Box 218340, Houston, 
TX 77218·8340) . 

(Nov. 2-4)-"Fundamentals of Corrosion and Its Control." Train
ing course sponsored by LaOue Center for Corrosion Technology. 
Holiday Inn, Wrightsville Beach, NC. (LaOue Center for Corrosion 
Technology, Inc. , P.O. Box 656, Wrightsville Beach, NC 28480). 

(Nov. 10-12)-Eiectroless Nickel '93. Conference sponsored by 
Products Finishing. Orlando Airport Marriott, Orlando, FL. (Cindy 
Goodridge, Gardner Management Services, 6600 Clough Pike, Cin
cinnati , OH 45244). 

(Nov. 15·16)-"Fundamentals of HPLC." Short course sponsored 
by Kent State University (KSU), Kent, OH. (Carl J. Knauss, Director, 
Cooperative & Continuing Education-Chemistry, KSU, P.O. Box 
5190, Kent, OH 44242-0001) . 

(Nov. 15-17)-"Powder Coatings. " Paint Research Association's 
(PRA) 13th International Conference. Brussels. (Conference Secre
tary, PRA, 8 Waldegrave Rd., Teddington, Middlesex TW11 8LD, 
United Kingdom). 

(Nov. 19-21 )-46th Annual National Decorating Products Show. 
Sponsored by National Decorating Products Association (NDPA). 
Indiana Convention Center, Indianapolis, IN. (Ruth Wilms, NDPA, 
1050 N. Lindbergh Blvd., St. Louis, MO 63132) . 

(Nov. 23-25)-Conchem '93. International Exhibition and Con
ference sponsored by Reed Exhibition Companies. KKA Congress 
and Exhibition Centre, Karlsruhe, Germany. (Diane R. Tiberio, Reed 
Exhibition Companies, 999 Summer St., P.O. Box 3833, Stamford, 
CT 06905·0833). 

(Dec. 6·8)-"Styrenics '93." Conference sponsored by Maack 
Business Services, Swiss6tel Zurich, Switzerland. (Maack Business 
Services, Moosacherstrasse 14, CH-8804 AU/ZH, Switzerland). 

1994 
(Feb. 11 -13)-37th Annual Southern Decorating Products Show. 

Sponsored by National Decorating Products Association (NDPA). 
Georgia International Convention & Trade Center, College Park 
(Atlanta). GA. (Ruth Wilms, NPDA, 1050 N. Lindbergh Blvd., St. 
Louis, MO 63132). 

(Mar. 5·6)-38th Annual Canadian Decorating Products Show. 
Sponsored by National Decorating Products Assoication (NDPA). 
International Centre, Toronto, Ontario, Canada. (Ruth Wilms, NDPA, 
1050 N. Lindbergh Blvd., St. Louis, MO 63132) . 

(Mar. 13·18)-"High Solids Coatings" Symposium. Sponored by 
American Chemical Society Division of Polymeric Materials : Science 
and Engineering. San Diego, CA. (Frank N. Jones, Coatings Re· 
search Institute, Eastern Michigan University, 430 W. Forest St. , 
Ypsilanti, Ml48197 or George R. Pilcher, Akzo Coatings, Inc., P.O. 
Box 147, Columbus, OH 43216·0147). 
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(Mar. 14-18)-"Recycle '94." Forum and Exposition. Sponsored 
by Maack Business Services. Congress Centre, Daves, Switzerland. 
(Maack Business Services, Moosacherstrasse 14, CH-8804 AU/ZH, 
Switzerland). 

(Apr. 14-16)- Paint Show '94. Sponsored by Japan Paint Manu
facturers Association, Japan Paint Commerce Association, Japan 
Painting Contractors Association, and Nippcn Toryo (Paint) Club. 
Nippon Convention Center, Tokyo, Japan. (Paint Show '94 Executive 
Committee, Overseas Operation,c/o Space Media Japan Co., Ltd., 
Asahi Bldg. 4F, 2-31·3 Taite, Taito-ku , Tokyo 110 Japan). 

