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The unexpected combination 

that gives &ziton@ Polymers , 
the edge. \ 
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arid cracking. At the same time, its flexibility makes it the right choice for an infinite number 

baton Polymers for use in coatings are the result of Shell Chemical's more 
in polymer technology. They'll condition your coatings with tough- 

n .s and impact resistance for long-term performance. 
f i i d d e  your epoxy coatings with the competitive advantages of flexibility 

and strength to handle whatever workout you have in mind. For more infor- 
mation about Kraton Polymers, write: Shell Chemical Company, Manager, 

Elastomers Communications, One Shell Plaza, PO. Box 2463, Houston, Texas 
77252-2463. Or, call 1-800-323-3405. 
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Coat of Arms 

The Coat of Arms 

unity, and dedication 
to a common goal. 

With these principles in mind, 
the Federation of Societies for Coatings 
Technology, devoted m promoting coatings 
research and education; and Nicolet Instruments, 

a computerized 
collection of all the 

spectra in the Atlas. This 
package combines the perma- 

nence of a hardcover book with the 
ease-of-use and interaction of a computer. 

It's an unbeatable tool, and a must fo; any- 
one who has previously usededitions of the Atlas. 

the leader in Fourier Transform Infrared (FTIR) In our alliance, both organizations contribute a spirit 
technology? applications and instrumentation; have of service and quality, Whether your work involves quality 
joined forces to provide you with a state-of-the-art tool control or R&D, we are dedicated to solving your problems. 
for coatings identification and analysis. We'd be happy to demonstrate how this package or any of 
We created a package featuring the new FSCT Infrared our spectrometers can bring the power of FTIR to your lab. 
Spectroscopy Atlas, including over 2,500 coatings 
spma, and the Nicolet Coatings Technology Database, For infotW&kM, dl 1-800.232-1472. 

New Coatings I&tajitution and Anulysk Package 
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JOURflAL OF 
COATlnGS 
TECH~OLOGY GUIDE FOR AUTHORS 

GENERAL 

The JOURNAL OF COATINGS TECHNOLOGY is published monthly 
by the Federation of Societies for Coatings Technology for its 
membership of approximately 7,300 in 26 Constituent Societies in 
the United States, Canada, Great Britain, and Mexico. The JOUR- 
NAL is devoted to the advancement of knowledge in the science and 
technology of surface coatings, the materials comprising such coat- 
ings, and their use and performance. 

The Editors invite submission of original research papers, re- 
view papers. and papers under the special headings Open Forum 
and Back to Basics, as well as Letrers to the Ediror. All manuscripts 
will be assumed to be previously unpublished writing of the au- 
thors, not under consideration for publication elsewhere. When 
review papers contain tables or graphs from copyrighted articles, 
the authors will be required to obtain permission for use from the 
copyright holders. When the organization with which the authors 
are affiliated requires clearance of publications, authors are ex- 
pected to obtain such clearance before submission of the manu- 
script. Papers presented to associations other than the Federation 
must be released by written communication before they can be 
considered for publication in the JOURNAL OF COATINGS TECHNOL- 
OGY. Authors are obligated to reveal any exceptions to these 
conditions at the time a manuscript is submitted. 

The JOURNAL OF COATINGS TECHNOLOGY has first right to the 
publication of 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 commercialpurposes are specificnlly nonacceptable for 
publication. 

SUBMISSION OF MANUSCRIPTS ... 
... for the Journal 

Four complete copies should be sent to the Editor. JOURNAL OF 

COATINGS TECHNOLOGY, 492 Nomistown Rd., Blue Bell. PA 19422- 
2350. The cover letter should address copyright, clearance, and 
release issues discussed above and should specify paper category: 
Original Research. Revien~s. Open Forum, or Back to Basics. 

Letrers to rhe Ediro,.: The JOURNAL will consider for publication 
all correspondence relevant 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 beaddressed to theEditor at the 
address listed previously 

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 of manuscripts (ACS, 1155 Sixteenth St., Washing- 
ton, D.C. 20036). Another excellent reference work is "How to 
Write and Publish a Scientific Paper," by Robert A. Day (IS1 Press, 
3501 Market St., University City Science Center, Philadelphia, PA 
19104). 

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 
research papers. Editors support the trend in scientific writing to a 
direct, less formal style that permits limited use of personal pro- 
nouns to avoid repetitious or awkward use of passive voice. 

Review Papers: Papers that organize and compare data from nu- 
merous sources to provide new insights and unified concepts are 
solicited. Reviews that show how advances from other fields can 
beneficially be applied to coatings are also desired. Reviews that 
consist mainly of computer searches with little attempt to integrate 
or critically evaluate are not solicited. 

Open Forum: Topics for this category may be nontechnical in 
nature, dealing with any aspect of the coatings industry. The 
subject may be approached informally. Editors encourage submis- 
sion of manuscripts that constructively address industry problems 
and their solutions. 

Back to Basics: Papers that provide useful guides to Federation 
members in carrying out their work are solicited. Topics in this 
category are technical but focus on the "how to" of coatings tech- 
nology. Useful calculations for coatings formulation 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 
previously 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, this infor- 
mation, too, should be noted. Papers originally composed for oral 
presentation will have to be revised or rewritten by the author to 
conform to the style described in this guide. 

Manuscripts should be typed with double spacing on one side of 
8'h x 11 inch (22 x 28 cm) paper, with at least one-inch (2.5 cm) 
margins on all four sides. All paragraphs should be indented five 
spaces, and all pages should be numbered at the top center, or upper 
right comer. 

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. 

. . for Roon Foundation Award Competition Authors' Biographies and Photographs 
Ten complete copies of the manuscript are required, and should Give complete names, company or institutional affiliations, and 

be submitted to the Chairman of the 199 1 Roon Awards Committee, brief biographical sketches of all authors. If available, submit a 5 x 
George R. Pilcher, Akzo Coatings, Inc., P.O. Box 147, Columbus, 7 inch (13 x 18 cm) black-and-white photograph with glossy or 
OH 432 16. (For complete details, see "Roon Awards" section of the smooth high sheen surface, for each author. See later section on 
JOURNAL in January 199 1 issue.) photographs for further details. 



Abstracts Nomenclature 
A 75 -100 word abstract must be pan of the manuscript, and 

should be a concise description of the key findings or teachings of 
the work described in the paper. The abstract should not repeat the 
title or include reference numbers, nor should it duplicate the Con- 
clusion 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 usually should be INTRODUCTION, EX- 
PERIMENTAL, RESULTS AND DISCUSSION, and SUMMARY 
or CONCLUSIONS. Sub-headings will be specific 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 
English is a second, not native, language. Use of regional idioms or 
colloquialisms should be avoided. The use of obscure abbreviations 
is also discouraged. When appropriate, abbreviations should be 
made in parenthesis immediately 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 system units should be used wherever applicable with 
the equivalent English units shown afterwords in parentheses. The 
ASTM Metric Practice Guide, E 380-72 (American Society for 
Testing and Materials, 1916 Race St., Philadelphia. PA 19103) is a 
convenient reference. 

Tables, Graphs, and Drawings 

Tables, 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 descriptive caption. Tables should 
be referenced in the text (e.g., "See Table 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 ' h  x I I inch paper. Each graph should be drawn on a 
separate sheet, numbered, and the captions listed on a copy of the 
original graph. Graph captions and legends should also be typed on 
a separate sheet from original for typesetting. 

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 10 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. 
~henlllustrations are secured from an outside source. the source 

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

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 immediately following, and the 
manufacturer listed as a footnote. In general, trade names should be 
used only in footnotes or in an appendix, rather than in the text. 

If special nomenclature is used, include a nomenclature table 
giving definitions and dimensions for all terms. 

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

Equations 

Equations must be typed, or written clearly, with equations 
numbered sequentially in parentheses to the right. If Greek letters 
are used, write out their names in the manuscript margin at the first 
point of use. Place superscripts' and subscripts, accurately. 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 conclusions drawn from the 
text. A well written summary can serve to inspire the busy reader to 
turn back to the paper, to read it thoroughly. 

Acknowledgment 

If used, it should follow the summary. 

References 
These should be listed in the numerical order in which they are 

cited 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 refer- 
ence numbers. If possible, include titles of articles referenced in the 
literature. The following are examples of acceptable reference cita- 
tions for periodicals, ' 2-' books, and  patent^.^ 
(1) Pascal, R.H. and Reig, F.L., "Pigment Colors and Surfactant 

Selection," Oficial DIGEST, 36, NO. 475 (Part I), 839 (1964). 
(2) Davidson, H.R., "Use and Misuse of Computers in Color Con- 

trol," JOURNAL OF COATINGS TECHNOLOGY, 54, NO. 691, 55 
(1982). 

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

(4) Patton, T. (Ed.), "Pigment Handbook," Vol. 1, John Wiley & 
Sons, Inc., New York. 1973. 

(5) Henderson, W.A. Jr. and Singh. B. (to American Cyanamid 
Co.), U.S. Patent 4,361,518 (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 100 or more. Au- 
thors will receive price quotations. Each author will receive a 
complimentary copy of the JOURNAL issue in which his or her paper 
was published. * * * *  

The JOURNAL 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 permission of the publisher. 
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The recent Annual Meetings of FSCT, in Toronto, and NPCA, in San Francisco, indicate 
that both technical and management personnel are dealing head on with the concerns facing 
the industry. The programs presented at the events spanned more than the continent; they 
addressed the increasingly international nature of the Industry and the obvious challenges . of today's business climate and the opportunities available In tomorrow's global market. 

Formulation aIternatives, management and marketing strategies, and the push to produce 
quality, environmentally acceptable coatlngs are topics which affect every aspect of the 
industry. Coatings manufacturers, from the largest to the smallest, both international and 
regional, as well as suppliers of raw matenals, production equipment and instruments, 

& found the meetings informative and their attendance critical to thelr success. 

Although recessionary pressures have taken thelr toll on budgets, companies which 
passed up attending these meetings in order to save a few dollars may have done themselves 
a disse~ice.  The knowledge gamed by personally attending the meetings, interacting with 
peers and colleagues, and vlsiting with suppl~er companies is an asset of inestimatible 
potential value, and irreproduclble beyond those three days in Toronto and San Francisco. 

The industry's trade associations, FSCT and NPCA, provide cntical services in both 
technical education and legislahve representation. For those who mlssed the 1991 events, 
please take note-the 1992 annual conventions of the groups will take place in Chicago, 
October 19-21 (NPCA) and 21-23 (FSCT). It may be wise to circle these dates on your 
calendar now. 

Executive Vice President 

* 
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ELECTROCHEMICAL METHODS FOR APPRAISING COUPLING SOLVENT EFFEC' 
CORROSION PROTECTIVE COATINGS-H. Leidheiser, Jr. IBLE ALKYD RESINS--R.G. C 

C.M. Olson 
Journal of Coatings Technology, 63, No. 802,20 (Nov. 1991) Journal of Coatings Technology, 63, No. 802,47 (b 

The author's experience with the application of eight elec- 
trochemical techniques for the study of corrosion protec- 
tive polymeric coatings is summarized. The techniques 
include: corrosion potential, DC resistance, AC impedance 
at room temperature, AC impedance as a function of tem- 
perature, current flowing through the coating at high poten- 
tial, repetitive cathodic polarization, cathodic delamination, 
and currentltime measurements. 

CHANGES IN HIDING DURING LATEX FILM F 
TION: PART II. PARTICLE SIZE AND PIGMENT 
ING EFFECTS-Cleveland Society for Coating! 
nology Technical Committee 

'ORMA- 
- - .  - 

PACK- 
s Tech- 

Journal of Coatings Technology, 63, No. 802,35 (Nov. 1991) 

Several latex paints were prepared to study pigment parti- 
cle size and packing effects. Each paint contained varying 
ratios of fine to coarse particle size extenders at different 
pigment volume concentrations (PVC). Using a technique 
previously reported, changes in hiding were monitored dur- 
ing the drying process and reflectance data acquired for 
these paints. The reflectance (Y) of each paint, drawn 
down over a black substrate, was measured as a function 
of drying time using the long-term drift test of a computer- 
interfaced spectrophotometer. Using blends containing 
varying ratios of large to fine extender pigments at constant 
PVC, changes in hiding due to extender dilution effects 
could be determined and compared to proposed models 
offered by other researchers. Additionally, critical pigment 
volume concentration (CPVC) information for each PVC 
ladder could be obtained by inspection, with accuracy ex- 
ceeding that of other classical methods; the presence or 
absence of a minimum in the drying curves indicating 
whether a paint is above or below CPVC. In earlier work, 
correlations of CPVC determined by this method compared 
to methods using standard dry film properties (contrast 
ratio, porosity, rewet with mineral oil, etc.) were very good 
and actually demonstrated the greater sensitivity of this 
technique. Changes in the reduced PVC, A (where A = 
PVCICPVC), which occur as the ratio of course to fine 
extender varies from blend to blend, were also app 

TER-REDU 
. Morris, a 

lov. 1991) 

of various s . . . .. This research examined the coupling ability i01- 

vents, primarily glycol ethers, and the effect or glycol etner 
solvents on the stability of water-reducible alkyd resins. 
Perceived toxicity concerns with ethylene glycol n-butyl 
ether, EB, an ethylene-based (referred to as E-Series) 
glycol ether, have resulted in requests for propylene-based 
(P-Series) glycol ether alternatives. 

This study characterized the iol- 

respect tc 

VISCOEL - - . . . . . - 

stability of the r e i n  sy 

effects of s 
systems. P 

determine : 

ilternative s 
\n acceleral 
solvent perf 

vents to EB on two alkyd resin ted 
aging study was employed to I or- 
mance in these alkyd systems. 

It was determined that coupling ~ C I  IUIIII~IIC.C uaia ball be 
used as a predictive tool for determining initial viscosity of 
these alkyd systems. Data from the aging study demon- 
strated that P-Series glycol ethers and blends of P-Series 
and C4 alcohols exhibit equivalent behavior to EB with 

.A5 11C; ANU AUHtSIUN PKUPtH I I t 5  Ut AlH- 
DRYING COATING FILMS-K. Horiuchi and K. Sato 

Journal of 1 

T- - - - - r 4  
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hnology, 63, 1 
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studied. A 

iscoelasticit - - - - - . . . -- 

In. 

Joum 

II the result 

y of a comn 
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Jov. 1991) 

peel strength of commercial air-drying coating films and 
experimental nitrocellulose (NC)/alkyd lacquers were mea- 
sured. Moreover, the correlations between the surface ten- 
sion of a plastic substrate, on which a coating film was 
brushed, and the adhesion of the coatino film to the plastic 
substrate, were also s are summa- 
rized as follows: 

(1) The dynamic VI nercial air-dry- 
ing coating film at temperatures auuve trle glass transition 
temperature (T,) showed a plateau elastic modulus rang- 
ing from 1 O9 dynelcmz to lo7 dyne/cm2, which corresponds 
from highly-crosslinked to low-crosslinked structures, re- , 
spectively. Noncrosslinked type coating films, like NC lac- 
quers, flow at a higher temperature than their T,. 

(2) Temperature dependencies of the peel strengths of 
air-drying type coating films showed bell-shape curves, 
independent of the structures of the coating films. The 
temperature where the peel strength is maximum is char- 
acteristic to the coating film. 

(3) Correlations between the surface ten: ;tic 
substrates and peel strengths of the coating red 
bell-shape curves having a maximum peel t a 
certain surface tensic 
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METODOS ELECTROQUIMICOS PARA LA EVALUACION 
DE LA CALIDAD EN LOS RECUBRIMIENTOS ANTI- 
CORROSIVOS--H. Leidheiser, Jr. 

Journal of Coatings Technology, 63, No. 802, 20 (Nov. 1991) 
Se menciona la experiencia del autor al aplicar ocho tecnicas 
electroquimicas para el estudio de recubrimientos polimericos 
anticorrosivos. Las tecnicas incluven: ootencial de corrosion. 
resistencia DC, impedancia ACa la ter;lper&raambiente, impedancia 
AC como una funcion de la tem~eratura, fluio de corriente a traves 
del recubrimiento a un potencial alto, polanza~idn catkiics respectiva, 
delaminacion cat6dica y mediciones corrientaltiempo. 

CAMBIOS EN EL PODER CUBRIENTE DURANTE LA 
FORMACION DE UNA PELICULA DE LATEX: PARTE II. 
EFECTOS DEL TAMANO DE PARTICULA Y EMPAQ- 
UETAMIENTO DEL PIGMENTO-Cleveland Society for 
Coatings Technology Technical Committee 

Journal of Coatings Technology, 63, No. 802, 35 (Nov. 1991) 
Se prepararon algunas pinturas base latex para estudiar 10s efectos 
del tamaiio de particula y empaquetamiento del pigmento. Cada 
pintura contenia varias relaciones de extendedores de tamaiios de 
particula fino y gruesos adiferentes concentraciones de pigmento en 
volumen (PVC). Utilizando una tknica previamente reportada, se 
monitorearon 10s cambios en el poder cubriente durante el proceso 
de secado a la vez de obtener 10s datos de reflectancia para estas 
pinturas. La reflectancia (Y) de cada pintura, aplicada sobre un 
sustrato negro, se midi6 como una funcion del tiempo de secado 
usando una prueba de larga exposicion en un espectofotometro 
conectado a una computadora. De esta forma, 10s cambios en el 
ooder cubfiente debidosa unadelicuon mrel extendedor se ~udieron 
determinar comparar con mcdelos propuestos ofrecidos b r  otros 
investiaadores. Este m6tcdo tambien oromrcion6 informacion Dara 
valores criticos de PVC (CPVC) en ioda la escala de valores del 
PVC. La presencia o ausencia de un minirno en las curvas de 
secado indican, en el caso de que asi sea, que una pintura esta por 
arriba o abajo del CPVC. La correlaciones de CPVC determinadas 
por este rnetodo comparado con otros metodos que usaron 
~ro~iedadas estandard de wlicula seca (relacion de contraste. 
brosidad, rehumectacion con aceite mineral, etc.) fuemn muy buenas 
demostrando la alta sensibilidad de la tecnica. Los cambios en el 
CPVC reducido (D), donde D=PVC/CPVC, ocurren cuando la relaaon 
de extendedor fino a grueso varia de mezcla a mezcla, siendo esto 
tambien aparente. 

EFECTOS DE LOS SOLVENTES DE ACOPLE EN RESINAS 
ALQUIDALICAS REDUCIBLES CON AGUA-R.G. Vance, 
N.H. Morris, and C.M. Olson 

Journal of Coatings Technology, 63, No. 802, 47 (Nov. 1991) 
Esta investigacion examina la habilidad de acoplamiento de 
varios solventes, principalmente glicoleteres, y el efecto de 
estos solventes sobre la estabilidad de resinas alguidalicas 

reducibles con agua. La toxicidad concerniente al Eter n-butilico 
del etilen glicol, EB, y a 10s glicoleteres del etilen glicol (referido 
a la serie E), han generado un requerimiento de busqueda de 
alternativas de sustitucion por glicoleteres del propilen glicol 
(serie P). 

Este estudio caracterizo 10s efectos de 10s solventes alternos 
del EB en dos sistemas de resina alquidalica. Se empleo un 
estudio de envejecimiento acelerado para determinar el 
comportamiento del solvente en estos sistemas alquidalicos. 

Se determino que 10s datos del comportamiento de 
acoplamiento pueden ser usados como una herramienta de 
prediccion para determinar la viscosidad inicial de estos sistemas 
alquidalicos. 

Los datos proporcionados por el estudio de envejecimiento 
demostraron que 10s glicoleteres de la serie-P y las mezclas de 
la serie P con alcoholes C4 muestran un comportamiento 
equivalente al EB con respecto a la estabilidad del sistema 
resinoso. 

PROPIEDADES VISCOELASTICAS Y DE ADHESION EN 
PELICULAS DE RECUBRIMIENTO DE SECADO AL AIRE- 
K. Horiuchi and S. Sato 

Journal of Coatings Technology, 63, No. 802, 55 (Nov. 1991) 
Se midi6 la dependencia de la temperatura con respecto a la 
viscoelasticidad dinamica y la resistencia al pelado en peliculas 
de recubrimientos comerciales de secado al aire y lacas de 
nitrocelulosa/alquidal. Mas aun, se estudio tambien lacorrelacion 
entre la tension superficial del sustrato plastico en donde la 
pelicula de recubrimiento fue aplicada y la adhesion de la 
misma al sustrato descrito. Todos 10s resultados se resumen 
como sigue: 

(1) La viscoelasticidad dinamica de una pelicula secada al 
aire de un recubrimiento comercial a temperaturas por arriba de 
la temperatura de trasicion vitrea, mostro una variacion en 10s 
ranaos del modulo de elasticidad de l o9  dinaslcm2 a l o 7  
dinas/cm2 que corresponden a estructuras que tienen una alta 
reticulacion v a las aue tienen baia reticulacion resoectivamente. 
Las peliculas de recubrimiento del tip0 no reticuladas como las 
lacas de nitrocelulosa, fluyen a una temperatura mas alta que 
su temperatura de transicion vitrea. 

(2) La dependencia de la temperatura con respecto a la 
resistencia al pelado de las peliculas de recubrimiento secadas 
al aire, es un parametro independiente de las estructuras de las 
peliculas. La temperatura a la cual la resistencia al pelado es 
un maximo, es un caracteristica de la pelicula de recubrimiento. 

(3) Las correlaciones entre la tension superficial del sustrato 
plastico y la resistencia al pelado de la pelicula de recubrimiento 
muestran curvas en forma de campana, teniendo la resistencia 
a maxima al pelado a una cierta tension superficial. 

Translations made by  hg. Carlos Urbina V., of lnstitu 
Mexicano de Tenicos en Pinturas y Tintas, Mexico 
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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 have been generated on high resolu- 
tion FourierTransform spectrophotometers with 
recorded spectral ranges covering the region 
between 4,000 and 400 cm - 1 .  

Authored by experts in the field of coatings 
infrared analysis, the 1024-page text consists of 
eight fundamental and comprehensive chap  
ters, including theory, instrumentation, lR 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 
erationwith 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 



Constituent Society Officers 

BALTIMORE DETROIT 
President-Mary Lou Spumer, SCM Chemicals President-Liana C. Roberts, A.T. Callas Co. 
Vice President-James Smith, Eastech Chemical, Inc. Vice President-Kathleen Porter, Akzo Coatings Inc. 
Secrerary-John Kurnas, Minerals Pigments Corp. Secretary--Ron Andms, BASF Corp. 
Treasurer-Helene Ranfone, Duron, Inc. Treasurer-Scott Westerbeek, Matteson-Ridolfi 
Society Representative-Joseph D. Giusto, Lenmar, Inc. Society Representarive-William W. Passeno, Red Spot Westland 

Inc. 

BIRMINGHAM GOLDEN GATE 
President-R. McDowell Barrett, B.I.P. Chemicals Ltd. President-Jack H. Duis, Pacific Coast Chemicals Co. 
President-Elect-D.A. Wallington Vice President-Margaret Hartmann, Jones-Hamilton Co. 
Secretary-D.C. Moms, PPG Industries (U.K.) Ltd. Secrerary-Donald Nolte, John K. Bice Co. 
Treasurer-B.E. Myatt, Evode Powder Coatings Treasurer-Dennis R. Owen, Technical Coatings Co. 
Society Representative-4.J. Gough, Holden Surface Ctgs. Ltd. Society Representative-Timothy J. Donlin, Pacific Coast 

Chemical Co. 

CDlC HOUSTON 
President-James E. Flanagan, Flanagan Associates Inc. President-Joseph Caravello, Guardsman Products Co. 
Vice President-Alipio R. Rubin, Jr., Consultant Vice President-Terry Cogan, Raw Materials Corp. 
Secretary-Paul R. Guevin, Jr., P.R. Guevin Associates Secretary-Rich Ryan, Exxon Chemical Co. 
Treasurer-Jeffery I. Buchman, Akzo Coatings Inc. Treasurer-Robert M. Von Ruff, Mooney Chemicals 
Society Representative-Lloyd J. Reindl, Flanagan Associates Inc. society R ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - J ~ ~ ~ ~  jud]in, D~~~~ & ~ ~ ~ ~ ~ l d ~  co., 

Inc. 

CHICAGO 
President-Theodore J. Fuhs, TN-Test Manufacturing Co. 
Vice President-William F. Fotis, Valspar Corp. 
Secretary-Gregory E. McWright, ANGUS Chemical Co. 
Treasurer-Patricia J. McGrath, Ashland Chemical Inc. 
Society Representative-Richard M. Hille, TN-Test 

Manufacturing Co. 

CLEVELAND 
President-Ben J. Carlozzo, Tremco, Inc. 
Vice President-Roy Glover, Mahoning Paint Corp. 
Secretary-Freidun Anwari, Coatings Research Group, Inc. 
Treasurer-Constance F. Williams, The Glidden Co. 
Society Representative-Fred Schwab, Coatings Research Group, 

Inc. 

DALLAS 
President-Mike Evans, J.M. Huber Corp. 
Vice President-Robert Lin, Valspar Corp. 
Secretary--To be named later 
Treasurer-To be named later 
Society Representative-Bruce Alvin, The Sherwin-Williams Co. 

KANSAS CITY 
President-Craig Hughes, Farmland Industries, Inc. 
Vice President-H. Jeff Laurent, F.R. Hall, Inc. 
Secretary-Yvonne D'Arcy, Cook Companies 
Treasurer-Lawrence Murphy, Tnemec Co., Inc. 
Society Representative-Norman A. Hon, Cook Companies 

LOS ANGELES 
President-James D. Hall, Major Paint Co. 
Vice President-Sandra Dickinson, Synergistic Performance 

Corp. 
Secretary--V.C. Bud Jenkins, Paint Consultant 
Treasurer-Philip C. Bremenstuhl, Ashland Chemical Inc. 
Society Representative-Jan P. Van Zelm, BYK-Chemie USA 

LOUISVILLE 

President-Kris J. Grauer, Ashland Chemical Inc. 
Vice Presidenr-Lloyd Browning, Kelley Technical Coatings 
Secretary-Mike R. Moilanen, United Catalysts, Inc. 
Treasurer-Timothy Fortney, American Dispersions, Inc. 
Society Representative-James A. Hoeck, Akzo Coatings Inc. 
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Constituent Society Officers 

(cont'd) 

MEXICO PIEDMONT 
President-Gerard0 del Rio, G.B.W. de Mexico, S.A. President-Ruby Johannesen, Southchem, Inc. 
Vice President-Martha Colin, Colin Lozano, S. de R.L. Vice President-Annette Saunders, Akzo Coatings 
SecretarpJorge Hijuelos, Hi Fil Pinturas De Oriente Secretary-Dennis Gillespie, Lomas Minerals & Chemicals 
Treasurer-Jose Gomez, Du Pont, S.A. de C.V. Treasurer-Dale Baker, Kohl Marketing, Inc. 
Society Representative-Arturo Ita, Pinturas Aurolin Society Representati\,e-James E. Husted, Husted & Associates 

MONTREAL PllTSBURGH 
President-Bruce Bridges, Reichhold Ltd. President-Joseph J. Powell, Union Carbide 
Vice President-Richard Bordeleau, Tioxide Inc. Vice President-Jeffrey Sturm, Kop-Coat Inc. 
Secretary-Jacques Brouillette, Bapco Inc. Secreta~y-Timothy Zeffiro. J.M. Gillen Co. 
Treasurer-Luc Pipin, Sico Inc. Treasurer-Mark A. Harley, Jr., PPG Industries, Inc. 
Society Representative-Horace S. Philipp, Supply & Services Society Representatit3e-William C. Spangenberg, Hammond 

Canada Lead Products Inc. 

NEW ENGLAND ROCKY MOUNTAIN 
President-Arthur A. Leman, Samuel Cabot Inc. President-Tom Snider, Kwal-Howell's Inc. 
Vice President-Joseph H. Weinburg, Stalh USA Vice President-Rick Crandell, Prokret Industries 
Secretary--Joanne E. Monique, Ashland Chemical Inc. Secretary-Lou Hartnell, Hen & Hartnell Co. 
Treasurer-John P. Lukens, D.N. Lukens Inc. Treasurer-Ed McCarthy, Cyprus Industrial Minerals 
Society Representative-Maureen M. Lein, Davidson-Textron Society Representative-John Delmonico, Old Western Paint Co., 

Inc. 

NEW YORK 
President-Jeffrey C. Kaye, MacArthur Petro & Solvent Co. 
Vice President-Michael C. Frantz, Daniel Products Co. 
Secretary--Armand J. Stolte, RHEOX, Inc. 
Treasurer-George Amrich, Jr, Benjamin Moore & Co. 
Society Representative-Richard Himics, Daniels Products Co. 

NORTHWESTERN 
President-Daniel DeChaine, Valspar Corp. 
Vice President-Joseph Wirth, Consolidated Container Corp. 
Secretary-Sarah Oebser, H.B. Fuller Co. 
Treasurer-Mike Grivna, Hirshfield's Paint Mfg. Co. 
Society Representative-Larry Brandenburger, Valspar Corp. 

PACIFIC NORTHWEST 
President-Steve Rearden, Imperial Paint Co. 
Vice President-John Bartlett, Pacific Bartlett Co. 
Secretary--Flora Wong, Saguaro Ent. Ltd. 
Treasurer-John Westendorf, Lipscomb Chemical Northwest 
Society Representative-William Shackelford, Gaco Western, Inc. 

PHILADELPHIA 
President-Peter C. Kuzma, VIP Products Corp. 
Vice President-William J. Fabiny, Sermaguard Coatings 
Secretary-Brian O'Connor, McWhorter Inc. 
Treasurer-Robert D. Thomas, M.A. Bruder & Sons, Inc. 
Society Representative-Wayne A. Kraus, Aqualon Co. 

ST. LOUIS 
President-Stanley Soboleski, Jr., U.S. Paint Corp. 
Vice President-Dennis Cahill, Archway Sales, Inc. 
Secretary-Michael Schnurman, Kop-Coat Inc. 
T r e a s u r e 4 h u c k  Reitter, American Paint Journal Co. 
Society Representative-Terry Gelhot, Carboline Co. 

SOUTHERN 
President-Vernon Sauls, McCullough & Benton, Inc 
Vice President-Billy M. Lee, Kemira, Inc. 
Secretary-Mary G. Finnigan, Unocal Chemicals 
Treasurer-Jeff Shubert, Shubert Paint 
Society Representative-Dan Dixon, Engelhard Corp. 

TORONTO 
President-Gerry Parsons, Prilco Ltd. 
Vice President-Vik Rana, Reichhold Ltd. 
Secretary--David Jack, Technical Coatings 
Treasurer-Mike Hazen, L.V. Lomas Ltd. 
Society Representative-Arthur Hagopian, ICI Paints Inc. 

WESTERN NEW YORK 
President-Mark Schindler, Pratt & Lambert, Inc. 
Vice President-Eric Karlson, Pratt & Lambert, Inc. 
Secretary-Marko Markoff, Retired 
Treasurer-Eric Karlson, Pratt & Lambert, Inc. 
Society Representative4erald Ivancie, Pratt & Lambert, Inc. 
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Committee Rct~ties 

Baltimore Hosts FSCT Educational Steering 
Committee Meeting with Society Educational 
Committee Chairmen 

Representatives of Society Educational 
Committees met recently with members of 
the Federation's Educational Steering 
Committee in Baltimore. MD. Topics of 
discussion included: Society-sponsored 
educational activities: the Federation edu- 
cational structure: scholarship programs of 
the Federation and individual Societies: what 
is important to Society educational pro- 
grams, and how the Federation can help; 
and a session on brainstorming recommen- 
dations. 

The meeting was chaired by Don Boyd. 
of the Pittsburgh Society. Chairman of the 
FSCT Educational Steering Committee. 

In addition to the Chairman. the follow- 
ing Steering Committee members attended: 
Ted Fuhs (Chicago); John Gordon (Los An- 
geles): Carl Knauss (Cleveland): Sid Lauren 
(New England): Gerry Mattson (Southern): 
and John Oates (New York). 

The following Society Educational 
Committee representatives attended: Albert 
Holder (Baltimore): DeVilla Moncrief 
(Cleveland): Dan Melnyk (Detroit): Wil- 
liam Porter (Kansas City); Eduardo Villegas 
(Mexico); Bruce Bridges (Montreal): Don 
Brody (New York): Mustapha Bacchus 
(Northwestern): Dave Pasin (Pacific North- 
west); Jim Bohannon (Piedmont): Mark 
Harley (Pittsburgh): Jim Lindsley (St. 
Louis): Robert Wayne West (Southern); and 
A. Clarke Boyce (Toronto). 

Guests attending were: FSCT Secretary- 
Treasurer Colin Penny (Baltimore): and 
Gary Morgereth, President of the Baltimore 
Society. 

Also attending were the following FSCT 
staff members: Pat Viola. Editor of JOURNAL 
OF COATINGS TECHNOLOGY; Mike Bell, Di- 
rector of Educational Services: and Tom 
Kocis. Director of Field Services. 

Society Reports on Activities 
Society representatives had been re- 

quested to prepare brief summaries of their 
educational activities for presentation at the 
meeting. The following summarizes the 
written and/or verbal reports submitted and 
discussed. 

