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55 Rheological Changes During the Drying of a Waterborne Latex Coating-F. Lofflath and M. Gebhard 

The authors provide an excellent description of the fundamentals of the relationships between evaporation, pH, 
and cosolvent content and coating viscosity in latexes. 

67 Synthesis and Characterization of Copoly(MMA-MA)-Cu Complex and Study on Its Leaching Behavior- 
A.B. Samui, V.R. Hande, and P.C. Deb 

This paper offers the formulotor of anti-fouling coatings some suggestions on how to reformulate on existing 
coating. It serves as a source of information on coatings for wood. 

73 Unifying Model for Understanding HEUR Associative Thickener Influences on Waterborne Coatings: 
I. HEUR Interactions with a Small Particle Latex-M. Chen et al. 

This study, the first of a two-part series, addresses the interaction of associative thickeners with latex and titanium 
dioxide particles in aqueous dispersions. The mechanisms are described in terms of structural differences in products 
and basic surface chemistry principles. 

81 Self-Opacifying Aluminum Phosphate Particles for Paint Film Pigmentation-M.M. Beppu et al. 
This work describes the characterization and evaluation of amorphous oluminum phosphate as a white pigment 
in selfapacifying polymer films. 
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Guide for Authors 
MANUSCRIPT PREPARATION 

The]OuRNAL OF COATINGS TECHNOLOGY is published monthly by In general, authors are advised to use the "Handbook for 
the Federation of Societies for Coatings Technology for its Authors" published by the American Chemical Society as a guide 
membership of approximately 7,000 in 26 Constituent Societies in to the preparation of manuscripts (ACS, 1155 Sixteenth St., 
the United States, Canada, Great Britain, and Mexico. The Washington, L1.C. 20036). 
JOURNAI. is devoted to the advancement of knowledge in the Authors are encouraged to consider submissions in several 
science and technology of surface coatings, the materials compris- categories and to prepare their manuscripts accordingly. The 
ing such coatings, and their use and performance. categories are: 

The Editors invite submission of original research papers, review m@nal Research The main technical content of the 
papers, and papers under the special headings Open F m  and 
Back to Basics, and Letters to the Editor. All manuscrtpts will be 

JOURNAL OF COATINGS TECHNOLOGY will continue to be original 
research papers. Editors support the trend in scientific writing to a 

assumed to be previously unpublished writing of the authors, not direct, less f(,rmal style that permits limited use I,fpersonal 
under consideration for publication elsewhere. When review pronouns to avoid repititious or awkward use of passive voice. 
papers contain tables or graphs from copyrighted art~cles, the 
authors will be required to obtain permission for use from the Review Papers: Papers that organize and compare data from 

holders. when the with the authors numerous sources to provide new insights and unified concepts are 
are affiliated requires clearance of publications, authors are solicted. Reviews that show how advances from other fields can 
expected to obtain such clearance before submission of the beneficially be applied to coatings are also desired. Reviews that 
manuscript. Papers presented to associations other than the consist mainly of computer searches with little attempt to integrate 
Federation must be released by written communication before they o'crificall~ evaluate are not solicited. 
can be considered for publication in the JOURNAL OF COATINCIS Open Forum: Topics for this category may be nontechnical in 
TECHNOL~IY. Authors are obligated to reveal any exceptions to nature, dealing any aspect ofthe coatings Industry, ne 
these conditions at the time a manuscript is submitted. subject may be approached informally. Ed~tors encourage submis- 

The J()URNALOF COAT~NGSTECHNOLOGY~~~ first right to the sion of manuscripts that constructively address industry problems 
publication of papers presented at the Annual Meeting of the Fed- and their solutions. 
eration and at local regional meetings or symposia of the Constitu- 

Back to Basics: Papers that provide useful guides to Federation 

Papers in which proprietary products or processes are members in carrying out their work are sol~cited. Topics in this 

promoted for commercial are specifically Mnacceptable category are technical but focus on the "how to" of coatings 
technology. Useful calculations for coatings formulation and 
procedures that make a paint test more reproducible are examples 
of suitable topics. Process and production topics, i.e., paint 

SUBMISSION OF MANUSCRIPTS... manufacture, will also be reviewed in the Back to Basics category. 

If a submitted paper consists of the text of a presentation made ... for the Journal previously to a monthly or special meeting of a Society for 
Four complete copies should be sent to the Editor, JOURNAL OF Coatings Technology, or to another technical group, the name of 

COATINGS T E C H N O L ~ Y ,  492 Norristown ~ d . ,  ~l~~ ~ ~ 1 1 ,  PA 19422. the organization and the date of the presentation should be given. 

The cover letter should address copyright, clearance, and release If someone other than the author of the paper made the presents- 

issues discussed above and should specify paper category: ~ ~ , @ ~ ~ l  tion, this information, too, should be noted. Papers originally 

Research, Reviews, Open Forum, or Back to Basics. composed for oral presentation will have to be revised or rewritten 
by the author to conform to the style described in this guide. 

Letters to the Editor: T ~ ~ ] O U R N A L  will consider for publication Manuscripts should be typed with double spacing on one side of 
all correspondence relevant to the coatings industry and to the 8'12 x 1 l inch (22 x 28 cm) paper, with at least one-inch (2.5 cm) 
contents of the JOURNAI.. When a letter concerns an article margins on all four sides. All paragraphs should be indented five 
appearing in the JOURNAL, the original author is usually given an spaces, and all pages should be numbered at the top center, or 
opportunity to reply. upper right comer. 

... by Constituent Societies 
For Annual Meeting Presentation 

The title should be as brief and informative as possible. 
Ten complete copies of the manuscript are required for Selection of titles that are key word-indexable is a helpful and 

committee review. The set of copies should be addressed to Mike recommended practice. 
Bell, Director of Educational Services, FSCT, 492 Norristown Rd., 
Blue Bell, PA 19422. Authors' Biographies and Photographs 

... for Roon Foundation Award Competition Give complete names, company or institutional affiliations, and 
brief biographical sketches of all authors. If available, submit a 5 x 

Ten complete copies of the manuscript are required, and should 7 inch (13 x 18 cm) black-and-white photograph with glossy or 
be submitted to Mike Bell at the address previously listed.(For smooth high sheen surface, for each author. See later section on 
complete details, see "Roon Awards" section of the JOURNAL in the photographs for further details. 
January 1997 issue.) 



Abstracts 

A 75 -100 word abstract must be part 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 
Conclusion or Summary. 

Text 

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

The main headings usually should be INTRODUCTION, 
EXPERIMENTAL, RESULTS AND DISCUSSION, and SUM- 
MARY 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 m a n  burden for extensive 
background 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 hear 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 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 aftenvords 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 

Tabks, rather than descriptive text, should be used only when 
they are genuinely helpful. They should be proportioned in 
accordance with the height and width limitations of the JOURNAL,S 
pages. Each table should he 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 Tahk 1"). 

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

Graphs should be on good qualtty white or nonphotographic 
hlue-lined 8'/2 x 1 I inch paper. Each graph should he 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 
laheled on the reverse side, taking care not to mar the image. 

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

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

Nomenclature 

Whenever possible, generic names should be used in preference 
to trade names. When trade names must be used to avoid ambigu- 
ity, and the name is a registered trademark, the symbol R, in a 
circle or parentheses, should be given immediately following, and 
the manufacturer listed as a foomote. In general, trade names 
should be used only in foomotes 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 manuscrtpt 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 
intelligible 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  it 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 manu- 
script. Names of authors may or may not be shown in the text with 
reference numbers. If possible, include titles of articles referenced 
in the literature. The following are examples of acceptable 
reference citations for periodicals, I,"' books, 'and patents: 

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

(Z)Davidson, H.R., "Use and Misuse of Computers in Color Con- 
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Sons, Inc., New York, 1973. 
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Co.), U.S. Patent 4,361,518 (Nov. 30, 1982). 

OTHER lNFORMATlON 

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. 
Authors will receive price quotations. Each author will receive a 
complimentary copy of the JOURNAL issue in which his or her paper 
was published. 
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Interactive Interaction 
(www.coat;ngstech.org~ 

Those readers who are computer literate know that 
"hnp" i s  not the acronym for a new resin; that "url" is 
not the Southern collo vial of "oil"; and that the best 
place to find all aboutxe FSCT, its activities, publica- 
tions, and Societies can be found on the "web" (and 
we don't mean "spider"). 

First previewed at the 1996 International Coatings 
Expo in Chica o this past October, the Federation's 
world wide wetsite, coafingsfech.org, has become a 
best-seller in the industw's access of the Internet, with 

over 51,000 "hits" since its introduction' (through February).   he re- 
sponse, frankly, has been overwhelming. Even American Online's recent 
problems have not kept people away! 

What's it all about: Convenient Communication. 

While theJCT publishes research articles and other editorial, such as the 
"S otlightM features monthly, the Internet provides the forum to present 
inlrmation more succinctly, and on the urers'time schedule. The website 
can and i s  used to inform and educate, as well as to promote the many 
activities and benefits of Federation membership. 

The horizon is limitless, as i s  its use: From the 1997JCT editorial calendar 
to program information on this month's FSCT seminar on Crosslinking; 
from a listing of the important international industry events this year to an 
up-to-date listing of the 1997 ICE exhibitors; from how to compete in the 
1997 Roon Awards Competition to an on-line survey of your "web 
preferences." 

Geographically, the FSCT i s  international - so is the web. In fact, many 
of the emails received are from international users seeking information on 
publications, seminars, and membership. 

The FSCT is  constantly looking to improve its services to its members. In 
the future the FSCT website will include on-line ICE Annual Meeting and 
seminar registration, on-line downloading of information for exhibitors, 
"hotlinks" to other industry organizations [including Socie~web~ites),JCT 
archival information, regulatory updates, and on-line pu l~cat~on order 
ing. 

We invite you to participate, become interactive, and tocontributeaswell. 
Please email, snail mail, or fax us with your comments and suggestions 
for new, different, and better ways of doing things on the web. 

Log on and visit us at www.coatingstech.org. 

Robert F. Zie ler 
Executive Vice F'resifent 
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Spanish translations provided by Mexico Sociefy Member Ing. Marina Esfbvez, El Nervion, S.A. de C. V 

Rheological Changes During the Increases in the limiting low shear viscosity occurring during the initial drying stages of a woter- 
Drying of a Waterborne Latex based latex film were examined for two lattices formulated at varying H's with a variety of 
Coating-F. Lofflath and M. cosolvents and neutralizing agents. Additionally, the rate of water ancf'cosolvent evaporation 

Gebhard were determined as a function of temperature and relative humidity. Water was found to 
evaporate from the films os if it were pure woter with an activity coefficient of 1 and a heat of 

JCT. Vol 69, No. 867, 55 (Apr. 1997) voporization equivalent to pure water. To characterize the magnitude of the viscosity changes, 
the limiting low shear viscosities during drying of a water-based latex film were examined using 
a creep experiment at 0.1 Pa. The increose in viscosi durlng drylng IS explained by the volume ' .  ; '  packing models of Krieger and Dougherty or De Krui The vlscoslty measurements were used to 
determine the ratio between the volume and wei ht fraction. For several OF the films in this 
study, the ratio between the volume and weight taction was not a static parameter, and during 
the drying process, an abnormally large drop in the effective volume occupied by the latex was 
observed. This behavior wos exag erated for the samples containing either ethylene glycol 
monobutyl ether (EB) or NH,OH. ~ f e  former can be understood based on the high volatility of 
EB, while the loner can not be explained purely by the volatility of NH,, and surprisingly 
indicates that NH,OH substantially suppresses viscosity during drying 

Cambios Reologicos Durante el Durante la etapo iniciol de secado de una pelicula de l6tex base ogua ocurre un incremento de 
Secado de un Recubrimien- de la viscosidad, en esta etapa fueron examinadas dos formulaciones tipicas con diferentes PH y 
btex ~~m Agua-F. Gfflath con una variedad de cosolventes y agentes de neutralizoci6n. 

M. Gebhard Adembs se determin6 que la velocidod de evaporaci6n de agua y de lo cosolventes son 
una funcidn de la temperotura y la humedad relativo. 

Se encontr6 tombien que el agua se evopora desde lo pelicula como si fuero aguo puro con 
un coeficiente de actividad de 1 un color de vaporizaci6n e uivalente al del a uo pura. 

Para caracterizar la magnitudYde 10s cambios de viscosidal, se limit6 el estuio al valor de 
viscosidad a bolo efecto cortante, regidrondo lo lenta voriaci6n experimental cado 0.1 Pa. 

El increment0 en la viscosidad durante el secado de una pelicula de Ibtex, es explicado por 
10s modelas de Krieger y Dougherty o de Kruif. 

La medida de la viscosidod fue utilizada para determinar la relaci6n entre el volumen y la 
fracci6n peso. Para la mayoria de Ian peliculas anolizodos, la reloci6n entre el volumen y lo 
fracci6n peso noes un parClrnetro estbtico y duronte el proceso deseado se observ6 un agota 
anormalmente lor o en el volumen efectivo ocupado. 

Esta conductayue exagerada en las muestras que contenion, yo sea etilenglicol monobutil 
Cter (EB) a amoniaco NH,OH. Este comportamiento puede ser entendido en base a la alto 
volatilidad del (EB), mientras que no podria ser explicodo con la volatilidad de NH,, yes 
necesario indicar que el NH,OH sustancialmente detiene el incremento de viscosidad durante 
el secado. 

S thesis and Characterization 
o).;opol Mm-MA)-Cu Com lex 
and Stu 2 yon Its Leaching Berav- 
ior-A.B. Samui, V.R. Hande, and 
P.C. Deb 
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Sintesis y Caracterizacion de 
Cofolimeros Complejos De (MMA- 
MA)-CJ y Estudio en el Proceso 
de LI XI Viacion-A.B. Samul, 
V.R. Hande and P.C. Deb 

The most effective commercially available antifouling paint system is based on organotin, which 
is chemically attached to a long chain polymeric binder. Environmental studies have revealed 
that the proportion of organotin in sea water near the shores has reached an olarming level. 
Therefore, attempts are being mode in multiple directions to eliminate tin from antifouling paint 
systems. Design of a highly toxic copper based paint system is one of the latest areas of 
research. 

In the present work, a copper complex based on carboxyl containing polymer has been 
synthesized. Paints were formulated using the complexes as pigment. Criticol pigment volume 
concentration is found to be around 35%. Both accelerated and normal leaching behavior were 
studied. The release of copper from complex is slower and steadier compared to that from 
cuprous oxide. The later part of leaching is very close to steadystate behavior. 

10s productos ontihongos rn6s efectivos y comerciales disponibles para 10s sistemas de pinturas 
estbn basados en compleios 6rganwstaiio el cuol es unido quimicamente par uno cadena 
polim6rica largo a una resina. 

Estudios ambientoles han revelado que la porci6n en ogua de mor cerca de 10s orillas, ha 
alcanzado un nivel alarmante. Por lo tanto, se han iniciado intentos en diferentes direcciones 
para eliminar el estaiio de 10s sisternas de pintura antihongos. 

El disefio de sisternos de pintura basados en cobre altamente t6xico es uno de las dltimos 
6reos de investigaci6n. 

En el presente trabojo fueron sintetizodos compleios de cobre bosodos en olimeros que 
contienen grupos carboxilicos. Fueron formuladas pinturas usando estos compLios como 
pigmentos. Se encontr6 una PVC critica alrededor de 35%. Se sometieron a estudios 
acelerados y o condiciones normoles del proceso de li xi vioci6n. 

Comparado con el 6xido cuproso, el proceso de liberaci6n del cobre de los nuevos 
compleios polimericos de cobre se libera lenta y constanternente. 

Lo 13ltimo parte del proceso de li xi viocion est6 muy ligado al proceso constante de 
liberaci6n de cobre. 
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Su&nol" grind aids make 
a little col& go a long way 

% lW6 Air 

Whether you make inks or 
coatings, pigment is the most ex- 
pensive part of your waterborne 
formulation. If you want to stay 
in the black, you've got to get the 
most out of your color. ?hat's why 
you should start with Surljhol 
grind aids. Sufinol grind aids 
make a little color go a long way 
They provide excellent reduction 
of dynamic surface tension for 
rapid wetting of newly created 
pigment surfaces - so colors 
develop more quickly with greater 
intensity. And unlike traditional 
grind aids, foam problems are 
stopped before they start. Once 

Products and Chcmicllr, Inc 

the pigment partides are wet out, 
S u ~ n o l  grind aids also act as 
superior dispersants, giving you 
excellent stability with lower 
working viscosities. In addition, 
all these benefits carry through 
into the letdown stage. 

So if you want your pigment 
to last, think of us first. For a 
free sample and information 
call 800-345-3148 or 610-481- 
6799. Or visit our web site at 
www.airproducts.com/chemicals. 

More than chemicals. Chemishy. 

Circle No. 141 on the Reader Sewice Card 



Unifying Model for Understand- 
ing HEUR Associative Thickener 
~nfiuences on Waterborne Coat- 
ings-M. Chen et al. 

JCT, Vol69, No. 867, 73 [Apr. 1997) 

Un Modelo Unificador Para 
Enknder La Influencia Del 
Espesante Asociativo: Uretano 
Etoxilado Modificado Hidrofo- 
bicomente (HEUR = Hydropho- 
bically-Modified Ethoxylante 
Urethane)-M. Chen et al. 

The structural features of ossociative thickeners influence their viscosifying roperties in neot and 
surfoctant contoining aqueous solutions and in architectural coating formu&tions. Our under- 
standinq of the   he no me no based on model ossociative thickener of the Hvdro~hobicollv 
modifid  thox xi late Urethone [HEUR) type ore presented. These studies pr&id; general' 
concewts in oaueous solutions. but thev do not orovide a auantitotive model for understandina 
the influence df ossociotive thickenersln cootinb formuloti~ns. To provide a more quantitotivg 
description, the lnteractions of ossociative thickinerr with the filmforming otex ard considered 
in thts studv. Th~s reauires a know~edae of tne free surfactont concentrotton in the formulotion 
that depends on the kesiduol omount~resent in the latex and the amounts added with the 
pigment grind, colorant, etc. The competitive interaction of the surfactonts and ossociative 
thickener ty es for the surface of both disperse hoses is o key vorioble. These interactions with 
the lotex w i t  be discussed in this orticle in an eiort to define an encompassing model for 
understanding how HEUR associative thickeners influence woterborne cootings. 

Fueron estudiados en una formulocidn de recubrimientos orquitectdnico 10s caracteristicas 
estructurales de 10s espesantes asociativos y la influencia en las propiedodes de viscosidod, osi 
como 10s efectos de 10s soluciones acuosas conteniendo surfoctantes. 

10s propietorios de materioles comercioles con conocimiento de las caracteristicos 
estructurales. Proporcionon uno listo de voriaciones en el desempeiio. Nuestro comprensi6n del 
fendmeno basado en el moldelo del espesante osociotivo tip0 el "HEUR" y que estomos 
presentando. 

Este estudio proporciona conce tos generoles en soluciones ocuosas, per0 no proporciono 
un modelo cuantitativo para enten8er la inHuencio de 10s espesontes asociativos en fcirrnulos de 
recubrimentos o sobre propiedodes de la peliculo yo aplicada. Pora proporciono una mejor 
descripci6n cuontitativa de la interaccidn de 10s espesantes osociativos con las fases dispersas 
del recubrimiento, por eiemplo, se considera en este estudio la relacidn entre el formador de 
peliculo y el Ti02. 

Para esto se requiere conocer la contidad de surfactante libre en la formuloci611 y que 
depende de la cantidod residual presente en el ldtex y lo contidad agregodo en lo molienda de 
pigmentos, colorantes, etc. 

TambiCn depende del tip0 de estabilizador absorbido en lo superficie del formodor de 
peliculo y del Ti02. 

For up-to-date information on the 

Federation of Societies for Coatings Technology's 

activities, visit our World Wide Web Site a t  

http://www. coatingstech. org 
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Futurist Daniel Burrus to Present Keynote Address 
at FSCT 75th Annual Meeting, Nov. 3-5, 1997 

C elebrating 75 years as the pre- onstrate how recent innovations in sci- 
mier technicalorganization in the ence and technology have provided us 
coatingsindustry,the Federation with a "new" set of tools to work with to 

of Societies for Coat- greatly increase 
ings Technology is productivity and ef- 
planning for ICE '97- ficiency in all areas. 
to be held on Novem- Knowing what 
ber 3-5, 1997 at the these tools are, and 
Georgia World Con- how to apply them 
gress Center, in At- creatively is rapidly 
lanta, GA. Combin- becoming a matter 
ing the organization's of businesssurvival 
75th Annual Meeting, and a key to per- 
International Coat- sonal gain. 
ings Expo and the His presentation, 
Technology Confer- 
ence, ICE '97 will 

"Futureview": A 
Look Ahead," is de- 

open with a Keynote signed tooffer valu- 
Address by Daniel 
Burrus, one of the 

able insight into 

nation's leading sci- 
present and future 
applications of re- 

ence and technology cent advances, en- 
forecasters. abling attendees to 

In keeping with the positively influence 
theme "75 Years.. .Tradition.. . Discov- the future as they make sound future 
ery . . . Opportunity," ICE '97 will offer , plans. Using down-to-earth terminol- 
attendees insights into the coatings in- ogy,insightandhumor,~r.~urruspro- 
dustry as it moves into thefuture--pre- / vides an informative, provocative and 
viewinginnovativetechnologiesandso- fascinating look at the impact of scien- 
lutions to current challenges. 1 tific innovations on how we will liveand 

workin thenear future. Areasof empha- 
1997 Keynote Address 1 sis include: Going Beyond Your Compe- 

~~~i~~ his ~~~~~t~ ~ d d ~ ~ ~ ~  on M ~ ~ -  tition; Your Creative Edge; and Teach- 
d a y  November 3, Mr. Burrus will dem- ing the 

CSI Organizations to Honor Technical 
Achievement at FSCT ICE '97 

Coatings Societies International d'Imprimerie de l'Europe 
will sponsor an award honoring Continentale; JSCM (Japan Society 
outstanding technical achievement 1 of Colour Materials; OCCA (Oil & 
in the presentation of papers at the Colour Chemists' Association; SLF 
FSCT Annual Meeting in Atlanta, I (Skandinaviska Lackteknikers 
on November 3-5,1997. This award, , Forbund; SCAA (Surface Coatings I first presented at the XX111 ' ~ssociation ~uska l ia ;  and S C A ~ Z  
FATIPEC Congress in June 1996, is , (Surface Coatings Association New I 
given at selected annual congresses 
of CSI-member organizations. 

In addition to the Federation of 
Societies for Coatings Technology, 
member organizations of CSI 
include: FATlPEC (Federation 
d'Association des Technicians des 
Peintures, Vernis, Emaux, et 

Zealand). 1 The award i'a bronze 
I medallion, inscribed with the CSI 

logo. Interested parties may contact 1 the CSI General Secretariat at the 

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

Daniel Burrus is Founder and Presi- 1 dent of Burrus Research Associates, a 
research and consulting firm that spe- 
cializes in global innovations in science ' and technology, their creative applica- 

1 tion and future impact. His client list 
1 includes a wide range of industries, in- 

cluding many Fortune 500 companies, ' such as IBM, AT&T, Exxon, DuPont, 
1 Chrysler, Philip Morris, and Motorola. 
1 In his timely presentations, Mr. / Burrus helpsaudiencesunderstand how 

to make a rapidly changing business 
I environment a competitive advantage 

by getting all members of an organiza- 
tion involved in creatively utilizing the 
latest technology. 

This is his second engagement with 
the FSCT; Mr. Burrus was Keynote 
Speaker at the Federation's Annual Meet- 
ing in 1994 in New Orleans. 

Annual Meeting Highlights I . I Part~c~pants of ICE '97 will have an op- 
1 portunity toattend AnnualMeetingtech- 

n~cal sessions as part of their registra- 
/ tion for all ICE events. Highlights of this 
I year's technical program include: ' Roon Award Competition Papers: 
/ Representing the best technical work 

directly related to the protective coat- 
lngs industry, the Roon Award Papers 1 describe original work of high scientific 

( caliber,not previously presented orpub- 
lished. Awards for the papers are deter- 
mined on the basis of originality, scien- I tific importance,practical value, and the 

I quality of composition. The papers are 
1 presented by the authors during this 

1 International Papers: Reflecting the 
global audience of ICE '97, papers are 
presented from international industry 

I experts. These papers often report on 
technologies which may affect the glo- 
bal marketplace or detail some of the 
latest technical advances outside of ) North America. 

I 

1 APJIVoss Award Competition Pa- 
pers: These FSCT Constituent Society 
papers are developed and presented by 
the Societies' technical committees. Their 
work deals with the research, develop- 
ment,manufacture or application of the 

1 industry's productsorraw materialsen- 1 tering into their preparation. 

I (Continued on page 14) 
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FSCT Presents Seminars on 
"Practical Paint Formulation for Raw Material SuppliersN 
and "Winning Technical Presentations" 
Developed by the FSCT Professional Development Committee 

Wednesday-Friday, June 25-27, 1997 
Park Hyatt at Bellevue Hotel Philadelphia, PA 

I Registration Information 
Practical Paint Formulation for Raw Material Suppliers 

Wednesday-Thursday, June 25-26 

Course Description 

The purpose of the course is to focus on the practical basics of paint formulation 
and manufacturing to give the staff of industry raw material suppliers a richer 
understanding of the processes involved in the development and production of 
coatings. The course is designed for individuals involved in research and 
development, technical service, and technical sales personnel emploved bv 
comp&ies that supply materials to the coatings industry, and anyone eke whb 
would benefit from the knowledge of experienced paint formulators and pro- 
duction personnel. 

Topics to be Covered 

Attendees will receive information on the following topics: 
How to build a paint formula 
How a paint plant operates 
How to make a pigment dispersion 
Performance, testing and applications for various coatings 
How to identify and correct paint defects 

Winning Technical Presentations 
Friday, June 27 

Course Description 

One of the most popular workshops at the 1996 FSCT International Coatings 
Technology Conference, it is designed for laboratory and R&D personnel at all 
levels, in addition to marketing and sales staff and anyone else responsible for 
delivering technical presentations. Attendees will learn how to develop effec- 
tive visuals; proper speaking techniques and data organization; how to handle 
question and answer sessions; tips on transferring written information to 
speaking terms; and how to communicate clearly to all audiences. This pro- 
gram offers a combination of lecture, interaction and small group projects. 

Aiiendees will learn: 
How to effectively develop visuals for technical presentations 
Learn proper speaking techniques 
How to organize data 
Tips to transfer written information to speaking terms 
How to handle question and answer sessions 
Presentation style and format 
How to effectively communicate to all audiences 

Instructor 

Carter Johnson 
Attendance for Winning Technical Presentations is limited to 25 attendees 

1 To register, simply complete the accom- 
I panying form indetai1,attach your check 
/ or money order or provide credit card 
I information, and return to: Federation 

of Societies for CoatingsTechnology,492 
Norristown Road, Blue Bell, PA 19422- 
2350- or - FAX your completed form 
(charges only) to: (610) 940-0292. 

I , Registration Fees 
Practical Paint Fornrulatio~~ (Wednesday- 
Tl~ursday) 

1 $395 for FSCT members 
$495 for nonmembers 

I Winning Techrfical Presentations (Friday) 
I $195 for FSCT members 
1 $295 for nonmembers 

Included with registration is the follow- 
ing: luncheons, refreshment breaks, and 
reference materials. 

Payment by check must be made in , U.S. funds. 

1 Cancellation Policy 
I If cancellation is necessary, writtennoti- 
1 fication to FSCT is required on or before 
1 June 18,1997. A $25 processing fee will 

be applied. For cancellations received 
after June 18, a $60 processing fee will be 

I applied. 

/ Attendance is limited and registrations 
will b commodated on a first-come. 

/ first-sz:zd basis. 

I Hotel Information 

The Park Hyatt at the Bellevue Hotel 
will host the Seminar program. Located 
within the business and cultural district 
of Philadelphia, this national historic 
landmark hotel offers guests a health 
club, three restaurants and a lounge as 
well as shopping and a food court at the 
Shops of the Bellevue located below the 
hotel. Self or valet parking available. 

1 A block of guest rooms is available at 
the group rate of $145 single or double. 
To place accommodations, complete the I hotel reservation form. The cut-off date 1 to receive the FSCT rate is May 21. After 

I (Continued on page 14) 
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"Practical Paint Formulation for Raw Material Suppliers"- 
June 25-26, 1 997 and 

Park Hyart at the Bellevue Hotel Philadelphia, PA 

Name 
Nickname (For Badge] 

Address 

City Stote Zip 
Phone FAX 
1 am a member of the following FSCT Society 
Free FSCT Monograph! If we receive your registration by M a y  15, we'll mail you one of the following titles (check 
one): 0 Film Formation 0 Introduction to Polymers and Resins 0 Mechanical Properties 

Registration Fees: 
Practical Point Formulation (W-Th] 0 FSCT Member - $395 0 Nonmember - $495 
Winning Technical Presentations (F] 0 FSCT Member - $195 0 Nonmember - $295 

PLEASE CHECK ONE BLOCK IN EACH OF THE TWO COLUMNS BELOW: 

0 Check here if you are interested in becoming a member of FSCT. 
Registration fee includes lunch, breaks, and copies of any support documentation from the speakers. 
Payment is due with the registration form. 

A U Manufacturers of Points, Varnishes, 
Lacquers, Printing Inks, Sealants, etc. 

B 0 Manufacturers of Row Moteriols 
C U Manufacturers of Equipment and Containers 
D 3 Soles Agents far Row Materials and Equipment 
E Government Agency 
F O Rereorch/Testing/Consulting 
G Educotionoi Institution/library 
H U Point Consumer 
J il Other 

Total amount due $ 
Please check one: 

0 Enclosed is Check # payoble in U.S. Funds on a U.S. Bank to "FSCT" 

Charge to the following card: O MC O VlSA 0 AMEX 

A U Monagement/Administrotion 
B U Manufacturing and Engineering 
C U Quality Control 
D O Research and Development 
E U Technical Soles Service 
F 3 Soles and Marketing 
G 0 Consultant 
H 3 Educotor/Student 
J 2 Other 

Card No. Expiration Date: -/- - 
Mo. Yr. 

Signature 

Please print Cardholder's Name 
If concellotion is necessory, written notification to FSCT is required on or before June 18, 1997. A $25.00 processing fee will be 
applied. For cancellations received after June 18, a $60.00 processing fee will be applied. 

AiTENDANCE IS LIMITED AND REGISTRATIONS WILL BE ACCOMMODATED ON A FIRST-COME, FIRST-SERVED BASIS 

Deposit 
0 Check to Park Hyatt at the Bellevue for $145 

O Charge to the following cord: 0 MC O VlSA O AMEX 0 DISCOVER 

Card No. Expiration Dote: / 
Ma. Yr 

Signoture 

Please print Cardholder's Nome 

The cut-off date to receive the FSCT rate is May 21, 1997. After that dote, reservations will be accepted on o space available basis at 
the prevailing rate. Hotel check-in time is 3:00 pm and checkaut time is 12 Noon. A one night's deposit is required to ploce a 
reservation. The deposit is refundable if cancelled 24 hours prior to arrival. Attendees poyin the registration fee with a credit card can 
FAX the form to (610) 940-0292. Return completed form and checkls] to: Federation 07 Societies for Coatings Technology, 492 
Norristown Rd., Blue Bell, PA 19422-2350. FSCT hos the right to amend this program as necessory. In the event of o progrom 
concellation, FSCT is not responsible for incidental costs incurred by registrants. 



Futurist Daniel Burrus to Present Keynote Address 
at FSCT 75th Annual Meeting, Nov. 3-5, 1997 
Continued from Poge I I 

time is 12 Noon. 
A one-night's deposit is required to 

place a reservation. The deposit is re- 
fundable if the reservation is canceled 
24 hours prior to arrival. 

Women in CoatingsRoundtabIe: En- 
titled, "Coatings 2000: Women Leading 
into the New Century," this panel dis- 
cussion will feature female leaders of 
thecoatingsindustry addressinga timely 
topic-the role of women in the paint 
and coatings industry, both now and in 
the future. 

Technical Focus Lecture: One of the 
most popular features of the Annual 
Meeting, the Technical Focus Lecture 
kicks off the technical portion of the An- 
nualMeetingtechnicalprogram.TheLec- 
turer is chosen by the Chairs of several 

Travel Arrangements 

Getting to Philadelpl~ia: 
By Air: Philadelphia International 

Airport, eight miles from Center City is 
served by all major domestic carriers. 

By Train: Amtrak operates rail ser- 
vice along the northeast corridor stretch- 

- - - - - - - - - - - - - - -- - 

FSCT Presents Seminars on "Practical Paint Formulation for Raw 
Material Supp1iers"and "Winning Technical Presentations" 
Continued from Page 12 

that date, reservations will be accepted 
on a space-available basis at the prevail- 

Tentative Program Schedule 
ing rate. 

Check-in time is 3:00 PM. Check-out , Practical Paint Formulation for Raw Material Suppliers 

FSCT Committees, for on-going work in cludes the technical programmingof the 
critical technical areas. Annual Meeting. 

Wednesday, June 25,1997 

9:00 A M  ......... Building a Paint Formula, John Ballard, Burgess Pigment Co. 
10:45 A M  ....... Refreshment Break 
1 1 :00 A M  ....... How a Paint Plant Operates, Parker Pace, Behr Process C o r ~ .  

Mattiello Memorial Lecture: The 
Mattiello Lecturer is an individual who 
has made outstanding contributions to 
science, technology, and engineering, 
related tothecoatingsindustry.TheLec- 
turer embodies the standards of techni- 
cal accomplishment, service to the coat- 
ingsindustryandleadershipestablished 
by Joseph J. Mattiello, who did much to 
expand the application of science in the 
decorativeand protectivecoatings field. 
This presentation, considered one of the 
most prestigious events of ICE '97, con- 

12 NOON ...... Lunch 
1 : 15 PM ......... How to Make a Pigment Dispersion, Steve Valente, Kronos 
2:45 PM ......... Refreshment Break 
3:00 PM ......... Architectural Cootings, Parker Pace 
3:45 PM ......... Automotive/OEM Coatings, Phil Yaneff, DuPont Canada 
4:30 PM ......... Round Table Discussion 
5:00 PM ......... Recess 

ICE '97 Registration 

Information on registering for ICE '97 
will be sent to all FSCT members in 
May. Special conference pricing pack- 
ages will be offered, including Early 
Bird Discounts, which will be in effect 
until June 30, 1997. For additional in- 
formation, or non-member registration, 
contact FSCT, 492 Norristown Rd., Blue 
Bell, PA 19422-2350. Tel: (610) 940-0777; 
Fax: (610) 940-0292. 

ing from5oston to Washington, D.C. 
Contact the FSCT Travel Desk for I June 26* IW7 

your transportation needs at 1-800-448- 
FSCT or 215-628-2549 and mention the 
FSCT June seminar for meeting discounts 
which may apply. 

About the PDC 

8:00 A M  ......... Industrial Wood Coatings, Gary Currier, Akzo Nobel 
8:45 A M  ......... Industrial Metal Coatings, Max Winkeler, Sigma Coatings 
9:30 AM ......... Refreshment Break 
9:45 AM ......... Waterborne/Solvent-Borne Coatings, Cliff Schoff, PPG 
12 N O O N  ...... Lunch 
1 :30 PM ......... Case Studies-Identifying and Correcting Paint Defects 

The purpose of the FSCT Professional Development is to promote 3:00 PM ......... Roundtable Discussion 
and maintain individual technical 1 3:30 PM ......... Program Concludes 

petence, from basic techniques through 
state-of-the-art technology within coat- 
ings and related industries in a way that 
will meet the needs of the individuals 
through appropriate educational and 
training mechanisms (short courses, 
technical symposia and Annual Meet- 
ing sessions) so that coatings profession- 
als can effectively contribute to the suc- 
cess of their respective employer within 
the global marketplace. 

Winning Technical Presentations 

Friday, June 27, 1997 

8:00 A M  ......... Program Begins 
9:30 A M  ......... Refreshment Break 
1 1 :30 A M  ....... Lunch 
12:30 PM ....... Program Continues 
2:00 PM ......... Refreshment Break 
4:00 PM ......... Program Concludes 
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For Color That 
Hits the Mark, 
Every Time 
L e t ' s  get straight to the point. . . NatrosoP Plus HEC is the 
standard of the paint and coatings industry for rheology modifiers. 
This unique cellulosic associative thickener offers proven perfor- 
mance in latex paints, with color properties that are markedly 
superior to synthetic associatives. The paint formulator's dream, 
Natrosol Plus targets the best of both technologies: 

Bioresistant 
Virtually Spatter-Free 

Powder or Liquid Forms 

Add to this, Aqualon's expanded proauct ,a&sity, direct 
sales force, global supply capacity, and sales and technical 
leadership-enabling you to score competitively. 

When your game plan includes proven performance, innova- 
tive technologies, and dedicated customer service and support, 
aim for the best. Ask for your latex paint thickener by name. . . 

NATROSOLa PLUS 
MODIFIED HYDROXYETHYLCELLULOSE 

Hercules. . .the industry standard. 

IHERCULES Hercules Incorporated 
Aqualon Division 
Hercules Plaza 
131 3 North Market Street 
W~lm~ngton, DE 19894-0001 

C r ~ l e  NO 170 on 



Exhibitors 
as of 

April 1 1, 1997 

ABC Dispensing Technologies 
Aceto Corp. 
ACT Laboratories 
Adhesives Age/lntertec Pub. 
Advanced Software Designs 
Air Products & Chemicals, Inc. 
Akzo Nobel Resins 
Alar Engineering Corp. 

I Alnor Oil Co. 
American Chemicol Society 
Amoco Chemical Co. 
ANGUS Chemical Co. 
Aqualon, A Div. of Hercules Inc. 
ARC0 Chemical Co. 
Argus Business Media 
Arizona Instrument Corp. 
Ashland Chemicol Co. 

Drew Industrial Div. 
Atlas Electric Devices 
Atotech USA Inc. 

BASF Corp. 
BotchMaster Software Corp. 
Bayer Corp. 
Borden Chemical, Inc. 
Bowers Process Equipment Inc. 
Brookfield Engineering Labs. 
Buckmon Laboratories, Inc. 
Buhler Inc. 
Bulkcon Systems USA 
Burgess Pigment Co. 
BYK-Chemie USA 
BYK-Gordner, Inc. 

Cabot Corp., CAB-OSIL & 
Special Blacks Div. 

Calgon Corp. 
Cordolite C o r ~ .  

Corrosion Control Consultants & 
Labs 

Cortec Corp. 
CR Minerals Corp. 
Crosfield Co. 
Cytec lndustries Inc. 

D/L Laboratories 
Daniel Products Co., Inc. 
Datacolor lnternational 
DeFelsko Corp. 
Degussa Corp. 
Delta Colour 
University of Detroit-Mercy 
Disti-Kleen, Inc. 
Dominion Colour Corp. 
Dow Chemical Co. 
Dow Corning Corp. 
Draiswerke GmbH 
Draiswerke GmbH "Drais 

Mannheim" 
Draiswerke, Inc. 
Dry Branch Kaolin Co. 
DuPont Nylon Intermediates 
DuPont Performance Chemicals 

Eagle Zinc Co. 
Eastern Michigan University 
Ebonex Corp. 
ECC lnternational 
Eiger Machinery, Inc. 
Elf ATOCHEM North America 
EMCO (Epworth Morehouse 

Cowles] 
Engelhard Corp./Mearl 
Engineered Polymer Solutions 
Estron Chemicol, Inc. 
Eurooean Coatinas Journal " - 

Chemical & ~naineerincl News I ~xxdn Chemicol Co. 
Chemicol ~ a r < e t i n ~  ~eborter Federation of Societies for Chemical Week 
Chemicals lncorporated Coatings Technology 

Chemir/Polytech Laboratories 
Filter Specialists, Inc. lFSI1 

Ciba Specialty Chemicals Fischer Technology Inc. 

Additives, Pigments, & Polymers 
~~~~~~~~~~s~ lnc, Divs. 