(Apr. 17-19)-"Volatile Organic Compounds (VOCs) in the Envi
ronment" Symposium. Sponsored by ASTM Committee E-47. Mont· 
real , Que., Canada. (Wuncheng Wang, Symposium Chairman, U.S. 
Geological Survey, WRD, P.O. Box 1230, Iowa City, lA 52244) . 

(Apr. 23-24)-Eastern Decorating Products Show. Sponsored by 
National Decorating Products Association (NDPA). Garden State 
Convention & Exhibit Center, Somerset, NJ. (Ruth Wilms, NDPA, 
1050 N. Lindbergh Blvd ., St. Louis, MO 63132). 

(May 1-5)-RadT ech '94 North America. Conference sponsored 
by RadTech International North America. Walt Disney World Dolphin 
Hotel , Orlando, FL. (Chris Dionne, RadTech International North 
America, 60 Revere Dr., Suite 500, Northbrook, IL 60062). 

(June 5-9)- XXIInd FATIPEC Congress and Exhibition. Budapest 
Convention Centre, Budapest, Hungary. 

(July 11 -15)-MACROAKRON '94 International Symposium. 
Sponsored by the International Union of Pure and Applied Chemistry. 
University of Akron, Akron, OH. (Dr. Joseph P. Kennedy, Chairman 
of the Organizing Committee, or Cathy Manus-Gray, Symposium 
Coordinator, College of Polymer Science and Polymer Engineering, 
The University of Akron, Akron , OH 44325-0604). 

(Nov. 6-1 0)-lnternational Adhesion Sympcsium. Sponsored by 
The Adhesion Society of Japan. Tokyo, Japan. (Hiroshi Mizumachi, 
Professor, Chemistry of Polymeric Materials, The University of To
kyo, Yayoi 1-1-1 , Bunkyo-ko, Tokyo 113, Japan). 
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'qCum6ug' from cJCillman 

The merry month of May brings us the Platt family
Doris and Dave, to add to the spring merriment. I chose 
a quick little gem from Doris' file: 

A Fish Story 

As soon as we met the spell was cast. 
"Reel" sweethearts we became very fast. 

I was hooked that first night, 
I knew I was caught and put up no fight. 

-Doris Platt 

And after more than 50 years, she's still hooked! (If 
Doris is the hookee, does that make Dave the ?????
Can't bel) 

Wh ile you ponder that, consider these, from David: 

• Using cows to predict the weather is an old cus
tom. "When the cows are standing," the old farmer 
assured me, "it means no rain for 24 hours and when 
they're lying down, it means it's going to rain. " "What if 
half are lying down and half are standing?" I asked. 

"That means half of 'em are wrong ," he answered 
gravely. 

• Children go through some fascinating stages. First 
they call you Da Da. Then they call you Daddy. Then 
they call you Dad. Then they call you collect. 

-Winnebago Catalogue 

••••••••• 

A secret friend sent a bunch of items a few months 
back. Included was a column written by one Andrew 
Heller entitled, "20's Survival Guide." My recollection is 
that nothing helped. Here are some of Andrew's words 
of wise(?) advice: 

• You do not have to shampoo, rinse, then "repeat," 
no matter what the shampoo bottle says. 

• Complaining is useless. Unfortunately no one gives 
a rat's hiney. 

• Fake until you know it. Everyone does but no one 
admits it. 

• Don 't make any major life decisions in your 20s. 
You are too stupid. Wait until you are in your 30s, at 
wh ich point you will be wise enough to realize that you 
are far too stupid to make any decisions until you are in 
your 40s. 

• Adulthood stinks. Who decided that adults no longer 
get the summer off? 

• Socks are optional. Flossing isn 't. 
• Marriage is tougher and more rewarding than you 

could ever imagine. Approach it as you would an unfa
miliar dog: slowly and with caution. 

• Some things in life defy explanation : ice fishing, 
Geraldo, Brussels sprouts, heavy metal , Spam , and 
bosses. 

• Most of all-forgive and forget. It's the only way. 

My anonymous friend must be a fellow Lion since 
he sent me a "Laugh" page from an old issue of Lions 
Magazin&--from which I regularly steal stuff, like this : 

• The noblest of all animals is the dog, and the 
noblest of all dogs is the hot dog . It feeds the hand that 
bites it. 

• Did you hear about the cat that ate some cheese 
and then waited for the mouse with baited breath? 