Baltimore 
Continuing scholarship program; 

awarded grants to two children of Society 

members.. . Distributed notices to six insti- 
tutions of higher learning in the Baltimore 
area, promoting A. L. Hendry Award com- 
petition . . . Arranged a speaker for the 
Society monthly meeting in February . . . 
Presented the Federation videotape. "The 
Choice," at two area high schools on their 
respective Career Days: also presented the 
videotape at U.S. Navy's David Taylor Re- 
search Center, so that personnel there could 
inform summer co-op students of career op- 
portunities in the coatings industry . . . 
Continued sponsorship of basic and inter- 
mediate paint and coatings technology 
course at Catonsville Community College: 
planning to present again this fall. 

Primary activity continues to be arrang- 
ing for post-dinner speakers at Society 
monthly meetings, which feature two 
speakers: pre-dinner presentation deals with 
technical aspect of coatings: after-dinner 
speaker focuses on topics of general inter- 
est. Recent meetings have included presen- 
tations on: whole house inspections; regu- 
lationsconceming hazardous waste disposal: 
investment and tax strategies for the 90s: 
and technology transfer . . . Established 
educational grant, to fund tuition expense of 
selected member to attend coatings short 
course. 

Chicago 
Educational activities jointly sponsored 

with local Paint and Coatings Association . . . 
Held one-day management development 
seminar. "Increasing Productivity Through 
Employee Development and Motivation." 
. . . Continuing scholarships/grants-in-aid to 
students enrolled in polymer and coatings 
technology programs at selected colleges; 
have increased-both amount and number 
awarded . . . Planning SYMCO seminar in 
early '92: this is two-day event: first day 
deals with trade sales, second day with in- 
dustrials . . . Coatings Advisory Council 
assists Elmhurst College in studentlteacher 
recruiting efforts. acquisition of equipment, 
and providing industry liaison. 

Cleveland 
Again participated in Northeast Ohio 

Science Fair, awarding cash prizes to top 

projects related to coatings . . . Made pre- 
sentations at two area high schools. with 
lectures on coatings careers supplemented 
by Federation videotape. "The Choice" . . . 
Assisted in local Explorer Scout program. 
which is designed to inform high school 
students of career opportunities: program 
consisted of five monthly meetings. each 
held at a coatings-related facility . . . Pri- 
mary activity continues to be development 
of annual Advances in Coatings Technology 
Conference. This year's event, held June 6 
at the B. F. Goodrich Research Center, fo- 
cused on advances in additive technology 
for water-base, high-solids, and powder 
coatings. 

Detroit 
Continuing sponsorship of evening 

coatings courses at University of Detroit. 
Offerings expanded to include newly intro- 
duced course on environmental chemistry: 
CEU certificates issued to those success- 
fully completing courses. . . In conjunction 
with Technical Committee. jointly sponsored 
a coatings technology workshop as pan of 
Materials Week, as well as programming 
for a conference on advanced coatings tech- 
nology for the automotive and durable goods 
manufacturing industries . . . Held annual 
FOCUS conference in April: theme of this 
year's event was "Complying with the DNR 
While Remaining Solvent," and featured 
presentations on compliant solvents, reactive 
diluents, waterborne coatings. powder 
coatings. and transfer efficiency . . . Con- 
tinuing to maintain close liaison with East- 
ern Michigan University, Wayne State 
University, and University of Detroit; dis- 
cussing expansion of curriculum at Univer- 
sity of Detroit which would lead to degree 
program there . . . Pursuing discussions on 
proposed establishment of Society student 
chapter at Eastern Michigan University . . . 
Continuing funding for scholarship program. 

Houston 
Efforts concentrated on administering 

and broadening scholarship program, which 
this year provided funds for six students . . . 
Assisting Technical Committee in prepara- 
tion of paper for presentation at Annual 
Meeting in Toronto. . . Arranged for speaker 
at first Society meeting this fall-a young- 
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ster who won first prize in Houston Science 
Fair for development of a new varnish. 

Kansas City 
Principal activity continues to be par- 

ticipation in local Science Fair, judging en- 
tries, and awarding prizes. Each of three 
winning students receive savings bonds 
(their high school science department re- 
ceives check in matching amount); presen- 
tations are made at Society monthly meet- 
ing, at which winning exhibits are displayed 
(parents and teachers also attend). . . Schol- 
arship funding again contributed to Univer- 
sity of Missouri-Rolla. 

Los Angeles 
Scholarship program provided funds for 

21 students. Four of the recipients are stu- 
dents enrolled in the newly established 
polymers and coatings program at Califor- 
nia Polytechnic State University (Cal Poly) 
at San Luis Obispo . . .Assisted in establish- 
ment of foundation to raise funds, materi- 
als. and eauioment for the Cal Polv program; 

coatings course continues: students receive 
certificates for successful completion of 
course . . . Several programs being consid- 
ered: (1) Expansion of polymers and coatings 
concentration to include another university 
(e.g., Cal Poly Pomona): (2) Offer course 
for store personnel and sales people to bet- 
ter acquaint them with coatings; (3) Develop 
for presentation a summer survey course on 
the South Coast Air Quality Management 
District paint emission regulations, envi- 
ronmental impact the rules have had over a 
25-year period, and an assessment of the 
regulations benefitlcost ratio. 

Louisville 
Sponsorship of coatings courses at Uni- 

versity of Louisville continues. The funda- 
mentals of coatings are covered in four se- 
mesters; current year offered modules 11 and 
111. on non-resinous raw materials and end- 
uses and formulation: courses are designed 
to be complementary, but can be taken inde- 
pendently . . . Topic of annual symposium 
was "Hazardous Waste Reduction." 

presented by Steering Committee member 
Paul Baukema, which attracted 60 attend- 
ees. .  . Annual technical symposium will be 
held August 22-24; program to include in- 
ternational speakers . . . Presented FSCT 
videotape, "The Choice," to students en- 
rolled in the polymers program at the Uni- 
versity of Guadalajara, and invited their 
participation in the A.L. Hendry Award 
competition. 

Montreal 
Sponsorship of introductory course on 

coatings technology continues: students are 
awarded certificates for successful course 
completion . . . Participated in regional sci- 
ence fair, awarding certificates of merit and 
cash awards to students with best coatings- 
related exhibits; presentations made at So- 
ciety monthly meeting. 

New England 
Close liaison continues to be maintained 

with University of Lowell, in support of the 
also hosted ' ~ a l  Poly students and profes- coatings and adhesives program. Society 
sors at West Coast Coatings Societies' Mexico member will present a new course there on 
Symposium and Show in San Franckco. Presented two-day seminar on "Leader- color science and technology; Society will 
and placed 14 students in summer intern- ship for the 90s Decade" in February . . . also advise on selection of equipment for 
ship programs . . . Sponsorship of evening Sponsored course on "Resins for Coatings," setting up coatings lab . . . Scholarship 



funding was provided to five college stu- 
dents enrolled in coatings-related programs. 

New York 
Continuing joint sponsorship (with lo- 

cal Paint and Coatings Association) of 
coatings technology cumculum, consisting 
of four courses given in successive semesters 
over a two-year period. Held at Fairleigh 
Dickinson University, each one-year (two 
semester) module of the program is a com- 
plete course in itself and may be taken inde- 
pendently; each semester qualifies for three 
CEU's of credit . . . Assisted in developing 
schedule of presentations on various regu- 
latory and quality control topics at sessions 
held prior to Society monthly meetings . . . 
Continuing scholarship funding program . . 
. Teaching outline being developed for a 
formal coatings curriculum, as part of efforts 
to establish a Coatings Center at local uni- 
versity . . . Planning production of AIV 
material on lab procedures and test methods 
to supplement lecture course; also. might be 
basis fordevelopment of a laboratory course. 

Northwestern 
Annual Spring Symposium had as its 

theme, "Coatings-A Global Perspective." 
and featured presentations on waste man- 

agement, growth trends for industrial coat- 
ings, and changes in polyurethane technol- 
ogy..  . Education Night was highlighted by 
attendance of 20 students and coordinators 
from area colleges; speaker was Dr. Gordon 
Bierwagen. Polymers and Coatings Dept., 
North Dakota State University. . . Continu- 
ing to maintain close relationship with 
NDSU, and funding scholarship program 
there . . . Among plans for expanding cur- 
rent activities are developing summer in- 
ternships with local coatings firms, and ex- 
ploring potential for joint research projects 
with local academia. 

Pacific Northwest 
Continuing scholarship program . . . 

Annual symposium held this year in Van- 
couver: theme was "Environmentally 
Friendly Coatings Options" . . . Portland 
Section sponsored new introductory course. 
which is to be offered in alternating years: 
considering development of advanced 
course, which would feature guest speakers 
and "hands-on" lab work . . . Vancouver 
Section sponsored high school Career Day 
program, attended by area students. Contin- 
ued sponsorship of introductory coatings 
course: updating curriculum of advanced 
course.. . Planning development of a career 

promotion video, augmented by literature 
and display materials to assist in presents- 
tion to student groups . . . Seattle Section 
reorganizing activities: hope to reinstate in- 
troductory coatings course within the next 
year. 

Piedmont 
Continuing to maintain close relation- 

ship with University of North Carolina at 
Greensboro; participated in Career Day 
there, informing students of opportunities 
in the coatings industry . . . Scholarship 
program, now in its second year, continues. 

Pittsburgh 
Participated in area high school Science 

Fair, judging the competition and funding a 
cash award . . . Visited several high schools 
to present the videotape. "The Choice." 
supplemented by a lecture, products dis- 
play, and open forum . . . Planning financial 
aid program to assist prospective students 
wishing to pursue studies in coatings tech- 
nology. 

St. Louis 
Close relationship with University of 

Missouri-Rolla continues to be maintained. 
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Awarded grants to five employees of local 
companies to attend short courses at Uni- 
versity of Missouri-Rolla. Recipients were 
chosen on basis of brief essays describing 
how they would benefit by attending course 
of their selection . . . Sponsored annual 
Education Night in March, with 29 high 
school teachers and students attending; lo- 
cal high school chemistry teacher was fea- 
tured speaker, and described cooperative 
program between his school and local in- 
dustry . . . Donated funds to University of 
Missouri-Rolla Chemistry Department to 
support research in flash rusting . . . Con- 
tinuing funding of scholarship program at 
University of Missouri-Rolla . . . Planning 
to participate in area Science Fair by spon- 
soring projects and providing funds for 
awards. . . At next Education Night, plan to 
have tabletop displays featuring products 
manufactured and/or coated by area firms. 

Southern 
Continuing sponsorship of A. L. Hendry 

Award for best undergraduate student- 
authored paper on some aspect of coatings 
technology . . . Continuing to offer one-day 
technical seminars on various topics at So- 
ciety Sections . . . Offering matching funds 
to each Section that contributes funds to 
scholarship program . . . Developed pro- 
gram for Societv Annual Meeting: theme - - 
was "Surviving and Prospering in the 90s." 
and featured special seminars on trade sales 
coatings and industrial coatings . . . Con- 
tinuing close relationship with University 
of Southern Mississippi through funding 
scholarship program and jointly sponsoring 
annual Waterborne, Higher Solids and 
Powder Coatings Symposium; also donated 
proceeds from Annual Meeting to USM's 
Polymer Science Department. 

Toronto 
Close liaison maintained with George 

Brown College, where sponsorship of basic 
and advanced coatings course continues. 
Industry Advisory Committee provides 
course notes, lecturers, and other aids; cur- 
rently revising and updating course material 
. . . Spring symposium had as its theme, 
"Coatings and the Environment in the 90s. 
Progress or Perish". . . Offering subsidized 
registration to area university students 
wishing to attend 1991 FSCTAnnual Meet- 
ing and Paint Industries' Show. 

Discussion of FSCT 
Educational Structure 

Chairman Boyd noted that the Federa- 
tion has reaffirmed its commitment to edu- 
cation, focusing efforts to insure that ad- 
equate resources are available, and invited 
FSCT Secretary-Treasurer Colin Penny to 
comment on developments in this regard. 
. Mr. Penny expressed his pleasure at be- 
ing able to participate in the meeting. He 

commended the representatives for their 
educational activities, and urged them to 
continue their efforts. 

He obsewed that times are changing and 
the Federation is initiating adjustments to 
deal with the changes. He cited the addition 
to staff of Mike Bell as Director of Educa- 
tional Sewices, a new position, as recogni- 
tion of the need to upgrade educational ef- 
forts. 

These efforts include support for activi- 
ties at the local level. The Federation is 
amenable, he said, to appropriate funds for 
joint ventures with Societies, provided it is 
deemed worthwhile and detailed documen- 
tation accompanies requests for appropria- 
tions. 

Chairman Boyd then explained the new 
FSCT educational structure and the roles of 
the Educational Committee, Coatings In- 
dustry Education Fund (CIEF), and Profes- 
sional Development Committee, in the 
evolving educational policy. 

 he^ Educational steering Committee, 
which was initiated in an informal arrange- 
ment and never accommodated in the By- 
Laws, has been operating as an Ad Hoc 
Committee. Proposals have been approved 
by the Executive Committee and submitted 
to the By-Laws Committee to draft appro- 
priate language to formally incorporate the 
Steering Committee as a Standing Commit- 
tee. 

In its new form the Steering Committee 
will become the Educational Coordinating 
Committee. 

It will have as its objective to promote 
the educational programs of the Constituent 
Societies and the Federation, and to guide 
them into the most productive and useful 
channels by: coordinating activities of the 
Educational Committee; studying/evaluat- 
ing stated needs of the Society Educational 
Chairs; focusing on the issues and resources 
required to further the overall educational 
programs of Constituent Societies; devel- 
oping proposals and obtaining funds for 
meeting those needs; and providing conti- 
nuity to the overall educational programs of 
the Federation. 

The Professional Development Com- 
mittee will continue to direct its efforts to 
developing programs for the benefit of those 
in the coatings industry, that is, continuing 
education. 

The Coordinating Committee plans to 
cede administration of the Federation schol- 
arship program to the Coatings Industry 
Education Fund, which will continue to ad- 
minister the Vasta Memorial Scholarship 
Fund, as well as fellowship grants. 

Chairman Boyd reported that the Fed- 
eration scholarship funding will total 
$50,000 for the 1991-92 academic year for 
undergraduate grants at seven schools: Uni- 
versity of Detroit; Eastern Michigan Uni- 
versity; Kent State University; University 
of Missouri-Rolla: North Dakota State 
University; University of Southern Missis- 

sippi; and California Polytechnic State Uni- 
versity at San Luis Obispo. 

The funding, which is increased from 
$43,000 appropriated for 1990-91, reflects 
the recommendations of the Steering Com- 
mittee. 

The funds are to be used as grants-in-aid 
for thecoatings technology programs at each 
school, with preference given to qualified 
scholarship applicants who are children of 
Federation members. 

Society scholarship programs continue 
to provide substantial funding (last year 
topping $50,000). and a tabulation of these 
monies is again being compiled. The re- 
quest for this information has yielded a 
goodly number of responses, and Chairman 
Boyd urged the representatives who have 
not yet submitted this data to do so as early 
as possible, so that the tabulation can again 
he published in an early issue of the JCT. 

What is Important to Society 
Educational Programs? How 

Can Federation Help? 
To aid in determining the role the Fed- 

eration can play in assisting Society educa- 
tional activities, Chairman Boyd asked each 
attendee to respond to the question, "What 
Is Important to Your Society's Educational 
Program?" 

The list of responses was reviewed and 
discussed, and four topics were selected as 
the focus for discussions: Technicalman- 
agement Link; General Education: Monthly 
Meeting Programs; and Continuing Educa- 
tion. 

Chairman Boyd then asked attendees to 
assemble in four groups for a 30-minute 
"brainstorming" session, each group to pur- 
sue discussions on one of the four topics, 
then report recommendations for develop- 
ing an action plan. 

Brainstorming Session Ideas 
TECHNICAL/~ANAGEMENI LINK 

Need to inform management of Society1 
Federation achievements and encourage 
support of employee membership and par- 
ticipation. 

-Have members identify key manage- 
ment contact 

-Develop informational packet advising 
management of member employee's par- 
ticipation and acknowledging support 

-Produce quality-type brochure which 
describes activities and benefits of member- 
ship 

S o l i c i t  management input via question- 
naire regarding programming needslcom- 
mitmentlperceptions 

M E ~ N Q  PROGRAMS 
The heart and soul of Society activities 

are the monthly meetings. What is Society 
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response to the question: "As part of an 
effort to upgrade programs, would you let 
FSCT take responsibility to give program at 
a Society monthly meeting?" 

-Form subcommittee to identify kinds of 
speakers/subjects to qualify for quality pro- 
gramming 

-Identify people who can, and are will- 
ing, to make commitment. To have effective 
program committee, there is need for wide 
diversity of areas of interest. 

-Federation should be prepared to pay 
transportation costs, honorarium, etc., to 
provide good programs, including resources 
for slide reproduction. 

Develop an awareness program to cre- 
ate an image of the coatings industry as a 
contributing, responsible member of the 
community. 

-Produce coatings awareness brochure 
(what coatings can do; special techniques1 
uses; safe uses and disposal; impact on en- 
vironment). Could be useful for display at 
home shows. Project could be started at 
local level and worked through FSCT to 
refinement; develop a Federation database. 

-Promote career opportunities, to inter- 
est students in joining industry. Effort could 
include videotape, literature, and on-site 
presentation by members to student groups 
(including physical Show and Tell) and 
success stories. Also, foster participation in 
Career Days, as well as interacting with 
teachers. Form Career Guidance Task Force 
to develop/coordinate strategy. 

Structure program for addressing ongoing 
need to further educational and professional 
growth of members. 

4 f f e r  training seminars (including those 
aimed at educating consumers, contractors, 
and industrial finishers - OEM) 

-Develop short courses, featuring "ex- 
perts," to present at outlying locations, as 
well as in-house (could include video and 
teleconferencing) 

-Establish tie-in with local school sys- 
tem 

-Upgrade publicity and communications 
efforts 

-Develop teaching outlinelsyllabus for 
presentation of coatings courses 

-Federation subsidy for less affluent So- 
cieties. 

The recommendations will be addressed 
by the Coordinating Committee, and appro- 
priate action taken to implement selected 
projects as soon as possible. 

Cut the cost of caulk with CAMEL-Flf 
The lowest cost filler with the least mom fdr =in. - - - - - -  

The problem with many fillers isthat you end up using ing. So you reduce your resin costs, while using a fillerthat's 
mnre rmin than vn~l'd like low in cost too. Genstar Stone Products Com~anv. Executive - - - -  - 8 ,  

But low-cost ~ ~ M E L F I ?  1s a calclurn carbonate w~th a unlque Plaza IV, Hunt Valley, MD 21031 
partlcle slze d~str~but~on that prov~des excepttonally h~gh  load- (301) 527-4225 
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Government and Industry 

New Multi-Client Study on Radiation Curing Completed 
"Radiation Curing, 111," a multi-client 

techno-economic marketing study, has been 
completed recently by Skeist Incorporated, 
Whippany, NJ. 

The study is an examination of coatings, 
inks, and adhesives cured by ultraviolet, 
electron beam, and visible light. The report 
analyzes the technical developments and 
commercial opportunities of this business. 
Technologies, raw materials, applications, 
consumption, projections, prices, suppliers, 

than two times what it was six years ago, 
and more than 25 times higher than 20 years 
ago. 

According to the study, in the future the 
demand is projected to reach 80 MM Ib (8.7 
MM gal) by 1995. This increase corresponds 
to an average annual compounded growth 
rate of 9%. 

UV systems accounted for about 80% of 
the poundage and 75% of the dollars. The 
balance is split between EB and VL formu- 

Profiles of the leading 21 raw material pro- 
ducers and 36 compounders are given. A 
section on new developments of radiation 
curing technology is provided in the study. 
The equipment section discusses technology, 
economics, producers, types, and safety 
considerations. 

For a free brochure and table of contents 
of the report, write Skeist Inc., 375 Route 
10, Whippany, NJ 07981. 

and end users are investigated. lations almost evenly in dollars; however, 
The report states that consumption of the bulk of the volume consists of EB. Betz MetChem Completes 

radiation-curable coatings, inks, and adhe- The industry analysis includes a corn- Expansion of Coatings Labs 
sives was 51 MM Ib ( 5 1  MM gal) worth petitive analysis of raw material producers Betz MetChem, Horsham, PA, adivision 
$275 MM in 1990. This volume is more as well as compounders of RC systems. of Betz Laboratories, Trevose, PA, has just 

f \ 
Mergers B Acquisitions.. . 
Harcros Chemical Group Forms New Organics Company 

Harcros Chemical Group, London, England, has announced the formation of 
Harcros Organics Inc., a U.S. organics manufacturing company. The new company 
will be headquartered in Kansas City, KS, with combined sales of approximately $68 
million. 

Harcros Organics is comprised of Hardman, Inc., Belleville, NJ, and the Specialty 
Chemical Division of Harcros Chemicals Inc., Kansas City, KS. Both locations are 
existing Harcros manufacturing units. 

Hardman, Inc. is over one century old and is a manufacturer and formulator of 
epoxy and urethane adhesives, elastomers. and specialty coatings. It will retain its 
current name under the umbrella of Harcros Organics Inc. The Specialty Chemical 
Division of Harcros Chemicals Inc. manufactures surfactants, emulsifiers, and antifoam 
agents. Its identity will be changed to Harcros Organics Inc. 

Robert V. Mann, formerly Vice President and General Manager of the Specialty 
Chemical Division of Harcros Chemicals Inc., has been named President of the new 
company. 

KTA-Tator Opens Consulting Firm in Argentina 
KTA-Tator, Inc., Pittsburgh, PA, has formed KTA-Tator, SudAmericana S.A. 

(KTA-SUD), headquartered in Buenos Aires, Argentina. The KTA-SUD office and 
laboratory opened on September 1. 

KTA-SUD will offer corrosion protection services throughout South America, 
including consulting regarding the surface preparation and application of paints and 
coatings, testing and qualification, specification preparation, coating application in- 
spection services, instrument sales and service, and failure analysis. 

The company also will have associate consultants specializing in other areas of 
corrosion protection, such as safety, cathodic protection, and materials selection. 

The consulting firm has a fully equipped physical testing laboratory which includes 
blast cleaning and coating application facilities, and an analytical laboratory for paint 
testing and failure analysis. 

Remo Rocca, an engineer with 12 years' experience in the protective coatings 
industry, has been named Operations Manager of the new company. 

KTA-SUD currently has 15 employees in Argentina, and employs two technicians1 
inspectors at a subsidiary office in Montevideo, Uruguay. < J 

completed a $3 million expansion of its 
coatings laboratory. 

The expansion has added approximately 
12.000 sq ft of laboratory space and new 
equipment, including pilot coil and foil lines 
and paint spray booth simulation capabilities. 
According to officials at MetChem, the new 
laboratories are designed with a closed-air 
system. 

Wacker to Construct 
Process Control Lab 

Wacker Silicones Corporation, Adrian, 
MI, has broken ground for the construction 
of a Process Control Laboratory at their 
manufacturing complex in Adrian. 

Costs for the new 9,000 sq ft facility are 
projected at over $1 million. The plant, 
which is scheduled for completion in the 
spring of 1992, will house Wacker's Pro- 
cess Control Depamnent. 

Construction of the company's new 
Training Center was completed at the Adrian 
complex in June. 

Amoco Chemical Belgium Plant 
To Produce Terephthalic Acid 

Ammo Chemical Belgium N.V.'s new 
purified terephthalic acid plant in Geel, 
Belgium is fully operational. Construction 
of the plant began in late 1989. 

The world-scale unit, with an annual 
capacity of 250,000 tons, incorporates the 
latest Amoco production improvements. 

In other news, Amoco Chemical has 
announced further investment at the Geel 
plant to expand and improve its worldwide 
production of isophthalic acid. 

Amoco Chemical Belgium N.V. is a 
wholly owned subsidiary of Amoco 
Chemical Company, the manufacturing and 
marketing subsidiary of Ammo Corporation. 
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Use This Form to Order (or Renew) 
Your Subscription to OCCA Journal 
In 1992 at Special Rate of $90.00 

1992 
Here is your opportunity to renew--or to place for the first time-your personal subscription to the Journalof the Oiland 
Colour Chemists' Association. Under the special exchange agreement between the Federation and the Oil and Colour 
Chen:istsn Association, Federation members are permitted to subscribe to this outstanding monthly technical journal at 
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Colour Chemists' Association, Priory House, 967 Harrow Road, Wernbley, Middlesex, England HA0 2SF, at the regular 
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Henry Leidheiser, Jr. 
Dr. Leidheiser, formerly Director of the Center for Surface and Coatings Research, at Lehigh 

University. Bethlehem, PA, received the Ph.D. Degree from the University of Virginia in 1946. He 
remained at the University of Virginia as a Research Associate working with Prof. Allan Gwathmey 
until 1949, at which time he became the first employee of the Virginia Institute for Scientific Research. 
Dr. Leidheiser rose to the position of Director and Chief Executive Officer in 1960 and served in this 
capacity until he joined the Lehigh University faculty in 1968. 

A Lehigh, Dr. Leidheiser served as Professor of Chemistry as well as Director of the Center for 
Surface and Coatings Research. He also served one term as Chairman of the Chemistry Department. He 
held the Alcoa Foundation Chair from 1983 until his retirement on 
January 1, 1990. 

Best known for his work on the surface properties of single crystals 
of metals, Dr. Leidheiser is recognized for his electrochemical studies 
of protective metallic and organic coatings. His research has been 
honored by awards from such organizations as the Electrochemical 
Society, the Virginia Academy of Science, the Oak Ridge Institute of 
Nuclear Studies, the Society of Automotive Engineers, the Humboldt 
Foundation, and the National Society of Corrosion Engineers. 

Dr. Leidheiser's extensive publishing credits include serving as the 
author or editor of seven books and over 260 publications in the 
technical literature. The organizer of many technical conferences, he 
has presented papers at conferences in this country and abroad. His 
short course on "Corrosion Protections by Coatings," was taught annu- 
ally at Lehigh for 16 years and many members of the coatings industry 
have benefitted from attendance at this course. 

Dr. Leidheiser's most recent research activities have been concerned 
with corrosion under organic coatings; the nature of ions within a 
coating; the chemistry of the metal/organic coating interface; the appli- 
cations of Moessbauer Spectroscopy and Positron Annihilation Spec- 
troscopy to organic coating; and the application of electrochemical 
techniques to appraising organic coatings. 
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1990 JOSEPH J. MATTIELLO MEMORIAL LECTURE 

Electrochemical Methods for Appraising 
Corrosion Protective Coatings 

Henry Leidheiser, Jr. 

The author's experience with the application of eight 
electrochemical techniques for the study of corrosion 
protective polymeric coatings is summarized. The 
techniques include: corrosion potential, DC resis- 
tance, AC impedance at room temperature, AC im- 
pedance a s  a function of temperature, current flow- 
ing through the coating at high potential, repetitive 
cathodic polarization, cathodic delamination, and 
currentltime measurements. 

INTRODUCTION 

Remarkable advances in corrosion protective coatings 
have occurred over the past two decades. Painted metal 
siding for buildings is guaranteed for 40 years; perfora- 
tion of the superstructure of automobiles by corrosion is 
rare in automobiles manufactured in the 1980s; coatings 
for metallic food containers can be severely deformed 
during manufacture and yet provide superb corrosion pro- 
tection; paints for coil-coated metals provide protection 
against corrosion in aggressive atmospheres after shap- 
ing; and coated components in electronic devices have 
long lifetimes. These fine developments have resulted 
from painstaking advances spread over many years. 
Long-term attention to service experience has been espe- 
cially helpful. The products referred to previously are 
made in production facilities where careful attention is 
paid to the raw materials, the production conditions, and 
the final product. Quality control is very high. 

There is, however, another side of the coin. Coatings 
applied in the field sometimes show poor protective prop- 
erties and some coatings lose their adherence when ex- 
posed to water. The cliches usually given in explanation 

Presented stths 68th Annual Meeting of the Fedention of Saeiclies for Coatings Technology, 
in Washington. D.C ,on October 31. 1990. 

Dr. Lsidheiwr can be conlacled st: 822 Camourtie Dr .Venice. FL 34293. 

are that the surface was inadequately prepared, the hu- 
midity was too high during application, the temperature 
was inappropriate, or the application was poorly done. 
These latter facts may be partially true, but the bottom 
line is that the protective properties of the coating were 
not up to expectations. Nevertheless, it should be possi- 
ble to develop coating systems that compensate, or par- 
tially compensate, for the incompetence of the applicator. 

The major difficulty in designing a coating system that 
will provide long-term protection to a metallic substrate 
against known environments is the ability to test a formu- 
lation rapidly in a manner that replicates the service envi- 
ronment. That is, an accelerated test is required that 
allows one to test a range of formulations so that the 
optimum one may be selected. For example, suppliers 
and users almost unanimously agree that the salt spray 
scribe test is inadequate as an appraisal method. Howev- 
er, they generally must fall back on this test because there 
is no substitute that is universally accepted. The problem 
is that the salt spray scribe test largely measures the 
ability of a scribed coating to resist deterioration under 
the coating in the vicinity of the scribe. If this is the 
mechanism of deterioration of the system in service in a 
chloride environment, the relative ranking of systems 
may provide a guide in selection. However, if the deterio- 
ration mechanism in service is entirely different, the salt 
spray scribe test does not provide useful rankings of 
coatings. 

There is much evidence to support the view that the 
rate-limiting step in the deterioration of many coated 
metals is the rate of passage of ionic charge through the 
coating. Ions are required for coupling the anodic and 
cathodic sites necessary for the corrosion process and for 
developing a conductive electrolyte under the coating that 
permits the electrochemical reaction to occur. Bacon, 
Smith, and Ruggl in a classic paper showed that high 
ionic resistance of coatings correlated with good behavior 
on exposure to an aggressive environment, and low ionic 
resistance that developed during exposure correlated with 
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Table 1-DC Resistance Behavior of Polybutadiene Films 

Thickness Cured at No. Pieces Average Average 
(pm) P.7 Examined % D Type Log R, (ohms) Log R, (ohms) Solution 

12-14 240-250 15 53 11.3 7.7? 1.0 NaClIKCl 
8-10 200 1 1  9 1 - 6.3 NaCl 

11-12 190-200 16 87 11.3 6 . 9 k 0 . 8  NaCl 
20-22 200 17 37 11.3 7.08 NaCl 

38 200 8 62 11.5 6.6 NaCl 
24-26 240-250 16 25 11.8t0.3 7 . 8 2  1.0 NaCllKCl 
22-24 190-200 20 45 11.5 7 . 4 k  1.0 NaCl 

35 240-250 16 25 11.5 7.2 KC1 
20-22 200" 8 75 11.3 8 . 0 t  1.0 NaCl 

( a )  Two 11 pm coats The lop coat war cured in the normal way: the lower coat war cured far a total of 40 min. 

poor behavior. A summary of the available literature in 
1 9 7 9 ~  indicated that coatings showing a resistance of less 
than lo7 ohms for 1 cm2 of measured surface area were 
not protective, whereas those showing resistances much 
higher than this were protective. More recently, Tait and 
Maier3 have used impedance measurements to appraise 
coatings for use in contact with fluids inside spray cans. 
They observed that low frequency impedances less than 
10' ohmslcm2 of measured area resulted in containers 
with short service lifetimes. Other coatings that had low 
frequency impedances greater than lo9 ohmslcm2 of mea- 
sured surface area had container lifetimes in service of 
greater than two years. 

The correlation between the performance of coatings 
and their electrical properties encouraged us to explore 
various types of electrochemical methods as a means for 
understanding better the protective nature of coatings. 
This paper represents a report and summaryof 
published and unpublished information on eight different 
types of electrochemical measurements used in our labo- 
ratory to understand better the protective nature of poly- 
meric coatings. The types of measurements to be dis- 
cussed include: corrosion potential, DC resistance, AC 
impedance at room temperature, AC impedance as a func- 
tion of temperature, current flowing through coating at 
high potential, repetitive cathodic polarization, cathodic 
delamination, and currentltime measurements. 

CORROSION POTENTIAL 

The electrochemical potential of a metal exposed to an 
electrolyte is that potential at which the anodic (electron- 
generating) and cathodic (electron-consuming) half reac- 
tions occur at the same rate. The rate determining reac- 
tion, the relative areas on which the anodic and cathodic 
reactions occur, and the ability of reactants and products 
to diffuse to or away from the reaction site, determine the 
value of the corrosion potential. The value may change 
with time as different factors become potential determin- 
ing. 

Most polymer-coated metals exhibit a corrosion poten- 
tial when immersed in an electrolyte. In some cases, the 
corrosion potential is measurable immediately upon im- 
mersion. In other cases, many days are required before a 
steady-state value is obtained. Our studies indicate that 

water permeation into the coating must occur to a signifi- 
cant degree before a meaningful potential is obtained: the 
metal substrate must be in electrical contact with the 
electrolyte through the coating. Acrylic, alkyd, epoxy, 
polybutadiene, and polyurethane coatings, 10-50 pm in 
thickness, for example, develop a corrosion potential 
within a short time after immersion in an electrolyte, 
whereas some vinyl and vinyl ester coatings may require 
as much as a month to develop a corrosion p ~ t e n t i a l . ~  
Thus, the ability to measure a corrosion potential is an 
indication that the coating has sufficient permeability to 
permit ionic charge motion through the coating. The exis- 
tence of a corrosion potential also suggests that aqueous 
phase water is present at the metallcoating interface. 
Unfortunately, the area of the metal substrate in contact 
with aqueous phase water cannot be determined from the 
corrosion potential. 