Cimbar Minerals 
Franklin lndustr~al Minerals 

Clariont Coro. H.B. Fuller Co. 
- ,  

Clawson Container Co. I Gomry Instruments, Inc. 
CMI lnternotionol 1 Paul N. Gardner Co., Inc. 
Coatings Magazine Georgia-Pacific Resins, Inc. 
Coatings World/lnk World Mag. BFGoodrich Co. 

I Color Communications, Inc. Specialty Chemicals 
Color Corp. of America The Goodyear Tire & Rubber Co. 
ColorTec Associates Gorman-Rupp Co. 
Columbian Chemicals Co. Grace Davison 
Cook Composites & Polymers Graco, Inc. 
Corob North America Div. of ~~l~~ pigments 

Taotek North America 1 J.W. Hanson Co., Inc. - I 
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Harcros Pigments Inc. 
HERO lndustries Limited 
Heucotech Ltd. 
Hi-Mar Specialties, Inc. 
Hilton Davis Co. 
Hockmeyer Equipment Corp. 
Hoechst Celanese Corp. 
Horiba Instruments Inc. 
Huls America, Inc. 
Hunterlob 

ICI Surfactonts 
Ideal Mfg. & Sales Corp. 
Industrial Copolymers 
lndustriol Oil Products Corp. 
lnfinium Software (formerly 

Software 2000) 
Inmark, Inc. 
Inpra-Latino 
lnternational Speciality Chems. 
lnternational Specialty Products 

(ISPI 
I T  Marlow/lTT A-C Pump 

J.M. Huber Corp., Engineered 
Minerals Div. 

Journal of Coatings 
Technology 

S.C. Johnson Polymer 

Kady lnternational 
Kelly Chemical Corp. 
Kenrich Petrochemicols. Inc. 
King Industries, Inc. 
Kline & Co., Inc. 
KTA-Tator Inc. 

Labelmaster 
Laporte/Southern Clay Products 
Lawter lnternational 
The Leneta Co. 
Liquid Controls Corp. 
Littleford Day Inc. 
Longview Fibre Co. 
The Lubrizol Corp. 

3M Specialty Chemical Div. 
Macbeth, Div. of Kollmorgen 
Molvern Minerals Co. 
Manufacturing Business Systems 
Michelman, Inc. 
Micro Powders, Inc. 
Microfluidics lnternational Corp. 
Micromeritics 
MiniFibers, Inc. 
Minolta Corp. 
Mississippi Lime Co. 
University of Missouri-Rolla 
Mitsubishi Chemical 
Monsanto Co. 
Morton lnternational 
Muetek Analytic Inc. 
Myers Engineering 

Nacan Products Ltd. 
Nametre Co. 
Neste OX0 AB 
Netzsch lncorporated 
Neupak, Inc. 
New Way Packaging Machin- - - 

ery, Inc. 
North Dakota State University 

Occidental Chemical Corp 
Ohio Polychemical Co. 
Olin Corp. 

1 Omnimark Instrument Corp. 

Paar Physica. USA Inc. 
Paint & Coatings Industry Mag. 
Parasol Systems, Inc. 
Particle Sizing Systems, Inc. 
Peninsula Polymers, Inc. 
Pfaudler, Inc. 
Phenoxy Specialties 
Polor Minerals 
Poly-Resyn, Inc. 
PQ Corp./ Potters lndustries 
Premier Mill Corp. 
Purity Zinc Metals 

Q-Panel Lob Products 
K.J. Quinn & Co., Inc. 

Raabe Corp. 
Ranbar Technology, Inc. 
Reichhold Chemicals, Inc. 
Rheox, Inc. 
RhonePoulenc, Inc. 
Rhopoint Instrumentation Ltd. 
Rohm and Haas Co. 
Ronningen-Petter 
Charles Ross & Son Co. 
Russell Finex, Inc. 

Sortomer Co. 
Schenectady International, Inc. 
Schlumberger lndustries 
SEPR, Ceramic Beads & Powders 
Shamrock Technologies, Inc. 
Shell Chemical Co. 
Sherwin-Williams Chemicals 
Silberline Mfg. Co., Inc. 
Software 2000, Inc. (see 

lnfinium Software] 
Southcorp Packaging USA, Inc. 

NAMPAC/Bennett 
The University of Southern 

Mississippi 
Specialty Minerals, Inc. 
Spencer Machine &Tool Co. 
Spraymation, Inc. 
Startex Chemical, Inc. 
Steel Structures Painting Council 
Stretch-0-Sed Corp. 
Summit Precision Polymers Corp. 

Tech Pak, Inc. 
Tego Chemie Service USA 
Thomas Scientific 
Tikkurila/McWhorter 
Toyal Americo Inc. 
Troy Corp. 

U.S. Aluminum, Inc. 
U.S. Zinc Corp. 
UCB Chemicals Corp. 
Union Corbide Coro. 
Union Process Inc. 
United Mineral &Chemical Corp. 
United Soybean Board 

R.T. Vanderbilt Co., Inc. 
Versa-Motic Pump Co. 
Vorti-Siv Div. M M  Industries, Inc. 

Wacker Silicones Corp. 
Wilden Pump & Engineering Co. 
Witco Corp. 

X-Rite, Incorporated 

Zemex Industrial Minerals 
Zeneca Resins/Zeneca Biocides 



ZPA 
ZPO 
ZMP 
ZCP 
ZPZ 
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The cutting edge for 
Protective Coatings 
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Alkyd resins 
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Epoxy resins 

Polyurethanes 

Chlorinated polymers 

Silicone resins 

Polyvinyl butyale I 
Dh.malic rrzinr 

A ZAPP 
ZCPP 
SAPP 
SRPP 

7 CAPP 

ZAPP ZCPP SAPP SRPP CAPP 
c----- 
I 
I 
I 
I 
I 
I 

I ZPA ZPO ZMP ZCP ZPUZBZ w 
T 1 r - a  Alkyd resins 

l 
a very frequent application 9 frequent 

i ~ ~ k y d  emulsions 

i Epoxy emulsions 

i Epoxy dispersions 

Polyurethane dispersions 
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HEuCOPHOS@- Active ~ 
1 HEUCOPHOS ZPA. ZPO. ZMP. ZCP. ZPZ and ZBZ are active multi-level 

I anticorrosive pigments. h e y  dm; from conventional zinc phosphate 2""  ene era ti on , s ~ h ~ Z i n ~ p h a t Z P l O t m . H w b a c h b y a r n o d ~ ~ ~ ~ ~ l  
I cornposition'and &timized particle siae, struthre and distribution. 

1 The following product brochures explain the technical properties and application options in detail: 

i 

strontium orthophosphmte 
silicate hydnte 

A modified zinc aluminium 
orthophosphate hydrate 

A organically treated bslc  
zinc orthophosphate hydrate 

An organclinorganlc 
modified basic zinc 

orthophosphate hydrate 

An organicnnorgenic 
modified basic zinc 

phosphate silicate hydrate 



Anticorrosive Pigments 

A modified zinc aluminium 
polyphorphate hydrate 

I 
The newly developed pigments of this polyphosphate series provide 
an altered chemical basis in comparison with the modified zinc ortho- 
phosphates and therefore a different electrochemical efficiency. These 
changes open new fields of application. 

3'" Generation 
The following product brochures explain the technical properties and application options in detail: 

Ouanm..lor trac. content.; 
P b ~ . l O p p m , C d n u . . 1 D ~ p m  

A modilied 
strontium aluminium 

polyphosphate hyf---- 

An esp.cially modilled 
stmntlum alunlnium 

wlyphosphmte hydrate 

. - - 1 - t  ,lr - , ,  
8 .  

..I ' -  

: I * ,  d ? ~ i  



99 Newbold Road, Fairless Hills, PA 19030, USA - -  

1 2" Generation 
1. HEUCOPHOS ZPA , 2.HEUCOPHOS ZPO - - @ 
3.HEUCOPHOS ZMP a 

N ~ W  4.HEUCOPHOS ZCP 
5.HEUCOPHOS ZPZ 

1 6. HEUCOPHOS ZBZ 

7. HEUCOPHOS ZAPP 
8. HEUCOPHOS ZCPP [7 
9. HEUCOPHOS SAPP 

10. HEUCOPHOS SRPP 
/ 1 1. HEUCOPHOS CAPP [7 

1 ZFormulations Part I V@ 1 
13.Formulationr Part II * t 

, 14. Product overview 

from Name 

Company 

Address 

Phone 
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Southern Society's Annual Meeting Highlights 
"Reaching Beyond the 2 1 st Century" on May 13- 1 5 

"Recent Advances in Additives and Modifiers" 
The Focus of New York Society's Symposium 

0 n May 13-15, The King and 
Prince Beach and Golf Resort, 
on St. Simons Island, GA, will 

the 61st 
for Coatings Technology Convention. 

The Technical Committee of the New 
York Society for Coatings Technology is 
sponsoring "Recent Advances in Addi- 
tives and Modifiers for Modem Coat- 
ings" on April 30-May 1, at the Holiday 
Inn North, Newark Airport, NJ. 

John L. Massingill, of the Coatings 
Research Institute, Eastern Michigan 
University, will serve as the dinner 
speaker. Mr. Massingill will discuss 
"University Perspective of Government, 
Universities, and Industry Working To- 
gether." 

The following speakers have been se- 
lected by the committee: 

"The Re-engineering of Wetting and 
Dispersing Performance Through Novel 
Pigment Control Techniquesr'-Edward 
W. Orr, BYK-Chemie; 

"Defoamer Selection and Testingr'- 
Chuck D'Amico, Ultra Additives Inc.; 

"Use of Micronized Waxes in Water- 
borne Systems"-Warren Pushaw, Mi- 
cro Powders Inc.; 

"Non-Ti Metal Catalysts for Ure- 
thane Coatings"-John Florio, King In- 
dustries, Inc.; 

"Rheology Modifiers: Formulating to 
Performancer'-Eric A. Johnson, Rohm 
and Haas Co.; 

"Dispersion Chemistry in Waterborne 
Systemsr'-Stanley J. Pruskowski Jr., 
Rohm and Haas Co.; 

"The Effect of Synthetic Amorphous 
Silica on High-Solids, UV Cure, and 

Water-Based Coatings"-Roy Seeman, 
Fuji Silysia Chemical Ltd.; 

"Foam Control in Today's Water- 
borne Coatings"-Andrew A. Romano 
and Carl J. Cappabianca, Ashland 
Chemical Co.; 

A group of speakers from the paint ingsn-Michael Bailey, Sartomer MVA, Inc.; 
and coatings and related industries have Co.; Waterborne 
been assembled to focus on this year's , , ~ ~ ~ ~ l ~ ~ i n ~  with ~ i ~ h  ~l~~~ Crosslinking Finishesr'-Gail 
theme, "Reaching Beyond the 21st Cen- corrosion ~~~i~~~~~ ~ ~ ~ 1 -  Pollano, Zeneca Resins; 
tury." The topics to be discussed include s i o n s ~ ~ ~ e o r g e  E, ~ h ~ ~ ~ ~ ,  ~ ~ ~ i -  
the following: "Introduction to Mica Pigment 

neered Polymers Solutions, Inc.; in Coatings"-Michael T. Ventur- 
Keynote Address-"Encapsulation: A , * ~ ~ ~ l ~ ~ i ~  of c~~~~~~~~~ ini, Engelhard Corp.; 

Method of Abating Leaded Paint in of an ~ ~ ~ h i ~ ~ ~ ~ ~ ~ ~ l  coat- 
Housing"-Saul Spindel, D/L Labora- ingpp-~ric A, ~ ~ ~ ~ i ,  ~~b~~ 

"UV Curing Profile of 

tones, Inc.; Acrylate Resins"-Kip 
EMD; Sharp, the University of 

"Principles of Pigment Wetting and , , n e  paint plant for the Southern Mississippi; and 
Dispersing"-Edward W. Orr, BYK- 21st centuryrr-xharles S. 
Chemie USA; "Photoinitiator Free Po- 

"Surface Tension-A Key to Coating 
Defectt'-Joel Schwartz, Air Products 
and Chemicals, Inc.; 

"Enhanced Coatings Performance 
with Polyethylene Wax"-Eric H. 
Erenrich, Allied Signal; 

"Surface Wetting of Difficult Sub- 
strates"-Robert Miller, Pravin Patel, 
and Ahkeer Lateef, Troy Corp.; 

"Polyaniline, Novel Additive Against 
Corrosion"-Kalle Levon, Polytechnic 
University; 

"Compatibility Theory-How to 
Choose the Proper Silicone Additive for 
Your Needs"-Bob Ruckle, OSi Special- 
ties, Inc.; 

"Flow Modifiers for Surface Defect 
Control"-Marilyn A. Grolitzer and 
Dennis E. Erickson, Monsanto; 

"Hydrophobic Dispersants Can Se- 
lectively Improve the Water Resistance, 
Gloss, and Rheological Properties of Ar- 
chitectural Coatingsr'-Bruce Matta, 
Henkel Corp.; and 

"Advanced Polymers"-To be deter- 
mined. 

The registration fee of $200 includes 
the lectures, lunches, and breaks, the 
cocktail hour, and dinner. Contact 
Mildred Leonard, NYSCT, 520 Westfield 
Ave., Elizabeth, NJ 07208; (908) 354-3200 
for more information. 

Alack, Semi-Bulk Systems Inc. and Pat 
Lutz, Durn-Edwards Corp.; 

"Present and Future Methods of Coat- 

Another highlight of the event will 
be the unveiling of a plaque honoring 
the SSCT Past-Presidents. The plaque 

"New Developments in Acrylate ings Analysis by Optical Microscopy, A 
~ ~ d i f i ~ d  E ~ ~ ~ ~ - A ~ ~ ~ ~  cure coat- Basic Approachr'-Rich Brown, 

will be part of future SSCT conventions 
with the outgoing president's name 
added on each year. The University of 
Southern Mississippi will display this 
plaque year-round at the Polymer Sci- 
ence Department. 

The SSCT Convention will also fea- 
ture a golf outing on May 13. In addi- 
tion, a charter fishing trip and Emerald 
Princess Dinner and Casino cruise have 
also been planned for the attendees. 
Spouses will have the opportunity shop 
and tour historic St. Simons and Sea Is- 
lands during the "Antiques, Boutiques, 
and Uniques" tour. 

The member registration fee for the 
program is $110, while the nonmember 
fee is $145. 

For more information, contact Peg 
Harshfield, Secretary, 5375 Fox Hill Dr., 
Norcross, GA 30092. 

Lehigh University to Conduct 
Corrosion Control Course 
Lehigh University, Bethlehem, PA, will 
conduct a short course on "Corrosion 
and Its Control by Protective Coatings," 
May 19-23,1997. 

This course will concentrate on the 
control of corrosion through the use of 
metallic and organic coatings. 

For more information, contact Rich- 
ard Granata, Zettlemoyer Center for Sur- 
face Studies, Siclair Laboratory, 7 Asa 
Dr., Bethlehem, PA 18015-3192. 
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for Binder ? 
M i m  Filler? or? 

with 

I Service Life Prediction Topic of Symposium 
Scheduled for September 1 4- 1 7 in Colorado 

Magic 
I 

I 

ST-UP chain molecules of silica. 
5-20nm in width 
40-300nm in length 

Silica sol! 

ST-0 negatively charged small 
particle sol (ca. 12nm1, not 
including anion and cation I without stabilizing ion 

1 

NISSAN CHUllCAL INDUSTRIES, LTD. 
- Chemicals Division - 

Tokyo Head Office 
Phone: 03.32968065 Telefax: 03-32968360 
New York Office: Contact perscn: M. Matsurnura 
Phone: 914-332-4745 Telefax: 914-332-4808 
hnp:llpubs.acs.orglChemcy/cos/dsl 
593lindex.html 

Colloidal Silica dispersed in 
organic solvent. 
Type SiOz% Dispersant 
IPA-ST 30 lsopropanol 
EGST 20 Ethyleneglycol 
MEK-ST 30 Methly Ethyl Ketone 
NPC-ST 20 Ethyleneglycol- 

mono-n-propylether 
Particle Diameter 10-20nm. 
Available product is much more. 

An international symposium on "A Sys- 
tems Approach to Service Life Predic- 
tion of Organic Coatings," is slated for 
September 14-19,1997 at The Village of 
Breckenridge: Resort, Breckenridge, CO. 
Six sessions highlight the event. 
SESSION I-OVERVIEW AND IMPORTANCE OF 

SERVICE LIFE PREDICTION PROBLEM IN THE 

COATINGS INDUSTRY 

"Weather Cycles: Real or Imagi- 
naryr'-William J. Burroughs; 

"Accelerated Weathering: Science, 
Pseudo-Science, or Superstitionr'- 
George Pilcher, Akzo Nobel Coatings 
Inc.; 

"Risk Management: The Real Reason 
for Long Product Development Time 
Cycles"-F. Louis Floyd, Duron, Inc.; 

"A Systems Approach to the Service 
Life Prediction of Organic Coatingsr'- 
Jonathan W. Martin, NIST. 
SESSION II-QUANTITATIVE CHARACTERIZA- 
TION OF OUTDOOR EXPOSURE SITES 

"Spectral UV-Radiation Monitoring 
and Biological Effects in Aquatic Envi- 
ronments''-Patrick Neale, Smithsonian 
Environmental Research Center; 

"Panel Wetness"-Douglas Burch, 
NIST; 

"Predicting Temperatures of Expo- 
sure Panels: Models and Empirical 
Datar'-Daryl Meyers, NREL; 

"Monitoring and Characterizing Air 
Pollutants and Aerosols"-Svein 
Haagenrud, Norwegian Institute for Air 
Research; 

"A Survey of National and Interna- 
tional Ultraviolet Monitoring Net- 
works"- Elizabeth Weatherhead, Na- 
tional Oceanic and Atmospheric Admin- 
istration; 
SESSION 111-ACCELERATED TESTING 

"Accelerated Aging Tests: Experi- 
mental Design and Analysis"-William 
Meeker, Iowa State University; 

"Use of Reliability-Based Methodol- 
ogy for Appearance Measurements"- 
Patrick Schutyser, Coatings Research In- 
stitute of Belgium (CoRI); 

"Appearance and Surface Defects 
Using Digital Image Analysisr'-Fred 
Lee, Atlas Weathering Service Group; 

"Supposition and Rumor About Cu- 
mulative Damage in Service Life"-Sam 
C. Saunders, Washington State Univer- 
sity; 
SESSION IV-FUNDAMENTAL MECHANISTIC 
STUDIES 

"Overview of Mechanical Property 
Changes During Coating Degrada- 
tion''-Loren Hill, Monsanto; 

1 

"On Stress Development and Weath- 
ering of Organic Coatings"-Dan Perera, 
CoRI; 

"Improved Service Life of Coated 
Metals by Engineering the Polymer 
Metal Interfacer'-Wym Van Oiij, Uni- 
versity of Cincinnati; 

"Prediction of Coating Lifetime Based 
on FTIR Microspectrophotometric 
Analysis of Chemical Evolutions"- 
Jacques Lemaire, Universite Blaise Pas- 
cal, France; 

"Application of Failure Models for 
Predicting Weatherability in Automotive 
Coatings"-David Bauer, Ford; 

SESSION V-REPRESENTATION, INTEGRA- 
TION, AND USE OF SCIENTIFIC AND ENGI- 
NEERING KNOWLEDGE 

"Data Quality Issues and the Devel- 
opment of Standard Formats for Repre- 
senting Material Properties"-John 
Rumble, NIST; 

"Uses and Delivery of Materials In- 
formation"-Gil Kaufman, The Alumi- 
num Association; 

"Case Study in Coatings Data Man- 
agement: Collection, Processing, and In- 
terpretation"; 

"Methods for Representing and Ac- 
cessing Material Property Data and Its 
Use with Decision Support Systemsr'- 
Larry Kaetzel, NIST; 

"Reliability Engineering: The Com- 
monality between Airplanes, Light 
Bulbs, and Coated Steelr'-Stephen Tait, 
Johnson Wax; 
SESSION VI: WRAP-UP 

In addition, a poster session describ- 
ing recent SLP research has been 
planned. To submit a poster for this ses- 
sion, send your name, company, and 
title, along with a brief abstract by Au- 
gust 1,1997 to Karlis Adamsons, DuPont 
Automotive, Marshall R&D Laboratory, 
3401 Grays Ferry Ave., Philadelphia, PA 
19146; (215) 339-6345; or R. Sam Will- 
iams, USDA Forest Service, Forest Prod- 
uctsLaboratory, OneGiffordPichot Dr., 
Madison, WI 53705-2398; (608) 231-9412. 

This symposium is a collaboration 
between the Polymeric Materials Science 
and Technology Division of the Ameri- 
can Chemical Society, National Institute 
of Standards and Technology, National 
Renewable Energy Laboratory, Federal 
Highway Administration, Wright 
Patterson Air Force Base, and Forest 
Products Laboratory, Madison. 

For more information contact 
Jonathan Martin, NIST, Bldg. 226, Rm. 
8350, Gaithersburg, MD 20899; (301) 990- 
6891. 
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YLATED Cd 

They can all be found in the 
NEW 

Coatings Encyclopedic Dictionary 
Editor: Stanley LeSota 

This is the world's most up-to-date, 
comprehensive, authoritative 
reference for the language of 
YOUR INDUSTRY. 

Over 6,000 industry terms defined 

Cross referenced for synonyms 
and related categories 

Current industry vocabulary, 
including state-of-the-art 
technologies and regulatory terms 

Quick, clear references 
for technical, a s  well a s  commonly 
used industry terms 

This is a MUST HAVE resource for 
anyone working in the paint, coat- 
ings, ink, art ,  visual and 
related industries. 
Perfect for marketing, 
sales, R&D, chemists, 
government and regula- 
tory workers, artists, 
architects, manufacturers, 
technicians, teachers, students and 
more. Developed and approved by 
the Federation of Societies for 
Coatings Technology. 

Call 610-940-0777 
Fax 610-940-0292 
Or use the order form below. 

YES! Send m e  the NEW EDITION of the COATINGS ENCYCLOPEDIC DICTIONARY NOW! 
Please refer to XJC0497 when ordering 

Soft Cover Hardback 
Federation Members $80' $105' 

Number of Copies Non-Members $105' $135' 

I am paying by: 0 Check or money order 0 Company Purchase Order (please attach) 
0 Mastercard 0 visa a American Express 

Credit Card Number Exp. Date 

Signature 

Company name Ann: 

Address CityIStateEip 

Mail to: Federation of Societies for Coatings Technology, 492 Norristown Rd., Blue Bell, PA 19422-2350 
'Volume pr~ctnp IE also ava~lable on orders of 5 o i  more Please call for more lnfo<matton Shtpplng and handllnp charges andappioprtate sales t a x / R 6  are additional 



Kent State University Coatings Short Courses Highlight 
Rheology, Dispersion, Adhesion, and Coatings Introduction 
Four coatings related courses will be con- 
ducted by the Professional Development 
Institute and KSU Conference Bureau at 
Kent State University, Kent, OH. The 
courses are: "Applied Rheology for In- 
dustrial Chemists," April 14-18; "Intro- 
duction to Coatings Chemistry and Tech- 
nology," April 28-May 1; "Dispersion of 
Pigments and Resins in Fluid Media," 
May 5-9; and "Adhesion Principles and 
Practice for Coatings and Polymer Sci- 
entists," May 12-16. The following is a 
day-by-day breakdown of each course. 

"Applied Rheology for 
Industrial Chemists" 

MONDAY. APRIL 14: "Introduction to 
Rheology and Rheometry"-I~in M. 
Krieger, Case Westem Reserve Univer- 
sity; "Fundamentals of Linear Viscoelas- 
ticityr'-Irvin M. Krieger; "Rheological 
Instruments and Selection"-Richard M. 
Webber and Edward A. Collins, The 
Lubrizol Corp.; "Polymer Melt Rheol- 
ogy"-Edward A. Collins, E.A. Collins 
Inc. 

TUESDAY. Am!. 15: "Meaningful Rheo- 
logical Measurementsr'-Richard M. 
Webber and Edward A. Collins; "Rheol- 
ogy in the Protective and Decorative 
Coatings Industry, Part I"-Richard R. 
Eley, ICI Paints; "Rheology in the Pro- 
tective and Decorative Coatings Indus- 
try, Part 1I'-Richard R. Eley; "Use and 
Performance of Rheological Additives 
for Water- and Solvent-Based Coat- 
ings''-Robert E. Van Doren, Rheox, Inc. 

WEDNESDAY. APRIL 16: "Rheology of 
Dispersionsr'-Irvin M. Krieger; "Appli- 
cation of Rheology to Processing Prob- 
lems"--Charles L. Rohn, Rohn and As- 
sociates, Inc.; "Application of Rheology 
to End-Use Performance Problems"- 
Charles L. Rohn; "Control and Rheo- 
logical Measurement of Crosslink Den- 
sity inFi1ms"-Loren W. Hill, Monsanto 
Chemical Co. 

THURSDAY, APRIL 17: "Rheology of Liq- 
uid Coatings: Defects and Quality Con- 
trol'--Clifford K. Schoff, PPG Industries, 
Inc.; "Thermal Mechanical Properties of 
Coatingsr'-Daniel J. Skrovanek, Bayer 
Corp.; "Dynamic Mechanical Analysis 
Theory and Practicer'-Edwin F. Meyer 
111, ICI Paints; "Chemorheology of Ther- 
mosetting Coatingsr'-Richard R. Eley. 

FRIDAY. A m  18: "Rheological Mea- 
surements: Controlled Stress or Con- 
trolled Strain, Which to Use?"-Abel 
Gaspar-Rosas, Paar Physica USA, Inc.; 
"Application of Rheology to Engineer- 
ing Problems"-Donald Bigg, R.G. Barry 
Corp. 

"Dispersion of Pigments and 1 Resins in Fluid MediaX 

"Adhesion Principles and 
Practice for Coatings and 

Polymer Scientists" 

MONDAY, MAY 5: "Fundamentals of 
Surface and Colloid Chemistry I"- 
Donald L. Feke, Case Western Reserve 
University; "Dispersant Selection Based 
on Pigment Functionality"-Robert F. 
Conley, Mineral and Resource Technol- 
ogy; "Fundamentals of Surface and Col- 
loid Chemistry 11"-Donald L. Feke; and 
"Inorganic Pigment Processing Param- 
eters and Their Influence on Polymer 
Propertiesr'-Robert F. Conley. 

TUESDAY. MAY 6: "White Pigments- 
Surface Character and Rheological Char- 
acteristics"-Robert F. Conley; "Disper- 
sion of Organic Pigmentsr'-Theodore 
Vernardakis, Sun Chemical Corp.; "Dis- 
persion of Fumed Silica and Carbon 
Black for Optimum Performance"- 
Maria Nargiello, Degussa Corp.; "Wet- 
ting and Dispersing in Aqueous and 
Non-Aqueous Coatings Systemsr'-Rob- 
ert W. Vash, Iron Chemicals Inc. 

WEDNESDAY. MAY 7: "Introduction to 
Dispersion Rheology"-Richard R. Eley, 
ICI Paints; "Determining Dispersion 
Quality by Rheological and Related 
Means"-Richard Eley; "Overview of 
Dispersion Equipment for Inks and Coat- 
ings"-Ramon Pineiro, Daniel Products 
Co.; "Advances in Rotor-Stator Disper- 
sion Technology"-David R. Ulrich, 
Ulrich and Associates; and High Pres- 
sure Fluid Processing"-George 
Weckenbrock, Divtech Equipment Co. 

THURSDAY, M u  8: "Primary Mixing 
and Blendingr'-Leo Dombrowski, 
Gibraltar Chemical; "High Viscosity Dis- 
persion and New Dispersion Tech- 
niques"-James White, White Chemical 
Equipment Co.; "Small Media Milling 
and Dispersion Technology"-Leo 
Dombrowski; "Principles of Ball and 
Pebble Millingr'-Warren Fuller, Paul 0 .  
Abbe, Inc.; "Attritor Grinding and Dis- 
persing Equipmentr'-Arno Szegvari, 
Union Process, Inc. 

FRIDAY. MAY 9: "Assessing Pigment 
Dispersion Through Fineness, Tint 
Strength, and Transparencyr'-Leo 
Dombrowski; "Particle Size Analysis of 
Coating Systems, Part I"-Theodore 
Provder, ICI Paints; "Particle Size Analy- 

I sis of Coating Systems, Part 11"- 
Theodore Provder. 

MONDAY. MAY 12: "Interfacial Ener- 
gies and Their Role in Adhesion"-F. 

: 

James Boerio, University of Cincinnati; 
"General Rheology and Its Application 
to Adhesion"-Donald L. Hunston, Na- 
tional Institute of Standards and Tech- 
nology; "Fracture Behavior of Glassy 
Adhesives"-Donald L. Hunston; "De- 
formation and Fracture of Elastomeric 
Adhesives"--Gary Hamed, Institute of 
Polymer Science, The University of Ak- 
ron. 

TUESDAY, MAY 13: "Fracture Mechan- 
ics and Bond Durability Consider- 
ations"-David A. Dillard, Virginia 
Tech; "Surface Preparation of Adher- 
ents"-John G. Dillard, Virginia Tech; 
"Plasma Surface Modification for Adhe- 
sion''-Ron Nickerson, Anatech, Ltd.; 
"Microscopic/Spectroscopic Studies in 
Adhesion Related to Durability of Ad- 
hesively Bonded Metals and Compos- 
ites"-John G. Dillard. 

WEDNESDAY. MAY 14: "Principles of 
Elastomer Tackt'-Gary R. Hamed; 
"Plastic to Plastic Adhesionr'-Rose AM 
Ryntz, Ford Motor Co.; "Organofunc- 
tional Silanes as Adhesion Promoters 
and Crosslinkers"-Bruce A. Waldman, 
OSi Specialties, Inc.; "Adhesion Testing 
of Film-Formersr'-James A. Miller, J. 
Miller Associates. 

THURSDAY. MAY 15: "Corrosion at the 
Metal-Polymer Interface and Its Effect 
on Paint Adhesion and Adhesive Bond 
Durabilityfr-Ray A. Dickie, Ford Motor 
Co.; "Surface Chemistry of Release"- 
Michael J. Owen, Dow Coming Corp.; 
"Application of Surface Analysis to Ad- 
hesion of Coatingsr'-Kenneth D. 
Bomben, Physical Electronics; "Bonding 
and Chemistry of Structural Adhe- 
sives"-Kurt C. Frisch, Jr., 3M Co. 

FNDAY. MAY 16: "Bonding Plastics and 
Elastomers"-Edward M. Petrie, ABB 
Transmission Technology Institute; and 
"Adhesive Application Methods"-Ed- 
ward M. Petrie. 

The "Introduction to Coatings Chem- 
istry and Technology" course will be pre- 
sented by Paul R. Baukema, of Akzo 
Nobel Coatings Inc. The course will fo- 
cus on the composition of coatings, for- 
mulation principles, manufacture, appli- 
cation, and emerging technologies. In 
addition, the chemistry behind the bind- 
ers and raw materials will be discussed. 

These courses are designed for re- 
search and development personnel who 
are interested in coatings, adhesives, 
elastomers, inks, and composites. 

For more information, contact Carl J. 
Knauss, Professional Development In- 
stitute, P.O. Box 1792, Kent, OH 44240; 
(330) 673-6993. 
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Participants Experience "Riding the Wave of Technology" 
At 23rd Western Coatings Societies Symposium & Show 

P roviding a welcome respite from 
the winter doldrums, the 23rd 
Western Coatings Societies' Sym- 

posium & Show was held at  the 
Disneyland Hotel in Anaheim, CA, on 
February 18-20. Attracting 1720 partici- 
pants, the event focused on the theme, 
"Riding the Wave of Technology." 

The West Coasthasbeenabellwether 
for regulatory trends in other parts of 
the country. In California, these trends 
have resulted in increased regulatory 
pressure and a reduction in the number 
of paint companies. The Symposium, 
hosted by the Los Angeles Society and 
co-sponsored by the Golden Gate, Rocky 
Mountain, and Pacific Northwest Soci- 
eties, provided a forum for discussion 
on the effects of these trends. In addi- 
tion, the trade show provided valuable 
information on the products and ser- 
vices of suppliers to the coatings indus- 
try. 

The Keynote Speaker for the event 
was Kenneth L. Khachigian, an attorney 
in SanClemente, CA, and Senior Partner 
in thelaw firmof Smiland & Khachigian. 
Active in politics for many years with 
the Republican party, Mr. Khachigian 
served with the Dole campaign in Cali- 
fornia. During this presentation, he of- 

fered an interesting "backstage" look at I 
the presidential campaign of 1996. 

The WCSSS offered a variety of tech- 1 
nical presentations, many of which at- 
tracted standing-room only crowds. 1 
These presentations included: 1 "Formulating with High Gloss Corro- 1 
sion Resistant Emu1siotts"-Michael 
Wildman, EPS Inc. 

"ThePaintPIar7tfor the2Ist Centu y"- 
Charless. Alack,Semi-Bulksystemsand 
Dr. Patrick Lutz, Dunn-Edwards Corp. 

"When Policy Loses Totrch with Sci- 
ence''-Robert Wendoll, EL-RAP 

"Chemical Specification Profiles ofAero- 
sol Coatings-Dr. Dane Jones, Cal Poly 
San Luis Obispo 

"Pig~rzent Irtternlix Systenrs: A Cost Ef- I 
1 fectiue Approach to Formulate Industrial 1 Coatings"-Dr. Romesh Kumar, 1 

Hoechst-Celanese Corp. 
"Characteristics and Film Properties of I 

Very Lozi1 VOC Coatings Bnsed on Epoxy- 
Amine Tec11noloyy~'-Kalyan Ghosh, She11 / 
Development Co. 

"Optintization of Paint Formulations 
Made Easy with Computer-Aided Design of 
ExperimentsforMixtures"-MarkAnder- I 1 son, Stat-Ease lnc. 