• Tricycle : A tot rod. 
• Vacations would be a lot more pleasant if you 

could stop the lawn along with the paper and mail. 
• The trouble with self-made men is that they wor

ship their creator. 
• Optimist: Someone who tells you to cheer up when 

things are going his way. 

••••••••• 
Let us turn to Dr. Bob Brady, our "technical" Techni

cal Ed itor for some inside stuff on how government 
inspection works (as if we didn't know) : 

• There is the story of three government inspectors 
running a viscosity test for a federal specification. The 
fi rst inspector had never seen a Krebs-Stormer Vis
cometer, so when he ran the test he got a value that 
was 15 KU too high. The second inspector didn't know 
how to adjust the weights. When he ran the test and got 
a value that was 15 KU too low, the third inspector cried 
out, "We've got it! We'll take all 10,000 gallons!" 

Bob is sure you heard this one, but nonetheless: 
•Two sodium atoms were sitting in a bar and one 

said to the other, "Good grief! I've lost an electron!" "Are 
you sure?" asked his friend . "Yes," replied the first. "I'm 
positive!" 

If I think you can stand it there'll be more Bradyisms 
to come. 

• •••••••• 
Earl Hill doesn't quite outdo Dr. Bob, but this is bad 

enough: 

•A boy's pet bird fell into a can of varnish and 
drowned. "It was a sad way to die," the boy said, "but he 
sure had a beautiful finish!" ... Well , it's appropriate. 

And Nancy Lindquist had a Russian immigrant pro
fessor who responded "to a tangential (is that bad?) 
question with 'If you're interesting, we'll talk about it 
later."' 

... As Cliff Claven would say, "So what's bad about 
that?" 

-Herb Hillman 
Humbug 's Nest 

P.O. Box 135 
Whitingham, VT 05361 
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NATROSOL. 
The recipe for proyen 

performance 1n pa1nts. 
NATROSOL 

When you mix 
a batch of paint, 
add proven performance to 
your recipe with Aqualon's line of 
NATROSO ~ hydroxyethylcellulose 
(HEC) thickeners. 

1f your formulation calls for a thick
ener with the best balance of properties, 
use NATROSOL, the industry standard. 
For excellent viscosity retention where 
microbiological contamination is a prob
lem, select NATROSOL B. 

Use NATROSOLP/us for excep
tional spatter resistance and superior hiding. 
Or, add quick-dissolving, easy-to-use, liquid 

Aqualon: a Division of Hercules Incorporated 

NATROSOL FPS'" 
at any step in your 

• 
process to boost 

production. For pro
ven performance in 

paint formulations, rely 
on Aqualon's line of 

NATROSOL HEC thickeners. For more 
information, write to us at Aqualon, 1313 
N. Market Street, Wilmington, DE 19899-
87 40; or call us at (800) 345-8104, today. 

Proven performance in paint and coatings. 
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Do YouR REsiNS 
HAvE WHAT IT lAKEs. 

To STAND UP To 
TonAv's TouGH 
REQUIREMENTS? 

Glyde:xx® glycidyl esters can 
add backbone to your resins, 
helping them stand up to the 
toughest performance 
requirements. Whether 
it's high initial gloss and 
gloss retention for the 
automotive industry. 
Or improved durability, 
chemical res1stance and 
application properties for 
industrial coatings. 

Because Glydexx 
glycidyl esters serve to 
lower the inherent 

R,O 
' " 

R,~ C-O-CH,-C~-5H, 

R, 0 
R1 + R1 + R1 • 8 carbons 

© Copyright 1992 
® Registered trademark of Exxon Corporation 

vi5cosity of your resins 
while enhancing their 

application properties, 
they can also help you 

reduce your customers' 

VOC. And they provide 
a cost -effective source of 

hydroxyl functionality. 
For technical support or 

product data, contact Exxon 
Chemical Company. We'll 

show you how Glydexx 
glycidyl esters can 

make your resins 
stand up in the face 

of today's tough 
requirements. 

CHEMICAL 

P.O. Box3272 
Houston, Teus 77252-3272 

For technical information 
calll-800-526-0749, En. 6477 
(In Texas: 713-870-6477). 
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