A review of the corrosion potential of painted metals 
covering the literature to 1970 has been prepared by 
Wolstenh~lme.~ The results of this survey, and experi- 
mental data since 1970, indicate that there is no direct 
relationship between corrosion rate and the magnitude of 
the corrosion potential. White and ~ i l l s ~  observed a wide 
range of potentials for a single coating on steel exposed to 
hot sulfuric acid and the potential range for different 
types of coatings overlapped. In the case of thick coat- 
ings, a corrosion potential much more positive than that 
of the bare substrate often indicated a low corrosion rate, 
but, unfortunately, this generalization did not apply in all 
cases. 

One of the mysteries associated with corrosion poten- 
tial is the fact that a coated steel panel immersed in 
sodium chloride solution is cathodic to an uncoated steel 
panel immersed in the same electrolyte. The situation is 
the same with respect to a scribed panel in the salt spray 
test in which the area adjoining the scribe is cathodic to 
the bare steel within the scribe. It is generally true that the 
cathode is that portion of the metal that has the maximum 
oxygen concentration since the cathodic reaction requires 
oxygen in neutral environments. The mystery is why is 
the coated metal the cathode when the oxygen concentra- 
tion beneath the coating is presumably low. The most 
likely explanation is based on the fact that the steel sur- 
face is covered with porous solid corrosion product and 
that additional corrosion occurs beneath the corrosion 
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CORROSION PROTECTIVE COATINGS 
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Figure 1-Data showing the different behavior as a function of 
electrolyte concentration for high resistance and low resis- 
tance 1 cm2 sections of a polybutadiene coating. See refer- 

ence (7) for more details 

product with the formation of ferrous ions at the metal 
surface. The ferrous ions diffuse through the corrosion 
product and are converted at a distance from the metal 
surface by oxygen to ferric ions with subsequent precipi- 
tation as ferric solid corrosion product. This additional 
reaction removes the oxygen in the immediate vicinity, 
and thus, negligible amounts of oxygen are present di- 
rectly at the metal surface at the scribe mark. The small 
amount of oxygen under the coating forces the metal 
under the coating to serve as the cathodic site. 

DC RESISTANCE 

The classic work of Bacon, Smith, and ~ u g g '  has 
already been referred to and has formed the basis for 
much succeeding research. It appears firmly established 
that the coating provides superb barrier protection when 
the resistance is greater than 109 ohms/cm2 of measured 
area. Coatings approximately 50 pm in thickness often 
exhibit cm2 areas where the resistance is of the order of 
10" Many coatings exhibit DC resistances of 
10" ohms/cm2 measured area when first immersed in the 
electrolyte, and this resistance decreases with time of 
exposure. If it is assumed that 10" ohms/cm2 measured 
area represents a superbly protective coating, and that the 
resistivity of any penetrating electrolyte is of the order of 
10 ohm-cm, a coating thickness of 100 pm will have a 
maximum pore diameter for penetrated electrolyte of the 
order of 3.4 nm if all the charge is carried through a single 
pore. As corrosion occurs and additional water penetrates 
into the coating, the single pore (or multiple pores) in- 
crease(~) in diameter and the resistance of the coating 
decreases. The corrosion process, by either chemical or 
physical means, apparently causes localized deterioration 
of the coating, with a consequent increase in the cross- 
sectional area for charge transport through the coating. 

Although the resistance of the coating upon exposure to 
a corrosive environment is an excellent measure of the 
protective nature of the coating, it is not an infallible 
measure of the absence or presence of corrosion. Some 
years ago, we were involved in a study supported by the 

American Iron and Steel Institute in which an appraisal 
method was being developed for qualification of coatings 
for application to galvanized steel culvert pipe. An aspha- 
litic coating on galvanized steel maintained a very high 
resistance during exposure to a sodium chloride electro- 
lyte in excess of a year. When the coating was stripped 
from the surface, pit-like corrosion was observed. Analy- 
sis indicated that particles of calcium chloride were pres- 
ent at the zinclcoating interface. Sufficient water and 
oxygen apparently penetrated the coating and a highly 
localized corrosive environment was developed around 
each calcium chloride particle. The corrosion occurred 
under the coating without the need for charge transport 
through the coating. 

DC resistance measurements have also been useful in 
appraising the heterogeneity of coatings. The first work 
was done on detached pentaerythritol alkyd coatings6 and 
more recent work was done on polybutadiene.' When 
large sections of detached coatings were cut into 1 cm2 
sections and each measured separately, it was noted that 
some sections had resistances in the range of lo6 - 10" 
ohms and other sections had resistances greater than 10" 
ohms. Data summarized in Table 1 illustrate this fact. 
Other characteristics of these two types of coatings also 
differed. For example, the low resistance sections (so- 
called D-type) of the coating had resistances that changed 
directly with concentration of the electrolyte, as in the 
lower two curves drawn in Figure 1. The high resistance 
sections (so-called I-type), however, exhibited the re- 
verse behavior: the resistance of the coating varied in- 
versely as the resistance of the electrolyte. This behavior 
is illustrated in the upper curve in Figure 1. The electrical 
behavior as a function of electrolyte concentration is 
explained as follows. The high resistance section has no 
large defects, and the resistance is largely determined by 
the amount of water that penetrates into the coating. 
Osmotic forces dominate, and less water enters the coat- 
ing when the electrolyte concentration is high; thus, the 
resistance increases as the electrolyte concentration in- 

- 2 - 1 0 1 2 3 4 5  

LOG f 
Figure 2-AC impedance data showing the great difference 
between two 1 cm2sections of the polybutadiene film shown 
in Figure 1. The high resistance section (#12) exhibits capaci- 
tive behavior over the entire range of frequencies covered, 
whereas the low resistance section (#11) exhibits resistive 

behavior at low frequencies 
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Figure 3--The change in resistance of a thin film of nickel 
coated with 13 km of polybutadiene as a function of time of 
exposure to 3% NaCl solution. The increase in resistance is a 
consequence of corrosion of the nickel film. See reference 

(10) for more details 

creases. The low resistance sections of the coating have 
defects into which the electrolyte can penetrate. The re- 
sistance of the coating is determined by the resistance of 
the penetrating electrolyte; thus, the resistance varies 
directly with the resistance of the electrolyte. 

AC IMPEDANCE AT ROOM TEMPERATURE 

Electrochemical studies using impedance measure- 
ments over a frequency range of to lo5 Hz have 
become very common as commercial equipment became 
available at an economic price. An international confer- 
ence on electrochemical impedance spectroscopy was 
held in September 1988.' Laboratories concerned with 
developing or using polymeric coatings have been quick 
to adapt this technique to their studies and such equip- 
ment is common in coatings laboratories. Data represen- 
tation has not yet been standardized, but the Bode plot 
(log frequency vs log impedance) is more commonly used 
for coatings than the Nyquist plot (real vs imaginary 
impedance). AC impedance measurements have advan- 
tages over DC measurements in that more information 
can be obtained. Since the AC impedance value at 
Hz is approximately the same, for the majority of coat- 
ings, as the resistance of the coating using a DC measure- 
ment, it substitutes for DC measurements. If the slope of 
the Bode plot over a considerable frequency range is - 1, 
the capacitance of the coating can readily be determined. 
The shape of the Bode plot also indicates the appropriate 
electrical model for the metal/coating/electrolyte system. 
The method is nondestructive since a perturbing voltage 
of several mV is often sufficient. Complete analysis of 
the Bode plot is difficult when one is dealing with a very 
defective coating under which corrosion is occurring at a 
significant rate. Unfortunately, many corrosion scientists 
have devoted their efforts to the study of very inferior 
protective coatings. 

Figure 2 shows impedance data for two sections of a 
coating of polybutadiene on steel. Section #12 illustrates 
the behavior of an excellent barrier coating: the imped- 

ance plot is that of a pure capacitor over the entire fre- 
quency range studied. Section #11, on the other hand, 
exhibits resistive behavior over the frequency range of 

to 10 Hz and capacitive behavior at higher frequen- 
cies. We can conclude from these measurements that 
Section #12 of the coating has no major conductive paths 
through the coating and that Section #11 has conductive 
paths such that its resistance at low frequencies is of the 
order of lo7 ohms. Corrosion beneath Section # 11 would 
be expected to occur. 

An important use of AC impedance is the ability to 
follow in a nondestructive way the change in properties of 
a coating exposed to a corrosive environment over a 
period of time. Coatings that retain the same impedance 
spectrum over long peGods of time represent hig( quality 
protective coatings, and those whose impedance spectrum 
changes with time are of lower The ddgree of 
change with time can be used to rank coatings in specific 
environments. 

Good correlations have been found between impedance 
measurements and the corrosion of substrate metals such 
as iron, cobalt, and nickel.g-" The method utilized in- 
volved a thin film of metal with an appropriate coating 
and measuring the change in resistance of the metal with 
time to determine the loss of metal by corrosion. Concur- 
rently, the impedance was determined normal to the sur- 
face of the coating. Figure 3 shows the change in resis- 
tance of a nickel film coated with 13 km thick 
polybutadiene during exposure to a 3% NaCl solution. 
Figure 4 shows the concurrent measurements of the AC 
impedance. As corrosion occurs and the resistance of the 
thin film of nickel increases, the impedance spectrum 
reflects this fact by changes in the impedance at low 
frequencies. Although the data from the two measure- 
ments were not auantitativelv correlatable. a sufficient 
number of experiments was performed to give adequate 
assurance that the impedance spectrum does indeed deter- 
mine when corrosion is occurring. 

Impedance measurements have also been used to detect 
electrical inhomogeneities in a coating.'' An AC probe 
with a potential of 0.1 V applied between the probe and 
the substrate is rastered across the surface while the elec- 
trical signal is monitored. An example of the output of 

l o  l 02 days 
a 7  days 

0 85 days 

log f (Hz) 
Figure 4--AC impedance measurements perpendicular to the 
surface of a nickel film coated with 13 pm of polybutadiene. 

Data were taken concurrently with those shown in Figure 3 
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Flgure 5--Electrical contour map of a 70 pm thick coating of 
epoxy on galvanized steel when exposed to 3% KF solution. 
Spikes in V, (higher values represent lower impedance) rep- 
resent regions of the coating that exhibit poor protective 

properties. See reference (12) for details 

such a system is shown in Figure 5. The peaks represent 
regions of lower impedance. 

AC IMPEDANCE AS A FUNCTION 
OF TEMPERATURE 

Corrosion processes that cause degraded bamer prop- 
erties of the coating result in increasing passage of ionic 
charges through the coating. These charges may be trans- 
mitted through pores large enough to support an aqueous 
phase or through the free volumes within the polymer 
framework. The large pores may be detected, as shown 
previously, by DC resistance measurements or by AC 
impedance measurements, but it is difficult to arrive at 
conclusions relative to characteristics of the free volume 
from these types of measurements. 

A technique that appears promising for determining the 
size of the free volume in a polymer coating utilizes the 
lifetime of positrons injected into the coating. Jean, San- 
dreczki, and ~ m e s ' ~  have been able to calculate the size 
of the free volume in a series of epoxy coatings using 
positron annihilation spectroscopy (PAS). They observed 
that the free volume size increased with increase in tem- 

07Ps, Lifetime (ps) 

Flgure &The relationship between the free volume in six 
coatings and the lifetime of the long-lived ortho-positronium 

when positrons are injected into the coating 

- 1 5 0  . . . . . , 

perature. MacQueenI4 has carried out a similar set of 
experiments with several coatings on steel. His data for 
the positron lifetime and the free volume size as deter- 
mined by Jean et al. are given in Figure 6. 

PAS measurements, thus, look very promising as a 
means for studying the free volume of coatings, but they 
are time consuming, require the use of a radiotracer 
(Na-22), and demand equipment not readily available in 
most coatings laboratories. 

An interest also exists in determining free volume as a 
function of temperature since many protective coatings 
are exposed to aqueous media at temperatures above 
room temperature. PAS measurements are very difficult 

-Jl 
a v 

EPOXY URETHANE PBD POLYESTER 

Opolybutadiene 
polyimide 

Figure 7-The low frequency impedance of samples of epoxy, 
urethane. ~olvbutadiene, and oolvester coatinas at room tem- 

E A liquid epoxy resin 
A polyester . urethane/acrylic 

- 0 

> n . s . , . ~ . )  

perature,.60" and 80%. ~ o t e  the widely different behaviors at 
the elevated temperatures even though ail four coatings have 

approximately the same impedance at room temperature 
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Figure &The free volume of an epoxy coating on steel as a 
function of temperature. The free volume was determined 
from the lifetime of the long-lived positron component after 

injection of positrons into the coating 

to do at temperatures above room temperature and we 
thus sought to correlate another candidate technique, im- 
pedance measurements at elevated temperatures, with 
PAS measurements. The technique for determining the 
impedance as a function of temperature is very simple. 
The coated metal is immersed in distilled water and the 
impedance spectrum is determined at room temperature; 
the temperature is raised to 40°C. the system equilibrated 
for 1 hr, and the spectrum again determined. The same 
procedure is followed at 60" and 8OoC, allowing 1 hr 
equilibration at temperature before the measurement is 
made. After the 80°C measurement, a second measure- 
ment is made at room temperature and a third measure- 
ment is made at room temperature after one week of 
immersion in water. Different coatings subjected to such 
a thermal cycling test show a range of behaviors. Some 
coatings exhibit only a small change in low frequency 
impedance as the temperature is increased and other coat- 
ings exhibit a change between room temperature and 
80°C of several orders of magnitude. Data for four coat- 
ing systems are shown in Figure 7 in the form of bar 

L o g  IZI (0-cm2) 
Figure +Data showing the relationship between impedance 
values at 3 x 10-1 Hz and the positron lifetime over a tem- 
perature range for an epoxylaliphatic coating on steel. The 
top curve represents data for the long-lived component and 
the bottom curve represents data for the mean lifetime of 

injected positrons 

charts of the impedance at 3 x Hz on a logarithmic 
scale. 

Our first efforts to correlate the two types of measure- 
ments are shown in two figures. Figure 8 is a plot of the 
free volume values obtained at 20,40,60,  and 80°C using 
PAS measurements and the data of Jean et al.I3 to corre- 
late the PAS measurements with the free volume. These 
data were then compared in Figure 9 with the values of 
the impedance at the same temperatures at a frequency of 
3 X Hz. It will be noted that there is a good linear 
relationship between the PAS lifetime values and the 
impedance. The measurements to date do not prove a 1:l 
relationship between the two types of measurements, but 
the initial data encourage us to continue such studies. 

Important information about a coating may also be 
obtained by making impedance measurements as a func- 
tion of temperature over the range of - 100 to + 100°C 
without immersing the coating in an electrolyte during the 
data accumulation. A simple means for carrying out such 
a study is shown in Figure 10. The electrode assembly is 
immersed in liquid nitrogen and then is placed in an 
insulated box equipped with electrical heating. Measure- 
ments are made continuously while the sample increases 
in temperature. l5 

The dielectric properties of the coating are strongly a 
function of the amount of water in the coating, as shown 
by the data in Figure 11 above room temperature and the 

- - - 

Figure 10-Schematic diagram of a method utilized to make 
dielectric measurements as a function of temperature. A- 
electrode leads; B-insulated metal plates; C-rubber gasket; 
D--electrode; E-grounded guard ring; F-thermocouple; 
and G-sample. Entire system is placed in a thermally insulat- 
ed box that can be cooled and heated. See reference (15) for 

more details 
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data in Figure 12 below room temperature. The dielectric 
properties are also strongly influenced by the crosslink 
density as shown, for example, in Figure 13, for an 
epoxy-polyamide coating cured at room temperature and 
at 100°C. 

Impedance measurements as a function of temperature 
remain a largely unexploited field for coatings scientists. 

CURRENT FLOWING THROUGH COATING 
AT HIGH POTENTIAL 

Many people have advocated over the years that coat- 
ings should be tested with applied potentials of up to 100 
V. The Japanese coatings industry is presently consider- 
ing a qualification test for marine coatings that requires 
the application of a significant potential. It does not 
appear appropriate to test coatings under conditions that 
do not reflect service conditions or do not reflect the 
mechanism by which the protective coating degrades. 
The actual test itself may develop defects in the coating 
that would not occur under milder conditions of service. 
An example of the effect of an applied potential of -4  V 
across a thin, electrostatically-applied coating on copper 
is shown in Figure 14. It will be noted that the impedance 
in the frequency range of lo-' to 10 Hz, where the 
resistive nature of the coating is dominant, that the polar- 
ization caused a decrease of approximately one order of 
magnitude in the impedance. These data suggest that the 
polarization process itself resulted either in the develop- 
ment of pores or an enlargement of pores already extant. 

The technique, however, does have merit for some 
specific applications where a clear question can be posed. 
We have utilized the technique to determine the thickness 
to which an electrostatic powder coating must be applied 
to obtain a pore-free coating. Figure 15 is a plot of the 
current flowing when coated copper is immersed in 3% 
NaCl and a potential of -4  V is applied. It will be noted 
that a 20 pm thick coating appeared to be essentially 
pore-free when applied to copper sheet, but that a coating 
thickness of 40 pm had to be applied when the substrate 
metal had 1.2 mm diameter holes. The reason for this 
difference is the fact that the specimen containing holes 
had burrs on the hole edges, and a thicker average coating 
thickness was required in order to obtain the insulative 
properties on the burr edges. 

REPETITIVE CATHODIC POLARIZATION 

A very aggressive test of the integrity of a coating, as 
well as the ability of the coating to resist enlargement of a 
defect, is based on repetitive cathodic polarization. We 
have applied this technique to the study of the ability of 
an electrostatic powder coating to cover uniformly the 
burrs on copper panels drilled with an equal number of 
holes of different diameter.I6 

Figures 16- 18 show repetitive polarization of coated 
panels to a maximum potential of -4 V. The coated 
panels were immersed in 0.5M NaCl and were polarized 
cathodically to a maximum potential of - 4 V vs SCE at a 
rate of 100 mV/s. This procedure was repeated 50 times 
after allowing time for the panel to reach a steady state 

' 25 7'5 125 
TEMPERATURE, "C 

Figure 11-Dielectric measurements made at 1000 HZ for a 
coating of Epon 1002lVersamid 100 after: A-storage In a 
desiccator; B-after exposure to 65% relative humidity for 
one day; and C-after one day Immersion in water. Values of 
I, are related to the resistive component of the impedance 
and values of I, are related to the capacitive component of 
the impedance. The I, data for C are very similar to those of q 

and are not shown [reference (15)] 

corrosion potential before the next polarization. The left 
hand curve in each figure is the first polarization and the 
right hand curve is the 50th polarization. Intermediate 
polarizations lie between the extremes. Several features 
of the curves warrant comment: 

(1) The curves move to the right on successive scans. 
This behavior is indicative of the fact that the exposed 
surface area of the substrate metal increases with succes- 

Figure 12-Dielectric results obtained at 10 Hz showing the 
effect of water content of a film of Epon 1002Nersamld 100. 
Water contents of film are: A 4 % ;  8-0.47 wt%; C 4 . 9 5  wt%; 
D-1.54 wt%; E-2.02 wt%; and F-2.18 wt%. Values of I, are 
related to the resistive component of the impedance and val- 
ues of I, are related to the capacitive component of the im- 

pedance [reference (1 5)l 
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Figure 13-Data showing the effect of cure temperature on 
the dielectric properties at 1000 Hz for films of Epon 10021 
Versamid 100 cured: A-at 100°C; and B-cured at room tem- 

perature [reference (IS)] 

sive polarizations. Thus, the size of the defects or the 
number of defects in the coating increase with time. 

(2) The current density at a fixed potential and at a 
fixed scan number is greater with increase in hole diame- 
ter. Thus, the defects associated with the burrs on the 
larger holes tend to be larger or more numerous. 

(3) The shape of the polarization curve changes with 
time with the development of a larger current density at 
voltages more positive than - 1.2 V. This behavior is 
probably associated with the growth in the defect size 
with successive polarizations and the larger amount of 
charge necessary to reduce the oxide that forms on the 
copper surface between each additional polarization. 

A more extensive summary of these studies can be 
found in reference (16). 

CATHODIC DELAMINATION 

A standard method (ASTM G-8) is often used to ap- 
praise coatings that are candidates for use on steel under 
conditions where the steel is cathodically protected. A 
hole is drilled through the coating to the substrate, the 
coated metal is immersed in 3% NaCI, and a potential of 
1.5 V is applied. The evaluation criterion is the extent to 
which the coating delaminates from the substrate laterally 
from the defect. This test is presumed to judge the ability 

of the coating to continue to protect the substrate metal 
adjoining a site where the coating has been damaged. 

We have made an extensive study of the principles 
underlying the phenomenon of cathodic delamination in 
the case of coatings 10-100 pm in t h i ~ k n e s s . ' ~ - * ~  A suffi- 
cient number of studies was made with thick epoxy pow- 
der coatings to conclude that the same principles apply to 
thick coatings. The major results of these studies may be 
summarized as follows: 

(1)  Cathodic delamination does not occur in the ab- 
sence of oxygen nor in strongly acidic solutions. 

(2) The pH of the solution under the delaminated coat- 
ing is alkaline and in some cases may be close to 1 4 . ~ ~  

(3) Cathodic delamination occurs at a significant rate 
only in solutions of the alkali metals, lithium, sodium, 
potassium, rubidium, and cesium. The rates of delamina- 
tion are very low in solutions of the alkaline earth metals, 
magnesium, calcium, and barium. 

(4) The rate of delamination increases in alkali metal 
ion solutions in the order, lithium < sodium < potassium 
< cesium. This relative order is observed with all coating 
systems studied. 

(5) The rate of delamination is independent of the anion 
in solution. 

(6) The area delaminated, at a constant potential, is 
linearly related to the time. 

(7) The rate of delamination increases with increase in 
the applied cathodic potential. 

Bafora Polarlzatlon . 

- - 
Aftar Polarlzatlon -. -. \ .  

2  
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I ,Bafora Polarlzatlon / 

Log f in Hz 
Figure 14--AC impedance data showing the effect of DC 
polarization at - 4  V (vs SCE) of an epoxy powder coating on 
copper in 0.5M NaCI. Notice that the values of impedance are 
less after polarization over the entire frequency range studied 

[reference (1 6)] 
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Average Coating Thickness in  prn 

Figure 15-The defect nature of an epoxy powder coating on 
copper sheet, with and without drilled holes, as determined 
by the current flowing when polarized cathodically at - 4  V vs 

SCE [reference (16)] 

(8) The rate of delamination decreases with increase in 
film thickness. 

(9) The rate of delamination is a function of the compo- 
sition of the coating. Insufficient work has been done to 
state conclusions as to the relationship between structure 
of the polymer and the rate of delamination. 

(10) The activation energy for the delamination process 
in the case of polybutadiene coatings on steel is approxi- 
mately 10 kcal. 

(1 1) In the case of coatings thicker than approximately 
40 pm, there is a delay time before the delamination 
process begins. This delay time increases with increase in 
coating thickness. 

These observations, as well as other types of measure- 
ments, lead to the conclusion that the cathodic delami- 
nation process occurs as a consequence of the reaction, 
H 2 0  + % O2 + 2e- = 20H-, on the metal substrate 
beneath the coating. The high hydroxyl ion concentration 
leads to the breaking of the bond at the polymerloxided 
metal interface. The mechanism of bond breaking prob- 
ably varies with the coatinglmetal system, but the most 
likely reasons are: dissolution of the metal oxide at the 
interface, attack of the polymer, and dewetting by the 
strongly alkaline solution at the interface. 

The critical question in the cathodic delamination pro- 
cess is what is the rate controlling step. It is our feeling, 
based on quantitative studies of several systems, that 
cation transport through the coating is the rate controlling 
step.26 This conclusion is consistent with all the experi- 
mental observations enumerated previously. If this con- 
clusion is correct, it suggests that cathodic delamination 
is a valid means for appraising the corrosion protective 
properties of a coating since the development of charge 
transport during exposure of the coated metal to an elec- 
trolyte is related to the rate of corrosion of the steel 
substrate. 

Since the major charge carrying species through the 
coating is the cation, and the effects caused by alkali 
metal cations appear to be most damaging to polymeric 
coatings," the next question we addressed was the nature 
of the cation within the polymer coatin . Moessbauer 
spectroscopy provided some inf~rmation,'~' but the al- 

kali metal ions cannot be studied by this technique. Nu- 
clear magnetic resonance spectroscopy was then resorted 
to,32-34 since lithium, sodium, and cesium can be readily 
studied by this technique. The major conclusions result- 
ing from this study are the following: 

(1) The alkali metal ions can be injected into epoxy, 
polybutadiene, and polyimide coatings by means of an 
applied potential. 

(2) When the coating is completely wetted, the alkali 
metal ion exists in the fully hydrated state within the 
polymer. 

(3) Partial drying of the coating leads to partial loss of 
waters of hydration by the cesium ion. The waters of 
hydration are more difficult to remove from the hydrated 
lithium and sodium ions. 

(4) When the coating is completely dried, the alkali 
metal ions associate selectively with special polar groups 
within the coating. 

These data are consistent with the viewpoint that the 
cesium ion can more readily diffuse through a coating 
because its waters of hydration are less tightly held and 
are more easily deformable. Lithium and sodium ions, on 
the other hand, bind the waters of hydration more firmly, 
and this increased effective size of the ionlwater complex 
leads to a lower rate of diffusion through the polymer 
matrix. 

CURRENT-TIME MEASUREMENTS 

As discussed previously, it is relatively easy to distin- 
guish between poor and good protective coatings, but it is 
very difficult to rank good coatings in the laboratory. 
There is much evidence to support the view that the best 
protective coatings have DC resistances in the range of 
lo9 - 1013 ohms/cm2 measured area. DC measurements 
that provide the resistance of the coating are relatively 
easy to carry out with the aid of sensitive electronic 

Current Density in n ~ . c r n - ~  
Figure 16Repetitive cathodic polarization curves obtained 
in 3% NaCl for an epoxy powder coating on copper containing 

0.5 mm diameter drilled holes [reference (16)l 
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Current  Densi ty i n  n ~ - c r n - ~  
Figure 17-Repetitive cathodic polarization curves obtained 
in 3% NaCl for an epoxy powder coating on copper containing 

0.8 mm diameter drilled holes [reference (16)] 

equipment and good shielding. However, if one wishes to 
miaHure the capacitance sit&ltaneously with the resis- 
tance, such measurements are difficult to make using AC 
measurements because the electronic equipment is sensi- 
tive to noise in the circuits. Also, if one wishes to follow 
changes in the resistance and capacitance during exposure 
in time intervals of several minutes, the available imped- 
ance equipment is inadequate. Therefore, a method was 
sought that could be used with coatings having resis- 
tances up to lOI3 ohms/cm2 measured area and that could 
follow rapid changes in the electrical characteristics. 

The method adopted is a modification by ~ r a n a t a ~ ~  of 
one proposed by Sykes, Shaman, and Smith34 who fol- 
lowed potential changes of the coated metal as a function 
of time after the application of a potential pulse. Granata 

. . '''1 Galvanometric data for 2 immersion times 1 
\ 

0 20 40 60 

Time (s) 

Figure 19-The currentltime curve upon the application of an 
applied potential of 0.5 V for an epoxy powder coating on 
steel. Data are given after exposure of the coated metal to 
0.5M NaCl for 1 hr and for five days. The resistance and the 
capacitance of the coating may be obtained from these 

measurements 

applies a fixed potential of 0.5 V and follows the current 
with a sensitive picoammeter for approximately 60 s. An 
example of such an experiment is shown in Figure 19. 
The resistance and capacitance of the coating are readily 
calculated from the decay curve. Good agreement be- 
tween the values calculated from the decay curve and 
those calculated from concurrent measurements of the 
impedance have been obtained in cases where the low 
frequency resistance of the coating is 10" ohms/cm2 
measured area of less. 

ACKNOWLEDGMENTS 

My research on polymeric coatings during the past 18 
years was only possible because of the capable senior 
associates (R.D. Granata, G.W. Simmons, W. Funke, A. 
Vertes, M.L. White, M. Kendig, D. Mills, I. McIntyre, 
Wayne Bilder, L. Igetoft, I .  Czako-Nagy, and J.C. Gal- 
van) and talented students (M. Atkinson, W. Bilder, l .  
Catino, S-M. Chou, P. Deck, M. DeCrosta, D. Eadline, 
K. Koshiichi, K. Kovaleski, R. MacQueen, J. Parks, V. 
Rodriguez, G. Rommal, P. Santiesteban, A. Sommer, S. 
Spadafora, J. Standish, R. Touhsaent, R. Turoscy, H. 
Vedage, and W. Wang) who contributed so much to these 
efforts. I am especially grateful to the Office of Naval 
Research for the support provided during the past 11 
years. Gratitude is also expressed to others who contrib- 
uted financial support to the coatings research: The Na- 
tional Science Foundation, the American Iron and Steel 
Institute, the Lead Zinc Research Association, the Inter- 
national Copper Research Association, the Electric Pow- 
er Research Institute, the National Coil Coaters Associ- 
ation, Arco Chemicals, IBM, Ford Motor Co., PPG, and 
Mobil. 
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Regulatory NOVEMBER 1991 

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

Environmental Protection Agency 
September 25, 1991-56 FR 48475 
Toxic Chemical Release Reporting: Pollution Pre- 

vention Information 
Action Proposed rule 

The EPA has proposed a rule requiring companies to 
indicate measures they've taken to reduce the amount of 
toxic chemicals they generate. This is in addition to the 
information they already supply to the EPA as mandated 
under section 3 13 of EPCRA. The new information, required 
by the I990 Pollution Prevention Act, includes source reduc- 
tion and recycling procedures, and would be incorporated 
into the current annual toxic release inventory (TRI) reports. 
EPA is requesting comments on the revised section of Form 
R, which is the form used to collect the data. 

Beginning with 1991 reporting, all facilities subject to 
TRI reporting would have to provide "the quantity of the 
chemical (prior to recycling, treatment, or disposal) entering 
any waste stream or released to the environment; the quanti- 
ties of the chemical recycled at the facility; the quantities of 
the chemical treated at the facility; information on source 
reduction activities and the methods used to identify those 
activities; the quantities of the chemical released in one-time 
events not associated with production processes; the quanti- 
ties of the chemical expected to enter any waste stream or be 
recycled in future years; and a product ratio or activity index 
for the reported chemical." 

Environmental Protection Agency 
October 2, 1991-56 FR 49992 
Guidance for the Use of the Terms "Recycled" and 

"Recyclable" 
Action: Notice of public meeting and request for 

comments 
A growing concern in the United States is the lack of a 

nationwide consensus on the definition and use of environ- 
mental terms in marketing and labeling. Environmental mar- 
keting is becoming increasingly difficult for both manufac- 
turers and consumers. Manufacturers are producing and at- 
tempting to attract consumers with environmentally oriented 
products, and consumers are seeking to purchase these prod- 
ucts, but are skeptical because there is no universal meaning 
for "environmentally safe." 

In an attempt to address the problem, and to respond to 
petitions from states, the Federal Trade Commission (FTC) 
is considering voluntary guidance for environmental label- 
ing of recycled and recyclable materials. The U.S. Environ- 
mental Protection Agency (EPA) is developing recommen- 
dations to the FTC, and has proposed several options for 
defining the terms "recycled and "recyclable." Because the 
agency has no authority to regulate environmental claims, 
the final definitions will be strictly voluntary. 

In an effort to clarify what EPA considers vague terms 
with regard to the term "recycled," the agency suggests that 
companies clearly state in the product content the percentage 
by weight of recycled materials. Another option would be for 
EPA to set a predetermined percentage of recycled materials 
in a given product, and then let companies promote the 
recycled content. With regard to the term "recyclable," EPA 
would prefer claims: that don't mislead consumers with 
language that may indicate the product is recyclable every- 
where in the U.S.; that provide consumer information on 
ways to recycle the material; and include the national recy- 
cling rate of the material to show the overall rate of 
recyclability. 

Comments will be accepted until December 31, 1992, 
and must be sent in triplicate to RCRA Docket Information 
Center, Office of Solid Waste (OS-305). U.S. EPA, 401 M 
Street, S.W., Washington, D.C. 20460. The docket number, 
F-91-GPLP-FFFFF, must be included. 

Department of Labor 
Occupational Safety and Health Administration 
September 20, 1991-56 FR 47892 
Occupational Exposure to Indoor Air Pollutants; 

Request for lnformation 

The Occupational Safety and Health Administration 
(OSHA) is requesting comments and information in order to 
make a determination as to whether regulations are needed to 
control the quality of indoor air in the workplace. 

OSHA would like the comments to address the following 
five categories: "(1) definition of health effects pertaining to 
indoor air quality: (2) monitoring and exposure assessments; 
(3) controls; (4) local policies and practices; and (5) potential 
content of regulations." Of particular interest is specific 

The Regulatory Update 15 made available as a servlce to FSCT members. to asslst them In rnaktng independent lnqulrles about matters 
of parttcular Interest to them. Although all reasonable steps have been taken to ensure the rellablllry of the Regulatory Update. the 
FSCT cannot guarantee 11s completeness or accuracy. I 
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information on the definition of and the health effects attrib- 
utable to poor indoor air quality; ways to assess indoor air 
quality; performance of various ventilation systems; and the 
content of a regulation, should the agency determine that a 
regulation is necessary. With respect to particular contami- 
nants such as passive tobacco smoke, radon, and bioaerosols, 
information is requested on how these contaminants contribute 
to the general degradation of indoor air quality. 