I 

"A Phenolic Ester Alcohol Reactive Di- 
l~rentfor High Solids Coatingsr'-Dr. Vijay 
Swarup, Exxon Chemical Co. 

"New Technologies in Crosslinking 
Water-Based Acr!ylics nlzd Polyurethanes 
for Industrial Wood Finishes"-Charles C. 
Shearer, Zeneca Resins 

"FindingNew Opporttrnities in thecoat- 
ings Ind~rstry: Lessorzs Learned from the 
Technology Assessment Process"-John 
Martin, Arthur D. Little, Inc. 

Seminar and Panel Discussion on Ma- 
sonry-Casey Seis, Tom Geary, Walt 
Gozdan and Frank Peters 

"Decorat~ve Interior Paintingr'- 
Debbie Zimmer, Rohm and Haas Co. 

"Proposition 65: Ten Years After"- 
Christopher G. Foster, Smiland and 
Khachigian 

"Efflorescence of Latex Paintr'-Dr. 
Charles Kan, The Dow Chemical Co. 

"VinylAcetate Based Latex Polymersfor 
Architectural Coatings"-Robert J. Klein, 
Air Products and Chemicals, Inc. 

"Wollastonite: Functionality in Paint 
and Coatingsps"-Sara Robinson, NYCO 
Minerals, Inc. 

"Branched Ester Latexes for Interiorand 
ExteriorApp1ications"-Dr. Oliver Smith, 
Union Carbide Corp. 

"A Novel Hydrophobically Modified 
Hydroethylcellulose for Latex Gloss 
Paints"-C. Warren Vanderslice, 
Hercules Incorporated 

"Silicone Technologies Improve 
Cemet~titiorrsFinishingProducts"-Dr. 
Bruce A. Berglund, Wacker Silicones 
Corp. 

"Ambient Ctrre Technologyr'-Gre- 
gory Monaghan, Rohm and HaasCo. 

"Coating 2000: Women Lending into 
tlteNew Century"-paneldiscussion, 
moderated by Melinda Rutledge, 
Rheox Inc. 

"Zeta Potential and Paint Perfor- 
mance''-Dr. Bernhard Lieser,Dunn- 
Edwards Corp. 

The following Symposium Com- 
mittee Chairs are to be congratu- 
lated for their contributions: General 
Choirmart-Robert Skarvan, Akzo 
Nobel Resins; Exhibits-John Long, 
Smiland Paint Co. and Roberta 
Garcia, ICI Paints; Registration- 
Keith Venia, Tavco Chemicals; Tech- 
nical-Gil Misland, Dunn-Edwards 
Corp.; Entertainment-Melinda 
Rutledge, Rheox Inc. and David 
Muggee, E.T. Horn Co.; P~rblicity- 
Roxanne Echevarria; Executive Sec- 
retary-Sheila Nothern, LASCT 

Western Coatings Societies' Show Exhibitors 
/ 3 M  Specialty Chemicals Floridin Co Rheox, Inc. 
ABO Industries Fuii Silysia Chemical Ltd. Rhone Poulenc 

I Air Products &Chemicals BFGoodrich Specialty Chemicals Rohm and Hoas Co. 
Akzo Nobel Resins Grace/Davison Chemical Div. Romic Environmental 

(Alnor Oil CO. Haoke/Firionr Instruments Ronningen-Petter 
American Paint & Coatings Journal Hilton-Davis Company Sortomer Compony, Inc. 
ANGUS Chemical Co. Hockmeyer Equipment Corp. Schlumberger 
Aquolon Div., Hercules, Inc. Hoechst Celonese Corp. Seegott 
Atlos Electric Devices Horiba Instruments, Inc. Semi-Bulk Systems, Inc. 
BASF Corp. E.T. Horn SEPR 
Boyer Industrial Chemicolr Div. Hiils America S~lberline Manufacturing Co. 
Brookfield Engineering Labs. P.T. Hutchins Company, Ltd. Southern Clay Products, Inc. 
Buckmon Laboratories Industrial Paint & Powder Southwest Mining Compony 
~ ~ ~ - C h e m i e  USA Inter. Compliance Center, Ltd. Specialty Minerals 
BYKGardner, Inc. Inter. Performance Packaging Co. Specialty Polymers 
Cal Poly University, Pomona LAST Spencer Machine &Tool 
Cal Poly University, SLO Liquid Handling Systems SRS Industrial Engineering 
Calgon Corp. Mocbeth Stat-Ease 
ClBA Specialty Chemicals Williom F. McDonnell Co. Summit Precision Polymers Corp. 
CIMBAR Performance Minerals Manufacturing Business Systems Sun Chemical Corp., Pigments 
Coatings World Magazine Michelmon, Inc. Synergistic Performonce Corp. 
~Colortec Assoc., Inc. C.B. Mills Tavco Chemtcal 
T i d a t e d  C c h  Corp. Modern Point & Cootings Tego Chemie 

egen Oil &Chemical Myers Engineering Trons Western Chemical Inc. 
orsen & Jackson, Inc. New Way Pockaging Machinery Tri-IS0 
owd & Guild, Inc. Nichem UCB Chemicals/Radcure 

$gle Zinc Norman International Utah Cloy Technology 
EL-RAP Norton Pockoging Van Waters & Rogers 
klectronic Label Technology Occidental Chemical Corp. Vianova Resins 

[F,ln:;stries OSi Specialties Vorti-Siv 
Pacific Resource Recovery Sew. Western Equipment Co. 

pworth MorehoureCOWLES Point and Coatings Industry Yamado America Inc. 
Paramount Can Zeelon Industries, Inc./3M 
Polar Minerals/The Kish Co. Zemex lndurlrial Minerals 

for Coatings Technology Pumping Solutions Zeneco Biocider 
Flash from the Part Rexam Mulox, Inc. Zeneca Resins 
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SPI Reports That EPA's Air Quality Proposals 
Baseless Due to Health Effects Data 

C omments submitted by The So- 
ciety of the Plastics Industry, Inc. 
(SPI), Washington, D.C., stated 

that the U.S. Environmental Protection 
Agency's (EPA) proposals for more strin- 
gent air quality standards for ozone and 
particulate matter are not supported by 
health effects data. According to SPI, 
EPA's own panel of experts found no 
health basis for the proposed revisions 
to the air quality standards, concluding 
that the current standards are sufficiently 
protective of human health. 

SPI has urged the EPA to reassess the 
need for both proposed rules and con- 
duct further research regarding expo- 
sure to and health effects from ozone 

and particulate matter. In addition, SPI 
has recommended EPA undertake a for- 
mal evaluation of the impact of the pro- 
posals on small businesses. 

Furthermore, SPI argued that the 
ozone proposal, which is expected to 
place large portions of the U.S. into non- 
attainment with the Clean Air Act and 
generate an onerous recordkeeping, re- 
porting, and cost burden for businesses, 
is unjustified. In addition to the lack of 
data showing any adverse health effects, 
including effects from long-term expo- 
sure, the studies EPA used as the basis 
for stricter standards contain a signifi- 
cant number of flawed assumptions and 
methodologies. SF1 said the studies over- 

In addition, SPI noted the costs of the 
proposal far outweigh its benefits, and 
the regulation is in any case unneces- 
sary because by EPA's own assessment, 
air quality has improved and will con- 
tinue to do so with the new rule. Other 
Clean Air Act programs are already spe- 
cifically addressing the emissions of 
ozone precursors. 

SPI said the EPA's proposal to tighten 
air quality standards for particulate mat- 
ter is "arbitrary" and "capricious" be- 
cause there is no scientific support for 

I the change. According to SPI, EPA lacks 
sufficient data to justify the revision and 
does not adequately consider flaws in 
the data it does have. 

estimate ozone exposure and exagger- / 
ate the benefit of stricter ozone standards. 

The RBH Pigment Dispersion busi- 
ness of Reichhold Chemicals, Inc., 
Research Triangle Park, NC, has 
received IS0 9001 certification at 
the company's Bound Brook, NJ, 
facility. 

Air Quality Sciences (AQS), Inc., 
Atlanta, GA, has been registered 
as an IS0 9002 certified business. 

Sonoco Industrial Container Di- 
vision, Marietta, GA, has achieved 
IS0 9002 certification for its fibre 
drum production plant in Hights- 
town, NJ. 

Tate Andale Canada Inc., Con- 
cord, Ontario, has been granted 
IS0 9001 certification. 

IS0 14001 Environmental Manage- 
ment System Standard certification 
has been awarded to Plasticolors, 
Inc., Ashtabula, OH. 

Atlas Electric Devices Co., Chi- 
cago, IL, has been presented with 
IS0 9002 registration for establish- 
ing a quality management system 
for manufacturing and servicing 
of material test equipment. 

Crescent Electric Supply Co., East 
Dubuque, IL, has received IS0 
9002 multi-site certification for the 
facilities located in Joliet, IL; St. 
Louis, MO; Appleton, WI; Elk 
Grove Village, IL; Greensboro, NC; 
McHenry, IL; and Salt Lake City, 
UT. 

Millennium Chemicals Anno 
In order to establish corporate identity, 
Millennium Chemicals Inc., Iselin, NJ, 
has announced that its three main oper- 
ating units--Quantum Chemical, SCM 
Chemicals, and Glidco have changed 
their names--to Millennium Petrochemi- 
cals Inc., Millennium Inorganic Chemi- 
cals Inc., and Millennium Specialty 
Chemicals Inc., respectively. 

Millennium Chemicals was formed 
as an independent company as a result 
of a spin-off from Hanson PLC, a UK 
public company. 

Its three main component operations 
include: Millennium Petrochemicals Inc. 
(formerly Quantum Chemical), Cincin- 
nati, OH-with business operations in 
polyethylene, acetyls and alcohol, and 
performance polymers; Millennium In- 
organic Chemicals Inc. (formerly SCM 

Akzo Expands Whittaker's 
Distribution Responsibility 

Akzo Nobel Resins, Louisville, KY, has 
named Whittaker, Clark & Daniels to 
represent its lime of acrylic, alkyd, modi- 
fied alkyd, epoxy ester, polyester, and 
urea resins in the Northeast United 
States. These resins are offered in con- 
ventional, waterborne, and high-solids 
formulations. 

Whittaker, Clark & Daniels already 
serves as Akzo Nobel Resins' distribu- 
tion agent on the West Coast. 

~unces Name Changes 
Chemicals), Baltimore, MD-produces 
titanium dioxide, cadmium-based pig- 
ments, and amorphous fine-particle silica 
gel; and Millennium Specialty Chemi- 
cals Inc. (formerly Glidco), Jacksonville, 
FL-produces terpene aroma chemicals, 
terpene aroma chemical intermediates, 
pinane hydroperoxide, and terpene sol- 
vents and maufactures pine oil. 

Methylene Chloride Rule 
Meets Opposition in Congress 
According to a report published by the 
Halogenated Solvents Industry Alliance 
(HSIA), Inc., Washington, D.C., a reso- 
lution to disapprove the Occupational 
Safety and Health Administration's 
(OSHA) new methylene chloride stan- 
dard has been introduced by Congress- 
man Roger Wicker (R-MS). Congress- 
man Wicker's resolution noted the sig- 
nificant differences of opinion within the 
scientific community about whether the 
standard will provide any health ben- 
efits for affected workers. 

On January 10, OSHA promulgated 
a final rule lowering the permissible ex- 
posure limit (PEL) from 500 to 25 parts 
per million. 

HSIA, which represents users and 
producers of methylene chloride, filed a 
petition for judicial review of the stan- 
dard along with five of its members in 
the paint stripping and foam fabrication 
industries. 

26 Journal of Coatings Technology 



Introducing a brand new chemical symbol. 

Additives Every day we transform products 

and substances into thousands 

of applications worldwide. 

Care Now we have transformed 
Che~nicals 

ourselves into an exciting new 

company called Ciba Specialty 

Performance Chemicals. Like every natural 
Polymers evolution it has happened with 

good reason. Ciba Specialty 

Chemicals has developed to 
Pigments anticipate and meet customers' 

changing needs, now and into 

the next century. 
Textile Dyes 

Ciba Specialty Chemicals 

Our new company is flexible, 

quick to react and ready to take 

Ciba's innovation to greater heights. 

By specializing in five key areas 

of expertise, we will constantly 

deliver the brightest solutions 

to every fresh challenge. There . . ... 
could only be one symbol for this ....... .:.:.:.; ..... strong combination of properties. ...... ....... : ......... 
For more information on the . . ... .s: ..... ............... 
new Ciba Specialty Chemicals, ..... ..... :....:.. :.:*:.;.. .................... ................ call 1 800 881-8449 or visit our Ci ba Website at cibasc.com 

Value beyond chemistry 



unique hydrophilic properties to resins or 
polymers for cnhanced water solubilty. 

Call Sartomer Company for information, 
product samples, or technical assistance. 

NPCA Urges Industry to Challenge Massachusetts Bill #488 

Circle No. 167 on Reader S e ~ ~ c e  Card I Circle No. 168 on Reader Service Card 
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The National Paint and Coatings Asso- 
ciation (NPCA), Washington, D.C., is 
urging coatings companies, customers, 
suppliers and vendors in Massachusetts 
to contact their state legislators to op- 

The bill, called the "Massachusetts 
Citizens' Right-To-Know Act" would 
hold manufacturers responsible for en- 
suring that "reasonable and clear infor- 
mation about toxic chemicals contained 

able to the general public. If the Massa- 
chusetts attorney general is not "dili- 
gently pursuing" an action against an 
alleged violator within 60 days of a no- 
tice of violation, "any person in the pub- 
lic interest" can bring about an enforce- 
ment action. 

The bill was introduced in response 
toapetitionfromtheMassachusettsPub- 
lit Interest Research Group. 

To help defeat Massachusetts Senate 
Bill #488, concerned in-state parties 
should begin contacting their legislators 
immediately. 

pose Massachusetts Senate Bill #488. in consumer products" is made avail- 

ICI Expands Operations in Poland and Puerto Rico 
ICI Paints, Cleveland, OH, has reached 
an agreement to buy a stake in Fabryka 
Farb I Lakierow Polifarb Pilawa SA, 
Pilawa, Poland. According to the agree- 
ment, ICI Paints will initially acquire a 

The recently acquired facility in Caro- 
lina, Puerto Rico, is being converted to 
produce 115,000 gallons per week. The 
plant will produce waterborne and sol- 
vent-borne paints. 

holding of around 40% stake which it 
anticipates increasing to 75% over the 
next three years. 

ThePilawa~aintsbusiness,withsales 
of more than E17.m a Year, was Previ- 
o u s l ~  Part of the state paint company 
Polifarb. 

In other news, ICI Paints has com- 
pleted a purchase transaction with Su- 
perior Paint Manufacturing Co., Inc. of 
Puerto Rico. The transaction includes the 
transfer of commercial activities and the 
purchase of certain assets by ICI Paints 
(Puerto Rico) Inc. 

Ciba Introduces New Corporate Identity 
Following the merger of Ciba and 
Sandoz, Ciba Specialty Chemicals, 
Tarrytown, NY, has been operating as 
an autonomous subsidiary within 
Novartis Inc. In conjunction with the 
merger, the company has unveiled a new 
corporate identity. Ciba Specialty Chemi- 
cals will be represented though a new 

sent the corporation as a whol-ne 
color for the company and corporate ser- 
vices, five for the businesses. 

c ~ ~ ~ s ~ ~ ~ ~ ~ ~ c ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
the former ~ i b ~ - ~ ~ i ~ ~  industrial busi- 

nesses-~dditives, consumer care 
chemicals, performance polymers, pig- 
ments, and ~ ~ ~ t i l ~  D ~ ~ ~ .  part of the 

logo in the shape of a butterfly. This merger agreement, ciba specialty chemi- 
original design, which is trademarked / cals will be separated from N~~~~~~~ to 
worldwide, utilizes six colors to repre- 1 form an independent company. 



AN INTRODUCTION 
JCT Spotlight TO ORGANIC PIGMENTS 

by Peter Lewis, Sun Chemical Corp.* 
Significant progress in the technology associated with the chemistry of organic 

pigments has been made within the relatively recent past that has resulted in the 
introduction of new pigment forms offering increased value in use and, in a few 
cases, new pigment types offering new, improved properties from new color 
chemistry. 

In 18.56, an accomplishment took place that many at that time thought was 
impossible. A color that did not occur in nature was synthesized under laboratory 
conditions by William Henry Perkin. This 17-year-old Englishman, working in a 
basement laboratory at his home, was tryingto oxidize aniline to produce guanine. 
Perkin combined aniline, containing toluidine as an impurity, with potassium 
dichromate and sulfuric acid. The resultant mauve dyestuff must have come as a 
considerable surprise to this young chemist. 

Perkin's achievement ushered in a period of discovery often referred to as the 
"Dyestuffs Era," since the time between Perkin's synthesis and the start ofthe 20th 
Century saw both the invention and development of numerous dyestuffs based 
upon coal tar. In these early days of synthetic color chemistry, organic pigments 
were often produced as spin-offs from the major projects concerning the practical 
synthesis of dyestuffs. 

Notable developments of this period are chronicled in Table 1, where pigments 
that have found use in the coatings industry are listed alongside the date of their 
discovery. 

Less than 20 pigment typesaccount for themajor proportion of colors reported 
by specific Colour Index Name to the U.S. International Tariff Commission.' Of 
these specific pigments, few find major use within the coatings industry, most 
being key colors within both the paste ink and the fluid ink industries. In addition 
to these specifically reported organic pigments (monoarylide yellows, total 
monoarylides, diarylide yellows, total diarylides, miscellaneous oranges, naph- 
thol reds, miscellaneous reds, total reds, total violets, total blues, miscellaneous 
greens, and total greens), closely related colors are also used, although in consid- 
erably less volume, to supplement and complement the color palette provided by 
the major pigments reported. Examples of such organic pigments are those based 
upon indanthrone, flavanthrone, anthosines, quinacridones, anthraquinone, 

and other similar, high priced, heterocyclic, high performance pigments. It is 
only in recent years that phthalocyanine blue is no longer reported specifi- 

cally, rather it is listed under the generic heading of "organic blue toners." 
Students of chemistry will notice that few, if any, organic pigments exist 

that are not associated with a benzenoid ring structure. In fact, it is the 
mobile cloud of pi electrons associated with this benzenoid structure 

that accounts for much of thecoloristic features of the chemical. Other 
terms such as "chromophore," "auxochrome," "heterocyclic," and 

"azo," occur all too frequently in any in-depth discussion concerning 
organic pigments. 
Additionally, terms are encountered such as "presscake," "toner," and "lake" 

that refer to the physical form in which the pigment is manufactured for sale. To 
better understand the complex world of organic pigments, an explanation of each 
of the previously mentioned terms is offered in this introduction. Further, the 
reader should be advised that certain pigment classes, while being major products 
within the pigment industry, find little use within the coa t in~s  industry and are 
produced 6imarily to fulfili the less demanding requirementsVof the printing ink 
marketplace. Many of the pigments used by the ink industry offer seductively 
- - 

Photo cc Purtesy of Sun Chemical Corp 

Thls introduction is reprinted, in part, from "Organic Pigments, Second I:dition," Federntio~~ Serirs 
011 Contirl,y\ Tcrlrnuk~,yy, 1:ederation of Societies for Coatbngs Technology: Blue Bell, PA, March 1995. 
llcadrrs are dirccted to this monograph for more complete information. 

5020 Sprlng G n ~ v c  Ave.. Cincinnati. O H  45232-1988. 
t After 1996 it i5 no longer a rcquirement that pigment producers report their production to the 

Intcrnatronal 'lariff Commission. 
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attractive shades and economics; how- 
' 

ever, they fall far short when it comes 
to meeting the durability and weather- 
ing requirements of the coatings in- ' 
dustry. 1 

Before entering into any discussion / 
relating to pigments, it is first neces- 
sary to clearly define what is meant by 
a pigment as opposed to a dyestuff 
since in many earlier texts on color the 
terms "pigment" and "dyestuff" are 
used almost interchangeably. 

A definition of a pigment has been 
proposed by the Color PigmentsManu- 
facturers Association (CPMA), formerly I 
known as the Dry Color Manufacturers , 
Association (DCMA), in response to a I 
request from the Toxic Substances In- 1 
teragency Testing Committee. This 
definition was developed specifically I 
to enable differentiation between a , 
dyestuff and a pigment with the inten- 
tion of forever ending the confusion 1 
surrounding these two terms. As such, I 
it is worthwhile reproducing this defi- 1 

nition in its entirety: 1 
"PIGMENTS arecolored, black, white , 
orfl~rorescentparticulate orgariic arld 
inorganic solids which us~ially are 
INSOLUBLE in, andessentiallyphysi- 
cally and chemically UNAFFECTED 
by, the vehicle or s~rbstrate iri which 1 
they are iricorporated. They alter ap- 1 pearance by selective absorptior~ and/ 
or by  scatteririg of  light. i 

Pigments a m  usually DISPERSED 1 
in vehicles or substrates for applica- 
tion, as for batarice in inks, paints, 
plastics or otherpolymeric materials. 
Pigments RETAIN a crystal or par- 
tinilate smichire thro~ighout the col- ' 
oration process. 

As a restilt of  the physical and 
chemical characteristics ofpigments, 
piyments arid dyes differ in their ap- 
plication; when a dye is applied, it 
penetrates thesubstrate in  a SOLUBLE 
form after which it may or may  not 
become insoliible. W h e n  a pigment is 
used to color or opacify a s~ibstrate, 
the finely divided INSOLUBLE solid 

i 
remains throirghoutthecolorationpro- 
cess. " I 

Differences occur between Ameri- 1 
can and European terminology that 
may also cause confusion when pig- I 
ments are classified as either toners or 1 
lakes. American terminology, as ap- I 
plied to pigments, defines a toner as an 
organic pigment that is free of inor- I 
ganic extender pigments or carriers; as 
such, the pigment isunadulteratedand I 
exhibitsmaximum tintingcapacity for 1 
the pigment type. A lake, conversely, is 1 
anorganic colorant that has been com- 
bined with an inorganic substrate or I 
extender such as barium sulfate (Blanc 
Fixe) or alumina. In European termi- 
nology, toners are considered to be 
water soluble acid or basic dyestuffs 
that are converted to insoluble pig- 1 
mentary forms by appropriate precipi- 1 
tation with an inorganic compound. 
As such, Red Lake C (PR 53:l) and the 
PTMA based Rhodamine (PV 1) are 
considered toners. In the coatings in- 
dustry the term toner may be used to I 
refer to a secondary color that is added 1 
to alter the hue of the paint. The term 
lake now has an accepted definition as ! 
that used in America. 

A most confusing European term 
I 

which should be discouraged from use I 
is "pigment dyestuff." This term is I 

Table 1-Milestones in Pigment Synthesis 

Year Pigment Name Year Pigment Name 

1858 .... Discovery of 191 1 ... Dianisidine Blue 
Synthetic Mauveine 

1872 .... Phloxine 1921 ... Pigment Green 8 
1876 .... Persian Orange 1924 ... Perinone Orange 
1884 .... Tetrazine Yellow 1925 ... Basic Dye Complexes 
1885 .... Para Red 1931 ... Permanent Red 28 
1886 .... Alkali Blue 1935 ... Phthalocyanine Blue 
1896 .... Peacock Blue 1938 ... Phthalocyanine Green 

(Erioglaucine) 
1899 .... Lithol Red 1947 ... Nickel Azo Yellow 
1901 .... lndanthrone Blue 1949 ... Red Lake C Homolog 
1902 .... Pigment Scarlet 1954 ... Azo Condensates 
1903 .... Red Lake C 1955 ... Quinacridones 
1903 .... Lithol Rubine 1956 ... Perylenes 
1905 .... Toluidine Red 1958 ... Salicyloyl Yellow 
1907 .... EON Maroon 1960 ... Benzimidazolones 
1909 .... Hansa Yellows 1964 ... lsoindolinones 
1909 .... Pyrazolones 1964 ... EON Red Homolog 
1910 .... EON Red 1973 ... Azomethines 
191 1 .... Diarylide Yellows 1974 ... Quinophthalones 
191 1 .... Diarylide Oranges 1986 ... Pyrrolo-pyrrole Red 

meant to refer to insoluble organic 
pigments devoid of salt forminggroups, 
for example, DNA Orange, Pigment 
Orange 5. 

International Nomenclature - 
the CI System 

In this article, use is made of the 
coding system as published as a joint 
undertaking by the Society of Dyers 
and Colourists (SDC) in the United 
Kingdom and the Association of Tex- 
tile Chemists and Colorists (ATCC)* in 
the United States. 

This system is known as the "Colour 
Index," and as such is a recognized 
trademark, hence the retention of the 
"u" in "colour" whenever reference is 
made to a "Colour Index" name or 
number. 

The Colour Index provides valuable 
information on all classes of colored 
materials, irrespective of the  
compound's chemical composition or 
end use. As such, the publication ex- 
tends to seven volumes. However, for 
the pigments industry, a singlevolume 
is available that covers only Pigments 
and Solvent Dyes together with a few 
fluorescent brightening agents. This 
single volume is a most useful and 
informative reference source to both 
producers and consumers of all classes 
of inorganic and organic pigments. The 
section on commercial trade names is 
particularly valuable in light of the 
number of companies who have dis- 
continued pigment manufacture in the 
last 20 years.- 

The Colour Index (CI) identifies each 
pigment by giving the compound a 
uniqueUColour IndexName" (CI name) 
anda"Colour IndexNumber" (CI num- 

; ber). In light of the recognition of the 
I Colour Index by many government 

and state bodies, this description is 
1 proving to be most helpful to persons 

within the coatings industry respon- 
sible for assembling data on the com- 

, position of a coatings formulation for 
I documents such as Material Safety Data 
I Sheets or Hazard Data sheets. The iden- 
1 tification of a pigment by mention of 
1 its CI name and number unequivo- 

cally ~dentifies the chemical composi- 
1 tion of the pigment in a manner ac- , ceptable to most government bodies. 

For example, DNA Orange has the 
Colour Index name of Pigment Orange 1 5 (PO 5) and the Colour Index number 
of 12075. Reference to the Colour In- 

I dex under the number 12075 will 

1 - -- 
*Culourlrrdex, American Associationof Textile 

Chemists and Colorists, Research 'I'riangle Park, 
I N(;, 1980. Pigments supplementary volume. 'The 

0, loor Index i s  currently being fully revised and 
will be published some time in late 1998after the 

i inout of all the oi~ment ~roducers worldwide has 
L I 1 been catalogueh." ' 
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clearly illustrate the declared structure 
of DNA Orange, along with brief de- 
tails of the pigment's properties and 
discovery. 

The Colour lndex name for a pig- 
ment is abbreviated as: 

PB = Pigment Blue 
PBk = Pigment Black 
PBr = Pigment Brown 
PG = Pigment Green 
PM = Pigment Metal 
PO = Pigment Orange 
PV = Pigment Violet 
PR = Pigment Red 
PW = Pigment White 
PY = Pigment Yellow 
Additionally, the Colour Index con- 

stitution number conveys information 
regarding the structure of the com- 
pound, as shown in Table 2. 

Pigment Selection 

Once a coatings formulator has de- 
cided upon the hue that is required for 
a particular application, the next most 
important criteria of any pigment or 
combination of pigments that achieves 
this required shade is the fastness prop- 
erties of each pigment. It is useless to 
formulate an automotive coating with 
a pigment that will not withstand the 
increasingly stringent outdoor expo- 
sure specifications that the automotive 
industry places on all such high perfor- 
mancecoatings. Such specificationscan 
extend to requiring as many as five 
years' exposure data from test panels 
located in such states as Florida and 
Arizona where extremes of weather 
conditions prevail. 

Due attention must be paid to the 
respective manufacturer's literature to 
ensure that a pigment has beenchosen 
that will satisfy the end use criteria for 
fastness to light, solvents, heat, floccu- 
lation, crystallization, and chemicals. 

Once a pigment class has been se- 
lected that will perform adequately in 
the end use application, the formula- 
tor can consider such other factors as 
economy, assuming the pigments are 
readily available. The formulator should 
always be aware that the fastness prop- 
erties of a pigment will be affected by 
the medium into which it is dispersed 
and the substrate upon which it is 
applied. Thus, even though intrinsi- 
cally the pigment may offer the re- 
quired properties, it is still advisable, 
even necessary, forthe final pigmented 
coating to be tested in the end use 
application. Fastness to light and heat 
are two of the pigment properties that 
are likely to be affected by the system. 
In many instances, especially when 
formulating away from the lead-con- 
taining inorganic pigments such as 
Molybdate Orange and Medium 
Chrome Yellow, the choice of pigments 

I has to be a com~romise 1 between what is a;ailable, I Table 2-Chemical Class and CI Number 
economics of use, and 1 
marketplace requirements. Colour Index 

Constitution Number ~astness properties of I 2 m ' i a s ~  - - I I pigments are most gener- 
ally quoted in manufac- I n ~ l ~ ~ t , " ~ , t Y l  11 640-1 1790 I turers' literature using one 2. Heterocvciic hvdroxvl 12600-1 2825 I 1 of two classification sys- , , ,  

3. Disazo 20000-29999 
1 tems. The first uses words 4. 2-naphthol 12050-1 221 1 

as a qualitative expression 5. 3-Hydroxy-2-naphthanilide 12300-1 2520 I 
where properties are de- 1 scribed as Precipitated Am: 

1. 2-naphthol (sulfonic) acid 15500-1 681 5 
"Verv Good." "Good." I 
" ~ ~ i ~ , " '  and "~oor,"  Precipitated Non-Azo: 
correspond to the second 1. Xanthene 45000-45999 
system, a numerical rat- 2. Triphenylmethane 42000-44999 

I ing, where the qualitative Insoluble Non-Azo: 
1 expression is replaced by 1. Phthalocyanine 74000-74999 

an attempt toquantify the 2. Anthraquinone 58000-72999 
I property using a number 3. Quinacridone 73900-73999 
/ from 1 through 5. The 
1 highest 1s always degree represented of fastness by 5 I (i.e., 5 = I accomplished.Inprabice,thepigment 

1 "Excellent") except in the case of fast- is washed with either hot or cold city 
1 ness to light and weathering where the water until the conductivity of the 

scale is expanded to a 1 through 8 water leaving the press has reached a 
I rating, a value of 8 signifying the maxi- specified level. A prolonged wash with 
1 mum fastness. The use of figures is 1 water will remove any residual, soluble , preferred and is becoming more wide- by-products that are associated with 

spreadas the pigment marketplace truly the pigment as a result of the manufac- 
) expands to that of a global situation. turing chemistry. For example, a typi- 

Figures given for fastness to light are 1 cal azo pigment produced by diazotiza- 
quoted based upon the 8-point Blue tion and coupling will likely contain 
Wool scale as described in lS0 105, BSS 1 sodlum , ' , chloride as a by-product which 

1 1006, and DIN 16525. 1s readily removed by washing. 

I 
 isc charge of this filtered cake gives 

Physical Forms I the pigment as a water wet form that is . - 

I To understand the origin of the known as "presscake." At this stage, 
1 physical forms in which many pig- the product consists of pigment par- 

are available, an I ticles associated with water. The 1 of the basic manufacturing process is 1 Of water in a 
first necessary. presscake is a variable that depends 

The majority of pigments available largely On the type pigment rather 
I in marketplace are manufac- I than the mechanical efficiency of the 
I tured through an aqueousprocess.This / filter press. A phthaIocyanine pig- 

resultsinaconcentratedaqueousslurry ment may, for 'Ontain 28- 
of the pigment that must first be sepa- 1 32% pigment, the balance being water, 

I rated from the water before further ( whereas it is not unusual for a barium 
/ processing is possible. The equipment lithOl pigment presscake 
I generally in use for this isolation pro- less than 200kp pigment. The pigment 

cess is known as a press,,t The ( content of a presscake is normally esti- 
( aqueous pigment slurry is pumped / mated a weight , through this filter press where the wa- , are~resentativesam~leOf thepresscake 
terandanysolubleunwantedby-prod- and the dried weight / ucts, such as inorganic salts, pass 1 that of the wet Presscake. To the Paint 

1 through the press to effluent treat- chemist with a 
merit, ~h~ press is fitted with a series of I formulation, this large amount of wa- 
plates and frames, each plate being I ter Can cause problems in pigmenting 1 covered with a polypropylene, acid re- I the paint at a level high 

, sistant filter cloth that is permeable to achieve the requisite tinting strength. 
I the water and dissolved salts but not to I The advantages the Of 

/ the insoluble pigment. Thus the pig- I a presscake the pigment 
, merit is isolated from the water and lie mainly in the fact that the pigment 
I becomes sandwiched as a be- I has notbeen dried out and thus has not 
( tween the frames of the press. It is at I been given the 
1 this stage, while the pigment is tightly and form hard aggregates that are dif- 

1 packed in between the plates of the I ficult, if not impossible, to wet out and 
I press, that any necessary washing is 1 h l l ~  in the resin system. 
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Use of "Variable Chamber" filter or 
"Squeeze Frame" presses that mechani- 
cally squeeze additional water out of 
the presscake prior toits discharge from 1 

the press have resulted in products that 
are described as "high" or "medium" 
solids presscake and that may contain ( 
as much as 40% pigment when offered 
for sale. I 

A further type of presscake, also de- ( 
scribed as "highN solids, is available 
that is standardized for both shade and I 
strengthand supplied at SO%pigment. ! 
This physical form is achieved by sub- , 
jecting the pigment to a further pro- I 
cessing step after discharge from the 
filter press. The additional stage in- I 
~olve~blending batches of presscake in 1 
an agitated dryer and drying this blend 
under carefully monit&edconditions 
to give a product that is standardized at I 
a pigment content of SO0! as a norm. 
Such products are typically free flow- 
ing, dustless, and easier dispersed at 1 
the pre-mix stage than the pigment's 
dry counterpart. The formulator of 1 
water-based paints is thus presented 1 
with a high solids presscake that offers 
the necessary pigment concentration 1 
to achieve a correct formulation while 1 
also being a product that requires no 
additional wetting at the pre-milling 1 
stage since the product has never been 
fully dried. 

The presscake discharged from the 
press can simply be dried to give a 
product described as dry "toner," a 1 
100Yo pigment that is a dry, dusty, 
colored powder. Although the product I 

is described as dry, it is rare that at least 1 
a small quantity of water is not associ- 1 
ated with the pigment. The metallized I 
azo reds, for example, may contain 1- 1 
2% water due to the tendency of such i 
pigments, even after they have been 1 
completely dried, to absorb water from 1 
the atmosphere on storage. A point of 
interest about these metallized azo pig- 

ments is the ease with which the 
pigment's dispersion characteris- 
tics can be negatively impacted if 
the pigment is completely dried. 
All classes of phthalocyanine blues 
and greens are regularly dried to a 
moisture content of less than 0.5%1 
without apparent adverse effect on 
the pigment's properties. 

\Vhiledry toner IS themost com- 

DR. PETER LEWIS, Coatings Industry Manager for the Pig- 
ments Division of Sun Chemical Corporation, is a graduate of 
the Royal Instituteof Chemistry, London, England. Heobtained 
his Ph.D. Degree in Colloid Chemistry at Bristol University, 
Avon, England, as a result of a two-year scholarship from his 
employer at the time, Imperial Chemical Industries (ICI). 

Dr. Lewis began his careerin thechemical industrywhen he 
joined ICI as a laboratory technician. In 1972, he entered the 
world of color chemistry at ICl's Dyestuff Div. at Huddersfield, 
Yorkshire. 

In 1979, heemigrated from England and joined Sun Chemi- 
cal Corp. Over the last 14 years he has held such positions as 
quinacrldoneproduct manager, technical service manager, dry 
color business manager, and marketing manager. 

Dr. Lewis is a frequent lecturer to the pigments consuming 
marketplace as he presents his experiences with the manufac- 
ture, dispersion, and evaluation of colored organic pigments. 

A member of the CDlC Society for CoatingsTechnology, he 
is editor of Volume I of the second edition of The Pigment 
Handbook, as published by lohn Wiley & Sons. 

mon form in  which organic pig- 
ments are marketed, it does have 
drawbacks, apart from the obvious 
dustiness of the product. One of 
the majorproblems associated with 
dry pigment is the difficulty in 
"rewetting" the pigment by driv- 
ing out the air now associated with 
the dry powder and replacing this 
airwith the solventlresin system of 
concern. To this end, the careful 
selection of solvent/resin/vehicle 
system and wetting or dispersing 
aid is of paramount importance. 
Once the system thoroughly wets 
out the pigment, it is a relatively 
simple matter to achieve optimum 
dispersion using many of the modern 
media mills available to the coatings I 
manufacturer. 1 

Pigments are commonly available 
in two other physical forms, both of I 
which try to address the situation sur- I 
rounding the problem of redispersing / 
dry toner. The first such form is simply I 
a water-based "dispersion" in a resin 
system that is as widely compatible as / 
possible togive levels approaching5096 I 
solids as a stable aqueous dispersion. 
Glycol-based humectants, added to 1 
prevent the dispersion from skinning 1 
and drying out around the container 
walls, and organic, nonmercurial bio- I 
cides are also added to confer increased I 
stability and shelf life to the disper- 
sion. Recently, the increasing need to I 
produce coatings with low levels of ( 
volatile organic compounds has re- I 

sulted in further re- 
formulation to re- ! 
move even the gly- I 
col-based humec- 
tants. I 

The second physi- I 
cal form is known as 
"flush color" and is I 
again manufactured I 
from the water wet 1 
presscake. In this in- 1 

stance, the water is I 
displaced from the I 
pigment using a ' 
highly energy inten- I 
sive process known 1 
as flushing to dis- ' 
place the waterwith, I 
for example, a n  1 
alkyd-based vehicle 
that finds a high de- I 
gree of compatibility 1 

with industrial paint formulations. This 
form can also contain as high a pig- 
ment loading as so'%) and, being a very 
viscousand heavybodiedvehicle-based 
dispersion, is most certainly non-dust- 
ing. 