Comments, recommendations, data, and information 
should be postmarked no later than January 21. 1992, and 
should be sent in quadruplicate to the Docket Office, Docket 
No. H-122, Room N-2625, U.S. Department of Labor, 200 
Constitution Avenue, N.W., Washington, D.C. 20210, (202) 
523-7894. For further information, contact James Foster, 
Office of Public Affairs. OSHA, (202) 523-8151. 

Depar tment  of Labor 
Occupational Safety a n d  Health Administration 
September  18, 1991-56 FR 47348 
Occupational Exposure t o  Cadmium 
Action: Notice of limited reopening  of rulemaking 

record 
OSHA has announced a limited reopening of a proposed 

rulemaking on occupational exposure to cadmium. The record 
will be open for 45 days to receive comments on two recent 
experiments on the solubility and carcinogenicity of cadmium 
pigments. 

In February 1990, OSHA proposed to regulate all forms 
of cadmium because they are believed to be probable car- 
cinogens. The comment period on the proposal closed October 
30. However, the Dry Color Manufacturers Association re- 
quested further hearings because of new German studies that 
indicate that pigments do not have the same carcinogenic 
properties as other forms of cadmium. Despite the denial by 
an administrative law judge for further hearings, OSHA has 
decided to reopen the record to consider the new information. 

Written comments will be accepted until November 4, 
and should be sent in quadruplicate to Docket Office, Docket 
H-057a. Room N-2625, Occupational Safety and Health 
Administration, U.S. Department of Labor, 200 Constitution 
Avenue, N.W., Washington, D.C. 20210. For further infor- 
mation, contact James Foster. (202) 523-8151. 

Lead Tax-Majority Leader George Mitchell (D-ME), 
and Senate Finance Committee ranking Republican Bob 
Packwood (R-OR), have recently expressed an interest in a 
House bill that would impose a tax on lead. 

The House bill, H.R. 2922, sponsored by House Ways 
and Means Committee member Ben Cardin (D-MD), estab- 
lishes a 75$ per pound tax on primary lead and 37$ per 
pound tax on secondary lead. The tax would cover all lead 
removed from U.S. smelters, imported lead, and lead products. 
The purpose of the tax is to set up a trust fund to support lead 
paint abatement projects. 

Reportedly, a number of Senators have expressed an 
interest in the legislation. but House sponsors would prefer a 
Senate sponsor from the Finance Committee where tax leg- 
islation is debated. Sen. Packwood's interest would, therefore, 
be significant. 

Because a number of tax exemptions are scheduled to 
expire at the end of this year, there has been some speculation 
that a minor tax bill, such as H.R. 2922, may have a chance 
for passage. However, the Chairman of the House Ways and 
Means Committee (counterpart to the Senate Finance Com- 

mittee) Chairman, Dan Rostenkowski (D-IL), reportedly has 
stated he has no intention of moving any tax legislation this 
year. 

Product Liability Reform--On October 3, by a vote 
of 13-7, the Senate Commerce, Science and Transportation 
Committee approved S. 640, the Product Liability Fairness 
Act of 1991. The vote was not surprising since identical 
legislation moved exactly that far last year before dying at 
the end of the IOlst Congress. 

Just before the Committee vote, a controversial amend- 
ment designed to require insurance companies to report to 
the government how the legislation would affect product 
liability insurance was narrowly defeated. The closeness of 
the vote is significant in that the insurance industry launched 
a major campaign against the provision. Leading opponents 
of the bill argue that if product liability reform legislation is 
needed to enhance U.S. competitiveness, the insurance in- 
dustry should make the data readily available to Congress. 

Major provisions in the bill include: a two-year statue of 
limitations once it has been determined that a product caused 
the harm; a 25-year statute of repose for product liability 
litigation involving capital or producer goods; the prohibition 
of lawsuits if it is found that the primary cause of harm is a 
result of the claimants use of alcohol or illegal drugs: the 
abolishment of joint liability for noneconomic damages, with 
each defendant being liable for damages proportionate to the 
defendant's individual fault: "clear and convincing" evidence 
that a defendant's actions reflected a "conscious, flagrant 
indifference" to public safety; and the prohibition of punitive 
damages where a defendant's product has the approval of the 
FDA before it is marketed. 

Congress has been unsuccessful in its attempt to reform 
the nation's product liability laws since 1980. Although it is 
true that support has increased during the last two years, 
because of past history it would be imprudent to suggest the 
legislation will become law during the 102nd Congress. The 
bill has been sequentially referred to the Senate Judiciary 
Committee where Chairman Joseph Biden (D-DE), has been 
a past opponent. Reportedly, if the Judiciary Committee 
passes this legislation, it will not be without a significant 
insurance provision. 

Occupational Safety a n d  Health--Hearings on the 
Comprehensive Occupational Safety and Health Reform Act 
(S.1622) are scheduled to begin in the Senate late in October. 
The Senate Labor and Human Resources Committee's Sub- 
committee on Labor has tentatively scheduled witnesses to 
testify to the successes and failures of the Occupational 
Safety and Health Administration (OSHA). Other panels 
will include testimony on strengthening OSHA enforcement 
and employer/employee involvement in preventing workplace 
hazards. 

The legislation incorporates several labor-back issues, 
such as expanded employee rights and employer obligations, 
and greater authority for OSHA, including the elimination of 
required cost-benefit analysis in rulemaking authority. The 
bill also includes criminal sanctions against employers for 
violations that result in serious bodily injury to workers, and 
whistleblower provisions to cover employees who refuse to 
work because of an "apprehension of serious injury." Other 
provisions include written employer health and safety edu- 
cation and training programs that must provide the means to 
identify, evaluate, and document as well as remedy safety 
and health hazards. Provisions from High Risk Notification 
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legislation, such as medical monitoring costs borne by the 
employer, are also included in the bill. 

The House Health and Safety Subcommittee of the Edu- 
cation and Labor Committee has not scheduled any hearings 
on the companion legislation. H.R. 3160. 

Resource Consewat ion  a n d  Recovery Act-Up 
until recently, action on Sen. Max Baucus's (D-MT), com- 
prehensive bill to reauthorize the Resource Conservation and 
Recovery Act (RCRA), has been threatened by a separate 
controversial bill dealing with the transport of interstate 
waste. Banning out-of-state waste imports has long been a 
point of contention between Senators in the East with little or 
no landfill space and Senators from the Midwest and West 
who do not want the waste dumped in their states. Frustrated 
with the lack of consensus on the issue, Sen. Dan Coats (R- 
IN), has repeatedly tried to attach a waste transport amendment 
to various pieces of legislation, most recently the EPA Cabinet 
Status bill (S. 533) which passed the Senate on October I. 

Fearing that RCRA reauthorization would again be pre- 
empted or "potentially forestalled," Sen. Baucus worked out 
an agreement with Sen. Coats whereby Mr. Coats agreed to 
hold off on his amendment until late April 1992. If the 
Senate has not passed, or is not close to passing a compre- 
hensive bill by then, Sen. Coats will be free to move his 
legislation separately. The reauthorization to RCRA is likely 
to be the environmental priority for for Congress in 1992. 

D e p a r t m e n t  of t h e  Environment--On October 1, 
the Senate passed legislation that would elevate the EPA 
from an agency to a cabinet level Department of the Environ- 
ment. This would make the EPA the 15th department in the 
President's Cabinet. 

Sen. John Glenn (D-OH), the author of the bill (S. 533), 
said the purpose of elevating EPA to cabinet level is to 
"strengthen the agency's management effectiveness and 
ability to execute national and international environmental 
policy." Sen. Glenn had introduced similar legislation during 
the last Congress, but it failed to pass because of objections 
by the Administration. A primary White House objective 
was the establishment of a Bureau of Environmental Affairs, 
which would have acted independently of the Administration. 
Sen. Glenn apparently resolved the problem by placing the 
Bureau under the control of the President. 

Other provisions in the bill include the establishment of a 
Presidential Commission on Improving Environmental Pro- 
tection to study the organization of environmental protection 
within the new Department; a requirement for an international 
meeting on energy efficiency and renewable energy resources; 
and the potential establishment of an office within the United 
Nations to monitor greenhouse gas emissions on a country- 
by-country basis. 

The bill has been sent to the House, but there has been no 
indication of when they might act. Supporters of the legisla- 
tion hope to pass the bill by late November. 

States Proposed Legislation and Regulations 

California stances within the Hazardous Substances Tax Law; defines 

Holrseho/d ~~~~~d~~~ waste-c~.  A 304 (wright) im- the term "feepayer" for purposes of this law and makes 

poses additional eligibility requirements on small quantity various changes concerning statutory references. Declares 
waste generators ~art ici~ating in a household hazardous waste that it is to take effect immediately as an urgency statute. . . "  
program. Requires compliance with specified federal regula- Graf f i t iAA A. 446 (Boland) provides that any person 
tions. Deletes a limitation on acceptance of halogenated who writes, sprays, scratches, or otherwise affixes graffiti on 
organic compounds and revises the definition of small quantity any real or personal property not hisher own is guilty of an 
commercial sources. infraction punishable by a fine not to exceed a specified 

Packagin,q-CA S. 235 (Hart) makes a statement of 
legislative intent and requires every rigid plastic packaging 
container sold or offered for sale in the state to meet specified 
criteria, beginning on January 1, 1995, except as specified. 
Authorizes the California Integrated Waste Management 
Board to grant waivers upon specified findings. Directs the 
Board to adopt regulations by July I, 1994, concerning certi- 
fication of compliance as stated by the requirements of the 
bill. 

Hazardous Waste--CA A. 1899 (Frizzelle) revises the 
conditions under which used or spent etchants. stripping 
solutions, and plating solutions as recyclable materials will 
be regulated as hazardous waste. Requires the Department of 
Toxic Substances Control to include in the biannual report 
the additions or deletions to the listing of recyclable hazard- 
ous wastes. 

CA A. 1475 (Tanner) requires that a person recycling 
more than 100 kilograms per month of recyclable materials 
excluded from the hazardous waste control law, except as 
specified, to provide specified information to the local health 
officer or public officer by July 1, 1992, and every two years 
thereafter, using a format developed by the Department of 
Toxic Substances Control and to the generator. Imposes a 
state-mandated local program by creating a new crime. 

CA S. 194 (Torres) includes the collection of fees and 
taxes related to the handling of hazardous waste and sub- 

amount of money if the amount of the defacement, damage, 
or destruction is less than the specified amount. Authorizes 
the court to require the defendant to provide the labor nec- 
essary to clean up, repair, or replace the damaged property 
only at the victim's option. 

Hazardous Suhstances--CA A. 1731 (Sher) deletes the 
provision allowing the granting of categorical variances from 
provisions prohibiting the ownership or operation of an un- 
derground storage tank used for the storage of hazardous 
substances unless a local agency issues a permit for its 
operation. 

Air Quality-CA A. 158 (Roybal-Allard) extends the air 
pollution disclosure statement requirement for the operation 
of hazardous waste facilities until January 1, 1997, and, until 
that date, prohibits the Department of Toxic Substances 
Control from issuing a hazardous waste facilities permit on 
and after July I, 1992, unless the Department provided notice. 
Requires the Department to prepare a specified report when 
it proposes to issue a permit if it makes a certain determina- 
tion concerning the applicant's past violations. 

Lead--CA S. 240 (Torres) requires the State Department 
of Health Services to establish and maintain an occupational 
lead poisoning prevention program; authorizes the department 
to adopt implementing regulations; requires a fee to be paid 
by those employers involved in industries which present a 
potential source of occupational lead poisoning; requires the 
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fee to be paid annually to the State Board of Equalization: 
provides that the cost of the program shall not exceed the 
amount of revenue collected. 

CA A. 2038 (Connelly) enacts the Childhood Lead Poi- 
soning Prevention Act of 1991. Requires the State Department 
of Health Services to adopt guidelines by which all children 
would be required to be evaluated for lead poisoning by 
health care providers. Requires those children determined to 
be "at risk" of lead poisoning to be screened. Requires the 
department, in those instances in which a child is identified 
with lead poisoning, to ensure appropriate case management. 
Authorizes the department to impose fees on manufacturers 
and other formerly and presently responsible for identifiable 
sources of lead which contribute to environmental lead con- 
tamination. Note-The California Paint Council was suc- 
cessful in having the bill amended. 

Florida 
Air Quality (Regulation)-Implementation of EPA 

mandated revisions to correct State Implementation plan 
(SIP) deficiencies: Florida has proposed to revise its clean 
air SIP to correct certain deficiencies that have been identified 
by the EPA. The proposed changes include new definitions 
of what constitute appropriate "capture efficiency" and "re- 
moval and destruction efficiency" as well as a revision to 
requirements for determining compliance with VOC limita- 
tions in regulated surface coating operations. for example. in 
cases of cross line averaging or in the use of add-on controls, 
calculations are to be based on pounds of VOC per gallon of 
coating applied. 

Illinois 
Packaging-IL S. 1296 (Macdonald) bans the sale of 

certain plastic containers that are not coded for recycling. 

Household Hazardous Waste-IL H. 114 (Novak) cre- 
ates the Local Hazardous Waste Collection Program Act; 
requires the Environmental Protection Agency to formulate 
apilot plan for the collection of small quantities of hazardous 
waste from households, farmers, and businesses in the state 
by March 1, 1992; requires the establishment of a statewide 
plan by March 1994. 

Massachusetts 
Household Hazardous Waste-MA.H. 2881 (Hynes) es- 

tablishes a plan for local collection of household hazardous 
waste in the Commonwealth of Massachusetts. 

Packaging-MA H. 5202 (Roosevelt et al.) is The Mas- 
sachusetts Public Interest Research Group (MASS PIRG) 
bill to promote recycling and environmentally acceptable 
packaging. Note-The Massachusetts Paint Council is 
working to develop an alternative to the PIRG bill. 

MA H. 6133 (Angelo) promotes recycling, waste reduc- 
tion, and composting in the Commonwealth. The bill would 
mandate recycling in Massachusetts within two years after 
the bill is signed into law, using state funds to help cities and 
towns set up recycling programs at the municipal level. 
Beginning in 1996, all rigid packaging between eight ounces 

and five gallons would be required to be made of 25% of 
recycled or recyclable materials. All forms of packaging 
would be included in the mandate by 2002. 

Michigan 
Spray Paint-MI H.B. 5146 (Palamara) allows courts to 

suspend driver's license for up to one year for persons caught 
spray painting or otherwise defacing property. 

Minnesota 
Storm Water (Regulation&Proposed adoption of storm 

water permit fees: Minnesota has proposed to assess annual 
storm water permit fees of $270.00. 

New Jersey 
Environment (Miscellaneous)-NJ S. 2058 (Ambrosia) 

Hazardous Elimination Through Local Participation (Help); 
establishes a system to authorize local community groups 
and facility-based groups to conduct cooperative environ- 
mental and public health-oriented inspections of facilities 
where hazards may be present or may be released into the 
environment. Aids in identifying and addressing environ- 
mental or public health problems originating at these facili- 
ties before they present a serious threat to the environment or 
the public health. Authorizes the formation of three distinct 
types of inspection groups. Note-The New Jersey Paint 
Council is working to defeat this bill. 

Pennsylvania 
Household Hazardous Waste-PA H. 953 (Wright, D. et 

al.) provides for labeling of, and information about, household 
hazardous materials, confers powers and duties upon the 
Department of Environmental Resources; establishes the 
Household Hazardous Materials fund and provides for its 
administration; imposes penalties. 

Hazardous Waste (Regulation)-Administration of the 
storage and spill prevention program: Pennsylvania promul- 
gated regulations that implement a certification program for 
installers and inspectors of above ground and underground 
storage tanks. The regulations, effective on promulgation, 
implement the state's Storage Tank and Spill Prevention Act 
that permits the installation of above and underground stor- 
age tanks only by certified personnel and authorize regulations 
requiring that inspections of installations be conducted only 
by certified inspectors. 

Texas 
Waste Reduction (Regulation)-Proposed regulations to 

implement Texas Waste Reduction Policy Act of 1991: Texas 
has proposed regulations to implement the state's waste 
reduction law that, among other things, would require facil- 
ity waste source reduction plans and would specify the re- 
quired elements of the plans. The facilities to which the 
program would apply are defined broadly enough to include 
paint and coatings manufacturing facilities. 
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Changes in Hiding During Latex Film 
Formation: Part II. Particle Size and 

Pigment Packing Effects 

Freidun Anwari, Ben J. Carlozzo, Kalpesh Chokshi, Mike Chosa, Mark DiLorenzo, 
Milind Heble, Carl J. Knauss, Joe McCarthy, Phil Rozick, Phillip M. Slifko, 

Walter Stipkovich, John C. Weaver, and Michael Wolfe 

Cleveland Society for Coatings Technology 
Technical Committee 

Several latex paints were prepared to study pigment 
particle size and packing effects. Each paint con- 
tained varying ratios of fine to coarse particle size 
extenders at different pigment volume concentra- 
tions (PVC). Using a technique previously reported, 
changes in hiding were monitored during the drying 
process and reflectance data acquired for these 
paints. The reflectance (Y) of each paint, drawn 
down over a black substrate, was measured as a 
function of drying time using the long-term drift test of 
a computer-interfaced spectrophotometer. Using 
blends containing varying ratios of large to fine ex- 
tender pigments at constant PVC, changes in hiding 
due to extender dilution effects could be determined 
and compared to proposed models offered by other 

researchers. Additionally, critical pigment volume 
concentration (CPVC) information for each PVC lad- 
der could be obtained by inspection, with accuracy 
exceeding that of other classical methods; the pres- 
ence or absence of a minimum in the drying curves 
indicating whether a paint is above or below CPVC. 
In earlier work, correlations of CPVC determined by 
this method compared to methods using standard dry 
film properties (contrast ratio, porosity, rewet with 
mineral oil, etc.) were very good and actually demon- 
strated the greater sensitivity of this technique. 
Changes in the reduced PVC, A (where A = PVCl 
CPVC), which occur as the ratio of course to fine 
extender varies from blend to blend, were also 
apparent. 

INTRODUCTION AND REVIEW crowding pigments to change the hiding characteristics of 

tion (CPVC) was first proposed by Asbeck and VanLoo,l be to Or the hidin 

i t  has long been known that pigment packing effects play Of 'Oatings by using more efficiently' 
If Rower 

a large role in determining the optical Properties of latex A method to monitor hiding as it occurs during film 

paint. Several researchers have proposed models for the fornation would be in giving practical 

packing process above and below cpvc2-6 and tion On the process, helping confirm 

to calculate the best geometries using both experimental Through the use of a technique by the 

and theoretical considerations,7-9 Other researchers have land Society for Coatings Technology Technical Commit- 

commented on the ability of extenders to act as spacing or tee,'' i t  is possible to follow these changes in hiding with 
the aid of a computer-interfaced spectrophotometer. A 

h r c n l e d  by Ben I. Carlozro r the 68th Annual Meeting d the Federationof Societies Lr she* description of the procedure used and Of an 
Coatings Technology, in Washinglon, D.c., on October 29, 1990. earlier study are described in  the following paragraphs. 
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Dry T ime,  k i n u t e s  
Figure 1--Changes in reflectance as a function of dry time for a 

calcium carbonate PVC ladder 

Briefly, a pigment volume concentration (PVC) ladder 
of test paint can be prepared; drawdowns of each paint are 
then made over a black substrate and placed in the view- 
port of a computer-interfaced spectrophotometer (a Spec- 
tro-Sensor 11, available from Applied Color Systems, 
Inc., Princeton, NJ). The "Long-Term Drift Test" op- 
tion is run for approximately one hour and the spectral 
included reflectance (Y) measurements recorded during 
the test are plotted as a function of dry time. The "Long- 
Term Drift Test" is a diagnostic program normally used 
to check the stability of the light source or the electronics 
of the instrument by measuring and printing tristimulus 
 coefficient^'^ (X, Y, and Z) of a substrate (normally a 
green tile) every six seconds. A shim, consisting of a 
% in. thick metal washer, is positioned between the 
drawdown and viewport to prevent wet paint from making 
contact with the spectrophotometer. 

To eliminate variations in shim placement, changes in 
reflectance (AY) relative to the initial reading (Yi) are 
calculated for each point measured during the drift test: 

AY is then plotted as a function of dry time for each paint. 
Drying curves similar to those shown in Figure 1, for a 
calcium carbonate PVC ladder, are generated. The onset 
of a minimum in the curve is noted as any positive value 
for the minimum reflectance minus the final reflectance 
(AYf - AY,). 

Using this technique in Part I of "Changes in Hiding 
During Latex Film Formation,"'* the Cleveland Society 
was able to demonstrate the importance of monitoring the 
drying behavior of a latex film throughout the film form- 
ing process. In this earlier study, it was postulated and 
subsequently shown that the onset of a minimum in the 
drying curve occurs when PVC of that paint is at CPVC. 
Therefore, it is the presence or absence of a relative 

minimum in these drying curves which is of greatest 
importance. CPVC determinations obtained from com- 
paring wet and dry film properties alone can give an 
incomplete picture; one which may, in fact, he incorrect. 

In summary, that study demonstrated that three types 
of behavior occur during the drying process and can be 
followed through this technique. Below CPVC, a wet 
film loses hiding steadily until some final minimum value 
is reached; this agrees well with other studies.20 Above 
CPVC, however, the reflectance passes through a mini- 
mum and one of two things can occur. The change in 
reflectance can increase to a final value higher than the 
initial value, or the reflectance can increase to a final 
value lower than the initial value. Classic spectroscopic 
methods would be unable to distinguish the first two 
cases. These three cases, designated as I, 11, or 111, are: 

Case I: The hiding decreases to a final value (O>AYf 
= AY,); the paint is below CPVC. 

Case 11: The hiding decreases to a relative minimum, 
then increases to a final value smaller than 
the initial value (O>AYf>AY,); the paint is 
above CPVC. 

Case 111: The hiding decreases to a relative minimum, 
then increases to a final value greater than the 
initial value (AYf>O>AY,); the paint is 
above CPVC. 

These cases are graphically presented in Figure 2. 
Films which dry without a relative minimum are below 

CPVC (Case I). Films which have a relative minimum are 
above CPVC, regardless of the final reflectance values 
(Case I1 or 111). In conjunction with a PVC ladder, this 
method can easily determine CPVC (Figure 1). For each 
PVC ladder studied, the onset of the minimum in the 
drying curves was shown to correspond to CPVC. Corre- 
lation to other methods of determining CPVC (K&N Ink 
staining, 8.5" sheen, contrast ratio and rewet with mineral 
oil) were all very good and, in the absence of a PVC 

Case I1 

Case l 

0 20 40 60 

Dry Time, Minutes 
Flgure 2-Three types of behavior in the changes In hldlng 

during drying 
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CHANGES IN HIDING DURING LATEX FILM FORMATION: II 

Table 1-Test Formulas 

Formula #I-50% PVC CaCO, Pounds Gallons Formula #2-70% PVC CaCO, Pounds Gallons 

Water.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  300.00 35.97 Water.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  300.00 35.97 
Ethylene glycol.. . . . . . . . . . . . . . . . . . . . . . . . .  25.00 2.69 Ethylene glycol.. . . . . . . . . . . . . . .  ... .... . .  25.00 2.69 
Hydroxyethyl cellulosea.. . . . . . . . . . . . . . . . . .  5.50 0.48 Hydmxyethyl cellulose. . . . . . . . . . . . . . . . . . . .  7.50 0.65 
Dispersant 35%b ............. .... ...... 9.75 1.06 Dispersant 35%. . . . . . . . . . . . . . . . . . . . . . . . . .  12.45 1.35 
2-Amino-2-methyl-1-pmpanol' . . . . . . . . . . . . .  2.00 0.26 2-Amino-2-methyl-1-propanol .............. 2.00 0.26 
Package preservatived. .. .. ............... 2.00 0.22 Package preservative. . . . . . . . . . . . . . . . . . . . . .  2.00 0.22 
Defoamer'. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.00 0.27 Defoamer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.00 0.27 
Titanium dioxide. Type IIf . . . . . .  .. .. . . . . . .  150.00 4.50 Titanium dioxide, Type I1 . . . . . . . . . . . . . . . . .  150.00 4.50 
CaC03p . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  337.40 15.00 CaCO,. ................................ 472.40 21.00 

Water.. ................................ 148.94 17.86 Water.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  196.03 23.51 
Nonionic surfactant". . . . . .  .. ... ... . . . .  2.00 0.23 Nonionic surfactant. ...................... 2.00 0.23 
Defoamere .............................. 2.00 0.27 Defoamer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.00 0.27 
Coalescent' ............................. 6.10 0.77 Coalescent. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.61 0.33 
PVA latex 55%j . . . . . . . . . . . . . . . . . . . . . . . . .  184.87 20.43 PVA latex 55%. ........ .. .............. 79.23 8.75 - - - - 

1177.55 100.00 1255.22 100.00 

Disperse first nine items at high speed. 
Let down with remaining items in order listed 

Disperse first nine items at high speed. 
Let down with remaining items in order listed. 

By Weight By Volume By WeigM By Volume 

Total solids, % ... . . . . . . . . . . . . . . . . . . . . . . .  5 1.46 31.77 Total solids, % .. . . . . . . . . . . . . . . . . . . . . . . . .  54.61 31.99 
Additives as 100% volatile, % ............ 50.03 30.00 Additives as 100% volatile, % ............ 53.06 30.00 

Total pigment, % ... . . . . . . . . . . . . . . . . . . . . .  41.39 19.50 Total pigment, % .. . . . . . . . . . . . . . . . . . . . . . .  49.58 25.50 
PVC,% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 65.00 PVC, %. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 85.00 
PigmenVBinder . . . . . . . . . . . . . . . . . . . . . . . . . .  4.79 PigmenVBinder ............. ...... ...... 14.28 

(a) Cellosire QP-44WH. Union Carbide. If) Ti-Pure R-9W. Du Pant 
(b) Tamol731, Rohm and Haas. (g) Vicron Gmund Limestone. PBrer 
(c) AMP-95. ANGUS lh) lgepal CTA-639. GAP. 
(d) Coran 145, Hills America. (I )  Teraool. Esstman 
(e) PA-188. U S Movidyn. (i) Ucar 367. Union Carbide 

ladder, a rapid determination of whether a paint is above 
or below CPVC was possible. 

In order to explore what insights this technique could 
offer into other PVCICPVC related phenomena, the 
Cleveland Society Technical Committee undertook a 
study to monitor pigment packing effects at constant 
PVC. A three-component system consisting of titanium 
dioxide (TiOz), a fine particle calcium carbonate 
(CaC03) and a coarse particle CaC03 was used. 

TEST PAINTS 

The starting formulation was a 30% nonvolatile by 
volume (NVV) latex flat enamel containing 15% PVC 
(approximately 150 IbllOO gal) of ASTM D 476-84 Type 
I1 rutile Ti02. For our investigations, two versions con- 
taining 50% PVC (approximately 337 lbI100 gal) of cal- 
cium carbonate and 70% PVC (approximately 472 lbI100 
gal) of calcium carbonate would be needed. The total 
PVC of each version would then be 65 and 85%, respec- 
tively (Table 1). The volume solids chosen were typical 
of many interior trade sales latex paint formulations; the 
Ti02 level was slightly lower than typical so that changes 
in hiding could be more easily measured. 

To study changes in hiding resulting from various pig- 
ment packing arrangements, two commercially available 
calcium carbonates, whose mean particle size differed by 
an order of magnitude (2.1 pm vs 11.5 wm), were used. 
First, a version containing 50% PVC of extender and 70% 

PVC of extender for each calcium carbonate was pre- 
pared. Then, for each CaC03 extender, the 50 and 70% 
PVC formulations were then blended to give additional 
PVC levels of 55, 60, and 65%. Finally, paints contain- 
ing both fine and coarse particle size CaC03, at the same 
PVC, were further blended to give eleven paints contain- 
ing a ratio of fine to coarse CaC03 ranging from 0 to 
100% in increments of 10% (expressed as percentage of 
coarse CaC03 of the total extender system). 

In all, 55 paints were investigated in this study. Phys- 
ical properties of the pigments appear in Table 2, and 
Figure 3 shows the particle size distributions for each 
pigment as determined by sedigraph. 

RESULTS 

Pigment packing effects were studied by first running 
each paint on the spectrophotometer to generate reflec- 
tance data. Five PVC ranges were chosen from 65% PVC 
(15% PVC TiOz and 50% PVC CaC03) to 85% PVC 
(15% PVC TiOz and 70% PVC CaC03). These particular 
PVCs were chosen to bracket a range where previous 
experience had shown paints would be produced both 
above and below the CPVC, depending on the particle 
size of extender used. In this way, as the ratio of coarse to 
fine particle extender varied, the transition from above to 
below CPVC would occur. 

For each coating a drying curve was run and changes in 
hiding (AY) were determined (Table 3). The depth of the 
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0 
0.1 1 0  10.0 50.0 

Equivalent spherical diameter, microns 

Figure +Particle size distribution curves for TiO,, flne particle 
CaCO,, and a coarse particle CaCO, 

Table 2-Pigments 

CaCO, 

Coarse part. Fine part. 
110.. sizeb sizeC 

Density, lb/gal . . . . . . . . 33.3 22.57 22.57 
Refractive index.. . . . . . 2.73 1.59 1.59 
Oil Absorption 

Rub-outd . . . . . . . . . . . 16.0 15.5 23.0 
Mean particle 

size, micronsc.. . . . . . 0.35 11.5 2.1 
Brightness, % . . . . . . . . . 96' 958 96g 
Surface Area, m2/gm..  . - 1.4 4.5 

(a) Ti-Pure RPOO, Du Pont. 
(b) Vismn41-8. Pfirer. 
(e)  Vieroo 10-20, Phzer. 
(d) ASTM D 281-84. 
(e) Edge Moor Sedlgraph. 
(0 G E. Brightoess. 
(g) "Rd" Reading-Huntcr D25-9. 

065% PVC 
I 

A70% PVC / 

Coarse CaC03, % 

Figure 4A--Changes in reflectance from relative minimum to 
final value as a function of CaCO, ratio (expressed as percent 

coarse CaCO,) 

relative minimum for each curve (AYf - AY,) was calcu- 
lated for each blend and these values were then plotted 
versus the ratio of fine to coarse particle CaC03, ex- 
pressed as percent coarse (Figure 4A). In Figure 4B these 
values are plotted as a function of PVC for the 0, 30, 50, 
70, and 100% coarse CaC03 extender systems. 

As expected, with a lower oil absorption pigment, AYf - 
AY, decreased, as the percentage of coarse CaC03 in- 
creased. For three of the PVC levels studied, this value 
was zero, at an extrapolated ratio of 22% coarse CaC03 
for the ladder containing 50% PVC extender, at 61% for 
the ladder containing 55% PVC extender, and at 85% for 
the ladder containing 60% PVC of extender. Since the 
PVC of the coatings is not changing, this point describes 
the pigment blend that gives a particle packing such that 
CPVC of the paint is equal to the PVC of the pigment 
ratio ladder; that is, where the reduced PVC (A) equals 
1 .2 

ADDITIONAL TESTING 

Other methods to determine CPVC, both experimental 
and theoretical, were used to correlate the reflectance 
data. The experimental methods include the following. 

CONTRAST RATIO: Where a drawdown over a black and 
white sealed chart is used. The reflectance of the film 
over the black substrate (Yb) divided by the reflectance of 
the film over the white substrate (Y,) is reported. Gener- 
ally, this quantity decreases with increasing PVC until 
CPVC is reached, then it increases.*' 

85" SHEEN: Measured on a drawdown over a sealed 
white chart that was allowed to dry for one week at 
ambient temperature. Minimum sheen occurs at CPVC.22 

K&N INK: Where the change in reflectance before and 
after the application of staining medium is measured on a 
drawdown made over a sealed white chart which is al- 
lowed to dry for one week at ambient temperature. The 
decrease in reflectance (- AY,) is reported. This quantity 
increases slowly with increasing PVC until CPVC is 
reached, then increases rapidly.23 

REWET WITH MINERAL OIL: Where the oil is considered 
to have the same refractive index as binder. Drawdowns 

,-.... . - -  - -~ . - 

? 
0 0% Coorse CaCO, 

' V 30% A 70% 
, 050% 0100% 

,, ,_ ,. , *,. .I' I 
I ?  . . 

s/ ,. ,,A 
. . 

65 75 85 

PVC, % 

Figure 4B-Changes in reflectance from relative minimum to 
final value as a function of PVC 
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CHANGES IN HIDING DURING LATEX FILM FORMATION: II 

Table 3-Reflectance During Drying for a Three Component System at Different PVCs 

PVC, % Extender 
TIO. Extender blends' Y, AY- AY. AY,-AYm 

(a) Ratio of fine panicle size extender to covrs panicle size crtendsr, srprenred as prccnt eaarsc particle size extender. 
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over a sealed black chart are allowed to dry for one week 
of ambient temperature and reflectance measurements are 
taken before and after rewetting. Decrease in reflectance 
(- AYb) is reported. Below CPVC, this value is very 
small; above CPVC, it increases rapidly with increasing 
PVC. 

ABRASIVE SCRUB RESISTANCE: Where paints are drawn 
down over a black plastic chart, dried for one week at 
ambient temperature and scrubbed over a shim with an 
abrasive media until failure. Cycles to failure are report- 
ed. Scrub resistance decreases rapidly with PVC until 
CPVC is reached. Further PVC increases cause a slow 
decline in this value.24 

The results of these tests are given in Table 4 and 
represented graphically in Figures 5A-5E and Figures 
6A-6E. 