The route to each of the physical 
forms discussed is presented schemati- 
cally in Figrrre 1. 

I DIUOT12ATION ] 

Summary 
As to future trends within the pig- 

ment industry as they relate to the 
coatings industry, I see research con- 
tinuing to concentrate on providing 
the coatings industry with pigments 
that offer "value in use" by being more 
easy to disperse, more durable, more 
economical, faster wetting, more com- 
patible with the common vehiclelsol- 
vent systems, and that are environ- 
mentally acceptable. The pressures on 
our environment are not likely to de- 
crease as more and more pigments, 
both organic and inorganic, are with- 
drawn from use due to concerns over 
their effect on the environment. 

On the other side, I see the coatings 
industry continuing to place stricter 
demands on the pigment manufac- 
turer regarding improved quality con- 
trol and product consistency, an in- 
creased requirement for economical 
high performance pigments to satisfy 
the demands of the ever-changing au- 
tomotiveindustry asbasecoatlclearcoat 
systems become more widespread. 

Nothing is more sure than change 
itself but this change must be a change 
for the better or a change to meet a real 
need, not just change for the sake of 
change. 

I couptwo 

I PGMENTYLRRI 

Journal of Coatings Technology 

1 

n W 1 - 5 5  1 

ueblan,ca, Iliratlo" 

Figure 1-Route to the different physical 
forms of a pigment 



Aarbor International Coro. 
9434 Maltby Rd. 
Brighton, MI 48116 
Phone: (810) 220-0080 
Fax: (8101 220-0088 

Biue pigments 
Green Pigments 
Metallic Flakes and Powdered Pigments 
Red Pigments 
Whlte Pigments 
Yellow and Orange Pigments 

ABCO Enterorises. Inc 
3450 Eagle br. 
Allegan, MI 49010 
Phone. (616) 673-5822 
Fax: (61 6) 673-6005 
Steve Melville, Technical Sales; Ruth Feuerstein, 
Sales Mgr. 

BlacWBrownlGray Pigments 
Pigment Dispersions (Aqueous) 

Albright & Wilson UK Ltd. 
Surface Technologies Div. 
210-222 Hagley Rd., W. 
Oldbury. Warley. West Midlands 668 ONN 
Unlted Kingdom 
Phone: 0121-420-5468 
Fax: 0121-420-5321 

Corrosion-lnhlblting Pigments 

Alcoa Industrial Chemicals 
P.O. Box 300 
Bauxlte. AR 72011 
Phone: (800) 860-3290 
Fax: (501) 776-4717 
T.R. Clever; R.J. Panon 

Extender Pigments 

AlliedSignal Inc. 
101 Columbia Rd. 
Morristown, NJ 07962 
Phone: (201) 455-5191 
Fax: (201) 455-5000 
Judy Peters. Dir. Sales; Lesa Chittenden, V.P. and 
General Mgr. 

Other Pigments 

Allo Colouring Co. 
P.O. Box 471 
Ontario. CA 91762 
Phone: (909) 986-7061 
Fax: (909) 391 -1 094 

Pigment Dispersions (Aqueous) 
Plgment Dispersions (Non-Aqueous) 

American Casein Co. 
Div. of Protein Polymer Group 
109 Elbow Ln. 
Burlinaton. NJ 08016 
phone. (609) 387-3130 
Fax: (609) 387-7204 
Robert E. Ball, Technical Sales 

Prgment Dispersions (Aqueous) 

American Chernet Cop. 
400 Lake Cook Rd., Ste. 223 
P.O. Box 437 
Deerfield. IL 60015 
Phone: (847) 948-0800 
Fax: (847) 948-081 1 
W.W. Shropshlre. President; R.W. Klan, V.P.; Kim 
A. Klatt. V.P. 

Red Plgments 
White Pigments 

Ar~zona Oxides Inc. 
1741 E. Morten Ave. 
Phoenix. AZ 85020 
Phone: (602) 944-9494 
Fax: (602) 944-8930 
John Von Thaden. V.P. Marketing; Vlnce Scott, 
V.P. &General Mgr. 

lron Oxide Pigments 

Asbury Carbons, Inc. 
Div. of Asbury Graphite Mills, Inc. 
405 Main St. 
P.O. Box 144 
Asbury. NJ 08802 
Phone: (908) 537-2155 
Fax: (908) 537-2908 
Nicholas T. Mares. Industrial Sales Mor.: Albert V. 
Tamashausky, Dir. Technical serviced 

BlacWBrown/Gray Pigments 
Extender Plgments 

Atomerg~c Chemetals Corp. 
222 Sherwood Ave. 
Farmingdale, NY 11735-1718 
Phone: (516) 694-9000 
Fax: (51 6) 694-91 77 
M. Blum, V.P.; M. Samuels, Product Mgr. 

Blue Piaments 
~xtender Pigments 
Green Pigments 
Red Pigments 
Yellow and Orange P~gments 

BASF CORP 
3000 Continental Dr.. N 
Mt Olive NJ 07828-1234 
Phone (800) 433-4739 
Fax 1800) 426-3562 
BASF product Dlrectorv Service , - ~  - -  

BlacWBrownlGray Pigments 
Blue Pigments 
Corrosion-Inhibiting Pigments 

Green Plgments 
lron Oxide Pigments 
Metall~c Flakes and Powdered Pigments / Other Pioments 
~igmentbispersions (Aqueous) 
Red Pigments 
Yellow and Orange Pigments 

I. T. Bauman Co. 
3400 Morganford Rd 
St. Louis. MO 631 16 
Phone: (314) 771-8222 
Fax: (314) 771-5031 

Distributor of pigments 

Bayer Corporation 
100 Bayer Rd. 
Pittsburgh. PA 15205-9741 
Phone: (412) 777-2000 
Fax: (412) 777-7682 
Mark Cr~sci, Technical Market~ng Rep 

BlacWBrownlGray Pigments 
Blue Pigments 
Dyes 
Green Pigments 
Pigment Dispersions (Aqueous) 
Red Pigments 
Yellow and Orange Pigments 

Browning Chemical Corp. 
707 Westchester Ave. 
Whlte Plains, NY 10604 
Phone: (914) 686-0300 
Fax: (914) 686-0310 
Irwin Pontell, V.P. 

Blue Prgments 
Green Pigments 
White Pigments 

Buckman Laboratories, Inc. 
1256 N. McLean Blvd. 
Memphis, TN 38108 
Phone: (800) 262-5626 
Fax: (901) 726-5970 

Corrosion-lnh~b~ting Pigments 

April JCT Advertisers included in the 
1 Pigments Spotlight are highlighted. 

BURGESS PIGMENT CO 
P.O. Box 349 
Sandersville. GA 31082 
Phone: (800j 841-8999 
Fax: (912) 552-1772 
Malcolm S. Buroess. Jr.. President & CEO: Daniel 
0. Adnen, ~xe&tive v.P.; Lewis Berry, Re'search 
Director; John Ballard, National Coatings Mgr. 

Extender Plgments 

Cabot Cop. 
Special Blacks Div. 
Biller~ca Technical Center 
157 Concord Rd.. P.O. Box 7001 
B~llerica, MA 01821-7001 
Phone: (8001 662-2313 
John ~ohter:~echnical Service Mgr. 

Black/Brown/Gray Pigments 

Cabot Corp. 
CAB-0-SIL Div. 
700 E. U.S. Hlghway 36 
Tuscola, lL 61953-9643 
Phone: (217) 253-3370 
Fax: (217) 253-4334 
Lee Soule, Marketing Mgr., Coatings; Bob Lin, Sr., 
Technical Servlce Specialist 

Extender Pigments 

Captan Assoc~ates, Inc 
P.O. Box 504 
Brick, NJ 08723 
Phone: (908) 840-1244 
Fax: (908) 840-121 1 

Dyes 

Cardinal Color & Chem~cal Inc. 
50-56 First Ave. 
Paterson. NJ 07524 
Phone: (201) 684-1919 
Fax: (201) 684-0865 
David Whlte, V.P. Technical Sales; Leo Masciulli, 
President 

Pigment Dispersions (Aqueous) 
Pigment Dispersions (Non-Aqueous) 

CasChem, Inc. 
40 Ave. A 
Bayonne.NJ07002 
Phone. (800) CAS-CHEM 
Fax: (201) 858-0308 
John T. Doherty, National Sales Mgr 

Corrosion-lnhibitlng Pigments 

CDI Dispersions 
27 Haynes Ave. 
P.O. Box 2639 
Newark. NJ 071 14 
Phone: (201) 824-1806 
Fax: (201) 824-3947 
Merrlll D Garret, V.P. 

Pigment Dispersions (Aqueous) 
Pigment Dispersions (Non-Aqueous) 

Celite Cop. 
C/O World Minerals, Inc. 
137 West Central Ave. 
P.O. Box 519 
Lompoc. CA 93436 
Phone: (800) 342-8667 
Fax: (805) 735-5699 
Customer Serdlce Deot. 

Extender pigmenis 

Cerdec Corp. 
West Wylle Ave. 
Washington, PA 15301 
Phone: (412) 223-5900 
Fax. (412) 229-5388 
GII Burkharl, Technical Sales; Joe Sarver, 
Techn~cal Service Mgr. 

BlacWBrownlGray Pigments 
Blue Pigments 
Corrosion-Inhibiting Pigments 
Green Pigments 
Red Pigments 
Yellow and Orange Pigments 
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EM INDUSTRIES. INC 
1 7 Skyline Dr. 

Hawthorne. NY 10532 

ClBA SPECIALTY CHEMICALS 
205 S. James St. 
Newport. DE 19804-2490 
Phone: (302) 633-2000 
Toll Free: (800) 355-2422 

Blue Pigments 
Green Pigments 
Other Pigments 
Red Pigments 
Yellow and Orange Pigments 

I CR Minerals Corp. 

1 14142 Denver West Pkwy., Ste. 101 
Golden. CO 80401 
Phone: (303) 278-1706 

I Fax: (303) 278-7729 
I Laura Banks. Dlr., Sales Administration; Arlen 

Phone: (914) 592-4660 
Fax: (914) 592-9469 
Aram Terzian. Dir. Sales; Suzanne Bernardi 

Cornett. Sr.,V.P. 
I Extender Pigments 

I Dan~el Products Co., Inc 
1 400 Claremont Ave. 

I Market Development Mgr. 
Other Pigments 

ENGELHARD CORO 
Pigments & Additives 
101 Wood Ave.. S., CN-770 

1 Iselin, NJ 09830 
Phone: (908) 205-5000 

I Fax: (908) 321-0250 1 (now ~nclud~ng The Meart Cop,) 
BlacWBrownlGray Pigments 

/ Blue Pigments 
Extender Pigments 

! Green Plgments 
lron Ox~de Pigments 1 Other Plgments 
Plgment D~spers~ons (Aqueous) 
Pigment Dispersions (Non-Aqueous) 
Red Pigments 

I Whlte Pigments 
( Yellow and Orange Pigments 

Cimbar Pelformance Mlnerals 
25 Old River Rd. 
Cartersville. GA 30120 

Phone: 121%) 432-0800 
I Fax: (201) 432-0226 
I Martin L. Feldman. V.P. Market~nu; Michael C. Phone: (770) 387-0319 

Fax: 17701 386-6785 Frantz. V.P. Sales 
~ l o e r i  Wf ;on General Mgr , James D - ner, D!r P gmenl D sperslons (Aqueous) 
Sa es. Kennetn rlaagenson. Tecnnacal Sales Rep . P~gment D sperslons thon-Aq~eo~s)  
Mandy Foote. Sales Rep. I 

Extender Pigments Day-Glo Color Corp. 
Green Pigments 1 4515 St. Claire Ave. 
Pigment Dispersions (Aqueous) Cleveland, OH 44103 
Ptgment D~spersions (Non-Aqueous) Phone: (216) 391-7070 I Fax: 1216) 391-7751 

Ciar~ant Corp. 
4000 Monroe Rd. 
Charlotte. NC 28205 
Phone: (704) 331-7000 
Fax: (7041 331 -771 8 

' John ~ b &  Marketing Mgr. 
Dyes ' Other Pigments 

/ Pigment Dispersions (Aqueous) 
Piament Disoersions 1Non-Aaueous) , Erie Chemlcal Sales 

205 Worcester Ct. 
/ Falmouth, MA 02540 
I Phone: (508) 457-1000 

dyes ' 
Plgment Dispersions (Aqueous) 
Red Pigments 
Yellow and Orange Pigments 

I 
Degussa Corp. 

1 65 Challenger Rd. 
I R~daefield Park. NJ 07660 

I Fax: (508) 457-1010 

I Mtchael T. Bearon. Pres~dent; Sidney L. Bearon; 
Elizabeth A. Bondarek 

I Distributor of pigments 

, - 
I BlacWBrowniGray Pigments 
I Blue Pigments 

Metallic Flakes and Powdered Pigments 
Cleveland Pigment & Color Co. 
1680 E. Market St. 
Akron. OH 44305 

Dry Branch Kaolin Company 
Route #I.  Box 468-D 
Dry Branch. GA 31020 
Phone: (912) 750-3500 
Fax: (91 2) 746-021 7 

I Extender Pigments 

Phone: (330) 794-9977 
Fax: (330) 794-6425 
Kevln I. Hershf~eld, V.P.: Michael F. McKenna, 
Sales Rep. (Chicago); Patrick O'Connor. Sales Rep. 
[Ohio) 

, Ferro Coro. 
' 4150 E. 5'$h St. 
I P.O. Box 6550 

Cleveland. OH 44101 ! Phone. 1216) 641-8580 
' B iac~Brownl~ray Pigments 

Blue Pigments 
Extender P~gments 
Green Plgments 
lron Oxlde Pigments 
Other Plgments 
Red Pigments 
Yellow and Orange Pigments 

I Fax: (21'6) 641-8831 
H.E. Sarvis, Sales & Marketing Mgr. 

I BlacWBrownlGray Pigments 
Blue Pigments 

/ Green Pigments 
I Yellow and Orange Pigments 

DuPont Co. 
White Plgment & Mineral Products 1 1007 Market St. 
Wilmington. DE 19898 

I Phone: (800) 441-9485 
/ Fax: (302) 774-0390 

White Pigments Franklin Industrial Mlnerals 
Div, of KMG 1 1469 Battlearound Ave. 

Color Corporatlon of Amer~ca 
1215 Nelson Bivd. 
Rocklord. IL 61 104 
Phone: 18151 987-3777 

I Dynamic Color Solutions. inc. 
1 2024 S. Lenox st. 

Milwaukee. WI 53207 
Phone: (414) 769-2580 

I Fax: (414) 769-2585 1 Cathy Higgins, V.P. Sales & Marketing; Jim 
1 Crawford. President 

lron Oxide Pigments 

I P.O. ~ 0 ~ 7 %  / Kings Mountain. NC 28086 
Phone (704) 734-3550 
Fax: (704) 739-7888 I James E. Barton. Sales & Marketinu Mor.: James 

Fax: 18151 964-0559 
~ c n n ' s  Dempsey. Natona Sa es Mgr , Rolf Engh. 
Genera Mgr , Jon Rem ssong, Eastern Mgr , Bob 
Conlon M dwesl Rep . Mah Nelson. Dlr Technol- 

- - I A. Chamoton. Inslde Sales Mar. 
~xtender Pigments - 

I OgY 
Pigment Dispersions (Aqueous) 
Pigment Disperslons (Non-Aqueous) 

1 Eagle Zinc Company 

/ 30 Rockefeller Center. Ste. 2825 
New York. NY 10112 1 Phone: (212) 582-0420 
Fax (212) 582-3412 

/ Allen S. Perl. V.P. 
, Corrosion-inhibitina Piaments 

Fuji Silysla Chemical. Ltd. 
121 SW Morrison St., Ste. 865 1 Portland. OR 97204 Columbian Chemicals Co. 

1600 Parkwood Cir., Ste. 400 
Atlanta. GA 30339 
Phone: (770) 951 -5700 
Fax: (770) 951 -5742 
Ted Reilly, Dtr. Product Management 

BlacWBrownlGray Pigments 

Phone: (800) 795-9742 & (503) 295-1933 
/ Fax: (800) 295-1933 , Tom Brachowski; Jeff Hagan; Man Peterson; 

Mlchael Po~ov: Brad Schmitt: Rov Seeman I Metalllc Flakes a n i  powdered Pigments 
I White Pigments 

Yellow and Orange Pigments 

/ ~xtendkr Pigments 

1 General Carbon Co. 
7542 Maie Ave. 
Los Angeles, CA 90001-2637 I Phone: 12131 588-9291 

Consolidated Color Corp. 
12316 E. Carson St. 
Hawaiian Gardens. CA 90716 
Phone: (310) 420-7714 
Fax: (31 0) 425-2460 
Dana Harding. President 

Pigment Dispersions (Aqueous) 
Pigment Disperslons (Non-Aqueous) 

I Ebonex Corporation / 2380 S. Wabash 
P.O. Box 3247 

I Melvindale. MI 48122 
Phone: (313) 388-0060 
Fax: (313) 388-6495 

BlacWBrownlGray Pigments 
I Ptgment Dispersions (Aqueous) 

1 ~ a i :  (21'3) 568-0220 
I BiacWBrownIGray Pigments 

Genesis Dispersions Inc. 
3088 W. 106th St. 
Cleveland. OH 441 11 
Phone: (216) 671-1500 
Fax: (216) 671-1510 
Timothy T. Polgar. President; David Williams. 
CPA-Controller 

Plgment Dlspersions (Aqueous) 

Continental Industries Group, Inc. 
New Brook International 

I ECC International 

245 E. 58th St., 25th FI. 
100 Mansell Court, E.. Ste. 300 

New York. NY 10022 
1 Roswell. GA 30076 

Phone: (212) 752-2020 
Phone: (770) 594-6660 

Fax: (212) 355-1688 I Fax: (770) 645-3384 

R. Levi 
1 Mark Gillespie. Market Mgr. 

D~strtbutor of pigments Extender Pigments 
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AFFLAIR" LUSTRE PIGMENTS 

Guilty On All Counts! 
Metall~c effects In water based systems 
Add~ng new luster to powder coat~ngs 
Enhancrng product appearance 

i 

Non-toxrc 
c '  
b 
e - 

Heat stable 
ii ) Llghtfast , ~ > , ~ i 2 . c ,  .-- s*<.. 

- 'AX (914) 592-9463 
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HALOX PIGMENTS 
1326 Summer St. 
Hammond. IN 46320-2240 
Phone: (219) 933-1560 
Fax: (219) 933-1570 
Jeff Chin, General Sales Mgr.; Steve Hodges, 
Technical Dlr. 

Corrosion-Inhibiting Pigments 
Other Pigments 

Harborlite Corn. 
C/O World ~inerals, Inc. 
P.O. BOX I00 
Vicksburg. MI 49097 
Phone: (6161 649-1352 
Fax: (616) 649-3707 
Customer Service Dept. 

Extender Pigments 

Harcros P~gments, Inc. 
11 Executive Dr., Ste. 1 
Fairvlew Heights. lL 62208 
Phone: (800) 323-7796 
Fax: (618) 628-1029 
Mark Loudenslager, Dir. Sales and Marketing 

BlacWBrownlGray Pigments 
Extender Pigments 
Green Pigments 
lron Oxide Pigments 

Harcros Pigments Canada 
36 Towns Rd. 
Toronto, Ont. M8Z 1A3 
Canada 
Phone: (416) 251-1 161 
Fax: (416) 251-4774 
Richard DeMarchi. Business Dir; John Ciente. 
Technical Services Mgr. 

BlacklBrownlGray Pigments 
Blue Pigments 
Extender Pigments 
Green Pigments 
lron Oxide Plgments 

HCl Chemtech 
139 E. Soper SL 
St. Louis, MO 631 11 
Phone: (314) 832-5010 
Fax: (314) 481-4733 
Robert Severns, Branchrrerminally Mgr 

Distributor of pigments 

HEUCOTECH LTD. 
99 Newbold Rd. 
Fairless Hills. PA 19030 
Phone: (215) 736-0712 
Fax: (215) 736-0652 
Donald McBnde, National Sales Mgr.; Gerard 
Maratta, V.P.. RBD 

BlacWBrownIGray Pigments 
Blue Pigments 
Corms~on-Inhibiting Pigments 
Green P~gments 
lron Oxide Plgments 
Pigment Dispersions (Aqueous) 
Red Pigments 
Yellow and Orange Pigments 

Hilton Davis Co 
2235 Langdon Farm Rd. 
Cincinnati, OH 45237-4790 
Phone: (5131 841-4000 
Fax: (513) 841-3771 

BlacWBrownIGray Pigments 
Blue Plgments 
Dyes 
Green Pigments 
lron Oxide Pigments 
Plgment Dispersions (Aqueous) 
Plgment Dispersions (Non-Aqueous) 
Red Pigments 
White Pigments 
Yellow and Orange Pigments 

H~tox Corp. 01 Amerca 
P.O. Box 2544 
CorDus Christl. TX 78403-2544 
phone: (512) 883-5591 
Fax: (512) 883-7619 
Roger Padden. National Sales Mgr.; Douglas Funk, 
Sales: Thomas A. Landshof. President B CEO 

B~ack/Brown/~ra~ Pigments 
Blue Pigments 
Extender Pigments 
Green Pigments 
lron Oxide Pigments 
Other Pigments 
Red Pigments 
White Pigments 
Yeilow and Orange Pigments 

Hoover Color Corp. 
P.O. Box 218 
State Highway 693 
Hiwassee. VA 24347 
Phone: (540) 980-7233 
Fax: (540) 980-8781 
Steve Ha~mann, Technical Sales Mgr.; Charles 
Hoover, Jr., Chief Operating Officer 

BlacWBrownIGray Pigments 
Dyes 
Green Pigments 
lron Oxide Pigments 
Yellow and Orange Pigments 

J.M. Huber Corp. 
One Huber Rd. 
Macon, GA 31 298 
Phone: (912) 745-4751 
Fax: (912) 750-5485 
Tom Anderskow, Business Director, Coatings 

Extender Pigments 

HULS AMERICA INC. 
220 Davidson Ave. 
Somerset, NJ 08873 
Phone: (908) 560-6800 

Pigment Dispersions (Non-Aqueous) 

lshihara Corp. (U.S.A.) 
600 Montgomery St. 
San Francisco. CA 9411 1 
Phone: (415) 421-8207 
Fax: (415) 397-5403 
David Duenwald. General Mar.: Keiko Watts, 
Marketing Mgr. 

White Pigments 
Yellow and Orange Pigments 

K-T Feldsoar Corn 
Highway 226 ~ o i h  
P.O. Box 309 
Spruce Pine, NC 28777 
Phone: 1704) 765-9621 
Fax: (704) 765-6304 

Extender Pigments 

Kane International Corp. 
41 1 Theodore Fremd Ave. 
Rye. NY 10580 
Phone: (914) 921-3100 
Fax: (914) 921-3180 1 David Oulnlan 

Pigment Dispersions (Aqueous) 1 Pigment Dispersions (Non-Aqueous) 

I Kemira Piaments lnc. 
One ~ern;a Rd. 
P.O. Box 368 
Savannah. GA 31402 
Phone: (9121 652-1000 
Fax: (912) 652-1 181 
G.L. Roberts, Ill, V.P. Saleshlarketing; Jeff Hyde, 
National Sales Mgr.; Billy Lee. Product Mgr.. Rutile 

Whlte Plgments 

Phone, (312) 666-2015 
Fax: (312) 666-8530 
L. Bente, Product Mgr. 

BlacWBrownlGray Pigments 
Blue Plgments 
Dyes 
Green Pigments 
Other Pigments 
Red Pigments 
Yellow and Orange Pigments 

Kohl Marketing, Inc. 
14 Norcross St. 
Roswell, GA 30075 
Phone: (770) 642-0299 
Fax: (770) 642-1397 

Distributor of pigments 

Kowa American Corp. 
342 Madison Ave., Ste. 710 
New York, NY 10173 
Phone: l8OOl221-2076 
Fax: (21i) 9j2-4625 
Mark K. Smith. Sales Mgr.; Taka Nagashtma, 
Chem~cal DeDt. Mar. 

Other plgmen& 

Kraft Chemical Co. 
1975 N. Hawthome Ave. 
Melrose Park, lL 60160 
Phone: (708) 345-5200 
Fax: (708) 345-4005 
Ron Weiland. Sales Mgr.; Stan Lewis, Industry 
Specialist 

Corrosion-lnhibitlng Pigments 
Extender Pigments 
Metallic Flakes and Powdered Pigments 
Whlte Plgments 

Kronos, Inc. 
P.O. Box 4272 
Houston. TX 77210 
Phone: (800) 866-5600 
Fax: (713) 423-3258 

White Pigments 

Landers-Segal Color Co.. Inc. 
90 Dayton Ave. 
Passaic, NJ 07055 
Phone: (201) 779-5001 
Fax: (201) 779-8948 
Donald Greenwald. CEO: Rick Camobell. V.P. 
Marketing 8 Sales; Michael Smith. V.P. 
Smithchem Div. 

BlacWBrownIGray Plgments 
Blue Plaments 
corrosion-lnhlbitmg Pigments 
Extender Pigments 
Green Pigments 

Laporle Pigments 
7101 Muirkirk Rd. 
Beltsville. MD 20705 
Phone: (301) 210-7800 
Fax: (301) 210-4967 
Dave Murphy. Sales Mgr. 

BlacWBrown/Gray Plgments 
Blue Pigments 
Corrosion-Inhibiting Pigments 
Green Ptgments 
lron Oxide Ptgments 
Yellow and Orange Pigments 

Luzenac America 
8985 E. Nichols Ave. 
Englewood. CO 801 12-3410 
Phone: (303) 643-0400 
Fax: (303) 643-0444 

Extender Pigments 

Magruder Color Co. 
1029 Newark Ave. 
Elizabeth, NJ 07208 
Phone, (201) 242-1300 
Fax: (201) 242-4087 

Blue Pigments 
Pigment Dispersions (Aqueous) 
Red Pigments 
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YOU DON'T HAVE TO BE TOXIC - 

TO FIGHT CORROSION! 
Chromate pigment additives are well known for and low oil absorption, it is equally effective in 

effective corrosion resistance. Unfortunately, epoxies, acrylics, latexes, alkyds, and many other 
they're also well known for being highly toxic. resins. Lab and field tests prove it! 
Previously, you had to take the bad with the good When you need to fortify paint for maximum 
in protective coatings. corrosion resistance WITHOUT the 
~ b w ,  however, yo; can take 

the good with the good . . . 
with SZP-391 from HALOX'? 
the champion non-toxic 
corrosion fighter. 
SZP-391 is the most efficient 

hazards other chromates, you need 
HALOX SZP-391. Call or write 
today for the complete product 
specifications and documented 
results. And see how SZP-391 

delivers the best of both worlds. 
and versatile product in our For more information on HALOX 

S Q P: ONLY FROM HALOX. products, call 219-933-1560 or write to: 
protective coating systems Every product contains it. Every employee is HALOX@ Pigments,l326 Summer Street, 
line. With fine particle size dedicated to it. Every customer benefits from it! Hammond, Indiana 46320-2240 U.S.A. 

Circle No. 288 on the Reader Service Card 



Malvern Minerals Co. 
220 Runon St. 
P.O. Box 1238 
Hot Springs, AR 71902 
Phone: (501) 623-8893 
Fax: (501) 623-51 13 
Sam Bristow, Plant Mgr.; Roger Moreland. 
Accounts Mgr. 

Extender Pigments 

Manufacturing Business Systems 
1250 E. Walnut St., Ste. 150 
Pasadena, CA 91 106 
Phone: (818) 585-0103 
Fax: (818) 585-0106 

Distributor of pigments 

Mapico Inc. 
11116S.TowneSq. 
St. Louis, MO 63123 
Phone: 1314) 845-2010 
Fax: (314) &5-3570 
Joseph Moramarco, Technical Mgr. 

iron Oxide Pigments 

Meadowbrook Co. 
30 Rockefeller Plaza, Ste. 2825 
New York, NY 10112 
Phone: (212) 582-0420 
Fax: (212) 582-3412 
Allen S. Ped. V.P. 

Corrosion-Inhibiting Pigments 
Metalllc Flakes and Powdered Pigments 
Whlte Plgments 
Yellow and Orange Pigments 

The Mearl Cornoration 
320 Old Briarciiff Rd. 
P.O. Box 3030 
Briarcliff Manor. NY 10510 
Phone: 1914) 923-8500 
Fax: 19141 923-9594 
(nowbaiof Engelhard Corp.) 

Extender Pigments 
Other Plgments 

Millennium Inorganic Chemicals 
200 International Circle, Ste. 5000 
Hunt Valley. MD 21030 
Phone: (410) 229-4400 
Fax: (410) 229-4488 
Gaty L. Cianfichi. Marketing Mgr., Coatings 

Red Pigments 
White Plgments 
Yellow and Orange Pigments 

Mineral Pigments Corp. 
7101 Muirklrk Rd. 
Beltsville. MD 20705 
Phone: (301) 210-3400 
Fax: (301 ) 21 0-4967 
Dave Murphy. Sales Mgr.; John Kumas, 
Applications Chemist 

BlacWBrownIGray Prgments 
Blue Plgments 
Corrosion-Inhibiting Pigments 
Green Pigments 
lron Oxide Pigments 
Yellow and Orange Pigments 

Mino-Zu Chemical 
~ a i ~ a t e r i a i s  Div. 
1578 Barclay Blvd. 
Buffalo Grove, IL 60089 
Phone: (847) 419-1083 
Fax: (~47 )  4i9-1082 
Bob Yang. President 

Dyes 

Mississippi Lime Co. 
7 Alby Street 
P.0 Box 2247 
Alton. IL 62002-2247 
Phone: (618) 465-7741 
Fax: (618) 465-7786 
David Viox. V.P. Sales; Mark DeGenova. 
Technical Sewlce Mgr. 

Extender Pigments 

Mltsubishi Chem~cal America 
1 North Lexington Ave. 
White Plains. NY 10601 
Phone: (914) 286-3600 
Fax: (91 4) 681 -0760 
Kozo Hayashi, Mgr., Business Development; Paul 
Kreiter. Mgr.. Bus~ness Development 

Dyes 

Morton International 
100 N. Riverside Plaza 
Chicago, IL 60606 
Phone: (312) 807-2000 
Fax: (312) 807-2010 

Pigment Dispersions (Aqueous) 
Pigment Dispersions (Non-Aqueous) I Dyes 

NICHEM Corp. 
600 W. 52nd St. 
Chicago, lL 60609 
Phone: (312) 924-3700 
Fax: (312) 924-7760 

Blue Pigments 
Corrosion-Inhibiting Pigments 
Yellow and Orange Pigments 

NYCW Minerals, inc. 
124 Mountain View Dr. 
Willsboro. NY 12996 
Phone: (518) 963-4262 
Fax: (51 8) 963-41 87 
Dawn L.. Revette, Marketing Communication Rep. 1 Extender Pigments 

Obron Atlantic Corp. 
72 Cotwin Dr. 
Painesville, OH 44077 
Phone: 1216) 352-0400 

I Far. 171'61 0k2-6224 
Rlchard Thomas. V.P.: Henning Bunge. IM PainV 
Plastics; Frank Passen, Industry1Mgr.-OEM 

I Metallic Flakes and Powdered Pigments 

1 DMYA Inc - . . . . . ., . . . . . 
61 Main St. 
Proctor, VT 05765 
Phone: 18021 459-331 1 
Fax: (802) 459-21 25 

Extender Pigments 

Peer Chemical Corp. 
1552 S. Abbott Dr. 
Wheeling, IL 60090 
Phone: (847) 459-5347 
Fax: (847) 459-5340 
L.J. Jones, V.P. 

Blue Pigments 
Green Pigments 
Other Pigments 
Red Pigments 
Yellow and Orange Pigments 

Pflaumer Brothers. Inc. 
P.O. Box 309 
Norristown. PA 19404 
Phone: (610) 834-7400 
Fax: (610) 834-7404 
Harley R. McNair, President 

Pigment D~spersions (Aqueous) 
Plgment Dispersions (Non-Aqueous) 

Polar Minerals. Inc. 
1703 Bluff Rd. 
Mt. Vernon. IN 47620 
Phone: (770) 934-441 1 
Fax: (770) 934-4376 
Shawn Hays 

Extender Pigments 

Potters Industries, Inc. 
P.O. Box 840 
Valley Forge, PA 19482 
Phone: (610) 651-4700 
Fax: (610) 408-9724 

Customer Service 
Extender Plgments 
Metall~c Flakes and Powdered Plgments 
Other Pigments 

The PC2 Corp. 
Soecialtv Div. 
P'O 00; 3720 
Chattanooga, TN 37404 
Phone, 1423) 629-7160 
Fax: (423) 698-0614 
M.G. Ross. Marketing Development Project Mgr. 

Extender Plgments 

PC! Corporation/ Potters Industries 
P.O. Box 840 
Valley Forge, PA 19482 
Phone: (610) 651-4317 
Fax: (610)251-9060 
E. Myszak, Marketing Development Mgr 

Extender P~gments 

Purity Zinc Metals 
290 Awin Ave. 
Stoney Creek, Ont. LEE 2MI 
Canada 
Phone: (905) 662-4802 
Fax: 1905) 664-3944 
 am& E '~esroches, Dir. Sales 

Metallic Flakes and Powdered Pigments 

Pyosa, S.A. de C.V. 
Ave, lndustrias No. 1200 Pte 
Col. Belia Vista 
Monterrey, NL 64410 
Mexico 
Phone: (52) 8 331 2600 
Fax: 1521 8 331 4632 
~ l i c i a~ . '~ozano .  Director; Pedm Tuerina, Sales 
Mgr.. North America 

Blue Plgments 
Corrosion-Inhibiting Pigments 
Dyes 
Green Pigments 
Pigment Dispersions (Aqueous) 
Red Pigments 
Yellow and Orange Pigments 

Radiant Color 
2800 Radiant Ave. 
P.O. Box 4019 
Richmond, CA 94804-0019 
Phone: (51 0) 233-91 19 
Fax: 1510) 233-9138 
~ober t  ~ e s s .  Dir. Marketing; Darren Bianchi, 
Technical Dir. 

Other Pigments 
Pigment Dispersions (Aqueous) 
Plgment Dispersions (Non-Aqueous) 

RBH Disoenions. Inc. 
L-5 ~actbty Lane 
CN 2006 
Bound Brook, NJ 08805-1036 
Phone (9081 356-1 800 
Fax: (908) 356-8369 
John V. Mitzak, V.P.: Dennis H. Rice. Sales Mgr.: 
Bharat M. Parekh, Technical Mgr. 

Pigment Dispersions (Aqueous) 
P~gment Dispersions (Non-Aqueous) 

Reade Advanced Materials 
P.0 Drawer 15039 
Providence, RI 02915-0039 
Phone: (401) 433-7000 
Fax: (401) 433-7001 
Charles Reade, Eastern Regional Sales Mgr.; 
Bethany Cochran, Western Regional Sales Mgr. 

BlacWBrownIGray Pigments 
Corrosion-Inhibiting Pigments 
Extender Pigments 
Green Pigments 
lron Oxide Plgments 
Metallic Flakes and Powdered Pigments 
Red Pigments 
Whlte Plgments 
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Reichhold Chemicals. Inc. 
2400 Ellis Rd. 
P.O. Box 13582 
Durham. NC 27709 
Phone: (919) 990-7500 
Fax: (919) 990-771 1 
Steve Brechbiel. Coqxxatbn C o m m u n i i  

Psgmenl Dispersions (Aqueous) 
P~gmenl Dispersicns (NowAqueous) 

Reynolds Metals Co. 
Powder 8 Paste Div. 
Plant 111. 4101 Camp Ground Rd. 
Louisville, KY 40211-2138 
Phone: (502) 7754240 
Fax: (502) 775-4249 
Dennls Malloy. A m r U  Mgr.; Lany P'tcMord. 
Technical Mgr.; Gary Wood. Accwm Mgr. 

Metalllc Flakes and Powdered P i i  

Ribelin Sales Inc. 
3857 Milkr Park Dr. 
Garland. TX 75042 
Phone: (214) 272-1594 
Fax: (214) 272-1078 
M i a e l  R i l i n .  Pre$ident 8 CEO; Steve Stephem. 
V.P. Marketmg; Roberl Blackiord. V.P. Sales 

Distributor of pigments 

Kenneth M. Rice Co. 
2200 E. Devon Ave., Ste. 193 
Des Plaines, IL 60018 
Phone: (847) 8051030 
Fax: (847) 803-4358 
Ken Rice; Frank Benson; Jeny Nowicki 

Distributor of pigments 

Rt-Chem Co., Inc. 
P.O. Box 435 
Pleasantville. NY 10570 
Phone: (914) 769-9110 
Fax: (914) 76S1408 
Wavme J. Riiell. V.P. Sales: Gaw S. Riell, V.P 
~ake t ing  Development 

Extender Pigments 

Ri Chemical Sales. Inc. 
12 Galloway Ave., Ste. I F  
Cockeysville. MD 21030 
Phone: (410) 868-2332 
Fax: (410) 666-0844 
Bob Jortland. President; Peter Rehgel. V.P. 

astributor of pigments 

Royale Pigments and Chemicals. Inc. 
12 m. 17 N.. Ste. 309 
Paramus, NJ 07852 
Phone: (201) 8454666 
Fax: (201) 8450719 
Lindsay A. L o w .  President; Eric Percy, Sales 
Consultant 

BlacWBrown/Gray Pigments 
Blue Pigments 
Corrosrw-Inhibiting Plgments 
Dyes 
Green Pigments 
lron Oxide Pigments 
Metallic Flakes and Powdered Pigments 
Other Pigments 
Pigment Dispemhms (Aqu&us) 
Red Pigments 
Mite Pigments 

Royce Associates, ALP 
35 Carlton Ave. 
East Rutherford, NJ 07073 
Phone- (201) 438-5200 
Fax: 1261) 4j8-5207 
Jay ROY&, President Wylie Royce, V.P.; Teny 
Scheirer, Comptroller 

Sachneben Cow. 
520 Madison Ave. 
New York. NY 10022 
Phone: (212) 715-5236 
Fax: (212) 4862742 
Keim Standbridge; Paul Frazier 

Extender Pigments 
Whlte Pigments 

SARTOPMER CO 
mThomasJonesway 
Exton, PA 19341 
Phone: SARTOMER 
Fax: (61'0) 3634140 

Blue Pigmerns 
Green Pigments 
Red Pigments 
Yellow and Orange P(gments 

Sherwin-Wllliams Chemicals 
r or Prospect Ave., NW 
C M a n d .  OH 44115 
Phone: (216) 566-1294 
Fax: (216) YX-1876 
Charles Simpson. Mgr., Technical Senrices 

Conoslon-Inhibiting Pigments 

Silbeflii Manufacturing Co.. Inc. 
P.O. Box B 
Lincoln Dr. 
Tamaqua. PA 182520420 
Phone: (717) 668-6050 
Fax: (717) 6660197 

Metallic Flakes and Powdered Pigments 

SirwAmeriean Pigment Systems. Inc. 
1936 University Ave.. Ste. 330 
Berkeley. CA 94704-1024 
Phone: 1510) 848-8890 
Fax: (5i0) &-8889 I Kent Stelling; Dir. Administraiq Michael Issel, 
President 

Corrosion-Inhibiting Pigments 
Extender Pigments 
Green Pigments 
Red Pigments 
Wh~te Pigments 
Yellow and Orange Pigments 

Specialty Minerals Inc. 
The Chrysler Bldg. 
405 Lexington Ave. 
New York. NY 10174-1901 
Phone: (212) 878-1900 
Fax: (212) 87E1903 

Extender Pigmem 

spectra m o r s  Cow. 
25 Rindo Rd. 
Keamy, NJ 07W2 
Phone: (800) 527-8588 
Fax: (800) 6351811 
Sharm Auriemma, Customer S.9rviCe Mgr. 

Blue Pigments 
Dyes 
lron Oxide Pigments 
Omer Pigments 
Pigment Dispersions (Aqueous) 

Sun Chemical Corp. 
Color Group 
5020 Spnng Grove Ave. 
Cinunnd. OH 45232 
Phone: (513) 681-5950 
Fax: (513) 632-1537 
Ed Pdaski. Sales Mgr.; Peter A. L.ewis, Coatings 
Industry Mgr. 

Blue Pigments 
Green Pigments 
Pigment Dispersions (Aquews) 
Red Pigments 
Yellow and Orange Pigments 

Tayca Cow. 
K-Wife D i .  
1751 E. Lincoln Ave. 
Madim Heights. MI 48071 
Phone: (810) 3990035 
Fax: (810) 399-1340 
Nobuaki Kimizu. Sales Mgr.; Kimber BaW. 
Adminislrative Asst. 

Conosion Inhibiting Pigments 

Technical Industries. Inc. 
217 Church St. 
P.O. Box 65 
Peace Dale, RI 028830065 
Phone: (401) 783-5887 
Fax: (401) 7842270 
A.J. Rose. Jr.. President: EriCA. R W .  V.P.; 
F. ~ t e v e n ' ~ i ~ a s i .  PlantlOualii Mgr. 1 BlacWBrownXjray Pigments 

Blue Pigments 
Corrosion-Inhibiting Pigments 
Extender Pigments 
Pigmenl Dispersions (Aqums) 
Wh~le Pigments 

Ttoxide Americas Inc. 
2001 Bunerfield Rd.. Ste. 601 , Downers Grove, IL 80515 
Phone: (630) 6634900 
Fax: (630) 663-4901 
Robert McComb. Communications 8 Marketing 
Information Mgr. 

White Pigments 

Toyal America 
1717 N. Naper Blvd., Ste. 201 
Naperville, IL 60563-8838 
Phone: (630) 505-2169 
Fax: (630) 505-2176 

1 Metallic Flakes and Powdered Pigments 

Toyo Ink America. Inc. 
910 Sylvan Ave. 
Englewood C l i .  NJ 07632 
Phone: 1201) 5688880 
Fax: (201) 569.2455 
Richard M. Skudera. Senior Sales Mgr. 

Blue Pigments 
Green Pigments 
Pigment Dispersions (Aqueous) 
P~gment Dispersions (Non-Aqueous) 
Red Pigments 
Yellow and Orange Pigments 

Trans Westem Chemicals, lnc. 
7766 Industry Ave. 
Pico Rivera, CA 90660 
Phone: (310) 942-1833 I Fax: (310) 942-9412 
Henry J. Kirsch. V.P.1 Sales 8 Marketing 1 Distributor of pigments 

U.S. Aluminum, Inc. 
408 Re. 202 
P.O. Box2190 
Flemington. NJ 08822-2190 
Phone: (800) 544-0186 
Fax: (908) 782-3489 I BII Cwieka V.P. M Rhonda Kasler. Custol 1 Setvice Mgr. 

Metallic Flakes and Powdered Pigments 

Uhlich Color Company 
5620 Norlh KOlb Rd. 
Tucson. A2 85750 
Phone: (520) 577-T105 
Fax: (520) 5770038 

Blue Pigments 
Dyes 
Green Pigments 
Red Pigments 
Yellow and Orange Pigments 

Unimin Corp. 
258 Elm St. 
New Canaan. CT 06840 

' Phone: (203) 9668880 
Fax: (203) 9663453 

Extender Pigments 

United Color TBchndogy. Inc. 
638 Newtwn-Yardley Rd., Sle. 1E 
P.O. Box 480 
Newiown. PA 18940 
Phone: (215) 860-2165 

1 Fax: (215) 860-8560 

mer 

39 Vol. 69, No. 867, April 1997 



Thomas Nowakowski. President; Robert Cwik. 
National Sales Mgr. 

Blue Pigments 
Dyes 
Green Pigments 
Other Pigments 
Pigment Dtspersions (Aqueous) 
Red Pigments 
Yellow and Orange Pigments 

United Mineral 8 Chemical Cop. 
1100 Valley Brook Rd. 
Lyndhurst. NJ 07071-3608 
Phone: (201) 507-3300 
Fax: (201) 507-1506 
N. Nurhan Becidyan, V.P. 8 General Mgr.; Michael 
Sansoneni, Mgr.. Pigments; Sal Morreale, Mgr.. 
Chemicals; Irwin Drangel, Mgr., Metals 

Blue Pigments 
Corrosion-Inhibiting Pigments 
Dyes 
Extender Pigments 
Green Piaments 
Other ~i&ents 
Red Pigments 
White Plgments 
Yellow and Orange Pigments 

U.S. Bronze Powders. Inc. 
408 Route 202 
P.O. Box 31 
Flemlngtan, NJ 08822 
Phone: (908) 782-5454 
Fax: (908) 782-3489 
William J. Cwieka. V.P. Sales; Rhonda G. Kasler, 
Mgr.. Customer Service 

Metallic Flakes and Powdered Pigments 

U.S. Silica Company 
P.O. Box 187 
Highway 522 North 
Berkeley Springs, WV 25411 
Phone. (304) 258-2500 

Fax: (304) 258-8295 
Robert B. Calamari. V.P. Sales: Paul F. Gunman: 
John H. Wilson, ~iilribution ~ g r .  

Extender Pigments 

U.S. Zinc Comoration 
6020 ~avigatbn 
P.O. Box 61 1 
Houston, TX 77001 
Phone: (713) 926-1705 
Fax: (71'3)923-1783 
David Leggen. Sales Mgr.; Joe Husseini, Export 
Sales 

Corrosion-Inhibiting Pigments 
White Pigments 

R T VANL)ERRILT t ' i l  b ! 5  
30 Winfield St. 
P.O. Box 51 50 
Norwalk. CT 06856-51 50 
Phone: (203) 853-1400 
Fax: (203) 853-1452 

Extender Pigments 

Wayne Pigments Cop. 
306 N. Milwaukee St. 
Milwaukee. W153202 
Phone: (414) 225-2400 
Fax: (414) 225-2410 
W. Thomas Peltijohn. President; James E. Boldt, 
V.P. 

Corrosion-Inhibiting 
Other Pigments 
Yellow and Orange Pigments 

Robert I. Webber Co.. Inc 
35 Colporate Dr 
Trumbull, CT 06611 
Phone 12031 452-3080 
Fax: (203) 452-3085 
David Webber. V.P. Sales; Dee Whittaker, Secy- 
Treasurer/Oflice Mgr. 

Distributor of ptgments 

Zemex lndustnal Mlnerals 
1040 Crown Pointe Pkwy., Ste. 270 
Atlanta, GA 30338 
Phone: (770) 392-8664 
Fax: (770) 392-8670 
Lynn Kraniak. Dlr. Marketing & Production Dev.; 
Patrick Carr. V.P. Sales. Specialty Pmducts 

Extender Pigments 

Zeneca, Pigments & Additives 1 8720 Red Oak Blvd., Ste. 2207 

Phone: (704) 561-7340 
Fax: (704) 561-7353 
Robin Neaves, Mktg. 8 Sales Mgr.; Jan Weemik, 
Tech. Mar.: Monica Grimes. Safetv. Health. Envir. 

~ lueb i~men ts  
Dyes 
Green Pigments 
Pigment Dispersions (Aqueous) 
Red Pigments 
Yellow and Orange Pigments 

Zinc Corp. of America, Inc. 
Rt. 18.300 Frankiolt Rd. 
Monaca. PA 15061 
Phone: (412) 774-1020 
Fax: (412) 773-2269 
A.C. Hardies. V.P. Sales; S.L. Lewis, Technical 
Service Engineer 

Corrosion-Inhibiting Pigments 
Metallic Flakes and Powdered Pigments 
White Pigments 

Zochem, Division of Hudson Bay 
P.O. BOX 1120 
Bramoton. Ont. L6V 2L8 Canada 
 honk: (9.05) 453-4100 
Fax: (905) 4552920 
Scott A. Gilliard, Sales Mgr. 

White Pigments 
Yellow and Orange Pigments 
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BUCKfBUMfGUAV PK;MENTS 

ABCo Enterprises. Inc. 
Asbury Cailxns, Inc., Div. d Asbury Graphite 

Mills. Inc. 
BASF CORP. 
Bayer Corporation 
Cabor Cow., special Blacks Div. 
Cerdec Corn. 
Cleveland P- 8 Cdor Co. 
Columlnan Chemmls Co. 
Degussa colp. 
Ebonex Corporation 
ENGELHARD CORP. 
Ferro Corp. 
General Carbon Co. 
Harcros Pioments. Inc 
Harcros ~i&nts-Canada 
HEUCOTECH LTD. 
Hllton Davis Co. 
Hitox Corn. of America 
Hoover &!or Corp. 
Keystone Aniline Cap. 
Landers-Segal Color Co., Inc. 
Laoorte Piaments 
Mineral ~ & e n t s  capwatm 
Reade Advanced MateMls 
Royale P~gments and Chemmls. Inc 
~echnicalindustries, Inc. 

Brown and G m  
Cleveland P~oment 8 Color Co. 
ENGELHAR~ COUP 
Harcros Plgments. Inc 
Hltox Corn of Amenca 
Hoover dolor Corp. 
Royale Pigments and Chemicals. Inc. 

c ihmlkk  
ABCO Enteprises. Inc. 
Asbury Carbons, Inc., Div. of Asbury Graph@ 

Mills, Inc. 
Baver Comoration 
cabot Cow , Speaal Blacks Dlv 
Columblan Chem~cals Co 
Degussa Cop. 
ENGELHARD CORP. 
Harcros Pigments-Canada 
Hilton Davis Co. 
Keystone Aniline Cop. 
Landers-Seoal Color Co.. Inc. 
lapone ~~gmen ts  
M~neral P gments Cofporat~on 
Reade Advanced Matenals 

Complex lnorgmic Color P- 
Cerdec Cop. 
Deoussa Corn. 
EN~ELHARD CORP. 
Ferro Corp. 
HEUCOTECH LTD. 
Hoover Color Corn. 
-anaers-Segal color CO.. Inc. 
Royale P gments and Chemicals. Inc 

Droo and Bone Bl& 
ABCO Enterprises, Inc. 
Cleveland Pigment 8 Color Co. 
Ebonex Corporation 
Hoover Color Corp. 

Columbian Chemicals Co. 
Degussa Corp. 
ENGELHARD CORP. 
General Carbon Co. 
Hoover Color Corp. 
Landers-Segal Color Co., Inc. 
Mineral Pigments Corporation 
Reade Advanced Materials - 
BASF CORP. 
Cleveland Pigment 8 Color Co 
Columbian Chemicals Co. 

ENGELHARD COUP 
HEUCOlECH LTD. 

C(eve(and P i  & Cobr Co. 
Degussa Corp. 
EfrCIE-rlARD COUP 

Hitox Com. of America 
~eyst0ne'~niline Corp. 
Landers-Segal Color Co., Inc. 
Lapom Pigments 
Magruder Color Co. 
Mineral Plgments Corporalkm 
NiCHEM Cop. 
Peer Chemical Cop. 
Pyosa, S.A. de C.V. 
Royale Pigments and Chemicals, Inc. 
SARTOMER CO. 
S p e a  Colors Cop. 
Sun Chemical Carp.. Cdors Group Div 
Technical Industries. Inc. 
Toyo Ink America, Inc. 
Uhlich Color Company 
United Color Technoloav. Inc. 
Untted Maneralg  he&& Cow. 
Zeneca Plgments 8 Addllhes 

Blue. Purnle and Violet PMA & PTA 
TonersILakes 

ENGELHARD CORP 
Keystone Aniline Corp. 
Peer Chemical Corp. 
Royale Pigments and Chemicals. Inc. 
Sun Chemical Corp.. Colors Group Div 

-anic Color Piaments 
Cerdec Corp. 
Degussa Corp. 
Ferro Corn. 
Harcros P'lgments-~anada 
HEUCOTECH LTD. 
Landers-Segal Color Co., Inc. 
Roya e Plgments and Chemicals. Inc 

lndanthrone Blue 
BASF CORP. 
Keystone Aniline Corp. 
Toyo Ink America. Inc. 
United Color Technology, Inc. 
Zeneca, Pigments 8 Additives 

Iron Blue 
Aarbor International Cop. 
Degussa Corp. 
Keystone Aniline Cop. 
Landers-Segal Color Co.. Inc. 
Mineral Pigments Corporation 
Pyosa, S.A. de C.V. 

Phthalocvanine Blue 
Aarbor International Corn. 
Atomergic Chemetals carp. 
BASF CORP. 
Bayer Corporation 
Brownino Chemical Corm 
CIBA S ~ C I A L T Y  CHEMICALS 
Cleveland Pigment 8 Color Co. 
ENGELHARD CORP. 
HEUCOTECH LTD. 
Hilton Davls Co. 
Keystone Aniline Corp. 

Landerr-Segal Color Co.. Inc. 
Magruder Color Co. 
NICHEM Corp. 
Peer Chemical Cop. 
Pyosa, S.A. de C.V. 
ROY* Pigments and Chemiis. Inc. 
SARTOMER CO 
Spectra Colors Corp. 
Sun C h e m d  Corp.. W r s  Group Div 
Toyo Ink America. Inc. 
Uhlich Cdor C o m m  
Unned Color ~&nodgy. Inc 
Unded M~neralB Chemical Cop  
Zoncca. Plgments 8 AacmVes 

Ultramarine Blue 
Atomergic Chemetals Corp. 
Browning Chemical Cop. 
Cleveland Pigment 8 Color Co. 
Fern Corp. 
Hilton Davis Co. 
Landers-Segal Color Co., Inc. 
Royale Pigments and Chemicals. Inc. 

Mix. Blue. Purple and Violet 
ClBA SPECIALTY CHEMICALS 
ENGELHARD CORP. 
Hilton Davis Co. 
Hitox Corp. of America 
Landers-Segal Color Co., Inc. 
Peer Chemical Cop. 
SpaIra Colors Corp. 
Sun Chemical Corp.. Colors Group Div. 
Uhlich Color Company 

CORROSION-INHIBITING PIGMENTS 

Albright 8 Wilson U.K.. Ltd. 
BASF CORP. 
Buckman Laboratories. Inc. 
CasChem. lnc. 
Cerdec Corp. 
Eagle Zinc Company 
HALOX PIGMENTS 
HEUCOTECH LTD. 
KraH Chemical Co. 
Landers-Segal Color Co., Inc. 
Laporte Pigments 
Meadowbrook Co. 
Mineral Pigments Corporation 
NICHEM Corp. 
Pyosa. S A. de C.V. 
Reade Advanced Materials 
Royale Pigments and Chemicals, Inc. 
Sherwin-Williams Chemicals 
Slno-Amencan Pigment Systems, Inc. 
Tayca Corp., K-Whlte Div. 
Technical Industries, Inc. 
U.S. Zinc Corporation 
United Mineral & Chemical Corp. 
Wayne Plgments Corp. 
Zinc Corp. of Amerlca. Inc. 

Zinc Dust and Flakes 
Eagle Zinc Company 
Krafl Chemical Co. 
Meadowbrook Co. 
Reade Advanced Matenals 
J.S. Zlnc Corporation 
Ztnc Corp of Amer ca. Inc. 

Zinc Yellow Piaments 
Landers-Segal Color Co.. Inc. 
Laporte Pigments 
Mineral Pigments Corporation 
NICHEM Corp. 
Pyosa, S.A, de C.V. 
Royale Pigments and Chemicals, Inc. 
Wayne Pigments Cop. 

Misc. Corrosion-lnhibitina Piaments 
BASF CORP. 
Buckman Laboratories, Inc. 
CasChem, Inc. 
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Cerdec Corp 
Eagle Zlnc Company 
I J l  1 

HLdCOTECY I TU 
Landers-Segal Color Co.. Inc. 
Laporte Pigments 
Meadowbrook Co. 
Mineral Pigments Corporation 
NICHEM Corp. 
Sherwin-W~lllams Chemicals 
Sino-American Pigment Systems, Inc. 
Tayca Corp., K-White Div. 
United Mineral &Chemical Corp. 
Wayne Pigments Corp. 

DYES 

BASF LOFlP 
Baver Cor~oration 
cabtan ~ssociates, Inc 
Clariant Corp. 
Day-Glo Color Corp. 
Hilton Davis Co. 
Hoover Color Coro. 
Keystone An~l~ne Corp 
M ng ZL Cnem cal, Raw Materials DIV 
M IS-OIS~I Chemlcal Amerca 
Morton lnternational 
Pyosa, S.A. de C.V. 
Royale Pigments and Chemicals. Inc. 
Rovce Associates, ALP 

J n  tea Co,or Technology. Inc 
J n  tea M~nera 8 Cnem cal Corp 
Zeneca, Pigments & Additives 

BA'F 1;CPl' 
Keystone Anlline Corp. 
Pyosa, S.A. de C.V. 
Royale Pigments and Chemicals. Inc. 
Royce Associates. ALP 
Spectra Colors Corp. 

Solvent-Soluble 
5ASF COH!' 
Bayer Corporation 
Keystone Aniline Corp. 
Ming-Zu Chemical, Raw Materials Div. 
Morton lnternatlonal 
Pyosa, S.A. de C.V. 
Royale Plgments and Chemicals, Inc. 
Rovce Associates, ALP 
~oect ra  Colors Corn 
Lnlred co or lechno ogy. Inc. 
Zeneca. P~gments & Add11 ves 

Water-Soluble 
i i n s i  (:ow 
Hilton Davis Co. 
Hoover Color Corp. 
Keystone Aniline Corp. 
Mlng-Zu Chemical, Raw Materials Div. 
Morton lnternational 
Pyosa, S.A. de C.V. 
Rcyale Pigments and Chemicals, Inc. 
Royce Associates, ALP 
Spectra Colors Corp. 
United Color Technology, Inc. 

Misc. Dyes 
B A S ,  CIJ':P 

Captan Associates, Inc. 
Day-Glo Color Corp. 
Hilton Davis Co. 
Keystone Aniline Corp. 
M~ng-Zu Chemical, Raw Materials Div. 
Pyosa. S.A. de C.V. 
Royale Pigments and Chemicals. Inc. 
Royce Assoc~ates, ALP 
Spectra Colors Cop. 
Uhlich Color Company 
United Mineral &Chemical Corp. 

EXTENDER PIGMENTS 

Alcoa lndustr~al Chemicals 
Asbury Carbons, Inc . DIV of Asbury Graphlte 

M~lls, Inc 
Atomerg~c Chemetals Corp 
BURC.L SS PlGLlENT C (  
Cabot Corn CAB-0-SIL 
Ce ~ f e  Corp , c/o Wond M~nerals. Inc 
Clmbar Performance M~nerals 
Cleve and Ptamenl & Color Co 
CR ~ inera ls torp .  
Dry Branch Kaolin Company 
ECC International 
- ' a  ;ELHARD CORP 
Franklin lndustrial Minerals. Div. of KMG 
Fuji Silysia Chemical. Ltd. 
Harborlite Corp., d o  World Minerals, Inc 
Harcros Pigments Inc. 
Harcros Pigments-Canada 
Hitox Corp. of Amer~ca 
J.M. Huber Corp., Engineered Minerals Div. 
K-T Feldspar Corp. 
Kraft Chemaal Co. 
Landers-Segal Color Co., Inc. 
Luzenac America 
Malvern Mlnerals Co. 
The Mearl Cor~oration 
M~ssissippi ~ i m e  Co. 
NYCOeMinerals. Inc 
OMYA. Inc. 
Polar Minerals. Inc. 
Potters Industries, Inc. 
The PO Corp., Speclalty Div. 
PQ Corporation1 Potters Industries 
Reade Advanced Materials 
Rit-Chem Co., Inc. 
Sachtleben Corp. 
Sino-American Pigment Systems. Inc. 
Speclalty Minerals Inc. 
Technical Industries, Inc. 
U.S. Silica Company 
Unimin Corp. 
United Mlneral &Chemical Corp. 
il i ;~,NlJLl i i i I l  I C C  1'1"  

Zemex lndustrial Minerals 

Aluminum Trihydrate 
Alcoa lndustrlal Chemicals 
Hitox Corp. of America 
J.M. Huber Corp.. Engineered Minerals Div. 
Krafl Chemical Co. 
Landers-Segal Color Co., Inc. 

Barium Sulfate (Ba~tes. Blanc Fixel 
Cimbar Performance Minerals 
Harcros Pigments Inc. 
Harcros Pigments-Canada 
Hitox Corp, of America 
J.M. Huber Corp., Engineered Minerals Div. 
Kraft Chemical Co. 
Landers-Seaal Color Co.. Inc. 
Polar ~inerals, Inc. 
Rit-Chem Co . Inc. 
Sachtleben Corp. 
Sino-American Pigment Systems, Inc. 
Zemex lndustrial Minerals 

Barium Sulfate 
Atomergic Chemetals Corp. 
Cimbar Performance Minerals 
Cleveland Piqment & Color Co 
if,. t ~ ~ i \ i l i ?  COPI' 
Hitox Corp. of America 
J.M. Huber Corp., Engineered Minerals Div. 
Landers-Segal Color Co., Inc. 

Bentonite 
Asbury Carbons, Inc., Div. of Asbury Graphite 

Mills. Inc. 
C mbar Performance M nerals 
Lanoers-Segal Color Co.. Inc. 

Calcium Carbonate 
ECC lntematlonal 
I P. IF\ IARD CORP 

J.M. Huber Corp., Englneered Minerals Div. 
Landers-Segal Color Co., Inc. 
Misslssippi L~me Co. 
OMYA, Inc. 
Polar Minerals, Inc. 
Specialty Minerals Inc. 
United Mineral & Chemical Corp. 

China Clay &Aluminum Silicate 
RLIR(;F\S PtGk'Flrr ( il 
Dry Branch Kaolln Company 
ECC lnternatlonal 
! PlC;ELHAt?!l CORF 
J.M. Huber Corp., Englneered Mlnerals Div. 
K-T Feldspar Corp. 
Landers-Segal Color Co., Inc. 
P T VAIILlERBILT L O  lilC 

Fillers 
BURGESS PIGh1EN i ( i.1 
CR Minerals Corp. 
Cimbar Performance Minerals 
Dry Branch Kaol~n Company 
ECC International 
ENLI~LHA!?IJ COEP 
Harborlite Corp., d o  World Minerals. Inc. 
J.M. Huber Corp., Engineered Minerals Div. 
K-T Feldspar Corp. 
Landers-Segal Color Co., Inc. 
NYCOm Minerals, Inc. 
Polar Minerals, Inc. 
The PQ Corp., Specially Div. 
Reade Advanced Materials 
Specialty Minerals Inc. 
U.S. Silica Company 
Unimin Corp. 
Zemex lndustrial Minerals 

Mica 
Asbury Carbons, Inc.. Div. of Asbury Graphite 

Mills, Inc. 
E!li,iLHAVlD CUI-!' 
Franklin lndustrial Minerals. Div, of KMG 
Landers-Segal Color Co.. Inc 
The Mearl Corporation 
Polar Minerals, Inc. 
Zemex lndustrial Minerals 

Silica-Amor~hous-Naturally Occurring 
CR Minerals Corp. 
ENGECIiPI?D CORP 
K-T Feldspar Cow. 
Landers-Seaal Color Co.. Inc 

Silica-Amor~hous-Svnthetic 
Cabot Corp, CAB-0-SIL 
Cellte Coro.. d o  World Minerals. Inc. , . 
EElCiELH,i171) C O h P  
Fuji Silysia Chemical, Ltd 

Silica-Quartz and Diatomaceous 
Celite Coro.. c/o World Minerals. Inc. 
CR ~ i n e r i l i  Corp. 
ENCFLHLI1ZI CORP 
Landers-Segal Color Co., Inc 
Malvern Minerals Co. 
U.S. Silica Company 

Talc or Magnesium Silicate 
Asbury Carbons, Inc., DIV, of Asbury Graphite 

Mills. inc. 
Celite Corp.. c/o World Minerals. Inc. 
FNCELHARD COli 
Landers-Seqal Color Co., Inc. 
Luzenac ~ m e r ~ c a  
Polar M~nerals, Inc. 
R i VANDERBILT CO INC 
Zemex industrial Mlnerals 

Misc. Extenders 
Alcoa lndustrial Chemicals 
BURGESS PIGMENT CO 
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E t i l o i  
J M Huber Corp , Engineered M~nerals DIV 
K-T Feldspar Corp 
Landers-Segal Color Co , Inc 
Luzenac Amenca 
Malvern Mlnerals Co 
N Y C P  M~nerals, Inc 
Polar Minerals, Inc 
PQ Corporation/ Potters lndustrles 
The PQ Corp Specialty Div 
Poners lndustnes Inc 
Spec~alty Minerals Inc 

VANL 3PILT C n  INC 
Unlmin Corp 

GREEN PIGMENTS 

Aarbor International Corp. 
Atomergic Chemetals Corp. 
;, . .. ,..: 1 CORP 
Bayer corporation 
Browning Chemical Cop.  
Cerdec Corp. 
, 1 SPECIALTY CHEF.4ICALS 
Cimbar Performance Minerals 
Cleveland Plgment 8 Color Co 
i ' Ll.IiP17L> CORP 
Ferro Corp 
Harcros Ploments Inc 
Harcros ~~&nents-~anada 
Ii-UCOTF H LTD 
H~lton Dav~s Co 
Hltox Corp of Amerlca 
Hoover Color Corp 
Keystone Anlllne Corp 
Landers-Segal Color Co . Inc 
Laporte Pigrnents 
M~neral P~gments Corporat~on 
Peer Chemlcal Corp 
Pyosa. S A de C V 
Reade Advanced Materials 
Royale Plgments and Chemlcals. Inc 

1 0 1 1 I  TJ (0 
~ - .. 

Sino-American Pigment Systems, Inc. 
Sun Chemical Corp., Colors Group Div. 
Tovo Ink America. Inc. 
~ h i l c h  Color Company 
Unlted Mineral 8 Chemlca Corp 
Zeneca. P gments & Addlllves 

Chrome Green 
EIIGELHARD COfiP 
Landers-Segal Color Co.. Inc. 
Laporte Pigments 
Mineral Pigments Corporation 
Pyosa, S.A. de C.V. 
Royale Pigments and Chemlcals. Inc. 

Chromium Oxide 
Atomergtc Cnemetals Corp 
Cleveland P~gment 8 Color Co 
Harcros Plgments Inc. 
Harcros Pigments-Canada 
Hoover Color Corp. 
Landers-Segal Color Co., Inc. 
Laporte Pigments 
Mineral Pigments Corporation 
Pyosa, S.A. de C.V. 
Reade Advanced Materials 

Complex Inorganic Color Pigments 
Cerdec Corp. 
Ferro Corp 
i i '  OCOTtCH L l n  
Hoover Color Corp 
Lanaers-Segal Color Co , Inc 
Roya e Plgmenls and Chemlcals. Inc 

Green PMA & PTA TonerslLakes 
Peer Chemical Corp. 
Royale Pigments and Chemicals, Inc. 

Barium Sulfate 
C mbar Performance Maneras 
LanderGegal Color Co.. Inc 

Phthalocvanine Green 
Aarbor International Corn. 
Atomergic Chemetals COW. 
BASF COUP 
Bayer Corporation 
Brownina Chemical Corn. 

Cleveland Pigment 8 Color Co 
ENGELHARO CORP 
HEUCOTECH LTO 
Hilton Davis Co. 
Keystone Aniline Corp. 
Peer Chemical Corp. 
Pvosa. S.A. de C.V. 
~ b y a ~ e  P gments and Cnem~cals, nc 
<:. 3.1. C I  - c  
Sun Chemlcal Cow.  C0,ors Grodp Div. 
Toyo Ink America, Inc. 
Uhlich Color Company 
United Mineral &Chemical Corp 
Zeneca. Pigments 8 Additives 

Misc. Green Pigments 
ClBA SPECIALTY CHElvllCALS 
ENGLLHARD CORP 
Hilton Davis Co. 
Hitox Corp. of America 
Peer Chemical Corp. 
Sino-American Pigment Systems. Inc. 
Toyo Ink America, Inc. 

IRON OXIDE PIGMENTS 

Ar~zona Oxides Inc. 
BASF CORP 
Cleveland Pigment 8 Color Co. 
Dynam~c Color Solutions, Inc. 
E4G;E.HARO CORP. 
Harcros Piaments Inc 
Harcros ~i&nents-~anada 
iIFIJL(i1tc H LTD 
Hilton Davls Co. 
Hitox CorD. of America 
Hoover color Corp. 
Laporte Pigments 
Mapico Inc. 
Mineral Plgments Corporation 
Reade Advanced Materials 
Royale Pigments and Chemicals, Inc. 
Spectra Colors Corp. 

Black lron Oxide 
Arizona Oxides Inc. 
Cleveland Piament 8 Color Co. 
Dynamic color Solut~ons, Inc 
L J i L'IAR, i r i P p  

Harcms Pigments Inc 
Harcros Piaments-Canada 
I I I~UCOTE~H ~ i b  
Hoover Color Cop. 
Laporte Pigments 
Mapico Inc. 
Mineral Pigments Corporation 
Reade Advanced Materials 
Royale Pigments and Chemicals, Inc. 
Spectra Colors Corp. 

Burnt Sienna 
Cleveland Pigment 8 Color Co 
ENGELHARD CORP 
Hilton Davis Co. 
Hoover Color Corp. 
Laporte Pigments 
Mineral Pigments Corporation 

Burnt Umber 
Cleveland Pigment 8 Color Co. 
Dynamic Color Solut~ons, Inc. 
ENGFLHARD CORP 
Harcros Piaments Inc 
Harcros pigments-~anada 
Hilton Davis Co. 
Hoover Color Corn. 
Lapone Pigments 
Mineral Pigments Corporation 

Indian Red 
Hoover Color Corp. 
Mineral Pigments Corporation 

Metallic Brown 
Harcros Pigments Inc. 
Harcros Pigments-Canada 
Hoover Color Corp. 
Mineral Pigments Corporation 

Mineral Black 
Hoover Color Corp. 

Ochre 
Arizona Oxides Inc. 
Cleveland Pigment & Color Co. 
Dynamic Color Solutions, Inc. 
ENGELHARD COUP 
Hoover Color Cop. 
Mineral Pigments Corporation 

Raw Sienna 
ENGELHARD CORP. 
Hilton Davis Co. 
Hoover Color Corp. 
Laporte Pigments 
Mineral Pigments Corporation 

Raw Umber 
ENGELHARD CORP. 
Harcros Pigments lnc. 
Harcros Pigments-Canada 
Hilton Dav~s Co. 
Hoover Color Corm 
Laporte Pigments 
Mineral Pigments Corporation 

Red and Brown lron Oxide-Natural 
Arizona Oxides Inc. 
Cleveland Pigment 8 Color Co. 
Dvnamic Color Solutions. Inc. 

tiarcros Plgments Inc. 
tiarcros P~gments-Canada 
Httox Corn of Amer ca 
Hoover color Corp. 
Laporte Pigments 
Mineral Pigments Corporation 
Royale Pigments and Chemicals, Inc. 

Red and Brown lron Oxide--Svnthetic 
Arizona Oxides Inc. 
BASF CORP. 
Cleveland Pigment 8 Color Co. 
Dynamic Color Solutions. Inc. 
ENGELHARD COUP 
Harcros Pigments Inc. 
Harcros Pigments-Canada 
HEUCOTECH LTD 
Hilton Davts Co. 
Hitox Corp. of America 
Hoover Color Corp. 
Laporte Pigments 
Mineral Pigments Corporation 
Royale Pigments and Chemicals. Inc. 
Spectra Colors Cop. 

Spanish Type Oxide 
Arizona Oxides Inc. 
Cleveland Pigment 8 Color Co. 
Harcros Plgments Inc. 
Harcros Piqments-Canada 
Hoover ~ o i o r  Corp. 
Laporte Pigments 
Mineral Pigments Corporation 

Van Dvke Brown 
Hoover Color Corp. 
Laporte Pigments 
Mineral Pigments Corporation 
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SER-ADTM coat~ngs add~t~ves were developed to be 
nature-fr~endl~, much as the waterborne coat~ngs 

: In wh~ch they're used When you formulate w~th 

qual~ty and address Issues such as odor, VOCs 
and harmful compounds 

SER-AD FA 379 1s the n~tr~te-free solution to 1 flash rust~ng Th~s anti-corros~ve addltrve forms a 

j monomolecular barr~er to protect the metal surface 
from water and Improve coat~ng adhes~on 

1 Effect~ve during rnanufactur~n~, storage and 
appl~cat~on, SER-AD FA 379 ~nh~bits 
corrosion, long after the coat~ng has dr~ed 

SER-AD FX 1070, a VOC-free, unlque PUR 
th~ckener, Increases high-shear v~scos~ty to prov~de 
~mproved brushing character~st~cs and higher f~lm 1 bu~ld for a befier coatmg appearance 

SER-AD FX 5 1 1, a low-odor coalesc~n~ agent 
that promotes the format~on of cont~nuous f~lms In 

1 a broad range of water-reduc~ble reslns, stays In 
the coat~ng longer to help prevent cracking 

SER-AD Add~t~ves for Waterborne Formulat~ons 
Th~nk of them as Mother Nature's ass~stants far 
your toughest formulat~on 

4 
HULS AMERICA INC 

*< Coat~ngs Raw Mater~als 

220 Dav~dson Ave 
Somerset, New Jersey 08873 
(800) FOR-HULS (367-4857) 
Fax (908) 560-6355 

i In Canada (905) 451 3810 

T - 
-7-7 - 

- 

HULS AMERICA INC. 