DISCUSSION 

Earlier work by the Cleveland Society Technical Com- 
mittee'' had shown that the presence or absence of a 
relative minimum in the drying curves can be related to 
the presence or absence of voids in the paint film. Math- 
ematically: 

If AY,- AY, > 0 ,  then PVC > CPVC (2) 

It was a straightforward procedure to spectroscopically 
determine the value of AYf - AY, and graph it either as a 
function of PVC, or as a function of percent coarse 
CaC03 for each PVC ladder prepared. In the earlier 
work, blends which varied PVC of TiOl while keeping 
overall PVC constant, by removal of extender, showed 
that it is possible to be either above or below CPVC as the 
ratio of Ti02 to calcium carbonate was varied. In that 
experiment, the overall PVC was kept constant at 60%. It 
was felt that those results could be explained by pigment 
packing  effect^.^.^.'^ The curves generated in the present 
study are interesting because they graphically show these 
effects. 

Work by Stieg,16 and others,",24 have shown that 
extender dilution efficiency, that is, the ability of the 
extender to space Ti02, could be used to explain how 
coarse particle sized extenders actually crowd TiOz to- 
gether and have a poor dilution efficiency. Fine particle 
size extenders act more as spacers and enhance hiding. 
It was also shown that even though fine extenders gener- 
ally increase the hiding and improve the film integrity, 
this is true only so far as binder demand (CPVC) is not 
exceeded. l 5  

The current results are particularly interesting because 
they appear to be much more sensitive to the changes 
involved in the blending of different particle size pig- 
ments compared to other experimental methods. Figures 
5A-5E are classical renderings of property versus PVC 
curves for the 0,  30, 50, 70, and 100% coarse CaC03 
pigment blends. As shown, when only five PVC data 
points are available, a large degree of intuition is required 
to obtain an accurate value for CPVC. Also, when 
graphed in this manner, pigment packing effects are not 
apparent. AYf - AY, versus PVC would easily give 
information to when the ladder was above or below 

CPVC (Figure 2) by quick inspection. Although an accu- 
rate determination of the CPVC would require several 
more blends, the estimate available from the onset of a 
minimum would at most be off by five percent (the range 
between PVC blends). 

Figures 6A-6E are curves graphing the result of addi- 
tional testing versus the different ratios of extenders at 
constant PVC. This testing included contrast ratio, 85" 
sheen, K&N Ink, rewet with mineral oil, and abrasive 
scrub resistance. Each test will be discussed separately 
with reference to these graphic results. Superimposed on 
each graph (except 85" sheen) is a dotted line which 
separates regions of above and below CPVC as deter- 
mined by the presence of a relative minimum during 
drying (AYf- AY, > 0). The experimental data is given 
in Table 4. 

Contrast Ratio 

Using the classical format of graphing contrast ratio 
versus PVC (Figure 5A), one does not see large changes 
in slope which usually indicate the CPVC. When a dotted 
line which delineates the areas above and below CPVC, 
as determined by relative minimums in the drying curves, 
is added, slight transitions are visible where the different 
measurements intersect. It is evident that having more 
PVC data points would not help the determination given 
the relative smoothness of these curves. 

The curves for contrast ratio versus ratio of extenders 
at constant PVC (Figure 6A) show a general decrease in 
Yb/Y, as the percent of coarse CaCO3 increases. The 
major reason for this is due primarily to the poorer dilu- 
tion efficiency of the coarse CaC03 which results in 
reduced hiding. For example, the effects of extender 
dilution efficiency can be seen by calculating the hiding 
power for the 75% PVC paint containing 60% PVC ex- 
tender at the 0% coarse (100% fine) and 100% coarse 
CaC03 levels:I5 

Effective Ti02 PVC = (3) 
Vol Ti02 

Vol TiO, + (Vol Extender x Ed) + Vo1 Binder 

and, 

HP = 370 - 409 (Effective TiO, PVC)It3 (4) 

Where: HP = hiding power per lb Ti02 
Ed = extender dilution efficiency 

Typical Ed values for a fine and a coarse particle size 
calcium carbonate are 0.30 and 0.00, respectively .I6 This 
would give a hiding power of 92.45 for the paint contain- 
ing all fine CaC03 vs 45.37 for the paint containing all 
coarse CaC03. This is consistent with the experimental 
results. 

The effect of increasing PVC on hiding can also be 
seen in Figure 6A. Contrast ratio (hiding) increases as 
PVC increases, mainly due to dry hiding effects. Because 
contrast ratio is a nonlinear function (has a maximum 
value of 1 .O) these curves tend to compress as PVC is 
increased (an incremental increase in PVC results in a 
much smaller increase in hiding). This tendency is con- 
sistent throughout the pigment ratio blends. 
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>3 
I 0 0% Coorse CoC03 

V 30% A 70% 
9 
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> 
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PVC, % 

Figure 5A--Contrast ratio as a function of PVC 

- 0 0% Coorse CoC03 

. D 50% 0100% 
L - -. 
0 .  
0 - _/. -/. -- 
5 > o w -  

Figure 5B-8S0sheen as a function of PVC 

Figure SC--K&N Ink as a function of PVC 

Figure ID-Rewet with mineral oil as a function of PVC Figure I€-Abrasive scrub resistance as a function of PVC 
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85" Sheen 

The 85" sheen is used as a method to determine CPVC 
by monitoring what are essentially gross morphological 
differences as PVC of a coating changes (Figure 5B). 
Usually, the test shows a minimum to signal CPVC. As 
plotted in (Figure 6B), the curves represent blends of 
constant PVC paints. As such, if pigment packing were 
not an issue, the curves would be straight lines. It would 
then be possible to use that straight line curve to predict 
the sheen of any particular extender mixture. When pack- 
ing effects are considered, the curves generated by the 
data are quite reasonable. In general, at high ratios of fine 
extender, an increase in PVC increases the sheen. This 
agrees well with theory.22 

For any given PVC, as coarse extender ratio was in- 
creased, the sheen decreased. This was due to two ef- 
fects. The fine particle CaC03 has higher oil absorption 
producing paints which are substantially above CPVC. 
As percent coarse CaC03 increases, CPVC increases and 
since PVC does not change, these two values approach 
each other. The closer they are the better the sheen. 
Secondly, fine CaC03 has fewer surface irregularities 
giving higher overall sheens. This is predominately why 
an increase in PVC of paints containing a high loading of 
coarse CaC03 did not increase in sheen. 

K&N Ink 

The basic premise of this test is that an increase in PVC 
will eventually lead to an increase in film porosity as 
CPVC is reached and binder demand of the pigment 
present is no longer satisfied. At values below CPVC, the 
film should be essentially nonporous and the K&N Ink 
does not stain as heavily and changes in reflectance 
(-AY,) are not as great. When the results are graphed in 
this classical way (Figure 5C), the ability to distinguish 
between coatings which are above and below the CPVC is 
difficult. 

Using changes in reflectance versus pigment ratio (Fig- 
ure 6C) the results show that as the percent of coarse 
extender increases, the porosity of the film decreases and 
reflectance changes decrease. This is primarily due to the 
difference in oil absorption of the fine versus the coarse 

extender. Therefore, the general trends of the curves are 
consistent with theory. 

Increasing PVC causes compression of the curves at 
the higher levels of fine extender pigment. It is believed 
that this occurs because A at 0% coarse extender is higher 
than at 100% coarse extender for any given PVC. There- 
fore, 0% coarse for 85% PVC is close to the limit of 
porosity which results in poorer film integrity. 

Some of the curves have minima which may be due to 
pigment packing effects. The minima are generally pres- 
ent at higher ratios of coarse to fine extender and at the 
higher PVCs. 

Rewet with Mineral Oil 

Rewet with mineral oil is another method which uses 
the presence of voids, presumably caused by a decrease 
of available binder, to pinpoint CPVC. Several of the 
factors governing the K&N Ink test are present here and 
can be seen in the results graphed in Figures 5D and 6D. 
For this test, the classical curves (Figure 5D) are some- 
what better at discerning where CPVC occurs, but start- 
ing at lower PVC would probably have highlighted this 
transition. 

The curves varying the pigment ratios (Figure 6D) tend 
to compress and level off as PVC is increased and the 
limit of porosity is reached. Inflection points are more 
defined in these curves and indicate packing effects. In- 
flections seem to coincide with the dashed line of CPVC 
determination. 

Abrasive Scrub Resistance 

Scrub resistance is one of the more tedious and time 
consuming of the tests used to determine CPVC from a 
PVC ladder. The gradual changes in reduced PVC result 
in very little change in abrasive scrub to indicate where 
CPVC occurs (Figures 5E and 6E). Compared to the 
onset of a minimum, this test is very insensitive. Inflec- 
tions in the curve coincide with the experimentally deter- 
mined CPVC, but these and other inflections in the curve 
are more likely due to packing effects. 

Compression of the curves at higher PVC is visible as 
in all of the previously discussed data. 

Unlike the previously discussed methods used to study 
changes in PVC, determine CPVC and indirectly study 
pigment packing effects, none has shown the ease and 
sensitivity of the method developed by the Cleveland 
Society Technical Committee. The data graphically pre- 
sented in Figures 4A and 4B clearly show when regions 
are above or below CPVC. These areas are not obvious 
from the other data. 

The method shows extender dilution effects and hiding 
variations due to changes in oil absorption and film po- 
rosity, as well as packing effects which occur as mean 
particle size varies. The sensitivity of the method can be 
shown by considering the transition from 50 to 40% 
coarse CaC03. If no packing effects are assumed, oil 
absorptions of the blends can be calculated by a simple 
weighted average of the oil absorption of each extender 
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Table 4--Dry Film Pmprtles for Extender Blends at Different PVCs 

Reflectance Change 

Extender Cornst 85' K&N Ink, Rewa Abrasive 
PVC blends' ratiob SheenC -AVwd -AVb* scrub' 

65 0 95.13 10 8.41 4.26 369 
10 95.12 7 7.65 3.44 377 
20 94.64 5 5.58 2.64 577 
30 94.18 3 5.72 1.98 644 
40 93.50 2 6.13 1.51 675 
50 92.73 2 5.54 1 .I6 686 
60 92.05 I 4.83 0.75 657 
70 91.80 1 4.85 0.56 635 
80 91.07 1. 4.97 0.58 752 
90 90.42 1 5.26 0.34 836 

100 90.49 1 6.05 0.44 822 

70 0 96.08 12 10.88 6.06 87 
10 96.44 8 8.83 5.48 175 
20 96.17 6 8.57 5.38 233 
30 95.62 4 8.83 4.94 205 
40 94.75 3 8.57 4.45 200 
50 94.55 2 6.86 4.01 257 
60 93.97 1 7.35 3.87 283 
70 92.68 1 6.63 3.20 243 
80 92.79 1 5.90 2.74 291 
90 91.60 1 6.64 2.42 445 

100 91.11 1 7.06 2.49 422 

75 0 97.37 14 13.06 6.93 25 
10 97.53 9 11.22 6.65 30 
20 97.09 6 1.1.40 6.50 47 
30 96.45 4 10.02 6.35 55 
40 95.55 2 8.54 6.21 60 
50 95.48 2 7.61 5.78 53 
60 95.72 2 8.69 6.22 40 
70 94.69 1 7.93 5.65 65 
80 93.70 I 8.95 5.73 100 
90 93.14 1 9.38 4.77 106 

100 91.99 1 8.38 4.37 143 

80 0 98.00 15 13.68 7.72 9 
10 97.75 I1 12.19 7.43 13 
20 97.79 7 11.58 7.20 13 
30 97.29 5 10.70 7.20 16 
40 96.66 3 10.26 7.28 19 
50 96.14 2 8.22 7.20 20 
60 96.36 2 9.77 7.15 22 
70 95.58 1 8.61 7.20 21 
80 94.80 1 9.31 6.81 24 
90 94.30 1 9.82 6.72 25 

100 93.45 1 10.32 6.04 25 

85 0 98.27 19 13.03 8.40 9 
10 98.30 13 13.57 8.40 8 
20 97.98 9 13.76 8.37 8 
30 97.70 6 12.72 8.34 9 
40 97.41 4 12.89 8.47 9 
50 97.18 3 11.62 8.19 8 
60 96.80 2 11.32 8.21 8 
70 96.06 1 11.60 8.32 7 
80 95.56 1 12.45 8.43 7 
90 94.74 I 13.50 8.55 7 

100 93.98 1 17.33 8.98 7 

(a) Ratio of small panicle sire extender to luge  panicle size exuoder expmrcd as percent mmc panicle rile extender 
(b) ASTM D 2805-88. 
(c) ASTM D 523-80. 
(d) ASTM D 3258-80. 
(c) Decrease in rcflccuncc when dry film over black substrate a Ewer with mincnl oil. 
(n ASTM D 24~6.7~ 

Vol. 63, No. 802, November 1991 



CLEVELAND SOCIETY 

Coarse CaC03, % 

Figure 6A--Contrast ratio as a function of CaCO, ratio (ex- 
pressed as percent coarse CaC0,) 

A 70% PVC j 
0 7 5 %  PVC 
0 8 0 %  PVC , 

Coarse CaC03. % 

Figure 68-45' sheen as a function of CaCO, ratio (expressed 
as percent coarse CaCO,) 

'- I b 
Above CPVC I 

0 0 A V '  

v 65% PVC / A70% PVC 0 7 5 %  PVC 

" " V  

I 

V ~ O % P V C  0 8 5 % P V C  B e l o w C P V C  1 

Coarse CaC03, % 

Figure 6C--K&N Ink as a function of CaCO, ratio (expressed as 
percent coarse CaCO,) 

1 0 65% PVC A 70% PVC 
l 075% PVC ~ 8 0 %  PVC Above CPVC 
1 0 85% PVC 

0 

75 ! 00 

Coarse CaC03. % Coarse CaC03, % 

Figure 6 H e w e t  with mineral oil as a function of CaCO, ratio Figure BE-Abrasive scrub resistance as a function of CaC03 
(expressed as percent coarse CaCOJ ratio (expressed as percent coarse CaC0,) 
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pigment separately. This calculation shows that, at a 60% 
PVC extender level, going from a 50 to 40% coarse 
CaC03 is approximately the same as increasing PVC of 
the 50% coarse paint to 62.3%. While these "Effective 
PVC" changes are not seen in any of the other testing 
performed, this method easily discerns these transitions, 
and in particular, the reduced PVC of the coating (A).  

Packing Factors 

The mixing of multiple component systems has been 
considered by Lee,' and  other^.^.'^ By calculating the 
packing factors, using a method outlined by  att ton,'^ and 
graphing them versus percent coarse CaC03, a value for 
the blend which would result in the best packing could be 
determined. In order to calculate packing factors for the 
mixture, packing coefficients which relate a larger to a 
smaller particle group, and one which relates a smaller to 
a larger particle group need to be determined. 

For these calculations, the values were read directly 
from the graph offered by P a t t ~ n . * ~  These values are 
listed in Table 5. Using the experimentally determined 
values for mean particle size and the volume ratios of 
pigments, the packing factors were calculated for the 
entire blend series. The following equations were used to 
derive the packing factor of the mixture (@,) for each 
blend: 

(9,), = 0 . 6 3 9 ~ ~  + 9,;vi + @,,(I - v, - v,) (5) 

Where: (Q,),, (@m)i and are the packing factors 
for the three systems possible, 
@I, is the packing coefficient used in relating a 
larger to a smaller particle group, 
@,, is the packing coefficient used relating a 
smaller to a larger particle group, 

Table %Packing Factors and Constants 
For 9, Determinations 

PVC of titanium dioxide. ...................... 15% 
Mean Particle Diameter ....................... 0.35 p 
Ratio of Pigment Diameters .................... 1:6:32.86 

9., a,- 

Optlmum Packing Factor 8, (calculated) 
8. 

Total PVC ot Coating 
70% 75% 8Mb 85% 

0.733 0.726 0.721 0.716 
0.749 0.743 0.738 0.733 
0.766 0.760 0.755 0.751 
0.782 0.777 0.772 0.768 
0.799 0.794 0.789 0.785 
0.815 0.811 0.806 0.803 
0.832 0.828 0.824 0.820 
0.848 0.844 0.841 0.838 
0.854 0.845 0.837 0.830 
0.824 0.815 0.806 0.798 
0.794 0.784 0.775 0.767 

0 85% PVC j 

0 1 
0.70 L - + ~ - + - - C - . - ~  100 

Coarse CcC03. % 

Figure 7--Calculated packing factor as a function of CaCOa 
ratio (expressed as percent coarse CaCO,) 

@$i, @is, Qli and mil are the packing coefficients 
necessary for including a third, intermediate 
sized particle, and 
v,, vi and v, are the volume fractions of the fine, 
intermediate and coarse particles, respectively. 

For theoretical considerations, the lowest packing fac- 
tor of the three calculated is considered the correct factor 
for the mixture. The lowest factor calculated for each 
blend was graphed versus coarse particle size concentra- 
tion and is presented in Figure 7. 

The packing factor can be used to estimate the point at 
which the ratio of fine to coarse particle extender is above 
or below CPVC. In general, when the packing factor for a 
blend is greater than PVC of that blend, the blend is 
below CPVC and conversely, when the packing factor is 
less than PVC, the blend is above CPVC. 

Inspection shows that the calculations predict higher 
packing factors than the experimentally determined re- 
sults. It must be remembered that the equations assume 
monodisperse spherical particles, without an adsorbed 
binder layer. Other have attempted to re- 
fine the assumptions to better predict packing. The results 
are encouraging, but the need for sophisticated computer 
calculations continue to make these methods far from 
routine. The use of AYf - AY, to experimentally see 
these transitions is much preferred. 

SUMMARY 

The ability to monitor changes in hiding during the film 
forming process has resulted in a new experimental tool 
to study a variety of film properties. This method is very 
sensitive to the transitions occurring during the blending 
of fine and coarse extender particles. Compared to other 
physical test methods, it has also been shown to be a 
simpler yet more powerful technique for the study of 
these transitions. In the study of pigment particle packing 
and its effects on the reduced PVC (A),  the information 
derived from a direct observation of hiding changes is 
preferred to methods which infer this point from secon- 
dary effects. The results tend to confirm models of pig- 
ment packing which require consideration be given to the 
actual shape and a possible adsorbed binder layer when 
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predictions are attempted. Further studies to investigate 
solvent-based systems are being considered as well as 
studies to determine how severely microvoid pigments 
will effect the method. 
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Coupling Solvent Effects 
On Water-Reducible Alkyd Resins 

R.G. Vance, N.H. Morris, and C.M. Olson 
The Dow Chemical Company* 

This research examined the coupling ability of var- 
ious solvents, primarily glycol ethers, and the effect 
of glycol ether solvents on the stability of water- 
reducible alkyd resins. Perceived toxicity concerns 
with ethylene glycol n-butyl ether, EB, an ethylene- 
based (referred to a s  E-Series) glycol ether, have 
resulted in requests for propylene-based (P-Series) 
glycol ether alternatives. 

This study characterized the effects of alternative 
solvents to EB on two alkyd resin systems. An accel- 
erated aging study was employed to determine sol- 
vent performance in these alkyd systems. 

It was determined that coupling performance data 
can be used a s  a predictive tool for determining initial 
viscosity of these alkyd systems. Data from the aging 
study demonstrated that P-Series glycol ethers and 
blends of P-Series and C4 alcohols exhibit equiv- 
alent behavior to EB with respect to stability of the 
resin system. 

INTRODUCTION 

This research examined the coupling ability of various 
solvents and solvent blends. Primary emphasis was on 
glycol ether solvents and C4 alcohols. The effect of gly- 
col ether solvents on the stability of water-reducible alkyd 
resins was also examined. This work is important as the 
combination of higher solvent prices, increased energy 
costs, and VOC emission regulations has led to greater 
emphasis on technologies such as water-reducible coat- 
ings. Ethylene glycol n-butyl ether (EB) is the glycol 
ether most often used in water-reducible systems due to 
its good solvency properties and superior coupling effi- 
ciency. Perceived toxicity concerns with EB, an eth- 
ylene-based (referred to as E-Series) glycol ether, have 
resulted in requests for propylene-based (P-Series) glycol 

ether alternatives. However, current studies indicate that 
EB can be used safely, commensurate with good indus- 
trial hveiene ~ractices. 

 his itudy characterized the effects of alternative sol- 
vents to EB. The solvents for studv were selected through 
use of the CHEMCOMPSM program and coupling per- 
formance data. An accelerated aging study verified the 
alternative solvents' performance. 

The resins utilized in the aging study were water-reduc- 
ible, chain stopped alkyds. As the name implies, these 
resins can be diluted with water with the assistance of 
neutralizing agents and solvents such as glycol ethers and 
alcohols. The glycol ethers function in these systems to 
solubilize the resin and as coupling agents. They create 
and maintain a homogeneous solution between the or- 
ganic (resin) and aqueous phases. This study showed that 
coupling performance data can be used as a predictive 
tool to determine initial viscosity for these alkyd systems. 
Data which demonstrated equivalent stability behavior of 
P-Series glycol ethers and blends of P-Series glycol 
ethers and C4 alcohols to the EBlsecondary butyl alcohol 
(sBOH) control blend was generated in the aging study. 

EXPERIMENTAL 

The experimental design of this study consisted of four 
major segments. A schematic of the design is given in 
Figure 1. The design was divided into four main parts: 
solvent selection, coupling performance, an aging study, 
and an analysis of the results. 

Solvent Selection 

The CHEMCOMP Program was utilized for solvent 
selection. CHEMCOMP is a series of computerized sol- 
vent modeling programs that allow solvents to be com- 

82020 Willard H. Dow Center. Midland. MI 48674. CHEMCOMP is a service mark of The Dow Chemical Company 
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I 
Aging Study 

I 
I I 

Non-Pigmented Formulation 
I I 

Figure 1-Experimental design 

I I I I 

pared by physical properties. The Solvent Blend Pro- 
gram, a module of CHEMCOMP, was used to determine 
potential P-Series and alcohol blends that were suitable 
for the resins that were obtained for the study. 

The Solvent Blend Program compared the solvency 
characteristics of a target solvent or blend to an extensive 
data base of over 200 solvents. Solubility parameters, 
hydrogen bonding parameters, and dipole moment were 
compared to the standards specified in the target. When 
the program found a match, it saved the information and 
looked for additional matches. A typical run involved 
several thousand searches. The program listed all the 
matches it found. The list of potential blends was nar- 
rowed based on a number of factors. These factors includ- 
ed the number of solvents comprising a blend, flash point 
and evaporation rate of the P-Series glycol ether, and 
those alcohols that are used in water-reducible paint for- 
mulations. Table 1 lists the nomenclature and structure of 
solvents used in the study. 

Room Temp. 
and 49% 
(120'F) 

Coupling Performance 

Table I-Chemical Structure of Solvents Used in the Study 

I I I I r 

Room Temp. 
and 49°C 
(120°F) 

Ethylene Glycol nButyl Ether (EB) 

Dipropylene Glycol Methyl Ether (DPM) 

Room Temp. 
and 49% 
(1 20°F) 

Propylene Glycol n-Butyl Ether (PnB) 

Room Temp 
and 49°C 
(120'F) 

secondary Butyl Alcohol (sBOH) 

the degree of homogeneity of the system. The system 
chosen for this study was an organic solventlaqueous 
mixture containing 10 mL mineral spirits and 10 mL 
water. The coupling ability of a solvent was the volume 
of product required to titrate the mineral spiritslwater 
solution to a clear homogeneous solution at 25°C (77°F). 
The volumetric concentration of a solvent blend was var- 
ied at 75%125%, 50%150%, and 25%175% by volume to 
determine the optimum coupling ability of a blend. 

Aging Study 

The resins were obtained for the study as 100% solids 
from two commercial resin manufacturers and, for the 
purposes of this study, were identified as resin A and 
resin B. Both resin A and B are chain-stopped alkyds 
air dry. 

Design of the aging study involved evaluating the non- 
pigmented paint formulations and resin concentrates un- 
der real world (i.e., no oxygen control) conditions. Steps 
involved for both included development of a formulation, 
sample preparation, heat aging, and analysis. The non- 
pigmented samples were heat aged at room temperature 
and 49°C (120°F). For comparative purposes, resin A 
concentrates were aged under tightly controlled condi- 
tions (nitrogen blanketed) at room temperature and 49°C 
(120°F). Room temperature in this study refers to a con- 
stant temperaturelhumidity room with the temperature 
held at 24°C (75°F) and a relative humidity of 46%. Both 
systems were analyzed for percent solids, viscosity, acid 
value, and molecular weight distribution. Table 2 lists the 
composition of the aging study samples. 

Culver' has defined coupling as a method of compati- 
bilizing a multiphase system that results in an increase in 

Sample Preparation 

Figure Z-Coupling abilities of glycol ethers and alcohols 

NON-PIGMENTED FORMULATIONS: The nonpigmented 
samples were prepared in batch by chipping out frozen 
(from conventional freezer) neat resin and adding the 
appropriate solvent blend, then mixing using a shaker and 
ball mill. At no time was heat used to solubilize the resin. 
The samples were then filtered and neutralized dropwise 
with ammonium hydroxide to a pH of 8.2 to 8.6 prior to 
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adding the water. Batch samples were then stirred until 
homogeneous. The batch was then divided into aliquots 
and placed in sample bottles. One sample bottle of each 
resinlsolvent blend was placed in the oven and the other 
maintained at room temperature. 

RESIN CONCENTRATES: The resin concentrates were pre- 
pared in batch by chipping out frozen neat resin then 
mixing with the appropriate solvent blend. Mixing of 
batch samples was achieved by alternating between a 
shaker and ball mill. One sample bottle of each resin1 
solvent blend was stored at room temperature and another 
was placed in the oven. 

RESIN CONCENTRATES-NITROGEN PURGEDIBLANKETED: 
The resin concentrate oxygen-excluded samples were pre- 
pared under a nitrogen blanket in a glove bag. Samples 
were prepared by chipping out frozen neat resin and 
adding the appropriate amount of solvent blend. Mixing 
was achieved by utilizing a modified blender equipped 
with a nitrogen blanket to exclude oxygen while dissolv- 
inglpreparing the resin samples. The solution was then 
poured into individual sample bottles, sealed with Teflon 
tape, Teflon lids, and electrical tape. Samples were then 
aged at room temperature and 49°C (120°F). 

ANALYSIS 

Sampling 

Sampling of the nonpigmented formulations and resin 
concentrate system was accomplished by drawing an ali- 
quot sample from the sample bottles maintained at room 
temperature and 49°C (120°F) once each week for seven 
weeks. 

For the nitrogen-purged resin concentrates, individual 
samples of the three solvent blends were aged at room 
temperature and 49°C (120°F). Sampling was accom- 
plished for each solvent blend by removing one bottle 
from each temperature weekly. In all cases, samples were 
allowed to equilibrate to room temperature prior to taking 
measurements or performing analyses. When analyses 
were delayed, samples were frozen until time for each 
analysis. 

Viscosity 

Measurements for all samples were made using the 
Wells-Brookfield cone and plate viscometer, model 
RVT. General procedures were followed as outlined in 
ASTM Method D 2196-86. 

Nonvolatile Content 

The nonvolatile content of the nonpigmented formula- 
tions and resin concentrate samples was determined by a 
gravimetric analysis utilizing a forced-ventilation oven. 
This is a modification of ASTM Method D 1259-85. A 
0.5 g sample was weighed and a 0.5 g sample of propy- 
lene glycol methyl ether (PM) was placed over the sample 
to allow the sample to spread out to an even film thick- 
ness to allow for evaporation of the solvent. The sample 
was then placed in the oven at 110°C (230°F) for 30 min, 

Figure 3--Synergistic effect from blending 

weighed, and then placed back into the oven for an addi- 
tional 30 min and reweighed. 

The nonvolatile content of the oxygen controlled resin 
concentrate samples was measured on a Quintel EV-I 
Evaporometer (Figure 3). This is an electronic balance 
which records the weight loss of a sample as a function of 
time and, if desired, temperature. For this study, a 0.5 g 
sample was heated at 149'C (300°F) for 40 min. 

Acid Value 

Acid value determination was carried out according to 
ASTM Method D 1980-85, in which a weighed quantity 
of sample dissolved in ethanol was titrated with potas- 
sium hydroxide to the phenolphthalein end point. 

Acid Value = (56.1 x mL KOH x normality of KOH)/sample weight 

Molecular Weight Determination 

The molecular weight of the alkyd resin in nonpig- 
mented formulation and resin concentrate samples was 
determined before and after heat aging by size exclusion 
chromatography. The technique is discussed by Wagenaar.' 

rn lW**,<*d 

7S.IXOWYIChmlEihr 
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Figure 4--Blends of glycol ethers with sBOH 
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Fiaure &Resin concentrates viscositv behavior. A-Resin A concentrate nitrogen blanketed (room temperature); 8-Resin A 
c&centrate nitrogen blanketed (120"~): C-Resin A concentrate air environment (room temperature); &Resin A concentrate air 
environment (120°F); E-Resin B concentrate air environment (room temperature); and F-Resin B concentrate air environment 

(1 20°F) 

RESULTS AND DISCUSSION 

Coupling Performance 

Culver found that for a given multiphase system, more 
than one coupling agent may be appropriate and that 
combinations of coupling agents may achieve levels of 
activity superior to those of any single agent. Such was 
not the case with EB in our system of mineral spirits and 
water. That is, EB alone was better than any EB mixtures 
tested. 

Figure 2 shows the results of the coupling performance 
of glycol ethers and alcohols in the mineral spirits and 
water system. The coupling performance of EB is unique, 

Table 2-Aging Study Samples 

Nonplgmented Fonnulatlon Samplea by WelgM: 

25% resin 
20% solvent 
55% water 

Resln Concentrate Samples by Weight: 

56% resin 
44% solvent 

and a P-Series which matches the coupling performance 
of EB as a one-to-one replacement was not found in this 
study. Blends of P-Series and blends of P-Series with C4 
alcohols enhanced the coupling to approach that of EB. 
To be a good coupler, a solvent requires a balance be- 
tween water-like (hydrophilic) and hydrocarbon-like (hy- 
drophobic) character. Other beneficial structural features 
of EB are the linear molecular structure and the primary 
hydroxyl group that minimizes the effect of steric hin- 
drance on hydrogen bonding. 

A synergistic effect from using a blend of dipropylene 
glycol methyl ether (DPM) and propylene glycol n-butyl 
ether (PnB) is shown in Figure 3. This blend, optimized 
at a one-to-one ratio. is an example of where an optimum 
balance of hydrophobic and iydrophilic character is 
achieved. 

Figure 4 shows the results of blending glycol ethers 
and alcohols. A positive effect results from the blending 
of DPM with sBOH and is optimized at a 75/25 blend of 
sBOH and DPM. In this case, the blend of DPM which 
possesses two ether linkages in a seven carbon molecule, 
and sBOH possessing a secondary hydroxyl which is 
sterically hindered, exhibits both hydrophobic and hydro- 
philic character. Further evidence of a unique balance of 
hydrophobic and hydrophilic character possessed by the 
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EB molecule was demonstrated by the lack of synergism 
when blending EB with sBOH. 

In order to further approach the coupling performance 
of EB, the optimized one-to-one blend of PnBlDPM was 
blended with sBOH. Optimization of this blend approxi- 
mated that of the sBOHlDPM blend, thus indicating that 
PnB exhibits hydrophobic character similar to sBOH, and 
that further addition of hydrophobic character by addition 
of sBOH does not enhance the coupling performance. It 
also pointed out the necessity of a proper balance of 
hydrophobic and hydrophilic character in the solvent 
blend. 

From Bouboul i~ '~  findings and coupling performance 
data generated in our labs, the sBOH/DPM and PnBlDPM 
blends were chosen as alternatives to EB in the water- 
reducible systems under study. The sBOHIPnBIDPM 
blend was eliminated from the study at this time since it 
offered no advantages with respect to coupling perfor- 
mance over the PnBlDPM or sBOH1DPM blends. Pre- 
vious work by Bouboulis found that the primary hydroxyl 
functionality, such as in EB, may contribute to water- 
reducible system instability, while coupling agents con- 
taining a secondary hydroxyl may enhance stability of 
these systems. Propylene-based ethers contain a secon- 
dary hydroxyl. Both of the P-Series blends selected con- 
tained predominantly secondary hydroxyl functionality, 
thus allowing for evaluation of the effects of secondary 
hydroxyl containing solvents on the resin stability. 

Aging Study 

Bouboulis reported resin concentrates for water-reduc- 
ible coatings decreased in viscosity and molecular weight 
during normal storage and that viscosity decreased even 
faster on repeated heating, which is used to facilitate 
handling and storage. Further, he has attributed these 
decreases to chemical reactions between the hydroxyl 
group of a coupler and the polymeric resin, with trans- 
esterification being the predominant reaction. For this 
study, viscosity behavior of resin concentrates aged at 
oven and room temperature is illustrated in Figure 5. 

These results indicated an increase in viscosity for both 
resin A and B aged in an air environment, that is, no 
nitrogen blanketing. As expected, the initial viscosity of 
each resinlsolvent system closely approximated that of 
the solvent's coupling performance. That is, concentrates 
containing the PnBIDPM or DPMlsBOH blend exhibited 
higher viscosities and lower coupling efficiencies than the 

Table &Resin A Viscosity-Molecular Weight Comparison 

Viscosity, cps Molecular Weight 

Room 49°C Room 49°C 
Solvent Blend Temperature (120°F) Temperature (120'F) 

EBIsBOH-Initial. . . . . . . . . 1007 1007 165000 165000 
-Aged . . . . . . . . .  2355 3686 338000 657000 

~oupli ig Data ~es ' in A ~es ' in B 
Figure 6-Coupling-viscosity comparison air environment 

EBIsBOH blend. What was not expected was an increase 
in viscosity of the resinlsolvent systems upon aging. As 
Figure 5 illustrates, comparable viscosity increases for 
the three solvent blends at both elevated and room tem- 
peratures were observed. 

If a decrease in viscosity is indicative of instability due 
to transesterification, as indicated by Bouboulis, to what 
can the viscosity increase observed in this study be attrib- 
uted? Examination of viscosity behavior of resin A under 
nitrogen blanketing was done to study the effects of 
crosslinking due to oxidation andlor evaporation of the 
solvent. Comparable viscosity increases for the three sol- 
vent blends were observed. A mass balance for these 
nitrogen blanketed samples ruled out effects due to evap- 
oration of the solvent, which would cause a viscosity 
increase as aresult of less available solvent to solubilize a 
given quantity of resin. 

After five weeks of heat aging, a significant difference 
in viscosity was observed between the resin A concen- 
trates prepared under nitrogen and the resin A concen- 
trates prepared in air. This indicated that oxidation did 
occur in samples prepared and exposed to air. It also 
indicated that while viscosity increases were seen, the 

I- 
Coupling Data Resin A Resin A 

Nitrogen 
Blanket 

Figure 7-Coupllng-viscosity comparison resin A concen- 
trate air-nitrogen blanket 
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Week 

D 

Figure 8--Nonpigmented formulation vlscoslty behavior. A-Resin A nonpigmented formulatlon air environment (room tempera- 
ture); B-Resin A nonpigmented formulation air environment 49°C (120°F); C-Resin B nonpigmented formulation air environ- 
ment (room temperature); and D-Resin B nonpigmented formulation air environment 49°C (120°F). - :EBlsBOH; ----- :DPM/ 

sBOH: and ----- :PnB/DPM 

relative stability of resin A in all three solvent blends was 
comparable. 

A coupling-viscosity comparison of resin A and resin B 
concentrate samples is illustrated in Figure 6. As the data 
indicate, the initial viscosity of resin A and resin B can be 
predicted from coupling performance data. 

Coupling data in Figure 6 is a ratio of coupling ability 
of the DPMIsBOH and PnBlDPM solvent blends relative 
to the coupling ability of the EBlsBOH blend. The initial 
viscosity of resin A and resin B in the DPMlsBOH and 
PnBIDPM solvent blends (relative to the EBlsBOH con- 
trol) followed the coupling performance data within ex- 
perimental error for three out of four data points. From 
this data, we can predict that the initial viscosity of resin 
A in the PnBIDPM solvent blend would be approximately 
1.5 times the initial viscosity of resin A in the control 
blend of EBlsBOH. 

The effect of a nitrogen blanket on the initial viscosity 
of resin A is illustrated in Figure 7. 

The initial viscosity of resin A concentrate samples in 
the DPMIsBOH and PnBlDPM solvent blends when pre- 
pared in an air environment followed the coupling perfor- 
mance data. However, when the resin concentrates were 
prepared under a nitrogen blanket, the initial viscosities 
(within experimental error) for the PnBlDPM and DPMI 
sBOH solvent blends were equivalent to the EBlsBOH 
control. 

Viscosity behavior of nonpigmented formulations aged 
at oven and room temperature is illustrated in Figure 8. 
Again, the initial viscosity closely approximated that pre- 
dicted by the coupling performance, that is, viscosity of 
EBlsBOH<DPM/sBOH<PnBIDPM. 

Resin B exhibited an initial dip in viscosity for both 
elevated and room temperature samples after one week. 
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70 - 

En- 

Figure 9-Nonpigmented formulation acid value behavior. A-Resin A nonpigmented formulation air environment (room tempera- 
ture); 8-Resin A nonpigmented formulation air environment (120°F); C-Resin 8 nonpigmented formulation air environment 

(room temperature); and &Resin 8 nonpigmented formulation air environment (120°F) 

The dip has been observed by the resin manufacturer, and 
it is speculated to be the result of the resin and solvent 
reaching physical equilibrium as the polymer particles 
redistribute in solution. Nonpigmented formulation vis- 
cosity results indicate that the DPMIsBOH solvent blend 
yielded comparable performance to the EBlsBOH con- 
trol. The PnBIDPM solvent blend yielded higher initial 
nonpigmented formulation viscosities, but followed simi- 
lar trends to the EBIsBOH and DPMIsBOH blends upon 
aging. 

As the data in Figure 9 demonstrate, acid values for all 
the nonpigmented formulations followed similar trends. 
The trend is an increase in acid value followed by a 
decrease in acid value. This indicates that these resins 

containing P-Series solvent blends should show equiv- 
alent stability with respect to hydrolysis at the EBlsBOH 
control. 

The rate of change of acid value is faster with EBI 
sBOH. The lo  hydroxyl functionality of EB likely reacts 
faster than the 2"OH of DPM or PnB. The initial acid 
value at two weeks will be higher due to greater reactivity 
of EB. 

DPMlsBOH and PnBIDPM show an acid value in- 
crease with a decrease similar to EBlsBOH, but later than 
two weeks or not as much of an increase. 

Resin A and resin B show a difference in acid value 
trends, but the trends for each resin are similar. 
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It is presumed the acid value increased due to transes- 
terification and liberation of the fatty acid. The decrease 
is due to reaction of the glycol ether with the fatty acid or 
assimilation of the fatty acid back into the resin chain. 
The general expected trend is OH, 1" > 2", and less 
sterically hindered > more sterically hindered. The ex- 
pected reactivity would then be EBIsBOH > DPMlsBOH 
> PnBIDPM. Within the experiment's limitations, these 
trends are seen. However, all three solvent blends show 
the trend of increase and then decrease in acid value. 

The exception is DPMlsBOH in resin B. This is slower 
in acid value increase. The question is will it decrease if 
tested longer? Presumably, yes. 

Molecular Weight 

Molecular weight results for resin A concentrate sam- 
ples are illustrated in Figure 10. EBlsBOH, DPMIsBOH 
and PnBlDPM blends exhibited an increase in apparent 
molecular weight with aging. This is indicative of a sol- 
vent-resin interaction andlor crosslinking reaction taking 
place. The DPMlsBOH and PnBlDPM blends showed the 
same broadening of molecular weight upon aging as that 
demonstrated by the EBlsBOH control. The increase in 
viscosity of the resin concentrate samples discussed earli- 
er could be attributed to the increase in higher molecular 
weight polymer fractions that are formed upon aging. 
Refer to Table 3 for quantitative correlation between 
molecular weight and viscosity changes. 

CONCLUSIONS 
This research examined the coupling ability of glycol 

ether solvents and the effect of glycol ether solvents on 
the stability of water-reducible alkyd resins. As a result of 

this investigation, the following conclusions can be 
made: 

(1) Based on the coupling performance data of individ- 
ual solvents evaluated in this study, a one-for-one substi- 
tute for EB was not defined. 

(2) Blends of P-Series glycol ethers and blends of P- 
Series glycol ethers and C4 alcohols demonstrated en- 
hanced coupling performance. Several blends of P-Series 
glycol ethers and C4 alcohols were defined which ap- 
proached the coupling ability of EB. 

(3) Performance of a solvent system is resin system 
dependent. 

(4) Initial viscosity of the resinlsolvent systems exam- 
ined in this study could be predicted from coupling per- 
formance trends. 

(5) PnBIDPM and DPMlsBOH blends have demon- 
strated equivalent stability behavior to EBIsBOH in the 
resin systems examined in this study. 
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Viscoelastic and Adhesion Properties 
Of Air-Drying Coating Films 

Keiji Horiuchi 
Nakamura Tosoten Company Ltd.* 

Temperature dependencies of dynamic viscoelas- 
ticity and peel strength of commercial air-drying coat- 
ing films and experimental nitrocellulose (NC)/alkyd 
lacquers were measured. Moreover, the correlations 
between the surface tension of a plastic substrate, on 
which a coating film was brushed, and the adhesion 
of the coating film to the plastic substrate, were also 
studied. All the results are summarized a s  follows: 

(1) The dynamic viscoelasticity of a commercial 
air-drying coating film at temperatures above the 
glass transition temperature (T,) showed a pla- 
teau elastic modulus ranging from lo9 dyne/cm2 to 
1 O7 dyne/cmZ, which corresponds from highly-cross- 
linked to low-crosslinked structures, respectively. 
Noncrosslinked type coating films, like NC lacquers, 
flow at a higher temperature than their T,. 

(2) Temperature dependencies of the peel 
strengths of air-drying type coating films showed 
bell-shape curves, independent of the structures of 
the coating films. The temperature where the peel 
strength is maximum is characteristic to the coating 
film. 

(3) Correlations between the surface tensions of 
plastic substrates and peel strengths of the coating 
films showed bell-shape curves having a maximum 
peel strength at a certain surface tension. 

INTRODUCTION 

Physical properties of coating films are usually deter- 
mined by means of Japanese Industrial Standard (JIS), 
ASTM, or conventional tests, and the resulting data are 
often utilized to estimate the practical properties or qual- 
ity control of the coatings. However, the data are not 

-1-21-1, Ohsaki. Shinagawa-Ku. Tokyo, Japan. 
'1.4.22, Hirornach~. Shnnagawa-Ku. Tokyo. Japan. 

Kozo Satot 
Teraoka Seisakusho Co. Ltd. 

valuable for discussing fundamentally the properties of 
coating films in connection to their structures or deform- 
ing characteristics. The physical properties of coating 
films depend mainly on the surface tension and the bulk 
rheological properties. Therefore, the tests concerning 
the physical properties of surfaces and bulk can provide 
much information on the characteristics of coating films. 
Recently, various dynamic tests for the coating films 
have been done and much useful knowledge has been 
accumulated. 

Currently, various kinds of paints are produced for 
many uses and they can be classified into two types, that 
is, thermosetting and air-drying types. Thermosetting 
coatings are used mainly for industrial purposes; for high 
efficiency and high speed drying; and they are easily 
attained under a controlled condition. However, thermo- 
setting coatings usually need an oven for drying, so 
air-drying coatings are used mainly for conventional 
purposes. 

There are several kinds of air-drying coatings: Japa- 
nese lacquers, that solidify through the aid of enzymes; 

Figure 1-Schematic drawing of the experimental system. 
A-test piece; d-deflection of the test piece: and L-length 

of the test piece 
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Table 1-Physical Properties of the Paints 

Urethane Alkyd-Resin NC-Lacquer 
Enamel Enamel Enamel 

Coating. ....... Highrock white Sunrock white Rock lacquer 
white 

Residue after 
heated (70) . . . . . . . .  61 60 40 
Viscosity (KU). . . . .  75-80 85-95 88-98 
Pigmentlbinder 
(weight ratio) ...... 27/34 2913 1 10130 
Resinlsolidifier 
(weight ratio) . . . . . .  411 - - 

Table 2-Compositions (Wt%) of Japanese Lacquer and 
Air-Treated Japanese Lacquer 

Urushlol 
or Rachol Water Rubber Nitrogen 

Japanese 
lacquer'. . . . . . . . . .  64.8 25.0 7.8 2.4 
Sugumme 
Japanese 
lacquerb. ......... 80.0 3.3 9.7 7.0 

(a) Japanese lacquer war pmduecd at Chlna IHu Bei Sheng Zhu Xi) in 1983. 
(bl Preparalion of Sugurome Japanere lacquer: After filtration of Japanese lacquer, it war 

heated from the upper pan and stlncd at less than 45'C under air until the excess amount of 
water volal~l~zed. It took about 4 hr until the color changed from mllky-gray to dark-brown 
w h ~ h  war the lerm~nalion of the nactlon. 

Table 3-Composition of Kashu-Resin Clear Lacquer 

Component Wt YO 

Kashu resin.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  67.0 
Alkydresin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.5 
Aliphatic hydrocarbon.. . . . . . . . . . . . . . . . . . . . . . . . . . . .  25.0 
Aromatic hydrocarbon. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.0 
Drying agent (metal soap). . . . . . . . . . . . . . . . . . . . . . . . . .  1.5 

Temperature (OC) 

Figure 2-Temperature dependencies of elastic modulus E' of 
commercial air-drying coating films. 0-Sugurome Japanese 
lacquer; .-Japanese lacquer; A-kashu-resin clear lac- 
quer; A-NC-lacquer enamel; @-alkyd-resin enamel; and 

0-urethane-coating enamel 

alkyd-resin enamels, that solidify by air-oxidation; ure- 
thane enamels, that solidify by a reaction of hydroxyl 
groups of binders and isocyanate groups; and nitrocellu- 
lose (NC) lacquers, that solidify by evaporation of sol- 
vent. In this paper, commercial air-drying coatings and 
experimental NCIalkyd coatings were used to elucidate 
the physical properties of coating films by measuring the 
dynamic viscoelasticity and adhesion at various tempera- 
tures. Moreover, the surface tensions of plastic substrates 
and adhesion of the coating films on the substrates were 
also studied. 

EXPERIMENTAL 

Materials 

The physical properties and compositions of urethane- 
coating enamels, alkyd-resin enamels, NC-lacquer enam- 
els, and Japanese lacquers produced in China are summa- 
rized in Tables 1, 2, and 3, respectively. 

A castor-oil alkyd resin was prepared according to the 
usual method. The NClalkyd lacquers were prepared by 
blending the alkyd resins and NC. In Tables 4 and 5, the 
compounding ratios and their physical properties are 
shown. 

In most cases, the coatings were brushed on the test 
plates, controlling the film thickness within 60k5pm.  
All of the coatings were dried for three months at room 
temperature (25 2 5°C) before use. Japanese lacquer was 
aged for 12 hr at 25 ? 5°C and 80 + 5% relative humidity 
(RH) and then dried. 

Measurements 

DYNAMIC VISCOELASTICITY: A tin thin film was placed 
on galvanized steel, onto which a coating was brushed 
and dried for three months at room temperature. Then the 
sample film was removed from the galvanized steel by 
dissolving the tin film by the mercury-amalgam method. 

Viscoelastic behavior of the sample film was measured 
on a Rheovibronm Model DD-11-EA (Toyo Baldwin Com- 
pany) at a frequency of 1 I0 Hz. 

INTERNAL STRESS: Each coating was brushed on the 
surface of a test piece (0.1 x 10 x 98 mm) of phosphor 
bronze. After drying for three months at room tempera- 
ture ( 2 0 2  5"C), the bent d of the test piece was measured 
on a cathetometer (see Figure 1). All the measurements 
were carried out at 20°C and 65% RH. The average 
thickness of the film was 100 + 20 pm. From the value of 
d,  the internal stress S (kgf/cm2) was calculated using the 
following equation1 ; 

where El is Young's modulus (12.24x lo5 kgf/cm2), v, 
is Poisson's ratio, tl is the thickness (mm), L is the length 
(mm) of the test piece of phosphor bronze, and t2 is the 
thickness (mm) of the coating film, respectively. 

PEELING TEST: Following surface pretreatment of the 
test pieces for the peeling test, coatings were applied at an 
average thickness of 0.65 mm and then dried for three 
months. All of the measurements were carried out on a 
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Tensilon (Model 10 TM-111-500, Toyo Baldwin Com- 
pany) under the conditions of 180" peel angle and 300 

10" 

m d m i n  pulling rate. 
h 

CROSS-CUT ADHESION TEST: According to JIS K 5400- 
1979, all of the tests were carried out and the results were 
represented by the total number of lattices remaining. The 2 1 01 0 
lattice distance of the cross-cut lines was 2 mm. h 

SURFACE TENSION: After sanding the surface of a plas- 
tic substrate with abrasive paper #240 and rinsing with 
ethanol, surface tension of the plastic substrate was mea- 2 
sured according to ASTM D 2578-67. 'D l o 9  .- a 

7 

V) 

RESULTS AND DISCUSSION m - 
W 

Viscoelasticity 

COMMERCIAL COATING FILMS: Figures 2 and 3 Show the 1 ou 
temperature dependencies of the dynamic viscoelastici- 2 0  6 0  100 140 180  
ties (E' and tan 6) of the air-drying commercial coating 
films, and Table 6 summarizes the elastic modulus E'g at Temperature ( OC) 

room temperature, the plateau elastic modulus E'r, the Fiaure 4--Tem~erature de~endence of the elastic modulus of 
glass transition temperature T, and the tan 6 at T, (tan ~ e l a l k ~ d  coating films. ~"mbers In the figure represent the 
6m). From the temperature dependencies of the viscoelas- content of NC in wt%. The symbol A represents the commer- 

ticity curves, the following conclusions could be drawn: cia1 NC-lacquer enamel coating film 

Hiahlv-crosslinked coatina films-The Japanese lac- 
quercoating films and kashi-resin coating films, which 
have a T, higher than 100aC, an E,r of 109dynelcm~ 

very large, and the E'r is 9 x lo7 dynelcm2 and is larger 

order, and small tan 6m, are highly crosslinked and their than that of the urethane-coating enamel films. This coat- 

mechanical properties are dependent somewhat on the ing film shows a subtransition point at about 40°C and the 

temperature change, that is, their thermal resistance is la" 6m is large. Therefore, this coating film is flexible 

superior. Sugurome Japanese lacquer increased the E'r of 
the large 

the coating film. Although the E'g of the urethane-coating enamel film is 
1.8 X 10" dvne/cm2 and is large. the E'r is 3 X lo7 dyne/ 

Low-crosslinked coating jlms-The E'g of the alkyd- cm2 and tan Bm is large. The elastic modulus of the glassy 
resin enamel coating film is 5 X lo9 dynelcm2 and not state is larger than that of the rubbery state by three 

20 60 100 140 180 
Table 5-Compounding Ratio of NClPBA 

Temperature ( D ~ )  Sample Number 8-0 8-1 8-2 8-3 8.4 8-5 
Flgure 3--Temperature dependenceof tansof commercial alr- NC , , ,  , , , , , , , , 0 80 60 50 40 20 
drying coating films. The symbols are the same as those in PBA (,,,,Q). . . . . , , , 0 20 40 50 60 80 

Figure 2 

Vol. 63, No. 802, November 1991 57 



K. HORlUCHl and K. SAT0 

Temperature ( 'c) 

Figure 5--Temperature dependence of tans of NCIalkyd coat- 
ing films. Numbers in the figure represent the content of NC 
in wt%. The symbol A represents the commercial NC-lacquer 

enamel coating film 

orders, but its temperature dependence is relatively small. 
Taking the temperature dependence of tan 6 and the value 
of T, into consideration, we can conclude that the ure- 
thane-coating enamel film not only has proper hardness, 
but also good flexibility, heat resistance, and solvent 
resistance, that is, the urethane-coating enamel films 
have the proper physical properties for a superior coating 
film. 

Noncrosslinked coating films-The E'g of the NC-lac- 
quer enamel coating film is 1.9x 10" dynelcm2 and the 
T, is 55°C above which the coating film is fluid; that is, 
this coating film is hard at room temperature, but its heat 
resistance and solvent resistance are poor. 

NITROCELLULOSE~ALKYD COATING FILMS: Figures 4 and 
5 show the temperature dependence of the viscoelastic 
behaviors of the NClalkyd coating films. As the NC- 
lacquer coating film is noncrosslinked, it flows at tem- 
peratures above the T,. However, when the content of 
NC is about 80-100 wt%, the viscoelasticity shows a 
plateau-like region that reflects the rigid structures of 
NC. The castor-oil alkyd resin acts as a polymer plasticiz- 
er of NC2 and, therefore, increases the compounding ratio 
of alkyd resin results by reducing the rigid structures of 
NC and softening of the lacquer coating films. Thus, the 
Erg and T, are reduced and tan 6m is enlarged. 

Commercial NC lacquers are usually used for wooden- 
ware or metalware and the compounding ratio of NC to 
alkyd resin is around 111.5 (weight r a t i ~ ) . ~  In Figures 4 
and 5, the results of the commercial NC-lacquer enamel 
coating, of which temperature dependence is almost the 
same as that of NC/alkyd=40160 (weight ratio) are 
shown. Usually a commercial NC lacquer contains plasti- 
cizer, softener, pigment, and so on, together with the NC 
and alkyd resin. Therefore, the temperature dependence 
of tan 6 is a little larger than that of the same composition 

NClalkyd, reflecting the complicated composition of the 
coating films. 

NC lacquers should pass the print test,* so the content 
of NC should be larger than 40 wt% to make its T, higher 
than 50°C. 

Adhesion 

The peeling test is an important test in adhesives, but is 
scarcely used in thermosetting coating films because they 
are restricted to be cured at baking schedules. However, 
adhesions of air-drying coating films can be determined 
by the peeling test. Measurements of the adhesion of air- 
drying coating films were taken. 

Figure 6 shows the temperature dependencies of the 
peel strength of the air-drying coating films. All the 
coating films show bell-shaped convex curves having a 
maximum, the temperature of which differs for each. 
Mizumachi4 reported that the peel strength reduced with 
increasing or decreasing elastic modulus of adhesives, 
that is, there is a proper value of elastic modulus for the 
maximum peel strength. According to Mizumachi, the 
peel strength is a maximum at about E' = 10' dynelcm2 
for the (ethylene-vinyl acetate copolymer(/terpene-phe- 
no1 resin) blend adhesives. Kiryu and MasudaS studied 
the peel strength of the NC-lacquer coating films and 
reported the similar bell-sha e relation. The maximum 4 appeared at E' = lo9 dynelcm . 

In this experiment, peel strength became maximum at 
E' = lo9 - 101° dynelcm2, and E' of NCIalkyd lacquer 
(lo9 dynelcm2) is smaller than that of Japanese lacquer 
(10'' dynelcmZ). 

'The print resirlanee war carried out at 40z2'C under the following candsionr: n 40 mm 
d~nmetcr cyl~ndrienl woghtof 5COg hung for 18 hr. according to JIS K 5531-1975. IIS K5532- 
1975. 

Temperature ( OC) 
Figure &Temperature dependence of peel strength of air- 
drvina coatina films. Coatinas were brushed on alass dates. 
&BT~ ( ~ c / i k ~ d = 6 0 / 4 0 ) ;  -@B-3 (NC/alkyd=-50150j; E- 
8-4 (NC/alkyd=40/60); e-8-5 (NC/alkyd=20~80); U-Sugu- 

rome Japanese lacquer; and .-Japanese lacquer 
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Table 6--Physical Characteristics of Free-Dry Type 
Coating Films 

Eg' (30'C)' Er'b T, tansme 

Japanese 
lacquer . . . . .  2.51 X 10" 3.94 X lo9 165 0.23 

(180") 
Air-treated 
Japanese 
lacquer ..... 2 . 5 1 X 1 0 1 0  6 . 5 1 X 1 0 9  165 0.18 

(180°C) 
us" 

Kashu-resin Ui' 
clearlacquer. 2.49 x 10" 1.16 x lo9 116 0.36 ri 

(1 80°C) 
Urethane- 
coating 
enamel.. .... 1.80 x 101° 3.37 x lo7 86 1.4 

(160°C) 
Alkyd-resin 
enamel.. .... 5.00 x lo9 9.48 x lo7 67 (40d) 1.2 (0.7d) 

(160°C) 
NC-lacquer 
enamel.. . . . .  1.90 X 101° - 55 (83') 0.55 (1.3') 

(a) ~g-I~SIXC modulus st mom temperatvre (dyosicm2). Temperature ( "C) 
(b) Er-larlie modulus at plateau (dyneicm'). 
(c) lan6,!an6 at T, Figure 7-Schematic profile of temperature effects On the 
(d) Subtranrntion point. elastic modulus E', relaxation of stress concentration Sc, and 
(e) Pour point. peel strength F 

Appearance of the maximum can be explained qualita- 
tively as follows. As the test film is bent, the coating film 
is easily peeled from the test film due to highly concen- 
trated stress at the top of peeling front when the elastic 
modulus of the test film is high. As shown in Figure 7, E' 
of the coating films decreased and peel strength increased 
with increasing temperature. However, the effect of con- 
centrated stress at the previously stated T, is small, and 
the peel strength is decreased with decreasing E' of the 
coating film. Therefore, the temperature dependencies of 
the peel strength show a bell-shaped curve. 

Figure 8 shows the effects of the alkyd-resin content on 
the peel strength and the internal stress of the NCIalkyd 

coating films. Coating films are susceptible to peeling 
when the content of alkyd resin is less than 20 wt%. The 
peel strength increases sharply when the content of the 
alkyd resin is increased above 40 wt%. On the other 
hand, the internal stress changes inversely when com- 
pared with the change of the peel strength, and relaxation 
of internal stress is suggested to be necessary to improve 
the adhesion of coating films. Figure 8 shows that the 
elastic modulus of NClalkyd coating films at 30°C de- 
creased slightly with the alkyd resin content until 50 wt% 
and then decreased sharply. This is probably due to the 
widening of the distance of the two neighboring NC 
molecules by mixing the alkyd resin as a polymer plasti- 

Table 7-Effects of Sanding on the Surface Tension and the Adhesion 

P P  PE' PAC' ABSd Epoxy &No 

Sandingf . . . . . . . . . . . . .  
Surface tension 
(dynelcm) . . . . . . . . . . . .  
Crosscut adhesion testa 
Urethane enamel. . . . . . .  
Alkyd enamel ......... 
NC lacquer ........... 
Peel strengthb 
Urethane enamel. ...... 
Alkyd resin . . . . . . . . . . .  
NC lacquer ........... 

. . .  
(e) 6 . ~ 4 - n j l o n .  
(0 Plastic substrate was sanded with #240 abrasive pspr 
(g) Lattice distance of Ihc crass-cue lmes was 2 mm. 
(h) Peel slmnglh (gficm) 

Yes no yes no yes no yes 
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Weight % of alkyd resin 
Figure &Effects of alkyd-resin contents on the peel strength 
F, internal stress S, and elastic modulus E' of NCIalkyd coat- 

ing films 

cizer. Therefore, the elastic modulus and the internal 
stress decreased linearly with increasing content of alkyd 
resin. On the other hand, with an alkyd content higher 
than 60 wt%, the main component of the coating film is 
the alkyd resin and NC acts as a hardener of the coating 
film. Thus, the elastic modulus decreased sharply and the 
internal stress became almost zero, as shown in Figure 8. 
Similarly, the steep increase of peel strength can be ex- 
plained in terms of the reduction of stress concentration 
due to the decrease of E' and small S. 

Table 7 summarizes the surface tensions of sanding 
surfaces of plastic substrates and the adhesion of coating 
films. Adhesion of a coating film to a plastic substrate, 
except for a polyolefin substrate, is improved by sanding 
the surface, which provides an increase in the surface 
tension of the surface. In this study, increasing of surface 
tension greater than 38 dynelcm provided good adhesion 
of the coating film. Moreover, sanding the surface stabil- 
ized adhesion. Lindberg6 and Hirasawa and Ishimoto7 
also reported improvement of adhesion at a greater sur- 
face tension than 38 dynelcm. In the case of the ABS 

resin, however, good adhesion is realized without sand- 
ing; this is probably because of the formation of a diffu- 
sion layer between the ABS and the coating film caused 
by partial dissolution of ABS by the solvent in the coat- 
ings. 

Figure 9 shows the relationship between the peel 
strength of the coating film and the surface tension of the 
plastic substrate. Bell-shaped curves were observed with 
a maximum, the value of which is 45 dynelcm for the 
urethane-coating enamel and 43 dynelcm for alkyd resin 
enamel and NC-lacquer enamel. The following relation- 
ships are expected between the adhesion of a coating film 
and the surface tension of a plastic substrate. 

(1) Adhesion becomes maximum when the surface ten- 
sion of polymer (substrate) ys and of coating filmy, are 
almost 

(2) An increase of ys provides good adhesion for the 
same coating film. However, when ys is larger than y ~ ,  
adhesion of the coating film is almost constant.1° 

According to the theory of interfacial science, adhesion 
of the coating film is expected to be maximum when the 
interfacial tension ysL between a plastic substrate and a 
coating film is minimum."312 However, the adhesion of 
a coating film is not only dependent on the wetting of the 
plastic substrate, but also is related to the viscoelastic 
properties of the coating film, so it is difficult to conclude 
the correlations between the surface tension and the adhe- 
sions within this work. 

However, it is true that the wettability of the plastic 
substrate to the coating film is one of the most important 
factors for the adhesion of the coating film. Pretreatment 
of the surface to improve the wetting is necessary to 
achieve good adhesion. Moreover, the high peel strength 
and the good adhesion of the urethane-coating enamel 
compared to the alkyd-resin enamel or NC-lacquer enam- 

surface tension (dynelcm) 
Figure +Relationship between the peel strength of coating 
films and surface tension of plastic substrates. O-urethane- 
coating enamel; B-alkyd-resin enamel; and C-NC-lacquer 

enamel 
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el is due to its suitable hardness at room temperature and 
its crosslinked and tough structure with a plateau elastic 
modulus of 10' dyne/cm2. 

CONCLUSION 

Temperature dependencies of dynamic viscoelasticity 
and peel strength of commercial air-drying coating films 
and experimental nitrocelluloselalkyd lacquers, were 
measured. Moreover, the correlations between the sur- 
face tension of a plastic substrate and the adhesion of the 
coating film to the plastic substrate were also studied. 
The results are summarized as follows: 

The plateau elastic modulus of a commercial air-dryin 4 coating film measured at above its T, ranges from 10 
dyne/cm2 for highly-crosslinked Japanese lacquer with 
high heat resistance to lo7 dyne/cm2 for the loosely- 
crosslinked urethane-coating enamel film. The noncross- 
linked type coating films, for example, an NC lacquer, 
flow at a temperature higher than their T,s. 

It is possible to determine the compounding ratio of a 
commercial NC lacquer by measuring the viscoelasticity. 
Therefore, measuring the physical properties of a coating 
film is a valuable method in the investigations of coating 
films. 

Temperature dependencies of the peel strengths of air- 
drying coating films showed bell-shaped curves. For 
good adhesion of a coating film, reduction of the internal 
stress of the coating film is needed. 

Adhesion of a coating film to a plastic substrate, except 
for a polyolefin substrate, is improved by sanding the 
surface, which provides an increase in the surface tension 
of the surface. Moreover, the correlations between the 
surface tensions of plastic substrates and peel strengths of 
the coating films showed bell-shaped curves having a 
maximum peel strength at a certain surface tension. 
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Society Meetings 

CDlC ................................... SEPT. are most of these waterborne resins cured dimethylaminoethanol, ammonia, morph- 
with titanate catalysts? oline, and 2-methyl-2-dimethylamino- 

"Organic Hybrids" A. Yes, titanates are normally what is propanol for these features. 
used. Mr. Robinson discussed the safety and 

Donald J. Roettker, of B.H. Roettker PAULR. GUEVIN, JR., Secretary emissions of amines. He listed the LD50 
Company, Inc., presented the Hiils gavel to values of amines, and explained that high 
incoming Society President James Flanagan, amine reactivity can be a positive factor in 
of Flanagan Associates, Inc. thermosetting coatings. 

The meeting's educational speaker was 
Donald Wells, from Ameriflora '92, an ex- 
position honoring the 500th anniversary of 
Christopher Columbus' landing on the 
shores of America. 

The expo is scheduled to run from April 
20, 1992 to October 12, 1992. Included on 
the 88-acre site will be exhibits, restaurants, 
amusement rides, and more. 

Dipak Narula, of Dow Coming Corpo- 
ration, gave the meeting's technical presen- 
tation. Mr. Namla spoke on "WATERBORNE 
SILICONE ORGANIC HYBRIDS." 

The chemistry of silicone resins was 
discussed. The speaker pointed out that sili- 
cone resins are suited for a number of high 
performance applications. He said resins 
with a high phenyl content will exhibit high 
temperature resistance and oxidation resis- 
tance, and form tough films. Silicone resins 
with a high methyl content are fast curing, 
and exhibit chemical resistance, UV resis- 
tance, and gloss retention. 

Mr. Narula explained that low solid sili- 
cone resins are approximately 50-60% sol- 
ids and are silanol functional. High solid 
resins can be either silanol or alkoxy func- 
tional. 

According to the speaker, using 
waterborne systems is the way to meet 
today's VOC air quality compliance re- 
quirements. He said silicones can be emul- 
sified either via water emulsification or me- 
chanical means. Mr. Narula devoted much 
of the remainder of his talk to resins via the 
mechanical technique. 

The waterborne systems are offered as 
nonionic or anionic emulsions, stated the 
speaker. Also, the systems are available in 
soft, medium, and hard films. Some of the 
systems discussed by Mr. Narula were state- 
of-the-art high solids systems. 

The speaker described, in detail, the re- 
cent developments in waterborne silicone 
intermediates and the coating systems for- 
mulated on them. 

In addition, organic silicone hybrids 
along with some typical formulations were 
discussed. 

Q. Do most of these resins contain a 
hydroxyl group as the functional group and 

LOS ANGELES ................... SEPT. 

"Waterborne Coatings" 

A moment of silence was observed in 
memory of Society Honorary Member and 
Past-President Trevellvan V. Whittineton " 
and Mandy Rosenbach who passed away 
during the summer. 

The Society officers for 1991-92 were 
installed as follows: President-James D. 
Hall, of Major Paint Company; Vice Presi- 
dent-Sandra L. Dickinson, of Synergistic 
Performance Corporation; Secretw-Philip 
C. Bremenstuhl, of Ashland Chemical 
Company; and Treasurer-V.C. Bud 
Jenkins, Consultant. 