/ Circle No 106 on the Reader Sawice Card 



Yellow lron Oxide-Svnthetic 
Arizona Oxides Inc. 
BASF COliP 
Cleveland Pigment & Color Co. 
Dynamic Coior Solutions, Inc. 
Harcros Pigments Inc. 
Harcros Pigments-Canada 
HEUCOTECH LTD 
Hilton Davis Co. 
Hoover Color Corp. 
Laporte Pigments 
M a p ~ w  Inc. 
M~neral Pigments Corporatlon 
Royale Pigments and Chemicals, Inc. 

Misc. lron Oxide Piaments 
Arizona Oxides Inc. 
Harcros Pigments Inc. 
Harcros Pigments-Canada 
Hilton Davis Co. 
Hoover Color Corp. 
Laporte Pigments 
MaDlco Inc. 
~ tne ra l  P gments Corporat!on 
Roya~e P gments and Chemicals. Inc 

METALLIC FLAKES AND POWDERED 
PIGMENTS 

Aarbor International Corp. 
BASF Corp. 
Degussa Corp. 
Eagle Zinc Company 
Kran Chemical Co. 
Meadowbrook Co. 
Obron Atlantlc Corp. 
Potters Industries, inc. 
Purity Zlnc Metais 
Reade Advanced Materials 
Revnolds Metals Co.. Powder & Paste Dlv. 
~ o i a l e  Pigments and Chemicals, InC 
Sllberline Manufacturing Co., InC. 
Toyal America lnc. 
U.S. Aluminum, Inc. 
U.S. Bronze Powders, Inc. 
Zinc Corp. of America. Inc. 

Aluminum Pastes-Leafing 
Aarbor lnternatlonal Corp 
Obron Atlant~c Corp 
RevnoIas Metals Co . Powder & Paste DIV 
~oba le  Piaments and Chem~cals. Inc. 
Silkerl~ne banufacturing Co.. Inc. 
Toyal America inc. 
U.S. Aluminum. Inc. 
U.S. Bronze Powders. Inc. 

Aluminum Pastes-Nonleafing 
Obron Atlantic Corp. 
Revnoids Metals Co.. Powder & Paste Div. 
~ G a e  Pigments and Chem~cals. Inc 
Siloer me ManLtacturong Co , Inc. 
Toya Amerca Inc. 
U.S. Alumlnum, Inc. 
U.S. Bronze Powders. Inc 

Aluminum Powders--Leafinq 
Obron Atlantic Corn. 
Reade Advanced Materials 
Reynolds Metals Co., Powder & Paste Div. 
Toyal America Inc. 
U.S Aluminum, Inc. 
U.S. Bronze Powders. Inc 

Aluminum Powders-Nonleafing 
Obron Atlantlc Corp. 
Reade Advanced Materials 
Reynolds Metais Co.. Powder & Paste DIV. 
Toyal America Inc. 
U.S. Aluminum, Inc. 
U.S. Bronze Powders. Inc. 

Gold Bronze Powders 
Degussa Corp. 
Obron Atlantic Corp. 
U.S. Bronze Powders, Inc. 

Zinc Dust and Flakes 
Eagle Zinc Company 
Krafl Chemical Co. 
Meadowbrook Co. 
Obron Atlantic Corp. 
Pur~ty Zinc Metals 
Reade Advanced Materials 
U.S. Bronze Powders, Inc. 
Zinc Corp. of Amerlca, Inc. 

Misc. Metallic Flakes 
BASF CORP 
Eagle Zinc Company 
Meadowbrook Co. 
Obron Atlantic Corp. 
Potters industries, Inc. 
Reade Advanced Materials 
Silberline Manufacturing Co., Inc. 
U.S. Alumlnum, Inc. 
U.S Bronze Powders, Inc. 

OTHER PIGMENTS 

AlliedSignal Inc. 
BASF CORP 
ClBA SPECIALTY CHEMICALS 
Cleveland Pigment & Color Co 
Day-Glo Color Corp. 
E1.l II.IOUSTRIES itrC 
EIJGELHARD COR? 
HALOX PIGb.lENT5 
Hitox Corp. of America 
Keystone Aniline Corp. 
Kowa American Corp. 
The Mearl Corporation 
Peer Chemlcal Corp. 
Poners Industries, Inc. 
Radiant Color 
Royale Pigments and Chemicals, Inc. 
Spectra Colors Corp. 
Unlted MlneralR Chemical Cop. 
Wayne Plgments Corp. 

Iridescent 
ENGELHARD CORP 
Kowa American Corp. 
The Mearl Corporatlon 

Luminescent and Fluorescent 
AlliedSianal Inc. 
 levela aid Pigment & Coior Co. 
Day-Gio Coior Corp. 
EIJGL HARD CORP 
Keystone Aniline Corp. 
Radiant Color 
Royale Pigments and Chemicals. Inc. 
Spectra Colors Corp. 
Un~ted Mineral & Chemlcal Corp. 

Pearlescent 
SASF COiiP 
El.1 INDUSTRIES Il:C 
E:IC.ELHARD COPP 
Kowa American Corp. 
The Mearl Corporatlon 
Royale Pigments and Chemicals. Inc. 

Misc. Other Pigments 
=ASF  roraP 
ClBA SPtCIALTY CHErillCALS 
ENGEl M A R U  CORP 
HALOX PIGMENTS 
Hitox Corp, of America 
Keystone Aniline Corp. 
The Mearl Corporation 
Peer Chemical Corp. 
Potters Industries, Inc. 
United Mineral & Chemical Corp. 
Wayne Plgments Corp. 

1 Piament Dispersions (Aqueous) 
ABCO Enterprlses. Inc 
Allo Colourlng Co 
American Casein Co.. Div. of Protein Polymer 
EASF L31G 
Bayer Corporation 
Cardinal Color 8 Chemical Inc. 
CDI Dispersions 
Cimbar Periormance Minerals 
Clariant Corp. 
Color Corporation of America 
Consolidated Color Corp. 
Daniel Products Co., Inc. 
Dav-Glo Color Corn. 
EbAnex corporation 
€ ' ) G I  Ll iARfi COHP 
Genesis Dispersions inc 
H F ~ J ( . ~ > T E ~ U  L I D  
Hilton Davis Co. 
Kane International Corp. 
Magruder Color Co. 
Morton International 
Pflaumer Brothers, inc. 
Pyosa, S.A. de C.V. 
Radiant Color 
RBH Dis~ersions. Inc. 
~elchhoid Chemicals. Inc. 
Royale Plgments and Chemicals. InC. 
Spectra Colors Corp. 
Sun Chemical Corp., Colors Group Div. 
Technical Industries, Inc. 
Toyo Ink America, Inc. 
United Color Technology, Inc. 
Zeneca, Pigments & Additives 

Color Concentrates 
Allo Colouring Co. 
FASF CORP 
Cardinal Color 8 Chemical Inc. 
CDt Dlsperslons 
Color Corporation of America 
Consolidated Color Corp. 
Daniel Products Co., Inc. 
Ebonex Corporation 
TP.I:ELHARD CORP 
Genesis Dlsperslons Inc. 
I-IELICOTEC~I ~ r o  
Hilton Davis Co. 
Kane International Corp. 
Pflaumer Brothers, Inc. 
Radiant Color 
RBH Disversions. Inc. 
Sun ~he inaa l  Corp.. Colors Group Div. 
Technical Industries, Inc. 

Machine Colorants 
Color Corporation of America 
Daniel Products Co., Inc. 
E~JCIELHIIPD CORP 
Genesis Dlspersions Inc. 
Hilton Davis Co. 

Press Cakes 
Bayer Corporation 
i':GELHARI! CORP 
HEUcOTECH LTD 
Hilton Davis Co. 
Magruder Color Co. 
Pyosa, S.A. de C.V. 
Royale Pigments and Chemicals. Inc. 
Sun Chemlcal Corp.. Colors Group Div 
Toyo ink Amerlca. Inc. 
Unlted Coior Technology. Inc. 

Solvent-Soluble Dves 
Spectra Colors Corp. 
Unlted Color Technology, InC. 

Tube Colorants 
Color Cornoration of America 
E - I C E L H A R D  COPP 
Genesis Dlspersions inc 
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Water Soluble 
Allo Colounng Co 
Amencan Caseln Co DIV of Proteln Polymer 
Bayer Corporatlon 
Cardlnal Color 8 Chemlcal Inc 
CDI D~spers~ons 
I J 

Morton lnternatlonal 
RBH Dlsperslons Inc 
Spectra Colors Corp 

Misc. 
ABCO Enterpnses, Inc 
A110 Colour~ng Co 
Cardlnal Color & Chemlcal Inc 
CDI Dlsperslons 
Clmbar Performance M~nerals 
Color Corporatlon of Amerlca 
Day-Glo Color Corp 
I I J i L I i  ( - P  

Genes s Dlspers~ons Inc. 
Morton Internal,onal 
Technlca. Ind~strles. Inc 

Piament Dispersions INon-Aaueousl 
Allo Colourlng Co 
Cardlnal Color & Chem~cal Inc 
CDI Dlsperslons 
C~mbar Performance Mlnerals 
Color Corporatlon of Amenca 
Consol~dated Color Corp 
Dan~el Products Co , Inc 
Day-Glo Color Corp 
' 4  l i  

Hllton Davls Co 
PllLS 11 IFP 5 I f  
Kane lnternatlonal Corp 
Monon nternatlonal 
Pflaumer Brothers, Inc. 
Radiant Color 
RBH D~spers~ons, Inc 
Relcnhold Cnem cats, Inc. 
Toyo Ink Amerlca, Inc. 

Acwlic Vehicle Piament Dis~ersion 
Cardlnal Color & Chemlcal Inc 
CDI Dlsperslons 
Consol~dated Color Corp 
Danlel Products Co Inc 
Day-Glo Color Corp 

l I < l l l  c 7  
Hllton Dav~s Co 
H I I L S  A I l E I ~ l ~ A  Ih( 
Kane lntemat~onal Corp 
Morton lntemat~onal 
Pflaumer Brothers. Inc 
Rad~ant Color 
RBH Dlsperslons Inc 
Toyo Ink Amerlca. Inc 

Alkvd Vehicle Piament Dispersion 
Cardlnal Color & Chemlcal Inc 
CDI Dlsperslons 
Color Corporat~on of Amer~ca 
Consol~dated Color Corp 
Danlei Products Co , Inc 
Day-Glo Color Corp 
Hllton Davls Co 

I ! I  
Pflaumer Brothers, Inc 
Radlant Color 
RBH Dlsperslons Inc 
Toyo Ink Amerlca, Inc 

Nitrocellulose Vehicle Piament 
Dispersion 

Consol~dated Color Corp 
Hllton Davls Co 
Kane lnternatlonal CorD 
REH Dispersions, Inc. 
Toyo Ink Amerlca, Inc. 

Polyester Vehicle Pigment Disuersion 
Cardlnal Color & Chemlcal Inc 
CDI Dlspers~ons 
Consol~dated Color C o p  
Hllton Davls Co 
HLIL, RILA INC 
Morton lnternatlonal 
RBH Dlsperslons. lnc 
Toyo Ink Amerlca, Inc 

Universal Solvent Vehicle Dis~ersion 
Cardinal Color & Chemical Inc. 
CDi Dispersions 
Color Corporation of America 
Consolidated Color Corp. 
E ' J~EL I~ARD CORP 
Hilton Davls Co. 
I- ' ILS A~I~ERICA INC 
Morton International 
Pflaumer Brothers. inc. 
RBH Dispersions, lnc. 

& 
Allo Colouring Co. 
Cardinal Color & Chemical Inc 
CDI Dispersions 
Cimbar Performance Minerals 
Color Corporation of America 
Consolidated Color Corp. 
Day-Glo Color Corp. 
EIVGELIIA l i  ~ l i ' P  

H~lton Dav~s Co. 
HLll S t\I.:FRICA ItdC 
Pflaumer Brothers, Inc. 
RBH Dispersions. Inc. 
Toyo Ink America. Inc. 

RED PIGMENTS 
Aarbor lnternational Corp 
American Chemet C o r ~ .  
Atomerg~c Chemetals Corp 
RLc.1 l i  

Baver Corporatlon 
~ e i d e c  Corp. 
(It,.: - I '  '21 i Y  (:Hst.l1':4LC 
Clarlant Corp 
Cleveland P~gment & Color Co 

i J r l  
%F!Jc :)if I T I ,  
Hilton Davis Co. 
Hitox Corp. of America 
Keystone Aniline Corp. 
Magruder Color Co. 
Millennium Inorganic Chemicals Inc. 
Peer Chemical Corp. 
Pvosa. S.A. de C.V. 
~ e a d e  Advanced Materials 
Royale Pigments and Chemicals. Inc. 

1 

S~no-Amencan Plgment Systems, Inc 
Sun Chemlcal Corp . Colors Group Dw 
Toyo Ink Amerlca, Inc 
Uhllch Color Company 
Un~ted Mlneral & Chemlcal Corp 
Zeneca. Plgments & Addltlves 

Alizarine or Madder Lake 
Uhllch Color Company 

A ~ l i d e  Red and Maroon 
Pyosa, S.A de C.V. 
United Mineral &Chemical Corp. 

EON Red and Maroon 
7 ,  

FkGEI Hn, L 1 CtiP 
H~lton Dav~s Co 
Magruder Color Co 
Peer Chemlcal Corp 
Pvosa S A de C V 
~oqa le  P~gments and Chemlca s. Inc 
S J ~  Chemlca Corp . Coors Group Div. 

Uhlich Color Company 
United Mineral 8 Chemical Corp. 

Cadmium Red 
Atomergic Chemetals Corp. 
Cerdec Corp. 
i.!.lGELHhRD CORD 
Millennium Inorganic Chemicals Inc 
~~A7TOI:IER ~6 
United Mineral & Chemical Corp. 

Cadmium-Mercuw Red. Maroon & 
QGXge 

Atomerg~c Chemetals Corp 
ihlTELtI4RD COHP 

Cuprous Oxide 
American Chemet Corp. 
Reade Advanced Materials 

Lithol Rubine 
Aarbor lnternational Corp. 
Bayer Corporation 
Cleveland Pigment & Color Co. 
FNGELHARD CORP 
HEUCOTECH LTD 
Hilton Davis Co. 
Keystone Aniline Corp. 
Magruder Color Co. 
Peer Chemical Corp. 
Pyosa, S.A. de C.V. 
Royale Pigments and Chemicals, Inc. 
Sun Chemlcal Cop., Colors Group Div. 
Toyo Ink America. Inc. 
Uhlich Color Company 
United Mineral & Chemical Corp. 
Zeneca, Pigments & Additives 

Metallized Azo Red 
Hilton Davis Co. 
Keystone Aniline Corp. 
Royale Pigments and Chemicals, Inc. 
Sun Chemical Corp., Colors Group Div. 

Naphthol Red 
Aarbor International Corp. 
9ASF CORP 
Clariant Corp. 
Cleveland Pigment & Color Co. 
E*IGIILHARII CORI' 
HEUCOTECH LTD 
Hilton Davis Co. 
Keystone Aniline Corp. 
Magruder Color Co. 
Peer Chemical Cop. 
Pyosa, S.A. de C.V. 
Royale Pigments and Chemicals, Inc. 
Sun Chemlcal Corp., Colors Group Div. 
Toyo Ink America, Inc. 
Uhlich Color Company 
United Mineral &Chemical Corp. 

Piament Scarlet 
Bayer Corporation 
ClRA SPECIALTY CHEPPICALS 
ENGELHARD CORP 
Keystone Aniline Corp. 
Sun Chemical Corp., Colors Group Dlv. 
United Mineral & Chemical Corp. 

Pyrazolone Red and Maroon 
EIICIELHORD COHP 
Keystone Aniline Corp. 
Sun Chemical Corp.. Colors Group Div. 

Ouinacridone Pigment 
Bayer Corporation 
L.IBA SPECIALTY CHEMICALS 
ENCmELHARD CORP 
Keystone Aniline Corp. 
Sun Chemical Corp.. Colors Group Div. 
Uhlich Color Company 
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Red Lake C 
Aarbor lnternationai Corn. 
Cleveland Pigment 8 color Co 
ENGELHAPU C O f i i  
HEUCOTECH LTD 
Hllton Davis Co. 
Keystone Aniline Corp. 
Magruder Color Co. 
Peer Chemical Corp. 
Pyosa, S A. de C.V. 
Royale Pigments and Chemicals, inc. 
Sun Chemlcal Corp.. Colors Group Div. 
Uhlich Color Company 
Unlted Mineral &Chemical Corp. 

Rhodarnine 
ENGELHARDCORP 
Hllton Davis Co. 
Keystone Aniline Corp. 
Magruder Color Co. 
Royale Pigments and Chemicals, Inc. 
Sun Chernicai Corp., Colors Group Div. 

Sodium Lithol, Calcium Lithol, 
and Barium Lithol Toner 

Hilton Davis Co. 
Peer Chemical Corp. 
Pyosa, S.A. de C.V. 
Sun Chemical Corp., Colors Group Div. 
Toyo Ink America. Inc. 
United Mineral & Chemical Corp. 

Thioinidigo Red and Maroon 
Keystone Aniline Corp. 

Toluidine Red 
Aarbor lnternational Corp. 
Atomergic Chemetals Corp. 
BASF CORP 
Cleveland Plgment & Color Co. 
ENGELHARU CORP 
Hilton Davis Co. 
Peer Chemical Corp. 
Pyosa, S.A. de C.V. 
Royale Pigments and Chemicals. Inc. 
Sun Chemical Corp., Colors Group Div. 
Uhlich Color Company 
Unlted Minerai & Chemicai Corp. 

Misc. Red & Maroon TonersILakes 
Cleveland Pigment & Color Co. 
ENGELrA9:: C09P 
Hilton Davis Co. 
Hitox Corp, of America 
Keystone Aniline Corp. 
Sino-American Pigment Systems, Inc 
Toyo Ink America. Inc. 
Uhlich Color Company 
United Mineral & Chemical Corp. 

WHITE PIGMENTS 

Aarbor lnternational Corp. 
American Chemet Corp. 
Browning Chemical Corp. 
DuPont Co., White Pigment & Mineral Products 
Eagle Zinc Company 
EllCGELFARi 1.'. 

Hilton Davis Co. 
Hitox Corp, of America 
ishihara Corp. (U.S.A.) 
Kemira Pigments Inc. 
Kronos, inc. 
Meadowbrook Co. 
Millennium lnorganic Chemicals InC. 
Reade Advanced Materials 
Royale Pigments and Chemicals, Inc. 
Sachtleben Corp. 
Sino-American Pigment Systems, Inc. 
Technical Industries, Inc. 
Tioxlde Americas Inc. 
U.S. Zlnc Corporation 
United Mineral &Chemical Corp. 

Zlnc Corp. of Amerlca, Inc 
Zochem, DIV. of Hudson Bay 

I Antimonv Oxide 
Reade Advanced Materials 
United Mineral & Chemical Cop. 

I 
i Titanium Dioxide-Anatase 
1 Aarbor lnternational Corp 
/ Brownina Chemical Corp. 

'!( , )  L L ,  :' . - 
lshlhara Corp. (U.S.A.) 
Kemira Plgments Inc. 
Kronos. inc. 
Millennium lnorganic Chemicals Inc. 
Royale Pigments and Chemlcals, Inc. I Technical Industries, Inc. 
Tioxde Americas lnc. 
Unlted Mineral & Chemical Corp. 

Titanium Dioxide--Rutile 
DuPont Co . Whlte Piament & Mineral Products 

' E',C;E) %S,'>PL, : ,Or<, 

/ Hilton Davis Co. 
Hitox Corp. of America 
lshihara Corp. (U.S.A.) 
Kemira Pigments Inc. 
Kronos, Inc. 
Millennium lnorganic Chemlcals Inc. 
Royale Pigments and Chemicals, Inc. 
Technical Industries, Inc. 

( Tioxide Americas Inc. 
Un~ted Mineral & Chemicai Corp. 

Zinc Oxide / Amencan Chemet Corp 
Eagle Zinc Company 

1 L r i l l l  1 Meidowbrook Co 
Reade Advanced Materlals / Technical Industries, Inc 
U S  Zlnc Corporatlon 
Un~ted M~neral & Chem~cal Corp 
Z~nc Corp of Amerlca, Inc 
Zochem. DIV of Hudson Bay 

Zinc Sulfide 
il [ 

Sachtleben Corp I Slno-Amerncan Plament Svstems. Inc 

Misc. White Piaments 
Keystone Aniline Corp. 
S~no-Amer~can Pigment Systems. Inc. 

/ YELLOW AND ORANGE PIGMENTS 

Aarbor lnternatlonal Corp 
1 Atomerglc Chemetals Corp 

Bayer Corporatlon 
Cerdec Corp 

Clar~ant Corp 
1 Cleveland Pigment & Color Co 
( Eagle Zlnc Company 

Ferro Corp 

H~lton Davls Co 
Hitox Corp of Amenca 
Hoover Coior Corp 
lshlhara Corp (U S A ) 

1 Keystone An~l~ne Corp 
Laporte Plgments 

1 Meadowbrook Co 
M~neral Plgments Corporatlon 

I Mlllennlum lnorganlc Chemlcals Inc 
NlCHEM Corp 
Peer Chemlcal Corp 
Pyosa. S A de C V 

I 

Slno-Amer~can Pigment Systems. Inc. 
Sun Chemical Corp., Colors Group Div. 
Toyo Ink America, Inc. 
Uhlich Color Company 
United Color Technology. Inc. 
United Mineral & Chem~cal Corp. 
Wayne Pigments Corp. 
Zeneca. Pigments & Additives 
Zochem, DIV. of Hudson Bay 

Cadmium Yellow and Oranae 
Atomergic Chemetals Corp. 
Cerdec Corp. 

Millennium lnorganic Chemlcals Inc 

United Mineral & Chemical Corp. 

Chrome Oranae 

Pyosa, S.A. de C.V. 
Wayne Pigments Corp. 

Chrome Yellow 

lshihara Corp. (U.S.A.) 
Lapolte Plgments 
Mineral Pigments Corporation 
NlCHEM Corp. 
Pyosa. S.A. de C.V. 
Wayne Plgments Corp. 

Com~lex lnorganic Color Piaments 
Cerdec Corp. 

Ferro Corp 

Hoover Coior Corp. 
Sino-American Pigment Systems. Inc. 

Dia~ l ide  Orange Toner 

Hilton Davis Co. 
Peer Chemical Corp. 
Pyosa, S.A. de C.V. 
S~no-American Piament Svstems. Inc. 
S jn  Cnem~cal COG ~oio;s Group DIV 
Ln~ted M nerai 8 Chemlcal Corp 
Zeneca P~qments & Aoaltlves 

Diawlide Yellow Toner 

H~iton Dav~s Co 
Peer Chemlcal Corp 
Pyosa. S A de C V 
Sun Chem~cal C o r ~  Colors Grow Dlv 
Toyo In6 ~mer~ca. ' lnc 
Uhi ch Color Company 
Unlted M nera 8 Cnemlcai Corp 

Hansa Yellow 
Aarbor lnternational Corp. 

Cleveland Pigment & Color Co 

Hilton Davis Co. 
Peer Chernicai Corp. 
Pyosa. S.A. de C.V. 
Sino-American Pigment Systems, Inc. 
Sun Chemical Corp., Colors Group Div. 
United Minerai & Chernicai Corp. 

Metallized Azo Yellow 
Bayer Corporatlon 

Keystone Aniline Corp. 
Sino-American Pigment Systems. Inc. 
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SARTOMER OLlGOMERS 
Uniquely conditioned to keep 

you ahead of the pack 
Now you can get the exact oligomer performance properties you want 

from the company that specializes in tailor-made solutions 

What does Sartomer's market 
surge in oligomers mean to you? 

Simply this. We're providing 
formulators of UV/EB or peroxide 
cured systems with more new 
oligomer choices. Unique oligomer 
characteristics. And customized 
oligomers and blends. All focused 
to help keep you a step ahead. 

More Oligomer Choices 

Our broad line of oligomers 
includes many Sarbox"' resins, 
epoxy acrylates, urethane acry- 
lates, and polyesters. We can 
supply all your oligomer needs 
or tailor a blend with over 150 
monomers. 

Better Olinomer Performance 

your oligomer needs. In the 
Americas, Japan, Pacific Rim, 
and in Europe through our 
sister company, Cray Valley. 

Free Oligomer Selection Guide 

It recommends specific 
oligomers for each -?- 
major market as well c-. . . , I 
as detailed perfor- rn ---=.= - 

Our greatly 'ligomer Want improved clarity, weather- mance properties 
support follows a unique Sartomer ability, hardness and cure time? for each oligomer. 
tradition of accommodating each we make specialty oligomers no 
customer's special needs. And it's one else can supply, Call 1-800 
working. We're rapidly becoming 502 Thomas Jones Way 
the premier supplier of quality Exton, PA 19341 
oligomers as well as monomers. Sartomer has the product and 

technology resources to support 

SARTOMER 
sanorner CO., I ~ C  - Member, Chemical Manufacturer's A S S O C I ~ ~ ~ O ~  Our name means tailor-made 

01996 Sanamer Company. Inc . a member of Total group. Respons~ble Care and hands logo are ieg~steredtrademarks of the Chemical Manufacturers Assoc~allon 

Circle No. 158 on the Reader Service Card 



Molvbdate Oranae 

Keystone Aniline Corp. 
Pyosa, S.A. de C.V. 
Wayne Pigments Corp. 

Zinc Oxide. Orthonitranil ine Orange, 
Dinitranil ine Orange 

Aarbor lnternat~onal Corp. 
Eagle Z~nc Company 
Meadowbrook Co. 
Pvosa. S.A. de C.V. 
uilited Mineral &Chemical Cop. 
Zochem, Div. of Hudson Bay 

Misc Yellow and Oranae TonersILakes 
T h  I 
i IB + bpr I A I  TY cnr  r l [  A L S  
FNGELHARD CORP 
Hllton Davts Co 
Peer Chemtcal Corp 
Un~ted Color Technology, Inc 
Unlted Mlneral& Chemlcal Corp 

Misc. Yellow Piaments 

BASF CORP 
Bayer Corporation 
CRA SPEClALTv CHEFVIICALS 
Cleveland Pigment & Color Co. 

P 

Hllton Davls Co 
H~tox Corp of Amenca 
lshthara Corp (U S A ) 
Keystone Anlllne Corp 
Peer Chem~cal Corp 
Slno-Amencan Plgment Systems. Inc 
Sun Chemical Cop ,  Colors Group DN 
Tovo Ink Amenca Inc 
~ h ;  ch Color Company 
bn~ted Color Tecnnology. inc. 
Unttm Mlneral8 Cnemlcal Corn. 
Zeneca. Plgments 8 Additives 

50 Journal o f  Coat ings Technology 



TO CONVENTIONAL EXTENDERS 
FOR HIGH SOLIDS COATINGS 

Recent developments in NYTALm talc production have 
made possible two new grades with tightly controlled 
particle size. As a result, their low viscosity and reduced 
oil absorption make these talcs ideal extenders for high 
solids coatings and other applications where talc is not 
normally used. 
These new grades, NYTAL 3300 and ultra fine 7700, 

are processed from a high white tremolite ore. Its unique 
structure readily allows for refinement to a uniform par- 
ticle size necessary to achieve low viscosity properties. 
There are other good reasons for using these low vis- 

cosity talcs. They give excellent tint retention, scrub and 

stain resistance and rapid dispersion in both water- 
based and solvent-based formulations. 
In addition, NYTAL 3300 and 7700 resist "frosting" 

better than nepheline syenite and calcium carbonate 
extenders because of lower soluble salts content. 
Coatings remain more stable and deterioration is less. 
Make the smart move to NYTAL 3300 and NYTAL 

7700. In no time these new low viscosity extenders will 
be at the head of your class too. 

For informath contact: R. T. Vandwbilt Company, Inc., 
Paint Department, 30Winiidd Street, P.O. Box51 50, Notwalk, 
CTO6856-5150. Tel. (203) 853-1 400. Fax (203) 853-1 452. 

@ R. T. Vanderbilt Company, lnc. 
IhlDUSTRIAL MINERALSAND CHEMICALS 



y e a r s  

FEDERATION OF SOCIETIES 
FOR COATINBS TECHNOLOGY 

Join Us at the 

75th Anniversary Annual Meeting 

International Coatings Expo an d 
Technology Confepence 

of the 

Federation of Societies for Coatings 

Technoloq 

November ~5,1997 

Georqia Wor ld  Conqress Center 

Atlanta, GA 

FOP mope ~n fo~ l l l o t~on ,  conlo~t  

FSCT, 491 Norrlstown Pd., Blue BPll ,  P4 19412; 
(610) 940-Ci77; lx: (610) 940-0292 

Wor ld  W l d v  Web: httr>d/ww.cootlnsstecll.orq 



T his digest of current regulatory activity 
perlinent to the coatings industry b 

published to inform readers of actions whlch 
could affect them and their firms, and Is 
designed to provide sufflcient data to 
enable those interested to seek additional 
informdon. Material is supplled by National 
Paint and Coatings Association. Washing 
ton, D.C. The Regulatory Update is made available as a service to FSCT members, to assist them in making 
Independent inquiries about matters of particular interest to them. Although all reasonable steps have 
been taken to ensure the reliabilty of the Regulatory Update, the FSCT cannot guarantee its completeness 
or accuracy. 

Environmental Protection Agency 
FebNOry 19,1997-62 FR 7502 
Land Dispasal Restrictions: Conection 

of Tables: Treatment Standardsfor 
Hazardous Wastes and Univenal 
Treatment Standards 

Action: Technical amendment of n- 
nal rule 
The Environmental Protection 

Agency (EPA) has published 
technical amendments to its final 
rule on phase I11 land disposal 
restrictions, originally published 
on April 8,1996. The final rule 
contained tables on "Treatment 
Standards for Hazardous Wastes" 
and "Universal Treatment 
Standards." This notice provides 
updated and corrected versions of 
these two tables, which are 
intended to eliminate confusion as 
to what levels of treatment must 
be achieved by the regulated 
community. 

This regulation was effective 
Feb. 19,1937. For general informa- 
tion on the rule, contact the 
Resource Conservation and 
Recovery Act Hotline at (800) 424- 
9346. For technical information, 
contact Shaun McGarvey, EPA, 
(703) 308-8603. 

Environmental Protection Agency 
February 24. 1997-62 FR 8314 
Credible Evidence Revisions 
Action: Final rule 

The EPA has issued a final rule 
which eliminates language from its 
regulations that has been read to 
provide for exclusive reliance on 
reference test methods (e.g. 
Method 24 to determine the 
volatile organic compound (VOC) 
content of coatings) as the means 
of demonstrating compliance with 
various emission limits under the 
Clean Air Act. 

These "credible evidence" 
revisions were designed to clarify 
that non-reference test data, such 

as facility operating data and 
coatings formulation data, can be 
used in enforcement actions and to 
remove any ambiguity regarding 
this data's use for compliance 
certifications. This rule finalizes 
the previously proposed credible 
evidence amendments to the Clean 
Air Act. 

This regulation will go into 
effect on April 25,1997. For 
additional information, Contact 
Gregory Jaffe, EPA, (202) 564-2260. 

Surface Coatings Workshop 
Planned-The EPA has scheduled 
a special "Surface Coatings 
Regulations Workshop" on April 
8-9,1997 in Durham, NC. This 
workshop will act as the official 
start of development of a new 
series of hazardous air pollutant 
regulations for eight major 
cateeories of surface coatines " " 
operations. The categories in- 
cluded in this new rulemaking 
effort are: Metal Furniture; Large 
Appliances; Plastic Parts; Flat 
Wood Paneling; Miscellaneous 
Metal Parts; Fabric; Metal Can; and 
Metal Coil. 

In addition, EPA will undertake 
an effort to develop new controls 
for VOC emissions for the first six 
of these source categories. This 
will result in either the issuance of 
a new national VOC rule or a 
revised control technique guide 
line. EPA's regulatory agenda calls 
for all of these new standards to be 
completed by November 2000. 

For additional information on 
the workshop agenda, contact Kim 
Teal, EPA, (919) 541-5580. 

EPA Sponsors Compliance 
WarkshoptThe Environmental 
Protection Agency (EPA) Regions 
5 and 7 are sponsoring a series of 

compliance assistance workshops 
in anticipation of the July 1,1997 
reporting deadline for annual 
certification statements, as 
required under the Emergency 
Planning and Community Right- 
to-Know Act (EPCRA), Section 
313. The workshops, which are 
open to industry, will provide a 
discussion of Section 313 require- 
ments. The following workshops 
have been scheduled: 

Region 5 
April 30 - Bloomington, MN; 
May 14 -Grand Rapids, MI; 
May 28 - Terre Haute, IN; and 
June 4 -Chicago, IL. 

Region 7 
April 22 -Wichita, KS; 
April 30 - Lenexa, KS; 
May 7 - Bridgeton, MO; 
May 13 -Omaha, NE; and 
May 15 -Cedar Rapids, IA. 

To date, only EPA Regions 5,7, 
and 9 have scheduled compliance 
workshops, but the agency is 
planning a nationwide series 
during the spring. To receive a 
registration form or for more 
information, contact EPA Region 5 
at (312) 886-4348, or Region 7 at 
(913) 551-7389 or (913) 551-7098. 
For general information on 
EPCRA, contact the EPA Hotline 
at (800) 424-9346. 

Wsk Aawwmnt Document 
Availabl+The Commission on 
Risk Assessment and Risk Man- 
agement, established as an 
advisory committee under the 
Clean Air Act Amendments, has 
released the second volume of its 
final report, "Risk Assessment and 
Risk Management in Regulatory 
Decision-Making." (The first 
volume was published in January 
1997.) 



To receive a copy of the final 
report, fax your request to (202) 
233-9540 or by mail to the Com- 
mission on Risk Assessment and 
Risk Management, 529 14" Street 
N.W., Room 420, Washington, 
D.C. 20045. Include a complete 
mailing address and a contact 
phone number. Copies may also 
be obtained through the Internet at 
http:/ /www.riskworld.com. For 
more information on the report, 
contact the Commission at (202) 
233-9537. 

Controversy is continuing in 
Congress over the Environmental 
Protection Agency's proposed 
national ambient air quality 
standards for ozone and particu- 
late matter. Several leading 
members of both parties have 
expressed their concern that the 
science behind the particulate 
matter limits is faulty or that the 
cost of implementation is prohibi- 
tive. Additionally, documents 
have surfaced that indicate that 
EPA may have unduly influenced 
an Office of Management and 
BudgeYs review of the proposal in 
response to a Congressional 
committee inquiry. EPA is 
maintaining its position that the 
standard is necessary to protect 

human health under Clean Air Act 
requirements. 

In the Senate, supporters of 
product liability reform (S. 5) are 
beginning their push to pass the 
measure in hearings held by the 
Senate Commerce Committee. S. 5 
is identical to product liability 
legislation that passed both houses 
of Congress last session, but was 
vetoed by President Clinton. The 
bill would place limits on damage 
amounts awarded to victims 
injured due to a faulty consumer 
product. 

Informal meetings are being 
held between select members of 
Congress and administration 
officials concerning the fiscal 1998 
budget. The two sides are hying to 
reconcile a budget plan using 
differing figures provided by the 
Office of Management and Budget 
(OMB) and the Congressional 
Budget Office (CBO). Republicans 
support the CBO's budget 
projection, which shows President 
Clinton's budget proposal would 
generate a $69 billion deficit by 
2002; Democrats are following the 
OMB figures, under which the 
president's budget would show a 
surplus of $17 billion by 2002. 

On March 6, the House Small 
Business Committee approved a 
bill (H.R. 852) designed to ease the 
paperwork burden for small 
businesses that must file extensive 
documentation with the federal 
government. The measure would 
require federal agencies to make 
the option available to small 
businesses to submit certain 
information through e-mail, fax or 
any other elechonic means. It is 
scheduled for a vote in the House 
in late-March. 

During a hearing of a Senate 
Environment and Public Works 
subcommittee on Superfund, 
Environmental Protection Agency 
Administrator Carol Browner 
testified against the Republican's 
Superfund reform bill (S.8). The 
Clinton administration's opposi- 
tion stems primarily from provi- 
sions in the measure that would 
exempt up to 75% of current 
responsible parties from cleanup 
costs. Both parties want to 
substantially reform the program, 
but disagree on the issue of who 
should pay to clean up waste sites. 
Browner urged Congress to 
convene broad, multi-stakeholder 
meetings to work out a compro- 
mise. 

States Proposed Legislation and Regulations 
ALABAMA 

Environmental Audits-AL S. 
388 (McClain) encourages environ- 
mental audits by creating a 
qualified audit privilege. On Feb. 
18, the bill was reported favorably 
out of the Senate Committee on 
Conservation Environment, and 
Natural Resources. 