Jan P. Van Zelm, of Byk-Chemie USA, 
will continue to serve as the Society Repre- 
sentative to the Federation's Board of Di- 
rectors. 

Robert Backlin, of Huls America, Inc., 
presented the Huls gavel to Mr. Hall. 

Educational Committee Chairman Jo- 
seph C. Reilly, of Rohm and Haas Com- 
pany, and Frank Peter, instructor of the So- 
ciety-sponsored "Paint Technology" course, 
presented diplomas to the course graduates. 

Edward B. Edrosa was presented with 
the Outstanding Student Award, having 
finished first in a class of 19 graduates. 

The meeting's speaker was Chicago So- 
ciety member Glenn N. Robinson, of Angus 
Chemical Company. Mr. Robinson spoke 
on "AMINES AND WATERBORNE COATINGS." 

Waterborne coatings types were defined 
and the particle size of each was described. 
The speaker said that highmolecular weight, 
low acid value, and low solvent content are 
desirable features of a paint resin. Accord- 
ing to Mr. Robinson, these properties inter- 
act in water-soluble polymers. He stated 
that a choice of amine offers a more favor- 
able combination of these properties to the 
coatings formulator. 

The speaker emphasized that molecular 
weight, base strength, and solubility pa- 
rameter are important characteristics gov- 
erning amine efficiency. He compared 
triethylamine, 2-amino-2-methylpropanol, 

Q. How do the various amines rate for 
jlash rust prevention? 

A. Flash rust resistance is directly pro- 
portional to boiling point of the amine; low 
volatility amines help reduce flash rusting. 

Q. Which amine works best with ammo- 
nia to keep VOC to a minimum? 

A. The technique of blending amines 
works well to optimize performance of a 
variety of resins. For example, amine reac- 
tivity reduces VOC in baking systems. 

PHILIP C. BREMENSTUHL, Secretary 

NORTHWESTERN .............. SEPT. 

"Waterborne Resin Coatings" 

James W. Alseth, of Hiils America, Inc., 
presented the Huls gavel to President Daniel 
W. DeChaine, of Ti-Kromatic Paints, Inc. 

Environmental Affairs Committee 
Chairman Mark W. Uglem, of Hirshfield's 
Paint Mfg. Company, is seeking input from 
local or area companies interested in be- 
coming more informed of pending legisla- 
tion affecting the coatings industry. 

Mr. Uglem has proposed forming a 
council, and perhaps hiring a lobbyist, to 
track legislative bills and testify on behalf 
of the coatings industry. 

The meeting's first speaker was Society 
member Al Heitkamp, of Cargill, Inc. Mr. 
Heitkamp's topic was "WATERBORNE RESIN 
COATINGS FOR PENETRAT~NG STAINS." 

The speaker said penetrating stains are 
used to protect wood surfaces and to bring 
out the grain of the wood. The traditional 
penetrating stains were linseed or alkyd 
based and formulated in mineral spirits, re- 
sulting in high VOC. According to Mr. 
Heitkamp, new waterborne penetrating 
stains are gaining in market share. 

Some of the new waterborne systems, 
including vinyl acryliclalkyd, acrylic/alkyd, 
chemically modified drying oils, pre-neu- 
tralized chemically modified drying oils, and 
chemically modified polyolefins were dis- 
cussed. The speaker said in the US., aes- 
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Constituent Society Meetings and Secretaries 

\ 

BALTIMORE (Third Thursday-Willow Grove Restaurant. Linthicum, MD). 
JOHN KURNAS. Mineral Pigments Corp., 121 16 Conway Rd., Beltsville, MD 20705. 

BIRMINGHAM (First Thursday-Suathallan Hotel. Birmingham,England). D.C. 
MORRIS, PPG Industries (UK) Ltd., P.O. Box 359, Birmingham, B16 OAD, England. 

CDlC (Second Monday-Location alternates between Columbus, Cincinnati, 
Dayton, and Indianapolis). PAUL R. GUEVIN, JR., P.R. Guevin Associates, P.O. Box 
81 I, Westerville, OH 43081-081 1. 

CHICAGO (First Monday-Sharko's Restaurant, Villa Park. IL). GREGORY E. 
McWnnwr, ANGUS Chemical Co., 291 1 Sanders., Northbrook, lL 60062. 

CLEVELAND (Third Tuesday-Brown Derby, Independence, OH in Sept.. Oct., 
Nov., Dec., Feb., March: Jan. and Apr. meetings, Landerhaven, Mayfield Heights, 
OH). FREIDUN ANWARI, Coatings Research Group, Inc., 2340 Hamilton Ave., Cleve- 
land. OH 441 14. 

DALLAS (Thursday following second Wednesday-The Harvey Hotel, Dallas. 
TX). MIKE EVANS, J.M. Huber Corp., 803 Pleasant Valley, Richardson. TX 75080. 

DETROIT (Second Tuesday-meeting sites vary). RON ANDRUS. BASF Corp.. 5935 
Milford Ave., Detroit, MI 48210. 

GOLDEN GATE (Monday before third Wednesday-alternates between Franc- 
esco's in Oakland, CA, and Holiday Inn in S. San Franscisco). DONALDNOLTE. John K. 
Bice Co., 280 Missouri St., San Francisco, CA 94107. 

HOUSTON (Second Wednesday-Sonny Look's Sirlion Inn, Houston, TX). 
RICHARD W. RYAN, E X X O ~  Chemical Co., P.O. Box 5200, Baytown, TX 77520. 

KANSAS CITY (Second Thursday-<ascone's Restaurant. Kansas City, MO). 
YVONNE D'ARcY, Cook Paint & Varnish Co., P.O. Box 419389, Kansas City, MO 
64141. 

LOS ANGELES (Second Wednesday-Steven's Steakhouse, Commerce. CA). 
V.C. BUD JENKINS, Consultant, 3366 Somis Dr., Riverside, CA 92507. 

LOUISVILLE (Third Wednesday-Executive West Motor Hotel, Louisville, 
KY). MIKE R. MOILANEN, United Catalysts, Inc., P.O. Box 32370, Louisville, KY 
40232. 

MEXICO (Fourth Thursday--meeting sites vary). ANTONIO JUAREZ, Ame~coat 
Mexicana. via Gustavo Baz 3999.54030 Tlalnepantla. edo de Mexico. 

MONTREAL (First Wednesday-Le Biftheque, Ville St. Laurem. Quebec). 
JACQUES BROUILLETTE, BAPCO, 1470 Nobel St., Boucherville, Que., 148 5H3, Canada. 

NEW ENGLAND (Third ThursdaySheraton Lexington Hotel, Lexington, MA, 
alternate meetings twice a year in Sturbridge, MA and Providence, RI). JOANNE E. 
MONIQUE, Ashland Chemical Inc., 400 Main St., Tewkshury, MA 01876. 

NEW YORK (Second Tuesday-Landmark 11, East Rutherford. NJ). ARMANO J. 
STOLTE. RHEOX Inc., P.O. Box 70, Hightstown, NJ 08520. 

NORTHWESTERN (Fist Tuesday after first Monday-Jax Cafe, Minneapolis, 
MN). SARAH OEBSER, H.B. Fuller Co., 1200 Wolters Blvd., Vadnais Heights, MN 
551 10. 

PACIFIC NORTHWEST (PORTLAND SECTION-Third Tuesday; h o r n  SOUND 
SECTION-Third Wednesday; VANCOUVER SECTION- Third Thursday). FLORA WONG, 
SaguaroLtd., 106-150 E. Fifth St., N. Vancouver, B.C., V7N IL5, Canada. 

PHILADELPHIA (Second Thursday-Williamson's Restaurant, GSB Bldg., Bala 
Cynwyd, PA). BRIAN O'CONNOR, McWhoner Resins, Inc., 7600 State Rd., Philadel- 
phia, PA 19136. 

PIEDMONT (Third Wednesday-Ramada Inn K i n ,  Greensboro, NC). DENNIS 
GILLESPIE, Lomas Minerals and Chemicals, P.O. Box 605, Indian Trails, NC 28079. 

PTITSBURGH (Second Monday-Montemuno's Restaurant, Sharpsburg, PA). 
TIMOTHY ZEFFIRO, J.M. Gillen Co., P.O. Box 588, Bridgeville, PA 15017. 

ROCKY MOUNTAIN (Monday following first Wednesday-Zangs Brewery. 
Denver. CO). LOUIS HARTNELL, Herr & Hartnell Co., 791 Chambers Rd., #555, Au- 
rora, CO 80041. 

ST. LOUIS (Third Tuesday-Salad Bowl Restaurant. St. Louis. MO). MICHAEL 
SCHNURMAN. Kop-Coat. Inc., 328 Henley Ind. Ct., St. Louis. MO 63144-1599. 

SOUTHERN (GULF COAST SECTION-third Thursday; CENTRAL FLORIDA SEC- 
TION-third Thursday after first Monday; ATLANTA SE~ON-third Thunday; MeM- 
PHIS S~~~lo~-bi-monthly on second Tuesday; and MIAMI SE~ON-Tuesday prior to 
Central Florida Section). MARY G. FINNIGAN, Unocal Chemicals Div.. 8901 Research 
Dr., Charlotte, NC 26845. 

TORONTO (Second Monday--Cambridge Motor Hotel, Toronto). DAVID JACK, 
Technical Coatings Co Ltd., 1164 Walkers Ln., Burlington, Ont.. L7M IV2, Canada. 

WESTERN NEW YORK (Third Tuesday-meeting sites vary). MARKO MARKOFF, 
182 Farmingdale Rd., Cheektowaga, NY 14225. J 

thetic characteristics of the wood are brought 
out through the use of semi-transparent 
stains. These stains are generally low in 
solids and viscosity. However, in Europe, 
stains are higher in solids and viscosity, and 
more often, opaque to produce a protective 
coating on the wood. 

Other components and additives used in 
waterborne stains, including UV absorbers, 
driers, mildewcides, and wood preservatives, 
were discussed. 

In conclusion, Mr. Heitkamp said all the 
systems discussed performed similarly in 
crack resistance, and in QUV and Florida 
exposures. The modified polyolefin had the 
best in-can stability in both oven aged and 
room temperature samples, showing the best 
retention of drying characteristics, pH, vis- 
cosity, and water resistance. The polyolefin 
was prone to chalking and fading, but 
showed superior mildew resistance and 
recoatability. 

Jay Austin, of Halox Pigments, presented 
a talk on "FORMULATION AND EVALUATION OF 

NONTOXIC, ANTICORROSIVE COATINGS." Mr. 
Austin is a member of the Chicago Society. 

The speaker began his talk by stating 
that nontoxic anticorrosive coatings can be 
formulated to be as effective as lead--or 
chromate-containing coatings. He said 
nontoxic systems are effective over a nar- 
row PVC range. 

Mr. Austin stated the four criteria that 
can be used to reformulate anticorrosive 
coatings: equal volume, equal weight, equal 
cost, orequal performance. He said the equal 
volume method should never be used. It 
was suggested that for loadings of a 1 Iblgal 
or more, an equal weight should be used. 
For loadings of less than 1 Iblgal, an equal 
cost basis may be a better method. If equal 
performance IS required, a matrix of PVC 
versus loading should be used to maximize 
efficiency. 

According to the speaker, salt spray is 
often used to evaluate the performance of 
anticorrosive coatings. However, it was em- 
phasized that salt spray is a static test, it 
does not correlate well with the real world, 
and it can lead to the development of less 
effective materials. 

Mr. Austin discussed alternative accel- 
erated aging tests currently being evaluated, 
including prohesion testing, which appears 
to be a replacement for salt spray. Specifiers 
in the U.K. have accepted prohesion as  a 
replacement  test for  salt spray.  T h e  
Envirotest is another accelerated test in 
which samples are subjected to immersion. 
heat, and UV radiation. 

In conclusion, Mr. Austin made three 
recommendations: 

(1) do not ignore exterior testing; 
(2) conduct more correlative work and 

share it with specifiers; and 
(3) begin serious investigations into ba- 

sic mechanisms of corrosion degradation. 
SARAH E. OEBSER, Secremry 
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Future Society Medings 

Birmingham 
(Dec.  BLOCKING AGENTS IN URE- 

THANE COATINGS-POWDER A N D  LIQUID 
Pnl~~s"-Frank Schollick Memorial Lec- 
ture-Mel Kaplan, Allied-Signal Inc. 

(Jan. ~ ~ N o N - A U T O M O T I V E  APPLICA- 
TIONS OF ELECTROPAINT TECHNOLOCY"-P~- 
ter Hope, L.V.H. Coatings Limited. 

(Feb. 6)-"THE IMPACT OF ENVIRONMEN- 
TAL LEGISLATION ON THE COATINGS INDUS- 
TRY'-Mini-Symposium. Various speakers. 

CDlC 
(Nov. I I )-"IDENTIFICATION OF PIGMENTS 

w r r ~  MODERN INSTRUMENTATION IN A PAINT 
LAB"-Dr. Romesh Kumar, Hoechst 
Celanese Corp. 

(Dec. 9)-"ENVIRONMENTAL BASELINING: 
THE NEED FOR ENVIRONMENTAL AUDITS"- 
Bob Shelar, Terracon Environmental, Inc. 

(Jan. I  DRIER RECOMMENDATIONS FOR 

HIGH SOLIDS-LOW VOC ALKYD RESIN COAT- 
INGS"-Marvin Landau, Hiils America, Inc. 

(Feb. ~ ~ ) - " N ~ N - T H I x ~ T R ~ P I ~  RHEO- 
LOGICAL ADD~T~vES"-RO~~T~ Dey, RHEOX 
Inc. 

Cleveland 
(Nov. 19)-"THE ROLE OF THE U.S. EPA 

TO THE COATINGS INDUSTRY"-A. Richard 
Winklhofer, Eastern District Office, Region 
V, U.S. Environmental Protection Agency. 

(Jan. 21)-Joint Meeting with Cleve- 
land PCA. "IMPROVING THE RETURN ON YOUR 
R&D DouR"-H. David Warren, Tremco, 
Inc. 

(Feb. I~)--LTHE USE OF H!ANSEN SOLU- 
BILITY PARAMETERS IN REFORMULATING SOL- 
VENT-BASED COATINGS"-Wes Archer, The 
Dow Chemical Co. 

(Mar. 17)-"DRIER SYSTEMS FOR HIGH 
SOLIDS COAT~NGS"-M~N~~ Landau, Hiils 
America, Inc. 

(Apr. 21)-"THE ADVENTURES OF A 

CHEM~ST-COLLECTOR"-D~. Alfred Bader, 
Aldrich Chemical Co. 

(May 19)-"ADVANCES IN RESIN TECH- 
NOLOGY FOR WATERBORNE STAINS"-A1 
Heitkamp, Cargill Inc. 

Detroit 
(Dec. 10)-"WASTE M~N~MIZAT~ON'~-  

Charles Rooney, Orr & Boss. 

(Jan. 14)-"AUTOMOTIVE SPECIFICATIONS 
FOR C0~TlNGS"-Mari~yn Perchard, Ford 
Motor Co. 

(Feb. I 1)-"ALUMINUM PIGMENTS FOR 

WATERBORNE C O A T I N G S " - F ~ ~ ~ ~  Passen, 
Obron Atlantic. 

(Mar. 10)--"UV ABSORBERS AND HIN- 
DERED AMINE LIGHT S T A B ~ L ~ Z E R S " - M ~ ~ ~  
Holt, CIBA-GEIGY Corp. 

(Apr. 1 4 ~ L P ~ ~ ~ ~ 1 ~ ~ ~  CHLORIDE RES- 
INS"-Speaker from ICI Chemicals, Inc. 

(May 12)-"COLOR T ~ ~ o ~ y " 4 p e a k e r  
from Byk-Gardner, Inc. 

Golden Gate 
(Nov. I 8)-"OPAQUE POLYMER-THE 

ALL PURPOSE PlGMENT"-E~me~ Williams, 
Rohm and Haas Co. 

(Jan.  THE HISTORY AND FUTURE OF 

COLOR MACHINES"-J~~ DeGroff, Color Tec 
Co. 

(Mar.  N SMOOTHNESS OF CLEAR FLAT 
FINISHES"-Sam Maskery, Crosfield 
Chemicals Co. 

(Apr. 13)-"WATERBORNE RESINS"- 
Rich Johnson, Cargill, Inc. 

(May 18)-"STAT~ST~CAL PROCESS CON- 
TROL"-Dan Baker, McWhorter, Inc. 

(June 15tManufacturing Committee 
Seminar. 

Montreal 
(Nov. 13)-"ALKYD RESIN TECHNOL- 

my7'-Marc Lemieux, Reichhold Ltd. 
(Feb. 5 t A n n u a l  Mini-Symposium. 
(Jan. 8)-Title and Speaker to Be An- 

nounced. 

New England 
(Nov. 21)-Federation Officers Visit. 

Philadelphia 
(Dec. 12)-"~MPROVED CORROSION COR- 

RELATION: PROHESION COMBINED WITH QUV 
FOR TESTING RESISTANCE TO SALT, MOISTURE, 
AND UV'-Pat Brennan, The Q-Panel Co. 

(Jan. 9 t J o i n t  Meeting with Philadel- 
phia PCA. "ENVIRONMENTAL UPDATE"- 
Hugh M. Smith, Sun Chemical Co. 

(Feb.  SURFACETRE TREATED PIGMENTS: 
A 90's SOLUTION TO SOME COATING PROB- 
LEMS"-D. Romesh Kumar, Hoechst 
Celanese Corp. 

(Mar.  WAX EMULSIONS IN AQUE- 
OUS POLYMERIC COATINGS: CONTRIBUTIONS AND 

MECHANISMS"-Marty Reihemann, Michel- 
mann Inc. 

(Apr. 24)-Awards Night. 
(May I~)_LTHE MALCOLM BALDRIDGE 

PROCESS-A FRAMEWORK FOR IMPROVE- 
MENT"-ROSS C. Loeser, E.I. du Pont de 
Nemours & Co., Inc. 

Piedmont 
(Nov. 20)-"INTRODUCT~ON TO PAINT 

T ~ c ~ ~ o ~ m y " - T h a d  Broome, J.M. Huber 
Corp. 

(Dec. 18)-"ECONOM~C OUTLOOK FOR 

1992"-Art Werts, Eastman Chemical 
Products. 

Pittsburgh 
(Jan. 1  UNDERSTANDING THE DIFFER- 

ENCE IN  ASSOCIATIVE T H I C K E N E R S " - E ~ ~ ~ ~  
Partain, Union Carbide Corp. 

(Feb. 10)-Federation Officers Visit. 
(Mar. ~)-"H~GH-SOLIDS COATINGS"- 

Bernie Taub, Reichhold Chemicals Corp. 
(Apr. 13)-Title and Speaker to Be An- 

nounced. 
(May 1 1 t T i t l e  and Speaker to Be An- 

nounced. 

- /r - 

Make the Most of Your Advertising Dollon! 
Advertise in the JCT! 

1 Yow market Includes the key paint industry research, development, and 
manufacturing personnel: those who formulate, test, and produce today's 

complex paints and coatings-people who utilize your products. 

Call Lorraine Ledford, Advertising Services Manager, ~ Journal of Coafings Technology 1 
492 Norristown Rd., Blue Bell, PA 19422 

2 15/940-0777 . FAX: 2 15/940-0292 
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Active 
Dave. Dilip I.-Yenkin-Majestic Paint Corp.. 

Columbus, OH. 
Henegar, Sherill-Reilly Industries. Indianapo- 

lis, IN. 
Robertson. Donald T.-DAP Inc., Dayton, OH. 
Wihver. Daniel E.-DAP Inc.. Tipp City, OH. 

Associate 
Erickson. Roherr L.-Cargill. Inc., Carpen- 

tersville, IL. 
Ninness. Anna V.-Neville Chemical Co., 

McMurray. PA. 

CHICAGO 
Active 

Kadnar. Jacob J.-U.S. Borax & Chemical Corp., 
Rosemont. IL. 

CLEVELAND 

Active 
Allison. David J.-Geraghty & Miller, Inc.. 

Cleveland, OH. 
Houck. Paul J.-White Rubber Corp., Ravenna. 

OH. 
Nemes-Nemerh. Ilona-Shewin-Williams Co., 

Cleveland. 
Neidich, Richard S.-Benjamin Moore & Co., 

Cleveland. 
Pearson. Paul D.-Sprayon Products Div. of 

Sherwin-Williams Co., Bedford, Heights, OH. 
Raymond, Russell C.-The Q-Panel Co., Cleve- 

land. 
Rumherg, Charles C.-Mahoning Paint Corp.. 

Youngstown, OH. 
Shah. Shailesh S.-The Glidden Co.. Westlake, 

OH. 
Stieglitr. Ellen L.-Sprayon Products Div. of 

Sherwin-Williams Co.. Bedford Heights. 
Vorse. Dennis J.-Lord Corp., Ene, PA. 

Associate 
Ash. Robert L.-Ashco. East Liverpool. OH. 
Belcastro. John-Ferro Corp., Cleveland, OH. 
Chan. P.K.--Goodyear Tire & Rubber Co.. Ak- 

ron, OH. 
Corrigan, Brian P.-McWhorter Inc., Carpen- 

tersville, EL. 
Dusseau. Kennerh J.-FBC Chemical Corp., 

Strongsville, OH. 
Gruhhs, Donald C.-J.H. Huber Corp.. 

Strongsville. 
Kallal.  D a v ~ d  A,-Hiils America Inc., 

Strongsville. 
McNamara, Kerry P.-K.P. McNamara Co.. 

Cleveland. 
Nicholson, John B.-Davies Can Co., Solon, OH. 
Rice. David E.-Degussa Corp.. Akron. 
Sherwood. D. Edward-The M.F. Cachat Co., 

Cleveland. 
Stephanadis. D.S.-The Lubrizol Corp.. 

Wickliffe, OH. 
Sterler, Georg-The Lubrizol Corp., Chagrin 

Falls. OH. 
Sustar, Roherr N.-Seegott Inc., Solon. 

Educator a n d  Student 
Blake. Andrea-Mount Union College, Alliance, 

OH. 
Bush. Roherr L.-Kent State University, Kent. 

OH. 

Retired 
Meyers. Raymond E.-The Glidden Co., 

Englewood, FL. 

LOS ANGELES 
Active 

Bergh, Jeff-Dunn-Edwards Corp., Los Angeles, 
CA. 

Bremenstuhl, Philip C.-Ashland Chemical Inc., 
Riverside, CA. 

Cao. Long T-Armor All Products. Santa Ana, 
CA. 

Davis, Paul Gregory-Ameron PCD. Brea, CA. 
Edrosa, Clarita B.-Dunn-Edwards Corp., Los 

Angeles. 
Hayashida. Carmen F .4mi l and  Paint Corp.. Los 

Angeles. 
Haynes. David-Akzo Coatings Inc., Orange. CA. 
Higa. Myinr Lily--Vista Paint, Fullerton. CA. 
Jauregui. Roger T.-Ameritone Paint. Long 

Beach, CA. 
Jones. Paula J.-Swcialtv Finishes Co.. Fontana. . , 

CA. 
Joyce. David T.-Morton International. Garden, 

CA. 
Karam, Joseph H.-McWhorter Inc., Los Ange- 

les. 
Mansuero, Leo C.-McWhorter Inc.. Commerce, 

CA. 
McMillen, James R.-Akzo Coatings Inc., Or- 

ange. 
Raappana. Greg-Dunn-Edwards Corp., Los 

Angeles. 
Ramirei. Jose-Spraylat Co., Los Angeles. 
Rutherford, Mark A,-Day-Glo Color Corp.. 

Cudahy, CA. 
Scanland. Frank A,-Norton and Son Inc., Los 

Angeles. 
Sremha, Jerry F.-Summit Environmental, 

Alhambra, CA. 
Uclasquez. Antonio A.--Cardinal Industrial Fin- 

ishes. South El Monte, CA. 
Valdez, J .  Martin-Surface Protection Industries, 

Los Angeles. 

Associate 
Balrz, Donna A,-Armstrong Containers. Santa 

Fe Springs, CA. 
Bummer, JamesH.4outhem Clay Products Inc., 

Laguna Beach, CA. 
Barkmeyer, Roberr C .4oodyea r  Chemical Div., 

Los Angeles, CA. 
Bassman, Jeff-Bassman Trading. San Diego. 

C A. 
Ellis. Jim-Elco Systems. Lompoc. CA. 
Harmon. Jim C.-H.M. Roval of CA. Inc., Buena 

Park. CA. 
Hays. RichardT.-E.T. Hom Co., La Mirada, CA. 
Kei1,Andrew C.-H.M. Royal of CA, Inc., Buena 

Park. 
Lopez. Donald L.-Lipscomb Chemical, Long 

Beach. CA. 

Lyons. Eddie-A.J. Lynch & Co.. Los Angeles. 
McDaniels. Brian L.-DK Containers. Mira 

Loma, CA. 
McFarlin. John-DK Containers, Mira Loma. 
Morris. Charles A.-Pluess-Staufer. Inc., Luceme 

Valley, CA. 
Mullowney. James F.-Troy Chemical Corp., 

Mission Viejo, CA. 
Pennacchi, Manlio--John K. Bice, Los Angeles. 
Ramheau. Franklin B.-Day-Glo Color Corp., 

Cudahy. CA. 
Rand, Alan J.-Wacker Silicones Co., Irvine, CA. 
Scherrer, R. (DicktSPC,  Tustin, CA. 
Smyrh. Ed R.-Byk-Gardner Inc., Los Angeles. 
Thies. James P.-VWR Inc., Los Angeles. 
Torten-Kreinkam, Darlene-Akzo Coatines Inc.. 

Orange, CA.' 
Whirney. Berh-Du Pont Chemicals. Huntington 

Beach, CA. 
Willenhrink, Joseph L. 111-W.E.S.T.. Venice 

Beach. CA. 
Yamamoto. Sam-American Triad Corp., Hun- 

tlngton Beach. 

Educator a n d  Student 
Lindhlom. Gregg W . 4 a l  Poly, San Luis, San 

Luis Obispo, CA. 

NORTHWESTERN 
Active 

Johnson, John A,-Frost Paint & Oil Co.. Min- 
neapolis, MN. 

Killian, Michael E.-3M, Lakeland. MN. 
Lirerski, Tom-Unocal Chemicals, St. Paul, MN. 
Osrlie, Brian W.-3M. St. Paul. 

SOUTHERN 
Active 

Bigelow, T. Scorr-Ameron. Little Rock, AR. 
Chambers. Terrence P.-Mohay Corp., Charles- 

ton, SC. 
Cline, Bradkv G.-Thompson & Formby's, 01- 

ive  ranch, MS. . 
Dighy, T. Sean-Mobay Corp.. Charleston. 
Eng, C.R.-Hilton Davis Co., Roswell, GA. 
Harrison. Rlck D.-Perma-Chink Systems, 

Knoxville, TN. 
Koerrers. Timothy A.-Mozel Inc.. Memphis, TN. 
Meli, Paul I. Jr.-Bridgeport Chemical Corp.. 

Pompano Beach, FL. 
Morton. Leann-Mozel Inc., Memphis. 
Ratliff. Tony B.-Mobay Corp., Charleston. 

Associate 
DePalmo, Jeffrey P.-Ribelin Sales, Longwood. 

n. 
Irhy. George S.-Rohm and Haas Co., Edison, 

NJ. 
Meadows, William M.-Brockway Standard, 

Birmingham, AL. 
Morris. Jack P.-Reichhold Chemicals, Palm 

Harbor, FL. 
Rodino. MarianMunshine State Products Corp., 

Miami, FL. 
Smnley, Douglas E.-Deeks & Company, Inc., 

Smyrna, TN. 
Ward. Roherr4.P.  Hall Co., Memphis, TN. 
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Troy Corporation, East Hanover, NJ, has 
appointed Timothy M. Savage as National 
Sales Manager. In this position, Mr. Savage 
will direct the company's sales force in pro- 
viding Troy's biocides and performance ad- 
ditives for liquid and powder coatings, plas- 
tics, printing inks, metalworking fluids, tex- 
tiles, adhesives, and sealants. He is a mem- 
ber of the New York Society. 

Patrick M. Fay has joined the staff of 
Seegott Inc., Solon, OH, to manage sales 
and technical services in the company's 
Pittsburgh district which encompasses 
western Pennsylvania, western New York, 
and northern West Virginia. Mr. Fay is a 
Past President and current Board Member 
of the Chemical Association of Pittsburgh. 
He is a member of the Pittsburgh Society. 

Paul Driscoll, International Sales Man- 
ager, has been assigned by Whittaker, Clark 
& Daniels, Inc., South Plainfield, NJ, to 
spearhead a new sales effort in the 
company's new European sales and mar- 
keting office in Brussels, Belgium. 

In addition, James P. Lobermann has 
been named Senior Account Manager for 
the Northeastern regional sales staff for 
Whittaker. Mr. Lobermann will be respon- 
sible for field sales in the New England 
states. He previously represented the com- 
pany in the Midwestern states. 

United Gilsonite Laboratories (UGL), 
Scranton, PA. has named Joseph McGraw 
as its Director of Advertising. Among other 
duties, Mr. McGraw will be responsible for 
overseeing the company's national televi- 
sion and print advertising efforts. Prior to 
this promotion, he served as Marketing Ser- 
vices Manager. 

Also, Barbara Tarabek has been ap- 
pointed Marketing Service Manager for 
UGL. The firm's merchandising, tradeshow 
and point-of purchase display program will 
be under Ms. Tarabek's direction in this 
position. She most recently served as Co-op 
Advertising Coordinator. 

Donald R. Pinkston, with nearly 30 
years experience in the plastics industry, 
has joined the staff of Avecor, Inc., Vonore, 
TN as Sales Representative. Mr. Pinkston 
will be in charge of the sale of Avecor's 
complete line of color products throughout 
Texas and in sections of Louisiana and Ar- 
kansas. He will be based in Jacksonville, 
TX. 

T.M. Savage P. M. Fay 

The appointment of William Stricker 
as a Senior Sales Representative for the 
Humko Chemical Division of Witco Cor- 
poration, New York, NY, has been an- 
nounced. Mr. Stricker, who will represent 
the division in South Carolina and portions 
of Tennessee and Kentucky, joined the 
company in 1985 after seven years of pre- 
vious industrial sales experience. 

Terry Hill has been promoted to Branch 
Manager for Tulsa and Oklahoma City for 
Van Waters & Rogers Inc., Seattle, WA. In 
this capacity, Mr. Hill will also have re- 
sponsibility for the firm's distribution loca- 
tion in Amarillo, TX. He most recently 
served as the Manager of the company's 
Grand Prairie, TX, branch. 

C. George Hollis, Vice President of 
Research and Development, Buckman 
Laboratories International, Inc., Memphis, 
TN, has been selected by The Society for 
Industrial Biology (SIM) as an SIM Fellow. 
He is being honored with this fellowship for 
his achievements in the field of industrial 
microbiology. 

KRONOS, Inc., Houston, TX, as ap- 
pointed Simo T. Bergado Technical Ser- 
vice Chemist at the company's laboratory 
facility in Hightstown, NJ. Prior to joining 
KRONOS, Mr. Bergado was an Applica- 
tions Specialist for BASF. He also served as 
a Technical Service Specialist for Atochem. 

In addition, the promotion of Tammy L. 
Hoffman to Customer Service Representa- 
tive has been announced. In her new duties, 
Ms. Hoffman will be responsible for serving 
customers and distributors throughout the 
United States. Ms. Hoffman joined 
KRONOS in 1989 as a Senior Secretary to 
the human resources department. 

W. Stricker R. Berrios 

The newly created position of Materials 
Manager for CMI International, Elk Grove 
Village, IL, has been accepted by Robert 
Berrios. Mr. Berrios will be responsible for 
the purchasing and inventory control func- 
tions for CMI. He previously served as In- 
ventory Control Supervisor for Shiff Photo 
Mechanics, Costa Mesa, CA. 

The promotion of W.R. (Ric) Pedersen 
to Research Chemistpolymer Group, has 
been announced by The Dextercorporation's 
Packaging Products Division, Waukegan, 
IL. A six-year employee, Mr. Pedersen be- 
gan hiscareer with Dexter asa Senior Devel- 
opment Chemist/Polymer Group. 
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ASTM Presents Awards ~ 
T h o m a s  J. Sliva,  Assistant 

Technical Director of D/L Laborato- 
ries, New York, NY, is the 1991 re- 

, cipient of ASTM's Henry A. Gardner 
Award. The award, presented by 
ASTM Committee D-l on Paint and 1 

Related Coatings and Materials, rec- 
ognizes Mr. Sliva's outstanding con- 
tributions in the operations of Sub- 
committees D01.23 and D01.47. He ' 
is amemberof the New York Society. 

:': :: 9. .. 

Douglas J. MacKenzie, Vice 
8 President of Marketing and Sales for 

ARi Industries, Inc., Addison, IL, has 
received the organization's Robert D. 
Thompson Award for 1991. The 
award, established in 1974, was pre- 
sented by Committee E-20 on Tem- 
perature Measurements in recogni- 
tion of Mr. MacKenzie's outstanding 
work within the committee. 

' 

1, 



I, Thomas J. Miranda, formerly Staff Scientist for The Whirlpool Corporation, 
Benton Harbor, MI, has joined the staff of Consolidated Research, Inc., Mount 

served as Federation Publications Committee Chairman and a 
member of the JCT's Editorial Review Board for the past 16 years. 
In 1980, he was the recipient of the Federation's George Baugh 
Heckel Award and in 1984, Dr. Miranda presented the Mattiello 
Memorial Lecture entitled "Reading the Signals of Society: Tech- 
nology Push or Market Pull," at th;~ederaiion's Annual Meeting 
in Chicago, IL. 

Prior to joining Whirlpool, he was Director of Research for The 
O'Brien Corporation and has also taught at San Jose State, Indiana 
University. and the University of Notre Dame. Dr. Miranda has 
authored more than 50 and holds a number of patents 

ranging from coating compositions to resins to rocket fuel. 
Dr. Miranda is a member of the Chicago Society. 

Synergistic Performance Corporation 
(SPC), Emeryville, CA has announced the 
appointments of Bill Haigh and Wally 
Whitney to the company's Los Angeles 
branch sales group. Mr. Haigh joined SPC 
after five years with California Central 
Chemical in chemical sales. Prior to this 
appointment, Mr. Whitney spent 21 years 
with Unocal Chemicals Division as Regional 
Technical Manager and later as Senior Sales 
Representative. 

Peter Kovacs has accepted the position 
of Senior Vice President of Kelco Division 
of Merck & Company, Inc., San Diego, CA. 
Prior to this promotion. Mr. Kovacs served 
for two years as Chairman of BritCair, an 
alginate fiber wound dressing business in 
Aldershot. England, which was acquired by 
Merck in 1989. 

Grow Group, Inc., New York, NY, has 
promoted Joseph Quinn to the newly cre- 
ated position of Executive Vice President 
and Chief Operating Officer. Mr. Quinn will 
continue to be headquartered in Louisville, 
KY, where he currently serves as President 
of both Devoe & Raynolds Company and 
Devoe Coatings Company. 

SINCO Inc., East Hampton, CT, has 
named Kevin D. Ouellette Engineering 
Manager. In this capacity, Mr. Ouellette will 
overlook the planning and organization of 
the firm's Engineering Department. Prior to 
joining SINCO, he was an Engineering 
Consultant at Aetna Life and Casualty, 
Hartford, CT, where he was responsible for 
technical support on engineering and con- 
struction issues associated with construc- 
tion projects across North America. 

The position of ManagerISafety & En- 
vironmental Affairs for Lonza, Fair Lawn, 
NJ, has been accepted by Robert E. Miller. 
In this capacity, Mr. Miller will be respon- 
sible for directing the safety, industrial hy- 
giene, and environmental programs at the 
company's Mapleton, IL, facility. 

Why Renew? 
Check Out Five Great 

Reasons Why You 
Should Renew Your 

Membership In The FSCT 

Wacker Silicones Corporation, Adrian. JOURNAL OF COAT~NGS TECHNOLOGY, 

MI. hasnamedSteve Wolcott ~ a t i o n a ~  Sales ( the technical publication ofthe 

~ - - - - - -- 

Manager. Mr. Wolcott has held several sales I coatings industry, is included 

a A 1-year subscription to the 

and mirketin. positions during his 12 years I with your membership. 
with the comvanv. He most recentlv served . . 
as U.S. Marketing Delegate to Wacker- 
Chemie in Munich, Germany. 1 Monthly Society technical 

talks offered locally keep YOU 

The newly created position of Manufac- 
turing Managerpowder Coatings for Pratt 
& Lambert, Inc., Buffalo, NY, has been ac- 
cepted by Scott N. McMillan. In this ca- 
pacity. Mr. McMillan will be responsible 
for all powder coatings manufacturing op- 
erations for the company's Industrial Coat- 
ings Division. 

Dennis H. Reilley has been named Vice 
President and General Managermhite Pig- 
ment and Mineral Products for Du Pont 
Chemicals, Du Pont Company, Wilmington, 
DE. He succeeds Charles N. Masten, who 
is retiring after 40 years of service with the 
company. Currently Directorof titanium di- 
oxide operations, Mr. Reilley transferred to 
the parent company from Conoco, a Du 
Pont subsidiary, in 1989. He held a number 
of managerial positions with Conoco, in- 
cluding President and Managing Director of 
Conoco-Ireland from 1987 to 1989. 

Wayne J. Harrison has been appointed 
Vice President of Operations for the Macbeth 
Division of Kollmorgen Instruments Cor- 
poration, Newburgh, NY. Mr. Hamson will 
assume the responsibility for Macbeth's 
manufacturing, materials, and maintenance 
operations. He was associated with Dranetz 
Manufacturing, Northrop, I'IT Avionics, and 
the Singer Company prior to joining 
Macbeth. 

informed of the ever-changing 
technology in the coatings in- 
dustry. 

a Incredible networking op- 
portunities with industry col- 
leagues. 

a Federation publications 
and seminars are available to 
you at substantial $$ savings. 

a Special Member rates for 
registration to the FSCT's Annual 
Meeting and Paint Industries' 
Show. 

Your Membership In The 
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Federation 
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local Socieiy, or write to ~ederatlon of 

Societies for Coatings Technology, 
492 Norristown Rd.. Blue Bell. PA 19422 
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Literature 

FT-IR Thermal Sampling 
The introduction of an FT-IR sampling 

accessory for the analysis of heatable sub- 
stances has been made through literature. 
The instrument permits the sampling of a 
wide range of substances such as waxes, 
films, gels, oils, pastes, and liquids. For 
further details on the Thermal ATR FT-IR 
sampling accessory, write Spectra-Tech Inc., 
652 Glenbrook Rd., P.O. Box 2109-G, 
Stamford, CT 06906. 

Elastomer Adhesive Products 
A newsletter focusing on recent product 

developments, including adhesives for 
bonding TPEs, environmentally resistant 
adhesives, one-coat adhesives, regulatory- 
compliant products, specialty elastomer ad- 
hesives, cyanoacrylate adhesives, and flock 
adhesives has been printed. Color graphics 
depict applications, facilities, and end uses, 
and informative product comparison charts 
are also included. For more information on 
the newsletter Chemlok Solutions@, Vol 1, 
No. 1-4, write Lord Corp., Elastomer Prod- 
ucts, 2000 W. Grandview Blvd., P.O. Box 
10038, Erie, PA 16514-0038. 

Ceramic Fiber 
A specification sheet describing the 

chemical and physical properties and also 
providing an overview of typical applica- 
tions of a ceramic fiber has been issued. The 
ceramic fiber is designed to be used in a 
variety of applications, including molded 
thermoset and thermoplastic composites; 
ablative materials; high-performance adhe- 
sives and sealants: and automotive and in- 
dustrial friction products. To obtain a copy 
of the specification sheet (Form C-1322- 
10). write The Carbo~ndum Co.. Fibers 
Div., P.O. Box 808, Niagara Falls, NY 
14302-0808. 

Adhesives Testing 
An application bulletin detailing the 

rheological characterization of adhesives 
using a solids analyzer has been released. 
Included are case studies of hot melt adhe- 
sives and studies of order-disorder transi- 
tions in block copolymers. Application 
Bulletin #21 on testing adhesives is obtain- 
able from Rheometrics, Marketing Dept., 
One Possumtown Rd., Piscataway, NJ 
08854. 

Color Measurement System 
A four-color illustrated brochure intro- 

ducing a goniospectrophotometer designed 
to make accurate color measurements of 
metallic paints, pearlescent coatings and 
inks, anodized aluminum, grained plastics, 
metallized films, and other difficult-to- 
measure surface effects has been released. 
The brochure contains diagrams and photo- 
graphs of system components, discusses its 
modular software package, and lists speci- 
fications. For copies of the literature detail- 
ina the Color-Eye@ 5010 measurement sys- 
tem, contact Macbeth, P.O. Box 230, 
Newburgh, NY 12550-0230. 

Latex Binder 
A technical brief detailing a styrene 

butadiene latex binder designed specifically 
for coated paper use in the rotogravure 
printing market has been published. The 
latex is used in coatings that require elastic- 
ity and compressibility of the dried coating 
layer, such a rotogravure coatings for paper. 
More information on 76 RES 4121 latex 
binder can be obtained by writing Unocal 
Polymers, 1700 E. Golf Rd., Schaumburg, 
IL 60173-5862. 

CAS Catalog 
The 1992 Chemical Abstracts Service 

(CAS) catalog has been printed. The 76- 
page publication provides descriptions of 
CAS's printed and microform services. 
online information services, and special 
services. Information is also given on docu- 
mentation and workshops that are available 
for support users of CAS services. Toobtain 
the 1992 CAS catalog, contact CAS, Cus- 
tomer Service, 2540 Olentangy River Rd., 
P.O. Box 3012, Columbus, OH 43210. 

Monitoring System 
An advanced microprocessor-based te- 

lemetry system offering remote monitoring 
of product supply levels is the subject of a 
data sheet. The system is suited for applica- 
tions that require a constant monitoring of 
product levels, and is recommended for high- 
volume users. undersized tanks, remote tank 
locations, and sites with restricted delivery 
times. Write Air Products and Chemicals. 
Inc., IGD Operations Services, 7201 
Hamilton Blvd.,Allentown, PA 18195-1501 
for more in-depth information on the 
Telalert@product supply monitoring system. 

f \ 

Solution to October's "CrossLinks" 
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Accelerated Weathering 
An accelerated outdoor device which 

uses the sun as the source of radiant energy 
to test the weatherability of materials is the 
focus of a product release. The system tracks 
the sun to maximize the amount of radiant 
energy focused on samples throughout the 
day and accelerates the photodegradation. 
For further details on SUNlOB accelerated 
outdoor device, contact Larry Bond, South 
Florida Test Service, Desert Site, 31818 N. 
203 Ave., Wittmann, AZ 85361. 

Aqueous Urethane 
Hybrid Polymers 

A new line of aqueous urethane hybrid 
polymers is the subject of a data sheet. The 
publication highlights various applications 
and includes a table listing the typical 
emulsion, film, and coating properties of 
the line. Write Air Products and Chemicals, 
Inc., Polymer Chemicals Div., 7201 
Hamilton Blvd., Allentown, PA 18195-1501 
for a copy of the data sheet, "Flexthane'" 
EXP Polymers." 

Mines a 
EXECUTIVE SALES l 

HYDROUSANDINHYO 

MPANY 
->-,.....a.->- r6viN.s. Georgia 

II. SANOERSVILLE. I 

:ATE PIGMENTS. K&OI 

Polyphenylene Sulfide 
Applications of a polyphenylene sulfide 

engineering thermoplastic are outlined in a 
new automotive applications guide. The 
brochure discusses the performance charac- 
teristics of the sulfide for the automotive 
industry. For a copy of the 16-page bulletin 
on RytonB polyphenylene sulfide, contact 
Phillips 66 Co., c/o Select Marketing, 9020 
I1 Capital of Texas Hwy. N., Austin, TX 
78759. 

Glossmeter 
A portable, battery-operated glossmeter, 

capable of reading and storing gloss values 
has been introduced through a data sheet. 
The instrument is also designed to provide 
average, range, and standard deviation sta- 
tistics, and transmits information to a com- 
puter or printer. Information on the 
ProGlossr" glossmeter is obtainable by 
writing Hunterlab, 11491 Sunset Hills Rd., 
Reston. VA 22090. 

Metering Pumps 
A new line of modular diaphragm me- 

tering pumps is highlighted in a data sheet. 
The pumps feature low stoking speeds and a 
rugged constructiondesigned to handle water 
treatment chemicals and similar applications. 
Contact Olivia Mady, Proportioneer Meter- 
ing Pumps, 150 Elmgrove Park, Rochester, 
NY 14624 for in-depth details on the Series 
2200 metering pumps. 

Cellulose-Based Fiber 
Two grades of fiber specifically suited 

for use in asphalt pavement resurfacer coat- 
ings is the subject of a data sheet. These 
new fibers have been tested for asphaltic 
formulations and designed to be an effec- 
tive replacement for asbestos fibers. For 
more details, write Intefibe Corp., 6001 
Cochran Rd., #A-202, Solon, OH 44139. 

Cartridge Filters 
A cartridge filter designed to meet criti- 

cal coatings friction requirements has been 
introduced through literature. Applications 
include final filtration of coatings, resins, 
and solvents during tote-tank and bulk con- 
tainer filling and removal of gels and par- 
ticulate contamination in batch and con- 
tinuous operations. Write Millipore Corp., 
80 Ashbyu Rd., Bedford, MA 01730 for 
further details on the PolygardTM-CT clari- 
fying filters. 
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University of Missouri-Rolla Releases 
1992 Coatings Short Course Schedule 

The Continuing Education Program at 
the University of Missouri-Rolla (UMR), 
Rolla, MO, has announced its schedule of 
short courses for 1992. 

The upcoming paint and coatings short 
courses slated for UMR include: 

"The Basic Composition of Coatings" 
(64th Introductory Short CoursehMarch 
9- 13; 

"Paint Formulation" (24th Introductory 
Short Course)-March 30-April 3; 

"Physical Testing of Paints and Coat- 
ings''-May 1 1-15; 

"The Basic Composition of Coatings" 
(65th Introductory Short Course)-Sep- 
tember 14-1 8; and 

"Paint Formulation" (25th Introductory 
Short Course)-September 28-October 2. 

The class on "Composition of Coatings" 
is designed to introduce the newcomer;as 
well as those involved in raw material 
manufacture, sales, and technical service to 
the technical aspects of paint composition, 
manufacture, testing, and use. Topics of 
discussion will include: history of paint; 
materials used in manufacture; simple for- 

Lehigh University to  Sponsor 
Course on Latex Technology 

The 23rd annual one-week short course 
entitled, "Advances in Emulsion Polymer- 
ization and Latex Technology," is scheduled 
for June 2-6, 1992. The course is being 
sponsored by Lehigh University. 

The class is an in-depth study of the 
synthesis and properties of high polymer 
latexes. The subject matter will include a 
balance of theory and applications, as well 
as a balance between chemical and physical 
problems. 

Lectures will be presented by leading 
academic and industrial workers. These 
lectures will begin with introductory mate- 
rial and reviews, and progress through recent 
research results. 

The short course is designed for engi- 
neers, chemists, other scientists, and man- 
agers who are actively involved in emulsion 
work and for those who wish to develop 
expertise in the area. 

Further information is available from: 
Dr. Mohamed S. El-Aasser, Emulsion 
Polymers Institute, Lehigh University, 11 1 
Research Dr., Bethlehem, PA 18015. 

mulating techniques that can be put to im- 
mediate use; an introduction to the equip- 
ment used to make and test modem protec- 
tive coatings, and modem chemical instru- 
mentation applied to coatings; and simple 
costing that allows beginners to start on a 
stable economic basis. 

"Paint Formulation" will feature five 
intensive days of study and work in a labo- 
ratory. The class will offer the opportunity 
to study and experiment with: basic raw 
materials and their influences on the per- 
formance of the finished coating: formula- 
tion and testing of coatings in the laboratory 
to meet the special demands of the job; 
limitations of plant production equipment 

and formulation variables for moving a 
coating from the laboratory to the plant; 
modem chemical instrumentation as applied 
to coatings; and statistical experimental de- 
sign. 

Prerequisites for the course include: ex- 
perience in a coatings laboratory or raw 
materials and manufacturing company; 
completion of the UMR introductory short 
course on "The Basic Composition of 
Coatings"; or some basic training in chem- 
istry. 

For more short course details, contact 
Norma R. Fleming, Coordinator, Continuing 
Education Program, UMR, 1 19 M.E. Annex, 
Rolla. MO 65401-0249. 

Painting and Decorating Contractors of America 
Convention and Show Slated for March 6-7 

The 108th Annual Convention and Paint 
and Paper Pro Show of the Painting and 
Decorating Contractors of America (PDCA) 
is slated for March 6-7, 1992, at Bally's 
Casino Resort, in Las Vegas, NV. 

The theme of the '92 Convention is 
"Innovations." The program will focus on 
the need to increase knowledge of the latest 
techniques and products used in the painting 
and wallcovering industry. Contractors will 
have the choice of attending over 25 educa- 
tional sessions throughout the week. Lead- 

ership, management, and technical sessions 
will be led by top professionals from the 
industry. 

The Paint and Paper Pro Shop will fea- 
ture the latest state-of-the-art equipment, 
materials, and services available in the in- 
dustry today. The exhibition will feature 
172 booths from the industry's leading 
suppliers. 

For more information on the Paint and 
Paper Pro Show, write PDCA, 3913 Old 
Lee Highway, Suite 33B, Fairfax, VA 22030. 

SYMCO 1992 
"Sharing Technology" 

Symposium Sponsored 
BY 

Chicago Society for Coatings Technology 

January 23 Holiday Inn Crowne Plaza 
Lisle, IL 

Program to Focus on: 

Trade Sales 
Industrial 
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Coming Events 

FEDERATION MEETINGS 

For information on FSCT meetings, contact Federation of Societies 
for Coatings Technology, 492 Norristown Rd., Blue Bell, PA 19422 
(215) 940-0777, FAX: (215) 940-0292. 

(May 17-20)-Federation "Spring Week." Board of Directors 
Meeting on the 17th; Incoming Society Officers Meeting on the 18th; 
Sorino Seminar on the 19th and 20th. Sheraton Boston Hotel and 
~bw&s,  Boston, MA. 

(Oct. 21-23)-70th Annual Meeting and 57th Paint Industries' 
Show. McCormick Place, Chicago, IL. 

(Oct. 27-29)-71st Annual Meeting and 58th Paint Industries' 
Show. World Congress Center, Atlanta, GA. 

1994 

(Oct. 12-14)-72nd Annual Meetin5 and 59th Paint Industries' 
show. New orleans Convention center, New Orleans, LA. 

SPECIAL SOCIETY MEETINGS 

(Jan. 23)-Chicago Society. SYMCO '92-"Sharing Technology." 
Holiday Inn Crowne Plaza, Lisle, IL. (John DeVaney, Cabot Corp., 
Cab-0-Sil Div., 2655 Irving St., Portage, IN 46368). 

(Feb. 26-28)-Southern Society. 19th Annual Waterborne, Higher- 
Solids, and Powder Coatings Symposium. Co-sponsored by the 
Department of Polymer Science at the University of Southern Missis- 
sippi (USM). New Orleans, LA. (Robson F. Storey and Shelby F. 
Thames, Co-Organizers, WBHS&PC Symposium. Dept. of Polymers 
Science, USM, Southern Station Box 10076, Hattiesburg, MS 39406- 
0076). 

(Mar. 11 -1 3)-Southern Society Annual Meeting. Grosvenor Re- 
sort Hotel, Orlando. FL. (Billy Lee, Kemira, Inc., P.O. Box 368, 
Savannah, GA 31402). 

(Mar. 29-31)-Houston and Dallas Societies. Southwestern Paint 
Convention. South Shore Harbour Resort & Conference Center, 
League City (Houston), TX. (Dennis Crozier, Crozier-Nelson Sales. 
Inc., 2505 Collingsworth. Houston, TX 77026). 

(May 1 -2)-Pacific Northwest Society. Annual Symposium. (John 
Westendorf, Lipscomb Chemical Co., 2627 N.W. Nicolai St., Port- 
land, OR 97210). 

OTHER ORGANIZATIONS 

(Nov. 18-22)-North American Research Conference on 
Crosslinked Polymers. Sponsored by the Division of Polymeric Mate- 
rials: Science and Technology of the American Chemical Society. 
Marriott's H~lton Hotel Resort. Hilton Head, SC. (Angelos V. Patsis, 
lnstitute of Materials Science, State University of New York, New 
Paltz, NY 12561). 

(Nov. 19-21)-14th Resins & Pigments Exhibition. Sponsored by 
the Oil & Colour Chemists' Association. The Paint Research 
Association's 11th International Conference on November 18-20. 
Brussels Exhibition Center. Bebium. (Jane Malcolm-Coe, PR & Pub- 
licly Manager. FMJ lnrernat onai~ubl cat ons Ltd., Oueensway Ho~se, 
2 Queensway. Redhil, S~rrey. RH1 IQS, United K'ngoom). 

(Nov. 21 I-"L~lhoora~n c Printin-From Raw Materials10 Waste 
~ e c ~ c l i n ~ - ~ h e  integrated ~pproach." International symposium 
sponsored by the Oil & Colour Chemists' Associat~on (OCCA). Brus- 
sels. The Netherlands. (Yvonne Waterman, OCCA, Priory House, 
967 Harrow Rd., Wembley, Middlesex, England HA0 2SF). 

(Dec. 2-4)-"Electrochemical Techniques for Corrosion Mea- 
surement." Sixth annual symposium and refresher course spon- 
sored by EG&G Princeton Applied Research. New Orleans, LA. 
(EG&G Princeton Applied Research, P.O. Box 2565, Princeton, NJ 
08543). 

(Dec. 2-6)-Fall Meeting of the Materials Research Society. Also, 
three short courses to be presented include: "Cementitious Materi- 
als." "Shape-Memory Materials," and "Biomaterials." Boston, MA. 
(Materials Research Society, Meetings Dept., 9800 McKnight Rd.. 
Pittsburgh, PA 15237). 

(Dec. 5)-Technical seminar on "Powder Coating." Sponsored by 
The Powder Coating Institute (PCI).Wilson World Hotel at DFW 
Airport, Dallas, TX. (PCI, 1800 Diagonal Rd., Ste. 370, Alexandria, 
VA 2231 4). 

(Feb. 18-20)-Hazardous Materials Management Conference and 
ExhibitionINorthern California. San Jose Convention Center, San 
Jose, CA. (Tower Conference Management Co., 800 Roosevelt Rd., 
Bldg. E-Suite 408, Glen Ellyn, IL 60137-5835). 
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(Feb. 23-26)-Williamsburg Conference. "Comparison of Color 
Images Presented in Different Media." Co-sponsored by the Inter- 
Society Color Council and the Technical Association of Graphic Arts, 
Colonial Williamsburg, VA. (Milton Pearson, RIT Research Corp., 75 
Highpower Rd., Rochester, NY 14623). 

(Mar. 6-7)-108th Annual Convention and Paint and Paper Pro 
Show. Sponsored by Painting and Decorating Contractors of America 
(PDCA). Bally's Casino Resort, Las Vegas, NV. (PDCA, 3913 Old 
Lee Hwy., Ste. 33-6, Fairfax, VA 22030). 

(Mar. 9-13)-PITTCON '92 Conference. New Orleans Conven- 
tion Center, New Orleans, LA. (Pittsburgh Conference, Dept. CFP, 
300 Penn Center Blvd., Ste. 332, Pittsburgh, PA 15235-5503). 

(Mar. 11-13)-7th Annual Architectural Spray Coaters Associa- 
tion (ASCA) Conference. Saddlebrook Resort. Tampa, FL. (ASCA, 
230 W. Wells St., Ste. 311, Milwaukee, WI 53203). 

(Mar. 17-18)-ElectrocoaV92. Sponsored by Products Finishing 
magazine. Drawbridge Inn, Ft. Mitchell. KY. (Greater Cincinnati Air- 
port Area). (Cindy Goodridge, Gardner Management Services. 6600 
Clough Pike. Cincinnati, OH 45244). 

(Mar. 22-27)-35th Annual Technical Conference of the Society 
of Vacuum Coaters (SVC). Hyatt Regency on the Inner Harbor, 
Baltimore, MD. (SVC, 440 Live Oak Loop, Albuquerque, NM 87122). 
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(Mar. 23-26)-WESTEC '92-29th Exposition & Conference. 
Spronsored by Society of Manufacturing Engineers (SME), ASM 
International, American Machine Tool Distributors' Association , and 
The Association for Manufacturing Technology. Los Angeles Con- 
vention Center, Los Angeles, CA. (SME Customer Service Center, 
One SME Dr., P.O. Box 930, Dearborn, MI 48121-0930). 

(Mar. 24-26)-Surface Coating '92. Conference and Trade Show 
sponsored by Chemical Coaters Association lnternational (CCAI). 
Indianapolis Convention Center, Indianapolis, IN. (CCAI, P.O. Box 
54316, Cincinnati. OH 45254). 

(Apr. 1-8)-Surface Treatment '92 Exhibition. Hannover Fair- 
grounds, Hannover, Germany. (Hannover Fairs USA Inc., 103 
Carnegie Ctr., Princeton, NJ 08540). 

(Apr. 5-1 0)-"Water-Based Coatings" Symposium. Sponsored by 
American Chemical Society, Division of Polymer~c Materials: Sci- 
ence and Engineering. San Francisco, CA. (F. Louis Floyd, The 
Glidden Co., 16651 Sprague Rd., Strongsville, OH 44136, or John L. 
Massingill Jr., The Dow Chemical Co., Bldg. 8-1603, Freeport, TX 
77541). 

( ~ a y  11-14)-Powder & Bulk Solids '92 ConferenceIExhibitlon. 
O'Hare Exposition Center, Rosemont (Chicago), IL. (Cahners Expo- 
sition Group. Dept. Powder & Bulk Solids '92, 1350 E. Touhy Ave., 
P.O. Box 5060, Des Plaines, lL 60017-5060). 

(May 1921)-PaintCon '92. Conference and exhibition spon- 
sored by Industrial Finishing Magazine. O'Hare Expo Center. Chi- 
cago (Rosemont), IL. (Paintcon '92,2400 E. Devon Ave., Des Plaines, 
IL 6001 8). 

(June 1-4)-Fifth lnternational Symposium on Polymer Analysis 
and Characterization. lnuyama Hotel, lnuyama City, Japan. (Howard 
Earth, Du Pont Co., Experimental Station, P.O. Box 80228, Wilmington, 
DE 19880-0228). 

(June 2-6)-"Advances in Emulsion Polymerization and Latex 
Technology." Short course sponsored by Emulsion Polymers Insti- 
tute, Lehigh University. Bethlehem. PA. (Mohamed S. El-Aasser, 
Emulsion Polymers Institute, Lehigh University, 111 Research Dr., 
Bethlehem, PA 18105). 

(June 14-18)-XXlth FATIPEC Congress. RAI International Con- 
gress Centre, Amsterdam, The Netherlands. (General Secretary 
Francis Borel, 34 Chemin du Halage, La Bonneville, Mery sur Oise, 
France). 

(June 15-17)-Euroformula '92. lnternational Trade Fair. RAI 
lnternational Exhibition and Congress Centre. Amsterdam, The 
Netherlands. (RAI, Europaplein, 1078 GZ, Amsterdam, The Nether- 
l a n d s \  

( ~ h e  21-24)-ISCC 61st Annual Meeting and AIC 25th Anniver- 
sary. lnternational symposium on "Computer Color Formulation." 
Princeton University, Princeton, NJ. (Danny Rich, ISCC Secretary, 
ACS Datacolor. 5 Princess Rd., Lawrenceville, NJ 08648). 
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I have frequently observed that some stories keep -Both sides of my parents is poor and I can't expect 
circulating for years and as they go round and round, nothing from them as my mother has been in bed with 
they pop up in my mail again and again-sometimes in the same doctor for one year and won't change. 
slightly altered form. In September 1990, we published 
"Medical Terminology for the Layman," sent to me by 
Saul Spindel, I have recently received from Carl In the same issue a headline announces "Gulf Troops 

Engelhardt, Past-President of the New York Society Warned of Exotic Diseases" and Saul observes, "In my 

(when it was a "Club"), a similar list titled, "Hillbillies day' Sally Rand was 'exotic'"' 
Medical Terminology"-with a few additions noted be- 
low. My daughter-in-law, Pat Hillman, an "Information 

I might note that I posted Saul's list on a wall of our Systems Manager" and a certified (by me) "non nerd," 
local medical center months ago. Sure enough, afriend forwarded a copy of the Journal of Systems Manage- 
copied the whole thing and handed it to me saying, mentwhich contained an informative article by Darrell 
"Here's some good stuff for your column!" S. Corbin, "From Nerd to Normal in 10 Easy Steps." To 

begin with, it is necessary to take the following deter- 
Carl's Additions mining test. 

Coma ........................................... A punctuation mark 
Grippe A suitcase Nerd Quotient (NQ) Test .......................................................... 
Morbid ................................................... A higher offer The purpose Of this test is to quickly determine if 

Secretion ........................................... Hiding any thing you are a nerd Or have nerd tendencies. Answer 
questions honestly and quickly. Put your answer, a Y 
(yes) or N (no), by each question. Maybe is not allowed 

I was delighted to get a note from Saul Spin&[ (there's worse than a nerd). 

again with a contribution for the column, plucked from Do you like computers, especially ones that are blue? 
"Veteran's Voice." It is interesting to note that many (if I Do you read Computer World, Datamation, or Journal of 
have many) readers will remember reading similar stuff Systems Management? 
written in previous columns but in different context. For Do you have a home computer? 
those folks, here's an opportunity for a second laugh. Did your mother give you a mug that says, "Computer 

people don't get old, they just lose their memory?" 
The "Write" Stuff Can Send the Wrong Message Have you ever said "DOS or "0512" in public? 

A picture, according to an ancient Chinese proverb, Do you remember when GE and RCA made computers? 
is worth more than a thousand words. A misplaced Do you have a special data modeling joke? 
word, however, can occasionally conjure up a multitude Does your heartbeat increase when you walk by a soft- 

of pictures and not necessarily what one would expect. ware store? 

Over the years, the Army,s Finance Center at Fort 
DO YOU Salivate when you're in a computer center? 
Do you know the difference between Jad and Rad? 

Ben Harrison, Indiana, has received many heart- Do you start to perspire when 0512, UNIX, and GUI are 
wrenching letters from spouses and dependents of mentioned? 

. . .  soldiers appealing for help (Spelling and grammar Do you wear anything plaid? 
remain as originally written.) Did you take a portable PC on vacation? 

-In accordance with your instructions, I have given Is your pocket protector more than a year old? 
Do you still have ink stains on your shirt or blouse? 

birth to twins in the enclosed envelope. Have you read more than two James Martin books? 
-I have already wrote to the President and if I don't Do you have pictures of animals or rocks at work? 
hear from you I will write Uncle Sam. Do you know how to operate a slide rule? 
-I have already had no clothing for a year and have Have you ever drooled in a Radio Shack store? 
been regularly visited by the clergy. Did you take COBOL and like it? 
-This is my eight child. What are you going to do Did you take Pascal and like it better? 
about it? Does your pet still bite you? 
-You change my little girl to a boy. Does this make a Did you ever own a VW bus or bug? 

difference? Do you sometimes chuckle when looking in the mirror? 

-Please find out for certain if my husband is dead as Add up all the "yes" answers: 
the man I am living with won't eat or sleep or do 15-25--No question about it. You are a certified 
anything till he nose for sure. nerd. Your NQ is 4.86. 
-I am glad to say that my husband who was reported 10-14--You have latent nerd tendencies. You're 
missing is now dead. able to fool some of the people 34% of the time. You're 
-I has no children as my husband is a truck driver and probably one of those smart deck end users who 
works night and day. thinks you know it all, Your NQ is 2.86. 
-I am annoyed to find that you have branded by child 0-9--You're too smart to be true. You need psychi- 
illiterate. It is a shame and a dirty lie, as I married his atric help immediately. Your NQ is 0. 
father a week before he was born. 
-Sir, I am forwarding my marriage certificate and two -Herb Hillman 
children, one of which is a mistake as you can see. Humbug's Nest 
-Unless I get my husband's money soon, I will be P.O. Box 135 
forced to live an immortal life. Whitingham, W 05361 
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VESTANAT isophorone - diisocyanate from Huls 
To make sure we're there when 

you need us, Huls will manufacture 
isophorone diisocyanate in the United 
States. Combined with our expanded 
capacity in Germany, it represents a 
significant increase in worldwide 
availability. 

That means you can get 
VESTANAT IPDl from Huls faster 
and more reliably than ever. 

VESTANAT IPDl is typically 99.8% 
pure and has been successfully used 
in many polyurethane coatings appli- 
cations requiring durability, weather- 
ability and gloss retention. The 
difference in reactivity of its isocyan- 
ate groups can be capitalized on by 
manufacturing low viscosity interme- 
diates for VOC compliant coating 
systems. 

O 1991 HUs Amenca lnc. 

is now yours Huls can also provide unsur- 
for the asking. passed technical support, based on 

25 years of isophorone expertise. All 

1-1 you have to do is ask. 
Call todav to order vour su~olv of 

VESTANAT'IPDI. H~I; ~mehda'lnc., 

I P.O. Box 456,80 Centennial Ave., 
Piscataway, NJ 08855-0456. Tel. 
(908) 980-6929, Fax (908) 980-6970 
Attn: CRM Dept. In Canada: Huls 
Canada Inc., 235 Orenda Rd., 
Brampton, Ontario L6T 1 E6 Tel. 1 (416) 451-3810, Fax (416) 451-4469. 

HULS AMERICA INC. 

m m m -  
J w w w w w  

VESTANAP is a registered trademark of Hiils AG. 



One additive protects the pdnel 
on the right against mildew, and 

still helps you stay on the right side 
)f the environment. It's Henkel's 

~opcocide@. It prevents fungal growth 
for many years under the most adverse 
onditions of heat and humidity. And il 
esn't contain mercury. 

With our worldwide network of research and 
development facilities, we are now developing new 

innovative additives for the future, when high solids 
and water-based products will be emphasized more 

V 0 u r  technical representatives. located near you. 
:f are ready to work with you. They are specialists 
? .$', in the coatings and inks industry. They can '' apply their expertise to help you seize the 

opportunities in your marketplace and solve 
9 any problems you may have. 

We are Henkel, Specialists in Applied Chemis- 
try, using our global strengths to work for you. 

C 

Henkel Corporation 
300 Brookside Avenue 

Ambler, PA 19002 Coatings 
In Canada 416-542-7550 &I&s 
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