Lead-AL H. 535 (Minnifield) 
provides for a tax credit for lead- 
based paint abatement. The bill, 
which was introduced on Feb. 18, 
was sent to the House Ways and 
Means Committee. 

AL H. 680 (Johnson) creates a 
program relating to indoor lead 
hazard abatement. On March 6, 
the measure was reported favor- 
ably out of the House Health 
Committee. 

Toxic Substances-AL S. 245 
(Smitherman) requires a person 
who possesses a permit to release 
pollution to post a conspicuous 
sign near the point of release 
nohfymg the public of any toxic 
pollutants. The legislation was 
introduced on Feb. 4 and sent to 

the Senate Committee on Eco- 
nomic Expansion and Trade. 

ARIZONA 
Air Quality (Regulation)-The 

Arizona Department of Environ- 
mental Quality (DEQ) adopted a 
final rule (3 AZAR 317; 1/31 197) 
which amends the definition of 
volatile organic compound (VOC) 
by exempting several chemicals, 
including acetone, from consider- 
ation as a VOC. The regulation 
went into effect Jan. 10. Contact 
Martha Seaman, DEQ, (602) 207- 
2230. 

Lead-AZ H. 2155 (Gerard and 
Kyle) relates to the abatement of 
lead-based paint hazards. On Feb. 
17, the House Committee on 
Health released the legislation 
with a favorable report. 

ARKANSAS 
Hazardous Materials Transporta- 

tion-AR S. 572 (Boozman) 
eliminates the requirement that 

transporters of hazardous materi- 
als obtain a permit. On March 7, 
the measure was released with a 
favorable report from the Senate 
Committee on Public Health, 
Welfare, and Labor. 

Lead-AR S. 214 (Walker and 
Stalnaker) authorizes the licensing 
and certification of lead-based 
paint activities training programs, 
procedures and requirements. On 
Feb. 28, the legislation was signed 
by the governor. 

CALIFORNIA 
Air QualityAA S. 987 (Sher) 

relates to regulations requiring the 
maximum feasible reduction in 
VOCs emitted from the use of 
aerosol paints. The legislation was 
introduced on Feb. 27 and sent to 
the Senate Committee on Environ- 
mental Quality. 

Grafiti--CA S. 325 (Maddy) 
requires the state to adopt stan- 
dards for the removal of graffiti 
from certain property. The bill was 
introduced on Feb. 12 and sent to 



the Senate Committee on Local 
Government. 

Hazardous Waste-CA A. 256 
(Cunneen) requires the establish- 
ment of a new code system for 
tracking the shipment of hazard- 
ous waste subject to manifest 
requirements. The bill was 
introduced on Feb. 12 and referred 
to the Assembly Committee on 
Environmental Safety and Toxic 
Materials. 

CA A. 770 (Margett) relates to 
existing law which subjects 
recyclable materials to require- 
ments of the hazardous waste 
control laws unless exempted by 
the state. The bill was introduced 
on Feb. 26. 

CA S. 660 (Sher) makes 
legislative findings concerning the 
state's hazardous waste manage- 
ment program and existing fee 
mechanisms. The measure was 
introduced on Feb. 25. 

Hazardous Waste (Proposed 
Regulation)-A proposed rule (97 
CARR 277; 2/7/97) of the Califor- 
nia Department of Toxic Sub- 
stances Control (DTSC) would 
amend assessment and secondary 
containment for non-RCRA 
regulated tank systems at facilities 
used to manage hazardous waste 
generated on-site. Contact Dave 
Remick, DTSC, (916) 324-3111. 

L e a d 4  A. 481 (Kuehl) 
provides guidance for property 
owners, contractors, tenants and 
insurers on how to evaluate and 
control lead hazards. On Feb. 24, 
the legislation was introduced. 

CA S. 718 (Leslie) authorizes an 
income tax credit for voluntary 
lead abatement activities. The 
measure was introduced on Feb. 
25 and sent to the Senate Commit- 
tee on Revenue and Taxation. 

Occupational Safety and Health- 
CA S. 370 (Solis) includes painters 
within those persons for whom 
cancer ocmring during employ- 
ment is deemed an injury under 
the workers' compensation law. 
The legislation was introduced on 
Feb. 13 and referred to the Senate 
Committee on Industrial Relations. 

Proposition 65 (Notice)-The 
California Office of Environmental 
Health Hazard Assessment 
(OEHHA) plans (97 CARR 147; 1 / 
24/97) to add nine chemicals to 
the list of substances known to the 
state to cause cancer or reproduc- 
tive toxicity, as required by the 
Safe Drinking Water and Toxic 
Enforcement A d  (Proposition 65). 

The chemicals to be added are 
nitromethane, tetrafluoroethylene, 
vinyl fluoride, spironolactone, 
stanozolol, clarithromycin, 
dihydroergotarnine mesylate, 
hydroxyurea, and oxymetholone. 
Contact Cynthia Oshita, OEHHA, 
(916) 445-6900. 

Solid Waste (Proposed Regula- 
tion)-A proposed regulation (97 
CARR 93; 1/17/97)issued by the 
Califomia Department of Toxic 
Substances Control (DTSC) would 
clarify permit requirements 
concerning tank cleaning and 
dosure procedure for under- 
ground and aboveground storage 
tanks. Contact Diana Peebler, 
DTSC, (916) 324-4754. 

Tort R e f o r m 4  S. 143 (Kopp) 
requires unfair business practice 
actions brought by private parties 
on behalf of the general public to 
comply with certain requirements. 
The bill, which was introduced on 
Jan. 13, was sent to the Senate 
Judiciary Committee. 

Toxic Substances-CA S. 658 
(Sher) repeals provisions of law 
enacted in 1996 requiring the state 
to conduct a review of "Califomia- 
only" hazardous waste policies 
followed by the state for the 
identification and assessment of 
chemical toxicity. The bill was 
introduced on Feb. 25. 

COLORADO 
G r a f f i t i 4 0  H. 1125 (S. 

Williams) makes mandatory 
revocation of a driver's license one 
of the penalties for defacing 
property by graffiti. On Feb. 18, 
the legislation passed the House 
and was sent to the Senate 
Transportation Committee. 

L e a d 4 0  S. 136 (Blickens- 
derfer) requires the establishment 
of a comprehensive plan to reduce 
elevated blood lead levels in 
children and control exposure to 
lead-based paint hazards. On 
March 7, the bill was amended and 
released from the Senate Appro- 
priations Committee. 

CONNECTICUT 
L e a d 4 T  S. 1131 (Committee 

on Insurance) makes lead poison- 
ing liability insurance available to 
tenants and homeowners. Intro- 
duced on Feb. 25, the bill was 
referred to the Joint Committee on 
Insurance and Real Estate. 

CT S. 1206 (Insurance Commit- 
tee) clarifies that health directors, 

in response to reports of a child 
with an elevated blood lead level, 
may order occupants to exercise 
reasonable measures to prevent 
continued exposure. The bill was 
introduced on March 5 and 
referred to the Joint Committee on 
Insurance and Real Estate. 

Product Liability-CT S. 1008 
(Judiciary Committee) extends the 
statute of limitations for any 
person injured by a product to 
bring an action against that party. 
Introduced on Feb. 11, the bill was 
referred to the Joint Judiciary 
Committee. 

FLORIDA 
Graffiti-FL S. 936 (Gutman) 

provides that a county is not 
preempted by state law from 
establishing ordinances which 
prohibit graffiti-related offenses. 
The bill was introduced on March 
4 and sent to the Senate Commit- 
tee on Community Affairs. 

Hazardous Waste (Proposed 
Regulation)-A proposed regula- 
tion (23 FLAR 841; 21 14/97) of the 
Florida Department of Environ- 
mental Protection (DEP) would 
incorporate by reference recent 
amendments to federal standards 
governing hazardous waste. 
Contad Diane Hunt, DEP, (904) 
488-0300. 

GEORGIA 
Lead--GA H. 580 (Thomas and 

Pelote) makes it unlawful to rent 
or lease any building if any 
portion is painted with lead-based 
paint or poses any other lead 
hazard. The legislation was 
introduced on Feb. 14 and referred 
to the House Committee on Health 
and Ecology. 

Solid Waste--GA H. 647 (Dobbs 
and Lane) prohibits the placing of 
certain substances in underground 
storage tanks. The bill was 
introduced on Feb. 18 and sent to 
the House Committee on Natural 
Resources. 

Water Quality (Regulation)-A 
final rule adopted by the Georgia 
Department of Natural Resources 
(DNR) amends water quality 
standards dealing with waste 
treatment, permit requirements, 
surface water withdrawals, 
pretreatment programs, variance 
procedures, and storm water 
permits. The regulation went into 
effect July 30,1996. Contact DNR, 
(404) 656-4713. 



HAWAII 
Hazardous Waste-HI S. 449 

(lhara and McCartney) requires 
the state to publish annually the 
names of each small and large 
quantity generator of hazardous 
waste. Introduced on Jan. 17, the 
bill was sent to the Senate Com- 
mittee on Health and Environ- 
ment. 

Spray Paint Restn'ctions-HI S. 
955 (Ige) prohibits the sale or 
possession of spray paint by 
minors. The measure, which was 
introduced on Jan. 17, was sent to 
the Senate Judiaary Committee. 

IDAHO 
Hazardous Waste-ID S. 1208 

(Judiciary Committee) imposes 
fees on hazardous wastes stored or 
treated at commercial hazardous 
waste facilities. On March 5, the 
legislation was amended and 
released from the House Environ- 
mental Affairs Committee. 

ILLINOIS 
Air Quality-IL, H. 2166 

(Brosnahan) imposes a fee on 
facilities that emit toxic air 
pollutants. Introduced on March 
10, the bill was referred to the 
House Committee on Rules. 

Grafiti-IL H. 661 (Scott) 
provides that a municipality may 
remove graffiti from private 
property but may not recover the 
cost from the owner. On March 6, 
the measure was reported out of 
the House Committee on Local 
Government. 

Hazardous Materials Transporta- 
tion-IL S. 378 (Mahar) requires 
persons engaged in the transporta- 
tion of hazardous materials to 
register and obtain a permit. On 
March 6, the Senate Environment 
Committee amended and released 
the bill. 

Lead-IL H. 1536 (M. Davis) 
provides that physicians may 
saeen children for lead poisoning 
when the child is potentially at 
risk of lead poisoning. Introduced 
on March 6, the measure was 
referred to the House Rules 
Committee. 

IL S. 247 (Syverson) provides 
that only positive results, rather 
than all results, of a blood lead 
analysis must be reported to the 
state within 48 hours of receipt. On 
March 6, the Senate approved the 
legislation. 

INDIANA 
Hazardous Waste (Regulation& 

The Indiana Solid Waste Manage- 
ment Board (SWMB) adopted a 
final regulation (20 INR 1111; 2/11 
97) which updates provisions 
governing the hazardous waste 
management permit program and 
hazardous waste transportation 
reauirements to conform with 
recent federal amendments. The 
rule was effective Feb. 8. Contact 
Steven Mojonnier, SWMB, (317) 
233-1655. 

IN S. 478 (Simpson) provides 
that an industrial or manufadur- 
ing byproduct that is listed as a 
hazardous waste but is capable of 
being recycled in a different 
process with no additional threat 
to health and the environment 
may be excluded from hazardous 
waste replations. The legislation 
was appioved by the Senate on 
March 4. 

Lead-IN H. 1181 (Crawford) 
requires health care providers to 
conduct periodic blood lead 
testing on children between the 
ages of six months and six years. 
On March 4, the b i i  passed the 
House and was sent to the Senate 
Committee on Health and Envi- 
ronmental Affairs. 

IOWA 
Lead (Regulation)-The Iowa 

Department of Public Health 
@pH) adopted a final rule (19 
IAAB 1318; 1/29/97) which 
establishes requirements for the 
voluntary certification of lead 
inspectors. The regulation became 
effective March 5. Contact DPH, 
(515) 281-5787. 

KANSAS 
Air Quality (Proposed Regula- 

tion)-A proposed regulation (16 
KSR 157; 2/6/97) of the Kansas 
Department of Health and 
Environment @HE) would 
incorporate by reference federal 
standards governing emissions 
standards for hazardous air 
pollutants. Contact Ralph Kieffer, 
DHE, (913) 296-6428. 

Air Quality (RegulationtA final 
rule (16 KSR 176; 2/6/97) adopted 
by the Kansas DHE postpones an 
inaease in air emission fees from 
$15 to $18 per ton of pollutant 
through the year 2001. The 
regulation went into effect Feb. 21. 
Contact Ralph Kieffer, DHE, (913) 
296-6428. 

KENTUCKY 
Transportation (Proposed 

Regulation)-The Kentucky 
Transportation Cabinet (KTC) 
plans to amend current regulations 
(23 ARKY 2944; 2 / 1 / 97) to 
incorporate by reference federal 
safety requirements concerning the 
safe operation of commercial 
motor camers. Contact Sandra 
Pullen, KTC, (502) 564-4890. 

MARYLAND 
Grafiti-MD H. 1169 

(Klausmeier) requires a court to 
order a person committing an act 
of graffiti to pay restitution or 
perform community service. On 
Feb. 11, the bill was introduced 
and sent to the House Judiciary 
Committee. 

Hazardous Waste (Proposed 
Regulation)-A proposal (24 MDR 
305; 2/14/97) issued by the 
Maryland Department of the 
Environment (DOE) would amend 
requirements for the reporting of 
hazardous waste activity by 
generators who ship waste off-site 
and for treatment, storage and 
disposal facilities. Contact Deanna 
Miles-Brown, DOE, (410) 631-3602. 

Lead (Regulation)-The Mary- 
land Department of Housing and 
Community Development 
(DHCD) adopted a final rule 
which establishes procedures for 
making grants and loans to 
owners of residential property or 
child care centers for the purpose 
of lead abatement. The regulation 
went into effect Feb. 24. Contact 
Vance Morris, DHCD, (410) 514- 
7565. 

MD H. 229 (Brinkley) alters the 
definition of "affected property" in 
provisions of the insurance law 
relating to lead paint hazards. The 
legislation was approved by the 
House on Feb. 28 and sent to the 
Senate Committee on Judicial 
Proceedings. I 

MD H. 712 (Workman) repeals 
a provision of law authorizing a 
lessee to deposit rent in a rent 
escrow account if a lessor fails to 
eliminate lead-based paint within 
a dwelling. On Feb. 17, the 
legislation was withdrawn from 
further consideration. 

MD H. 1138 (Hubbard) requires 
the establishment of a lead 
screening program to monitor 
children for lead poisoning. On 
March 6, the bill was approved by 
the House. 



MD H. 1231 (Guns) alters the 
date by which rental dwelling 
units must be registered under the 
Lead Poisoning Prevention 
Program. The House approved the 
legislation on Feb. 28. 
MD S. 772 (Baker) repeals the 

two provisions of law authoriziig 
a lessee to invoke rent escrow 
remedies if the lessor fails to 
remove lead-based paint from a 
residential dwelling unit. On 
March 11, the Senate Committee 
on Judicial Proceedings amended 
and released the bill. 

MASSACHUSETTS 
Air Quality 

tion)--A proposed (809 MAR 
10; 1/24/97) of the Massachusetts 
Department of Environmental 
Protection (DEP) would amend the 
state implementation plan for 
ozone by amending the VOC plan; 
eliminating unnecessary control 
strategies; and the 1999 
target emissions, the 1999 pro- 
jected emissions inventory, and 
the contingency plan. Contact 
Leah Weiss, DEP, (617) 292-5520. 

Hazardous Materinls Transporta- 
tion (Regulation&A final regula- 
tion(808MAR69; 1/10/97) 
adopted by the Massachusetts 
Board of Fire Prevention Regula- 
tions (BFPR) amends current 
requirements governing the 
transportation of flammable and 
combustible liquids to conform 
with national safety standards. 
The rule went into effect Jan. 10. 
Contact Maura Ware, BFPR, (508) 
567-3181. 

MA H. 3679 (Larkin) provides 
for an exemption from hazardous 
waste transporter fees for waste 
that is to be reused or recycled. 
Introduced on Jan. 1, the measure 
was referred to the Joint Commit- 
tee on Natural Resources and 
Agriculture. 

~ ~ ~ ~ ~ h ~ l d   do^^ waste-- 
MA H. 2352 (Local Sponsor) 
establishes a household hazardous 
waste collection grant program. 
On Jan. 1, the bill was introduced 
and referred to the Joint Commit- 
tee on Natural Resources and 
Agriculture. 

MA H. 3767 (Cahir) establishes 
a retail hazardous products 
identification program. Introduced 
on Jan. 1, the bill was sent to the 
Joint Committee on Commerce 
and Labor. 

Lead-MA H. 2254 (Bosley and 
Koczera) relates to the Occupa- 

tional Blood Lead Registry. The 
bill was introduced on Jan. 1 and 
sent to the Joint Committee on 
Commerce and Labor. 

MA H. 2682 (Travis and 
Murray) provides for the health 
and safety of children from all 
sources of lead exposure. The 
legislation was introduced on Jan. 
1 and sent to the Joint Committee 
on Health Care. 

MA H. 3601 (Paulsen) estab- 
lishes an occupational lead 
poisoning registry fund. On Jan. 1, 
the legislation was introduced and 
sent to the Joint Committee on 
Commerce and Labor. 

Toxics-in-Packaging-MA H. 
2901 (s. ~ ~ ~ ~ l ~ )  reduces the 
presence of heavy metals in 

The was 
introduced On Jan' 

MICHIGAN 
Air Quality (Proposed Regula- 

tionbThe Michigan Department 
of Environmental Quality @EQ) 
proposed a regulation (1996 MIR 
46; 1 131 197) which would amend 

quality standards to make 
compliance and recordkeeping 
requirements for coatings and 
graphic arts lines more flexible. 
Contact DEQ, (517) 373-7069. 

MINNESOTA 
H11~dws Materiuls-MN H. 

1126 repeals the 
hazardous materials labeling law. 
On March 3, the bid1 was 
duced and sent to the FIouse 
Committee on Environment and 
Natural Resources. 

Lead-MN H. 843 (Clark) 
establishes a lead hazard reduction 
advisory task force to propose 
provisions for lead-safe residential 
rental property cefication, 
essential management practices, 
and legal issues surrounding lead 
poisoning. Introduced on Feb. 20, 
the bid was referred to the House 
Committee on Financial Institu- 
tions. 

Pollution Prevention-MN H. 
837 (Munger) modifies toxic 
pollution prevention planreq- 
ments to cover the reduction or 
elimination of toxic pollutants that 
are Or subject to 
energy recovery. On Feb. 20, the 
bill was introduced and sent to the 
House Committee on Environment 
and Natural Resources. 

Toxics-in-Packaging-MN H. 947 
(Wagenius) modifies toxics-in- 

packaging requirements; and 
requires biennial reports to 
identify exemptions. Introduced 
on Feb. 24, the bid was sent to the 
House Committee on Environment 
and Natural Resources. 

MN H. 707 (Rukavina) modifies 
requirements relating to toxics-in- 
products. The measure, which was 
introduced on Feb. 13, was 
referred to the House Committee 
on Environment and Natural 
Resources. 

MISSISSIPPI 
Humrdous Waste--MS S. 2797 

maring) sets an annual schedule 
of fees for commercial hazardous 
Waste management facilities. On 
Feb. 8, the bill died in committee. 

Lead-MS S. 24% pa r ing )  
allows the establishment of 
certification requirements for lead 
abatement workers and sets up 
lead hazard work standards. The 
measure was approved by the 
House on March 6. 

MISSOURI 
Hazardous Waste-MO H. 151 

(Smith) establishes a new fee for 
hazardous waste treatment, 
storage and disposal facilities. On 
Feb. 20, the House approved the 
bill. 

MONTANA 
Hazardous Waste (Regulation& 

A final regulation (1997 MTAR 
208; 1/27/97) of the Montana 
Department of Environmental 
Quality (DEQ) incorporates by 
reference federal standards 

~~~P,",~~~-~~~~~~~ 
became effective Jan' 

Contact Mark Stahly, DEQ, (406) 
444-3742. 

Lubeling-MT H. 35 (DeBruy- 
cker) eliminates obsolete Consumer 
protection provisions pertaining to 
paint labeling. On Feb. 20, the bill 
was signed by the governor. 

NEBRASKA 
Hazardous Materials Trmpda-  

ti on-^^ L.B. 722  ti^^ 
Committee) updates state adop 
tion of federal motor carrier safety 
requirements hazard- 
ous materials. & March 6, the 
was sent to the 

Water Quality (RegulationjThe 
Nebraska Department of 
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including a program to educate 
consumers regarding the proper 
disposal of waste. On Feb. 24, the 
measure was introduced and sent 
to the Assembly Committee on 
Environmental Conservation. 

Lend-NY A. 3872 (Dinowik) 
requires the state to take action 
when areas of lead poisoning are 
designated. The bi which was 
introduced on Feb. 10, was sent to 
the Assembly Health Committee+ 

NY A. 4735 (Clark) increases 
the penalty for the failure to 

with a notice and demand 
for the discontinuance of a paint 
condition conducive to lead 
poisoning. The bill was introduced 
on Feb. 24 and referred to the 
Assembly Committee on Health. 

NY A. 6222 (Eve) provides that 
policies insuring against liability 
for not 
coverage for exposure to lead- 
based paint. Introduced on March 
4, the bfl was sent to the Assembly 

On insurance. 
NY A. 6241 (Eve) makes 

provisions regarding lead ins 
tion and abatement. On ~ a r G  . 
the bill was introduced and sent to 
the Health Committee' 

NY S. 395 (Voker) establishes a 
program to reduce the risks of 
residential lead-based paint 
hazards. On Feb. the was 

out the Senate 
Committee. 
NY S. 2118 (Mendez) estab- 

lishes requirements for the 
prevention and recognition of lead 
poisoning in children. Introduced 
on Feb. 4, the measure was sent to 
the Senate Committee on Health. 

Parkaginern A- 4629 
(Brodsky) requires packaging to be 
reusable or recyclable. On Feb. 20, 
the bill was introduced and sent to 
the Assembly Committee on 
Environmental Conservation. 

Recycling-NY A. 4838 (Colton) 
requires municipalities to enact a 
local law requiring all recyclable 
materials be collected for recycling 
unless exempted by the state. The 
legislation was introduced and 
sent to the Assembly Committee 
On 

on Feb. 25. 
Tort Reform-NY A. 1620 

(Brodsky) authorizes any private 
citizen who has an interest which 
is or may be adversely affected to 
commence civil judicial actions to 
remedy environmental harms. On 
Feb. 5, the bill passed the assembly 
and was sent to the Senate 

mental Quality (DEQ) adopted a 
final regulation which amends 
current water quality standards; 
clarifies acute toxicity aiteria; 
revises use designation standards; 
and modifies toxic substance 
requirements. The rule was 
effective retroactively to March 6, 
1996. Contact Thomas Lamberson, 
DEQ, (402) 471-2186. 

NEVADA 
Hazardous Materials Transports- 

tion-NV A. 179 (Committee on 
Natural Resources) authorizes the 
state to designate highly hazard- 
ous substances by regulation; and 
clarifies the motor vehicles for 
which a permit to transport 
hazardous materials must be 
obtained. The measure was 
introduced on Feb. 18 and sent to 
the Assembly Natural Resources 
Committee. 

NEW HAMPSHIRE 
Air Quality (RegulationhA final 

regulation (17 NHHR 14; 2/7/97) 
of the New Hampshire Depart- 
ment of Environmental Services 
(DES) establishes two types of 
open market trading programs 
that sources may use to trade 
emissions reductions credits to 
ensure compliance with Clean Air 
Act requirements. The rule was 
effective Jan. 21. Contact Joseph 
Fontaine, DEP, (603) 271-6794. 

Lead-NH S. 49 (Fraser) allows 
unlicensed individuals to conduct 
low risk lead abatement activities 
and the use of certain alternative 
abatement methods. me bill was 
approved by the Senate on Feb. 20. 

NEW JERSEY 
Air Quality (Notice)--The New 

Jersey Department of Environmen- 
tal Protection (DEP) has published 
eight draft state of the art manuals 
for air quality rmits. The 
manuals, whiroutline methods 
and performance levels for air 

llution control, are designed to 
c l p  air permit applicants demon- 
strate that their proposal incorpo- 
rates advances in air pollution 
control technology. For more 
information Or 'Ontact 

Kats, DEP, (609) 633-2970. 
Community Right-to-Know 

(noticehThe New Jersey Depart- 
ment of Health @OH) is holding a 
hearing (29 NTR 706; 21 18/97) to 
discuss implementation of the 
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Worker and Community Right-to- 
Know Act and amendments to the 
hazardous substance lists. The 
hearing will be held on April 11 in 
Trenton; comments are due April 
26. Contact Richard W i g e r ,  
DOH, (609) 9&1-2202. 

NEW MEXICO 
Lead-NM H. 668 (Miera) 

creates a program to prevent lead 
poisoning in children, and 
provides for training and certifica- 
tion for lead hazard activities. The 
measure was released with a 
favorable recommendation from 
the House Appropriations 
Committee March 10. 

NEW YORK 
A. 3945 (Nolan) 

makes the act of graffiti punishable 
by service. On Feb. 
the bill was introduced and sent to 
the Assembly codes committee. 

NY A. 4539 (Labriola) provides 
for driver's license suspension 
upon the second conviction of 
creating % bill, 
was introduced on Feb. 20, was 
sent to the Assembly Committee 
on Codes. 

NY A. 4915 (McLaughlin) 
prohibits conduct resulting in 
graffiti on any public transporta- 
tion facility. Introduced on Feb. 26, 
the legislation was sent to the 
&,sembly  ti^^ commit- 

tee. NY A. 5326 (Hdberg) makes 
the act of graffiti service punishable or a fine. fie 

bill, which was introduced on 
Mad l  3, was sent to the Assembly 
Codes Committee. 

Hazardous MaterinIs-NY A. 
4728 (Clark) provides that any 
person storing a hazardous 
substance must furnish the state 
with information on the storage 
fadty ,  type of substance, ban- 
dling practices, monitoring and 
inspections. The measure was 
introduced on Feb. 24 and referred 
to the Assembly Committee on 
Environmental Conservation. 

Household Hazmdous Waste-NY 
A. 3824 (McGee) establishes a 
household hazardous waste 
disposal program. Introduced on 
Feb. 6, the legislation was sent to 
the Assembly Committee on 
Environmental Conservation. 
NY A. 4716 (Tokasz) establishes 

a plan for the management of 
household hazardous waste, 



Committee on Environmental 
Conservation. 

Toxic Substances-NY A. 4034 
(Wright) prohibits the use of non- 
waterbased or flammable paint in 
any stair well of a dwelling unit 
owned or operated by the Public 
Housing Authority; and provides 
that any existing non-waterbased 
paint found in such housing shall 
be overcoated. Introduced on Feb. 
10, the measure was referred to the 
Assembly Committee on Housing. 
At presstime, no further action on 
the bill was scheduled. 

NY A. 4355 (Thiele) continues 
the common law actions for 
recovery of damages for personal 
injury or property damage caused 
by the latent effects of exposure to 
a toxic substance. The bill, which 
was introduced on Feb. 18, was 
sent to the Assembly Codes 
Committee. 

NY S. 2973 (Leichter) provides 
information to consumers concem- 
ing household hazardous products 
at the point of retail sale using 
labels and pamphlets. On Feb. 27, 
the measure was introduced and 
referred to the Senate Committee 
on Environmental Conservation. 

NORTH CAROLINA 
Solid Waste (Proposed Regula- 

tion+A proposed regulation (11 
NCR 1639; 2/3/97) of the North 
Carolina Department of Environ- 
ment, Health and Natural Re- 
sources (DEHNR) would specify 
risk-based criteria for the assess- 
ment and cleanup of discharges 
resulting from releases from 
underground storage tanks. 
Contact David Hance, DEHNR, 
(919) 715-6189. 

OHIO 
Air Quality (Proposed Regula- 

t i o n t A  proposed rule issued by 
the Ohio Environmental Protection 
Agency (EPA) would amend 
regulations concerning particulate 
matter; establish visible particulate 
emission limits; update language 
regarding continuous emission 
monitoring requirements; and 
revise compliance time schedules. 
Contact Ohio EPA, (614) 644-3037. 

Solid Waste (RegulationtA final 
regulation (1996 OHMR 1002; 121 
31 / 96) of the Ohio Department of 
Commerce (DOC) amends 
underground storage tank (UST) 
standards by implementing 
uniform permit and inspection 

fees; requiring certain inspections; 
and establishing application, 
renewal and decertification 
procedures for UST inspectors. 
The rule became effective Jan. 1. 
Contact Ray Roe, DOC, (614) 752- 
7079. 

OKLAHOMA 
Grafi t i4K S. 290 (Leftwich) 

authorizes certain procedures for 
the removal of graffiti by munici- 
palities. On Feb. 19, the Senate 
approved the legislation. 

Hazardous Materials Transporta- 
tion (Proposed Regulation+The 
Oklahoma Department of Public 
Safety (DFS) proposed a regulation 
(14 OKR 510; 2/3/97) which 
would incorporate by reference 
federal standards regarding motor 
carrier safety and hazardous 
materials transportation, and 
would extend the exemption cut- 
off date for cargo tanks. Contact 
Bill Hughes, DPS, (405) 521-6103. 

Lead-OK S. 315 (Easley) 
removes requirements for certain 
lead management certification. On 
March 4, the bill was approved by 
the Senate. 

OREGON 
Air Quality (RegulationbThe 

Oregon Department of Environ- 
mental Quality (DEQ) adopted a 
final regulation (36 ORRB 52; 2/ 11 
97) which amends current air 
quality requirements by incorpo- 
rating national emissions stan- 
dards for hazardous air pollutants 
for specific sources. The rule 
became effective Dec. 19. Contact 
DEQ, (503) 229-6775. 

Community Ri ht to K n o d R  
S. 585 (Ferrioli) d i g i s  the basis 
for assessing hazardous substances 
fees to fund community right-to- 
know programs. The bill was 
introduced on March 7. 

Hmrdous Materials Transporta- 
tion (Proposed Regulation+A 
proposal (36 ORRB 174; 2 / 1 / 97) 
issued by the Oregon Department 
of Transportation (DOT) would 
adopt by reference federal 
requirements concerning hazard- 
ous materials transportation; 
motor camer safety; and hazard- 
ous material out-of-service 
standards. Contact Brenda Trump, 
DOT, (503) 945-5278. 

Solvent Tax-OR H. 3036 
(Roberts) imposes a fee on 
cleaning solvents, which are 

defined as a "substance composed 
of the same chemicals as dry 
cleaning solvent, but not used in a 
dry cleaning facility." The bill was 
introduced on March 4 and 
referred to the House Committee 
on Environment and Energy. 

RHODE ISLAND 
Grafiti-RI S. 607 (Roberts) 

relates to sanctions against 
juveniles charged with graffiti- 
related offenses. On Feb. 11, the 
legislation was introduced and 
sent to the Senate Judiciary 
Committee. 

RI S. 608 (Palazzo) makes the 
act of creating graffiti punishable 
by fines or community service. The 
measure, which was introduced on 
Feb. 11, was sent to the Senate 
Judiciary Committee. 

Hazardous Waste-RI H. 6119 
(Palumbo) relates to hazardous 
waste management. Introduced on 
Feb. 4, the measure was referred to 
the Joint Committee on Environ- 
ment and Energy. 

Occupational Safety and Health- 
RI S. 259 (Ruggerio) entitles 
employees to refuse a work 
assignment within an area where a 
violation of the state Health and 
Safety Code has been reported 
until the violation has been 
corrected. On Jan. 29, the legisla- 
tion was introduced and referred 
to the Senate Labor Committee. 

SOUTH DAKOTA 
Hazardous Materials Transporta- 

tion-SD H. 1053 (Committee on 
Transportation) revises certain 
provisions pertaining to the 
regulation of motor carriers 
transporting hazardous materials. 
On Feb. 7, the governor signed the 
legislation. 

Solid Waste IRegulationbA final 
regulation (23 SDR 131; 2/10/97) 
adopted by the South Dakota 
Department of Environment and 
Natural Resources (DENR) 
updates underground storage 
tanks standards for reporting 
releases to make them consistent 
with federal requirements. The 
rule went into effect Feb. 24. 
Contact Doug Miller, DENR, (605) 
773-3296. 

TENNESSEE 
Toxic Substances-TN S. 1307 

(Cohen) requires annual reports 
from emitters of toxic substances 



on alternative technology available 
to reduce or eliminate emissions. 
The bill was introduced on Feb. 6. 

TEXAS 
Air Quality (Proposed Regula- 

tiontThe Texas Natural Resource 
Conservation Commission 
(NRCC) proposed a regulation (22 
TXR 1065; 1/31 / 97) which would 
clanfy, among other things, 
reporting procedures for unautho- 
rized emissions occurring during 
maintenance, startup or shutdown; 
and compliance criteria. Contact 
Beecher Cameron, NRCC, (512) 
239-1495. 

Air Quality--A proposed rule 
(22 TXR 1070; 1/31 197) of the 
Texas Natural Resource Conserva- 
tion Commission (NRCC) would 
amend new source review permit 
requirements to eliminate provi- 
sions governing transfers of 
permits and licenses. Contact 
Catherine Collins, NRCC, (512) 
239-0389. 

Graffiti-TX H. 1264 pukes) 
relates to the disposition of a 
juvenile who damages property 
with graffiti. The bill was intro- 
duced on Feb. 13 and sent to the 
House Committee on Juvenile 
Justice and Family Issues. 

Lead-TX H. 2219 (Dukes) 
relates to lead poisoning screening 
and lead inspection. The measure 
was introduced on March 6. 

Spray Paint Restrictions-TX H. 
17141s. 758 (SernaIShapleigh) 
increases the penalties for acts of 
graffiti and restricts customer 
access to spray paint. On Feb. 25, 
the House version was sent to the 
House Committee on Juvenile 
Justice and Family Issues; the 
Senate version was referred to the 
Senate Committee on Criminal 
Justice. 

UTAH 
Air Quality (Regulationk-A final 

regulation (97 UTSB 63; 1/15/97) 
of the Utah Department of 
Environmental Quality (DEQ) 
streamlines the process for 
obtaining approval for construc- 
tion and modification of industrial 
sources of pollution, including 
specifying exemptions and 
establishing inventory information 
requirements for emission sources. 
The rule was effective Dec. 1. 
Contact Jan Miller, DEQ (801) 536 
4042. 

A final rule (97 UTSB 73; 2/11 
97) adopted by the Utah DEQ 
reduces the inventory reporting 
requirements for very small 
sources of air pollution that are 
located in attainment areas and 
removes provisions which trigger 
contingency measures by ozone 
inventory. The regulation went 
into effect Jan. 15. Contact Jan 
Miller, DEQ, (801) 536-4042. 

Hazardous Materials Transporta- 
tion (Regulation)-The Utah 
Department of Transportation 
(DOT) adopted a final rule (97 
UTSB 74; 21 1 / 97) which, among 
other things, (1) extends the 
effective date for the implementa- 
tion of the Intermodal Safe 
Container Transportation Act until 
Jan. 2,1997; (2) incorporates 
changes to the classification of 
materials that are poisonous by 
inhalation into hazardous materi- 
als regulations; and (3) amends 
provisions for the manufacture, 
use, and reuse of hazardous 
materials packaging. The regula- 
tion became effective Jan. 14. 
Contact Shiileen Hancock, DOT, 
(801) 965-4781. 

Lead (Regulation)-The Utah 
Department of Health (DOH) 
adopted a final rule (97 UTSB 63; 
1 / 15/97) which amends lead 
poisoning reporting requirements 
to include all persons with whole 
blood lead concentrations greater 
than 10 micrograms per deciliter. 
The regulation went into effect Jan. 
1. Contact Craig Nichols, DOH, 
(801) 538-6191. 

VERMONT 
Lead-VT H. 281 (Valsangia- ' 

como) reduces the burden on 
, landlords for abatement of lead 

paint hazards in rental housing 
and child care centers. Introduced 
on Feb. 11, the legislation was sent 
to the House Committee on Healtk 
and Welfare. 

VIRGINIA 
Air Quality (Proposed Regula- 

tionhA proposed regulation (13 
VAR 1057; 2/ 3 197) of the Virginia 
State Air Pollution Control Board 
(SAPCB) would develop a general 
permit which would allow station 
ary sources subject to the federal 
operating permit program to be 
exempted from the program as 
long as they maintain actual 
annual emissions at a level that is 
75 percent of the major source, 

potential-to-emit thresholds. 
Contact Robert Mann, SAPCB, 
(804) 698-4419. 

Household Hazardous Waste-VA 
H. 2814 (Moore) changes the 
definition of household hazardous 
waste to include solvent-based 
paint, paint stripper, and paint 
thinner. The bill was sent to the 
governor on Feb. 27. 

Lead IRegulationhA final rule 
(13 VAR 1084; 2/3/97) adopted by 
the Virginia Department of 
Professional and Occupational 
Regulation (DPOR) reduces the 
fees charged to applicants for late 
renewal penalties for lead certifica- 
tions. The rule will go into effect 
April 1. Contact Thomas Perry, 
DPOR, (804) 367-2176. 

VA S. 1004 (Lambert) autho- 
rizes regulations for lead training 
and certification, and standards for 
performing lead-based paint activ- 
ities that are no more stringent 
than the federal requirements. On 
Feb. 22, the Conference Committee 
report on the measure was ap- 
proved by the House and Senate. 

VA S.J.M. 227 (Lambert) contin- 
ues to require the joint subcommit- 
tee to monitor lead-poisoning and 
abatement issues. On Feb. 20, the 
House approved the bill. 

Spray Paint RestrictionsVA H. 
1663 (Hull) makes it unlawful for 
any juvenile to possess any paint 
implement, except under an 
adull's supervision. On Feb. 18, 
the legislation died in committee. 

WASHINGTON 
Recycling-WA S. 5474 

(Hargrove) adopts federal stan- 
dards for purposes of state and 
local agency purchases of recycled 
products, including latex paint. On 
Feb. 21, the Senate Agriculture 
Committee amended and released 
the bill. 

WEST VIRGINIA 
Hazardous Waste-WV S. 165 

(Ross) authorizes the promulga- 
tion of ~ l e s  relating to hazardous 
waste management. The bill was 
introduced on March 3 and sent to 
the Senate Judiciary Committee. 

WYOMING 
Solid Waste-WY H. 78 (Luthi) 

amends fees charged for storage 
tank installation or modification. 
On Feb. 24, the governor signed 
the legislation. 



Rheological Changes During the Drying 
of a Waterborne Latex Coating 

Frank Lbfflath-PPG Industries (France) S.A." 
Matthew Gebhard-Rohrn and Haas Co.+ 

INTRODUCTION 

R heological changes during drying have a pro- 
found effect on final film properties. In particu- 
lar, these changes affect the ultimate gloss and 

distinctness of image of the dried film. Rheological 
changes accompanying drying are due to the effects of 
evaporation and the concomitant change in dispersion- 
volume-solids. The rate of evaporation and the relation 
between viscosity and dispersion-volume-solids have 
been studied separately but, to our knowledge, there is 
no work investigating the impact of evaporation on vis- 
cosity increases in a drying film comprised of a water- 
based latex dispersion. Thus, a study of this rather com- 
plicated behavior seems appropriate. 

From a rheological standpoint, the drying process can 
be divided into three regions (Figure 1). In the first re- 
gion, immediately following application, water evapo- 
rates at a constant rate and the coating builds viscosity 
but stills behaves as a liquid. At an effective volume 
fraction of -65%, the coating enters a second transition 
region and develops solid-like behavior (yield value). 
The yield value increases until the film is essentially a 
solid. In this transition region, polymer particles come 
into contact, the liquid/air interface is dominated by 
latex particles, and the rate of water evaporation de- 
creases dramatically. The last stage involves the slow 
diffusion of solvents out of the film. At this point the 
film behaves like a solid; however, some creeping flow 
may take place. The rates at which these processes occur 
can affect the final film properties, such as flow and 
leveling, sag resistance, microfoam entrapment, gloss, 
film formation, mudcracking, and pin holing.' In par- 
ticular, if the coating passes into the second phase very 
quickly, all of the imperfections introduced during the 
film application process are frozen in place. 

An important aspect of the drying process is water 
evaporation. Evaporation rates have received much at- 
tention2 over the years. Dillon2" derived a very useful 
mathematical model which includes relative humidity 
and temperature effects. This model is based on 
Langmuir-KnudsenZb,' and GardnerZd treatments of 
evaporation. While Dillon provides an excellent treat- 
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Increases in the low shear 
viscosity occurring during 
dying of a water-based la- 
tex film were examined as 
a function of pH, cosol- 
vents, and base. The water 
and cosolvent evaporation 
rates were determined as a 
function of temperature and 

humidity. Water wasfound to evaporate with an 
activity coefficient of 1 and a AH,, equivalent to 
pure water. The viscosity changes were deter- 
mined from a creep measurement. The data is 
explained by the volume packing model of De 
Kruif. For several of thefilms, the ratio between 
volume and weightfraction was not a static pa- 
rameter, and an abnormally large drop in the 
efective volume and weightfraction was observed. 
This was exaggerated for the samples with ethyl- 
ene glycol monobutyl ether ( E B )  or NH,OH. The 
high volatility of E B  explains the former, while 
the latter result indicates that NH40Hsuppresses 
viscosity during dying. 

ment for the case of single or mixed solvents, the model 
does not include effects due to soluble components in 
the liquid such as salts, surfactants, and cosolvents. These 
components are present in a water-based latex coating 
and may impact evaporation; however, there are con- 
flicting reports in the literature3 on such effects. Thus, a 
comparison between experimental measurements in 
water-based latex coatings and existing theories is of 
interest. 

Another crucial aspect of the drying process is the 
volume-solids effect on viscosity. There have been sev- 
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Region I Region I1 Region 111 . 

era1 treatments of this, the most notable of which are the 
theories of Dougherty-Kriegefl and De K r ~ i f . ~  The theo- 
retical and experimental studies on solvent loss and 
volume solids effects are very useful and, to a first ap- 
proximation, it is possible to couple the two effects for a 
composite theory; however, this strategy overlooks com- 
positional changes in the serum phase which can have 
an impact on viscosity. Thus, an important question is 
what effects pH changes, cosolvent evaporation, and 
increases in salt concentration have on viscosity. 

To address these questions, we undertook a study of 
viscosity changes occurring during drying of two model 
latex dispersions in which parameters such as starting 
pH, neutralizing agent, and cosolvents were varied. 
Water evaporation rates were determined under con- 
trolled environmental conditions and evaluated in light 
of existing theories. This allowed determination of the 
activity coefficient for water evaporation. Only the vis- 
cosity changes of the coatings during the first region of 
drying were considered. To eliminate complications due 
to pigments, this study focused on clear coatings. The 
viscosity was measured in the creep mode using a Carri- 
Med-CSL 100 controlled stress rheometer. This technique 
gives the limiting low shear viscosity, thus allowing 
comparison to the theories4 relating limiting low shear 
viscosity to dispersion-volume solids. In addition, the 
intrinsic viscosity and evaporation rates of the cosolvents 
were evaluated. Lastly, a dry-time recorder was con- 
structed to measure open-times,* which were compared 
to the Carri-Med rheological data. 

THEORETICAL BACKGROUND 

Evaporation Process 

There is much work in the literature on measuring evapo- 
ration rates of solvents and, in particular, evaporation 
rates of water from paint films. These studies by Hansen? 
Sletmoe? and Doolittle8 employed test methods like the 
Evapocorder? EvapographIo or Evaporometer." 

'In this context the open time is defined as the point where coating flow ceases. 
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The theoretical basis for much of this work is the 
kinetic gas theory of Knudsenzc and Langrn~ir.2~ Knudsen 
treated the case where the only gas present in the vapor 
phase is the evaporating solvent. At a temperature, T, 
the number of molecules evaporating out of the liquid, 
E,,,, depends on the surface area, A , a mass transfer 
factor, k, the vapor pressure of the liquid, P,, the mo- 
lecular weight, M, and the gas constant R. This is given 
in equation (1). 

Evaporation in the presence of other gases (e.g., air) is 
more complicated. Gardnerzd derived equation (2) for 
the absolute rate based on diffusion theory.Iz 

EL - K D M ~ V  

RTpx 

In equation (Z), EL is the absolute evaporation rate, k is a 
mass transfer constant. D is the diffusion coefficient of 
the evaporating gas mdlecules through the ambient gas, 
v is the ambient pressure, and xis an effective boundarv 
iayer film thicknkss at the liquid surface. If the diffusiin 
coefficient is not known, it can be estimated from the 
molecular weight and molar volume using Gilliand's 
equation? 

Gilbertz' extended the kinetic theory approach to the 
case where air is present. Not surprisingly, he arrived at 
an equation for the absolute rate of evaporation in air 
(EL) similar to the Langmuir-Knudsen equation. 

In this equation, f is a factor which depends on S, the 
height of the stagnant air column above the liquid, and 
Y, the mean free path of the molecules in the vapor 
phase. 

A much more useful model is that of Dillonza which 
includes a treatment for relative humidity. In the Dillon 
model, the evaporation rate of a given component is 
assumed to follow first order kinetics with modification 
for relative h~mdity.2'r'~ According to Dillon, the evapo- 
ration rate is given by equation (4). 

Here, dm/dt is the evaporation rate, A is the surface 
area, KV,I is a mass transfer coefficient which depends on 
air flow and temperature, T is the absolute temperature, 
p, is the vapor pressure, a is an activity coefficient, and cp 
is the relative vapor saturation (e.g., relative humidity). 
Several of the factors in equation (4) are temperature 
dependent and can be combined in one factor, 
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Thus equations (4) and (5 )  can be rewritten as equation 
(6). If dm/dtA is determined at constant temperature 
and air flow then the activity coefficient of the evaporat- 
ing solvent can be determined. 

dm 
- = - c " ,~ (~  - cp) 
Adt 

The air speed over the surface of the evaporating 
liquid is a very important factor. In Dillon's treatment, 
this effect is present in the mass transfer coefficient, KVfT, 
as given in equation (7). 

In this equation, V is the air speed, Kfl is the mass transfer 
coefficient in the absence of air flow, and cx and Pare the 
correction factors for air flow which depend on the evapo- 
rating liquid; these correction factors are given by Dillon2" 
for several solvents. In actuality, air flow turns out to be 
the most important parameter for determining absolute 
rates and, unfortunately, it is the hardest to control or 
measure. 

As can be seen from this model, in order to determine 
the rate of evaporation, parameters like air speed, tem- 
perature, and humidity must be controlled. In addition, 
film thickness effects must also be considered. Film thick- 
ness effects may be important because all of the models 
described earlier assume that the rate limiting step for 
evaporation is the transport of the evaporating solvent 
through the vapor phase and away from the drying film. 
However, at some point during the drying process, sol- 
vent diffusion through the film is the rate limiting step, 
and the Dilon model is no longer valid. Experience 
showsh that, in the constant evaporation region (I), the 
rate limiting step is diffusion through the vapor phase, 
and this assumption can be checked by verifying that 
the evaporation rates are independent of film thickness. 

At constant temperature and air flow, the evapora- 
tion rate should be a linear function of humidity [equa- 
tion (6)]. The slope of the line is CVsT, and the intercept is 
a C"cT. Measurement of these evaporation rates allows 
the determination of both Cv,T and a. If C",T is deter- 
mined at constant humidity and air flow and different 
temperatures, the temperature dependence of C",' can 
be measured. This is given in equation (S), where equa- 
tion (6) is expanded using the Clausius-Clapeyron equa- 
tion for vapor pressure, and AH is the enthalpy of vapor- 
ization for the solvent. 

The effect of temperature on the mass transfer coeffi- 
cient, K"sT, is assumed to be constant. 

Viscosity and Volume Fraction 

As with evaporation rates, there are several excellent 
treatments of the viscosity dependence on volume frac- 

tion of a dispersion. At dilute concentrations (< -5% 
volume solids) the viscosity of a latex suspension de- 
pends only on the volume fraction. Factors such as inter- 
particle forces are unimportant. A theoretical treatment 
[equations (9) and (lo)] for the viscosity in this regime 
was derived by Einstein and has since been verified 
using synthetic mono-disperse particles?" 

q, = 3 
rlo 

In this equation, q is the viscosity of the suspension, q ,  is 
the viscosity of the medium, qr  is the relative viscosity, 
and I$ is the volume fraction of latexes. The resulting 
equation is useful because it is independent of the latex 
size. Deviations from equation (9) can occur in situations 
where flocculation or agglomeration exist; however, such 
deviations are evident in a nonlinear viscosity depen- 
dence on 9. 

As the volume fraction of latexes is increased, signifi- 
cant deviation from equation (9) occurs. In particular, 
the viscosity increases rapidly as $ increases. A very 
useful treatment [equation (ll)] is the model given by 
Dougherty and Krieger,ll where p, is the volume pack- 
ing fraction, and [q] is the intrinsic viscosity. 

There is much debate about the value of these param- 
eters, and they are known to be dependent upon the 
shear rate. A useful equation is the very low shear rate 
limit as derived by De Kruif [equation (12)l. Equation 
(12) predicts that at a volume fraction of 0.63 the viscos- 
ity at low shear goes to infinity. 

Equations (9-12) are very useful for predicting the 
viscosity of latex suspensions; however, they are all given 
in terms of latex volume fraction. This presents a prob- 
lem because volume fractions are ill defined and, in 
practice, only the weight fraction is known. Therefore, 
equations (9-12) are most useful for determining effec- 
tive volume fractions at high concentrations. An impor- 
tant parameter then becomes the ratio of the volume ($,) 
to the weight fraction (4,). 

If equation (13) is inserted into equation (9) the result 
is equation (14). 

Thus, the intrinsic viscosity can be used to determine the 
effective hydrodynamic volume, V,1$,, of the latex at 
low volume fractions. In practice, V,' > 1 for an acrylic 
latex (p = 1.1 g/cm3). This is due to physical swelling of 
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Table 1-Physical Parameters of Latexes Used in this Study 

Physical Parameters Latex A Latex B 

Composition (wt%) ........................ .. .................. 64% BA/31YoMMA/5%MAA 389bBA/57%MMA/5%MAA 
Solid content as supplied ........................................ 41.4% 42.6% 
Particle size ....................... .... .............................. 95 nm 95 nrn 
Lb 0°C 50°C 

(0) As measured wlth o Brookhaven 81-90, Brookhoven Instruments Corp.. Ronkonkomo. NY 
(b) Colculoted using the Fox equation" 

the latex and electric double layer contributions. Deter- 
mination of V,' allows an assessment of the effective 
volume fraction in the dilute regime. It is also indicative 
of the volume fraction present at the beginning of the 
drying process for a latex film. 

By combining equation (12) and equation (13) the 
result is equation (15). 

Therefore, the viscosity during drying is not only a func- 
tion of the weight fraction, but it is also a function of the 
time dependent V, factor. During the drying of a latex 
film, several events cause the V, factor to change. Due to 
physical swelling of the latex by cosolvents and base and 
to electric double layer effects which arise from the an- 
ionic charge, the effective volume fraction of a typical 
anionic water-based latex dispersion may be anywhere 
from 10% to several times larger than its weight fraction. 
In addition, the electric double layer is affected by the 
ionic strength of the formulation. Thus, the nature and 
amount of cosolvents used in the formulation influence 
the V, factor, as will the amount and type of base and 
changes in the ionic strength. During the drying process, 
cosolvents and ammonia evaporate from the drying film 
and the ionic strength typically increases, causing a de- 
crease in V,. It is the magnitude of these effects which we 
tried to characterize in the work presented here. If equa- 
tion (15) is used to fit the viscosity versus weight % 
solids data then the V, factor at the instant that the 
coating develops an infinite low shear viscosity (Vp) is 
determined. In this context, V?@, = 0.63 at the point that 
an infinite low shear viscosity is achieved. 

Combination of Evaporation and 
Volume-Fraction/Viscosity Equations 

During the early drying stages of a latex film, the rate 
of water evaporation is assumed to be constant. In light 
of this assumption, the weight fraction at time t, Q,, is 
given by equation (16). 

In this equation, E is the absolute rate of solvent evapo- 
ration (g/min), E' is the relative rate of evaporation (1/ 
min), Q,(t=O) is the initial weight fraction, and m is the 
initial mass of the film. Combining equation (16a) with 
equation (15) gives equation (17), which gives the time 
dependence of the viscosity in terms of the parameters 
qo, V,, $,(t=O), and E'. In practice, $,(t=O), and E' are 
known and the viscosity data are used to determine V, 
and qo 

E' is a particularly useful parameter because it allows 
data collected at different evaporation rates and film 
thicknesses to be compared. In principle, the viscosity 
versus time data is confounded by differences in abso- 
lute evaporation rates, making comparison between dif- 

I At (min) I 
Figure 2-Weight change during drying of la- 7 tex*, at 30BK/20% humidity 

Figure 3-Influence of climate conditions on 
water evaporation from a latex A. 
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Table 2-Evaporation Rates Measured at 3OOK/40% Humidity, Air Flow (0.5m/sec) 

1. Influence of film thickness: Latex A, pH 7.5 

Film thickners (pm) 
Evaporation Rate 

(glrnin)' 10.' 
Evaporation Rate Per Unit Area 

(g/min/~rn~)'~ 

2. Influence of pH: Latex A, (80pm) 

Evaporation Rate 
(gIminY I W' 

Evaporation Rate Per Unit Area 
(g/min/cm2)'104 

3. Influence of cosolvents: Latex 6, (BOprn), pH 8/NH,OH 

Evaporation Rate Evaporation Rate Per Unit Area 
Latex B + cosolvent (g/min)* lCrl (g/min/cm~*104 

neat Latex B .................................................................................... 1.10 4.07 
Latex 8 + EB .................................................................................... 1.09 4.04 
Latex B + DB ..................................................................................... 1.10 4.07 
Latex B + PNB .................................................................................. 1.09 4.04 
Latex B + DPnB ................................................................................ 1.10 4.07 
Latex B + DM ................................................................................... 1.09 4.04 
Latex B + DPM ................................................................................. 1.1 1 4.11 

ferent samples impossible; however, by comparing data 
as a function of E't this complication can be avoided. E't 
is the relative amount of solvent that has left the film, 
and is independent of absolute evaporation rate, time, 
and film thickness. 

EXPERIMENTAL DATA 

Raw Material and Sample Preparation 

The measurements of viscosities were performed on two 
model acrylic latexes (Table 1). Both latexes were made 
by standard polymerization procedures employing a 
thermal, persulfate-initiated semi-continuous monomer 
emulsion addition process; methacrylic acid and one 
percent sodium dodecyl benzenesulfonate (based on 
monomer) were used to stabilize the latexes. 

Evaporation Measurements 

To check reproducibility, evaporation rates were de- 
termined at the same temperature and humidity on 10 
different days. An analysis of the results indicated that 
the experimental error was about 8.5% which is reason- 
able considering the potential sources of error such as 
air flow and temperature-humidity fluctuations. 

Viscosity Increase During Evaporation 

Sample Preparation: Samples of latex A were pre- 
pared at pH values of 8.5 and 9.5 using NH40H or 
NaOH as the neutralizing agent. In addition, latex A 
was used as supplied at pH 7.3. During the synthesis of 
latex A and B, NH40H was added as the neutralizing 
agent for stability. Thus, the control experiment with 
latex A at pH 7.3 was actually carried out with NH,OH 
as the neutralizing agent. Latex B was prepared with 
20% cosolvent (DowanolT" EB, DB, PnB, DPnB, DM, and 
DPM)* based on polymer solids. The pH of the samples 
was adjusted to 8.0 using NH40H. 

These samples were drawn down over a glass panel 
at a film thickness of 180 pm. This was do; in a con- rates (i.e., weight loss as a trolled environmental room at constant temperature time) were determined at several temperatures and rela- (29852K) and humidity (5Of 5%). The air flow was con- tive humidities. In addition, the effects of film thickness, trolled using a box to shelter the panels from stray initial pH, neutralizing base, and cosolvents on evapora- 

tion rates were determined. The samples were drawn breezes. A small fan was placed in the back of the box to 

down over a glass plate at a film thickness of 180 pm and generate a small but relatively constant air flow. At set 

a total area of 270 cmZ, The temperature and humidity time intervals, the samples were removed from the panel 

which varied by +5%, were determined by a sling using a rubber squeegee. The time intervals were chosen 

pyschrometer, model WE 1330P (Gardner), Air flow was based On the observed Open time. five viscos- 

kept relatively constant using a box to shield the samples ity/time data points were obtained for each sample. 

from stray and was determined using an An- 
F O l  is a trademark of the Dow Chemical Company. Ebethylene glycol 

emometer, Model Velometer Jr. range (0-10) m/sec monobutyl Ether. DBdiethylene ~ lyco l  monobutyl ether, DMdiethylene glycol 

(Gardner). monomethy ether. PnB--propylene glycol monobutyl ether. DPnB-dlpiopylene gly- 
col rnonobuty Ether. DPM - dlpropylene glycol monomethyl ether. 
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Figure 4-Influence of temperature on the 
maximum rate of evaporation. CY? 

1 Figure &Relative drain times of latex A with 
NH,OH or NaOH. 

Prior to viscosity measurement, all the samples were 
filtered to remove any dried polymer which could be- 
come lodged between the cone and plate of the rheom- 
eter. 

0," 

Viscosity Measurements: The previously mentioned 
models for viscosity are valid in the low shear rate limit. 
Therefore, in order to get data which can be used in 
these models, a very low shear measurement is required. 
By far, the best way to extract the data is through a creep 
measurement. In this experiment a constant and low 
stress is applied and the amount of deformation [com- 
pliance (J)] is measured. The viscosity is given by the 
reciprocal of the rate of compliance (dt/dJ). 

Viscosity was determined using the Carri-Med CSL 
100 controlled-stress cone and plate rheometer, with a 6 
cm diameter 2" cone at a stress of 0.1 Pa at 20°C. The data 
was obtained as compliance versus time. All the samples 
were presheared at 15Pa for 30 sec and allowed to equili- 
brate for one minute prior to the creep measurement. 
The rheometer was calibrated using a standard oil. Data 
is only presented for those samples which did not dis- 
play an elastic component. 

Additional Sample Data: In addition to measuring 
viscosity, the pH, cosolvent levels, and weight solids 
were also determined. The solid content was measured 
by drying the samples for 24 hr at 120°C. pH was mea- 
sured with the Corning 240 pH meter. Also, the effect of 
pH and neutralizing agent on the viscosity of latex A 
was determined at 35% weight solids. The cosolvent 
level in the samples was determined using the gas chro- 
matograph Model 5890 from Hewlett Packard, with a 
flame ionization detector. The determinations were done 
in THF, and compared against known standards. 

- - 

Intrinsic Viscosity 

Figure &Relative drain times of latex B with 
cosolvents. 

The measurement of intrinsic viscosity of a latex is 
complicated by salt effects on the electric double layer. 
To perform the experiment, samples need to be diluted 
to low solids (< 5%); however, if deionized water is 
used, the serum composition changes dramatically, im- 
pacting the intrinsic viscosity. To circumvent this prob- 
lem, a sample of the serum phase of each of the formula- 
tions was isolated using ultrafilitration. The samples 
were first prepared with the desired cosolvent and base 
neutralization and allowed to equilibrate for 24 hr. The 
serum was isolated using an Amicon Model 8200 ultra- 
filtration cell. The membrane had a 300,000 M, cutoff, 
which at 1 g/cm corresponds to a 5 nm pore size. The 
back pressure was 5 psi. The use of a low back pressure 
keeps the filter from clogging. This serum was then used 
to dilute the latex formulations back to the desired con- 
centration. 

The viscosities at O,1,2, and 3% solids by weight were 
determined using a capillary viscometer at 25'C in a 
water bath, controlled by a thermostat (VWR, Model 
1110). This technique provides drain times for each 
sample; however, since these times are proportional to 
the kinematic viscosity and we are only concerned with 
relative viscosities, no further attempt was made to con- 
vert these times into viscosities. The relative drain time, 
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Table 3-V,' from Intrinsic Viscosity and Fits to Equation (15) 

Sample vf' V,'/Latex A or B v: V,"/Latex A or B 

Neat Latex A ........................................... 1.47 1 .OO 1.36 1 .OO 
Latex A + NH40H to pH 8.5 ................... ... 1.87 1.27 1.33 0.978 
Latex A + NH40H to pH 9.5 ................... ... 2.20 1.50 1.29 0.949 
Latex A + NaOH to pH 8.5 ................... .... 1.87 1.27 1.34 0.985 
Latex A + NaOH to pH 9.5 ................... .... 2.23 1.52 1.41 1.04 
Neat Latex B ............................................ 1 .46 1 .OO 1.33 1 .OO 
Latex B + EB ................... ... .... . . . . . . . . .  1.68 1.15 1.24 0.932 
Latex B + DB ................... .... . . . . . . . . . .  1.58 1.08 1.34 1.01 
Latex B + PnB ......................................... 1.76 1.21 1.39 1.05 
Latex B + DPnB .......................................... 1.77 1.21 1.53 1.15 
Latex B + DM ........................................... 1.37 0.983 1.31 0.985 
Latex B + DPM ........................................... 1.48 1 . O l  1.37 1.03 

t/t,, should be a linear function of @,, and should have a 
slope of 2.5. Deviations of the slope from 2.5 give the V,' 
factor discussed in the theoretical section. 

Determination of Open Time 

The cessation of flow of the liquid is an important 
physical phenomenon during the drying of a latex. In 
this context, open time (t) is defined as the time between 
application and cessation of flow. In order to compare 
data generated under different film thickness and envi- 
ronmental conditions it is necessary to determine the 
dimensionless parameter E't (i.e., the relative amount of 
water that has left the film). Based on equation (17), flow 
ceases in the low shear rate region at a given E't. In order 
to determine the open time for each of the samples, a dry 
time recorder was used. The majority of commercial dry 
time recorders are designed to track the drying of alkyd 
paints and thus are much too slow for this application. 
Therefore, a suitable dry time recorder was constructed. 
For this test a stylus is dragged through the film at - 2.5- 
5cm/min. As long as the coating is fluid it flows back 
and no mark is left. Once the open time is reached, the 
coating stops flowing and a permanent mark is left. The 
distance the stylus traveled without leaving a mark gives 
the time. 

The measurements were done at 300 K, 40% humid- 
ity, an air speed of 0.5m/s, and a film thickness of 80f5 
pm. The stylus speed was 3.8 cm/min. The glass panel 
was weighed immediately after application to get an 
actual film thickness. In addition, the relative evapora- 
tion rate was determined (E'), allowing the dimension- 
less open time to be determined. 

RESULT AND ANALYSIS 

Evaporation Rates 

A typical weight loss versus evaporation time is given 
for latex A in Figure 2. The data is for the sample dried at 
308 K, and 20% RH. The data shows that even at fairly 
long times the weight loss remains constant. As a refer- 
ence, the open time of this sample under these condi- 
tions was about two minutes. This means that for the 
purposes of the experiments presented here, the evapo- 
ration rate is constant. 

The data at different temperatures are plotted versus 
relative humidity (RH) in Figure 3, and a straight line is 
fit at each temperature. The fits were not constrained to 
0 at 100% RH. From the slope and intercept, the activity 
coefficients were all within experimental error (-10%) of 
being 1. Thus, during the early stages of drying the 
water is evaporating as if it was pure water. This result is 
consistent with those of Hansen.'" 

As set forth in the theoretical section, the slope of the 
lines gives the maximum evaporation rate which is de- 
pendent on temperature among other things. The tem- 
perature dependent C'',T values are shown in Figure 4, 
along with a fit to equation (8). To within the error of the 
measurements, the measured AH, is equivalent to pure 
water. 

These results indicate that at least during the early 
stages of drying the temperature and humidity depen- 
dence of the evaporation of water is completely unaf- 
fected by the presence of the latex. This result is consis- 
tent with results obtained by P r a m ~ g a n e y ' ~  and 
K~rnum.~g However, the results do not address the fact 
that the latex may reduce the absolute rate by affecting 
the effective evaporative surface area. Additional results 
on samples at different film thickness, different starting 
pH values, and in the presence of cosolvent (Table 2) 
reveal the surprising result that none of these compo- 
nents have an effect on the evaporation rate. In other 
words, in the early stages of drying, the evaporation of 
water from a latex film depends on temperature, air 
flow, and humidity. 

Intrinsic Viscosity 

The relative drain times for the samples prepared 
from latex A or latex B are plotted in Figures 5 and 6, 
respectively. The best fit of a line through the points is 
also provided. Using the Einstein relation, the correction 
factors, V,', were determined (Table 3). As a reference, all 
of the V,' factors were divided by the value obtained for 
the neat latex (column 3). 

As expected, samples at high pH display the greatest 
volume increase and little difference is noted between 
NH,OH and NaOH. Thus, the degree to which each of  
these bases swell the latex is quite similar. Also, the 
cosolvents elicited varying degrees of latex swelling, in 
accord with their relative hydrophobic or hydrophilic 
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tent for LatexA with NH,OH or NaOH. 

character. The two hydrophobic cosolvents (PnB and 
DPnB) were found to swell latex B the most. EB and DB 
give the intermediate swelling and are known to only 
partially partition into the latex. Lastly both DPM and 
DM cause little swelling and are expected to predomi- 
nantly remain in the water phase. 

Based on the intrinsic viscosity data, the assumption 
that the V, factors determined remain constant during 
the drying process, and the assumption that the volume 
fraction at which gelation occurs (infinite low shear vis- 
cosity) is a fixed value ($ = 0.63); the samples with the 
highest pH are expected to display gelation at the lowest 
weight percent. There would also be no difference be- 
tween NH,OH and NaOH. A similar statement could be 
made for the samples containing PnB and DPnB. If a 
comparison is made between samples at the same initial 
starting weight percent solids, this data would indicate 
that high pH and PnB or DPnB gives the shortest open 
time. However, as shown in the following, this is based 
on the invalid assumption that the V, factor is constant 
during the drying process. 

Viscosity Increase During Drying 

The wt% solids versus viscosity data is plotted in 
Figures 7 and 8. A useful and simple way of interpreting 
the data is estimated, based on the shape of the curve, at 
what wt% solids the viscosity becomes infinite. For ex- 
ample, latex A neutralized to pH 9.5 with NaOH has a 
much higher viscosity at a given solids than the control 
sample (Latex A with no added base). This difference is 
present throughout the drying process, and amounts to 
a shift to the left in the wt% solids versus viscosity curve. 
Curves which lie to the left of the control indicate that 
the ratio between the volume and weight fractions (Vf) is 
larger than the control, and this condition persists 
throughout the drying process. Curves which lie to the 
right of the control indicate that V, is smaller than the 
control, or at least that at some point during the drying 
process, V, becomes smaller. It is important to remember 
that during the drying process V, is a dynamic param- 
eter, and that only relative comparisons are valid 

Disp.B 
EB 
DB 
PnB 
DPnB 
D M  
DPM 

tent for latex B with cosolvents. 

(i.e., Latex A with different bases and different pH 
values). 

As expected, the viscosity is much higher at a given 
wt% solids for the high pH sample containing NaOH 
(Figure 7, NaOH/9.5). However, the data for the pH 9.5 
sample with NH,OH reveals a much lower viscosity at a 
given wt% solids. In fact, it is seen that this sample has a 
lower viscosity than even the control sample (latex A 
initially at pH 7.3). Versus the latex A control, the pres- 
ence of the added NH,OH to latex A allows the sample 
to achieve a significantly higher wt% solids during dry- 
ing, before reaching an infinite viscosity. This is com- 
pletely counterintuitive, especially since the measure- 
ment of the final pH of the samples reveals that the 
sample starting at pH 9.5 winds up at pH 7.9, while the 
control sample at pH 7.3 winds up at pH 7.1. 

In general, as the pH is raised through addition of a 
base like NH,OH, the viscosity will increase due to a 
neutralization of carboxylic acid groups and a con- 
comitant swelling of the latex; however, the viscos- 
ity/%wt solids data provided earlier indicates that it is 
possible to prepare a sample that has a higher pH, a 
higher wt% solids, and yet a significantly lower viscos- 
ity. This means that the route by which the sample is 
prepared can impact the viscosity. The act of adding 
NH,OH to latex A, then allowing water and NH, to 
evaporate during drying brings the system to a different 
state than if water was first removed from the latex and 
then NH,OH was added to bring the pH to 7.9. 

The data for the cosolvent series also reveals some 
interesting trends. In general, the addition of a cosolvent 
to latex B causes it to develop an infinite viscosity at 
lower wt% solids than for the control sample (latex B 
with no cosolvents); however, some solvents actually 
suppress viscosity during drying. 

DPnB causes latex B to develop an infinite viscosity at 
the lowest wt% solids. This is expected based on the 
hydrophobic low-volatility nature of DPnB. Because of 
the low solubility of DPnB in water, an overwhelming 
fraction of DPnB partitions into the latex particle. This 
causes a physical swelling of the latex and an increase in 
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the effective volume fraction occupied by the latex and 
an increase in the viscosity. Because of the low volatility 
of DPnB, virtually none of it evaporates during the time 
scale of the drying process studied here. 

Interestingly, PnB, like DPnB, has a low water solubil- 
ity and also swells the latex significantly; however, it has 
a much higher evaporation rate, and thus the PnB can 
evaporate during drying. At the beginning of the drying 
process both the sample with PnB and the sample with 
DPnB have very similar viscosities at the same wt% 
solids. This indicates that both PnB and DPnB initially 
swell latex B to the same extent; however, the volatiliza- 
tion of PnB during drying leads to a reduction in effec- 
tive volume fraction, and a shift in the wt% solids/ 
viscosity curve to higher weight fractions relative to 
DPnB, as evidenced in Figure 8 (DPnB versus PnB). 

DB and DPM are both completely miscible in water, 
but they also partition into the latex, and cause an in- 
crease in the effective volume fraction and the viscosity. 
As expected, this causes a shift relative to the control in 
the wt% solids/viscosity curve to lower wt% solids. 
When compared to DPnB and PnB, this shift is not as 
large, and can be explained based on the incomplete 
partitioning into the latex. This partitioning effect is also 
seen in the intrinsic viscosity data (V,' in Table 3). During 
the time scale of the drying process studied here, neither 
DB or DPM are volatile enough to leave the coating in 
any significant amount. 

While most of the cosolvents in the series cause an 
increase in viscosity upon addition, the addition of DM 
to latex B actually causes a drop in viscosity and this 
translates into lowered viscosity throughout the drying 
process. DM is so hydrophilic that it does not partition 
into the latex and, in fact, it tends to cause the latex to 
shrink slightly. This effect is also seen in the intrinsic 
viscosity data (V,' in Table 3). By virtue of this shrinking 
effect, a shift to the right is seen in the wt% solids/ 
viscosity curve. It should be noted that DM does not 
evaporate significantly during the time scale of the dry- 
ing process studied here. 

The effect of EB on the viscosity is quite unique among 
these cosolvents. Although it is completely water mis- 
cible, a significant fraction partitions into the latex, ini- 
tially increasing the effective volume fraction and the 
viscosity. However, the high volatility of EB causes it to 
evaporate from the film at a rate comparable to the 
evaporation of water, and the effective volume of the EB 
swollen latex is decreasing during the drying process. 
This effect translates into lower viscosities later in the 
drying process, such that the sample, when compared to 
the control, can achieve a higher weight % solids before 
reaching an infinite viscosity. At high volume fractions 
EB appears to have an effect not unlike that of DM. It is 
also very interesting to compare the behavior of EB with 
that of PnB. Both have comparably high volatilities, but 
very different behaviors during drying. A possible ex- 
planation is that the PnB is trapped in the latex and its 
ability to evaporate is significantly reduced, while on 
the other hand EB, by virtue of its miscibility with water, 
can more easily evaporate. 

A useful way of comparing the data is through the V: 
factors, and these are given in Table 3. The Vp factor was 

7 Figure 9-Viscosity versus tE' for latex A with 
NH,OH or NaOH. r 

obtained by fitting the viscosity versus wt% solids data 
(Figures 7 and 8)  to equation (15). The fits were per- 
formed by letting both the zero point viscosity [q,(@,=O)] 
and the V,h factor float as free parameters. The V: factor, 
as defined in the theoretical section, is the ratio of the 
volume to weight fraction at the instant that the coating 
develops an infinite low shear viscosity (i.e., V:@, = 
0.63, when 11, = m). Column 4 gives V:, and column 5 
gives V: relative to the control. A quick scan of column 5 
reveals that several of the factors are less than one, and 
of particular note are the materials which give the low- 
est factors: NKOH pH 9.5, and EB. 

Another useful comparison between the drying curves 
comes from adjusting the data so that all the samples 
start at the same initial viscosity. This amounts to a 
minor shift along the time axes for the curves. To facili- 
tate the comparison, the data must be plotted as a func- 
tion of Eft for the reasons discussed previously. The data 
are plotted in Figures 9 and 10. When plotted in this way 
the high initial pH samples stand out as being signifi- 
cantly different from the other samples; however, it 
should be remembered that the starting solids of the 

DPM 

'I Figure 1C-Viscosity versus tE' for latex B with 
cosoivents. 
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Table A-Percentage of Cosolvent Remaining in the Film 

DB t (min) 0 2 3 
%C BOP 21.3 21.7 22.3 

PnB t (min) 0 2 3 
%C BOP 22.6 19.9 19.9 

DPnB t (min) 0 1 
%C BOP 26.4 22.9 

DM t (min) 0 3 5 
%C BOP 21 .O 21.3 21.7 

DPM t (min) 0 1 2 
%C BOP 19.8 20.8 20.5 

(1) Percentoae of cosolvent based on oolvmer 

NaOH sample are much lower. The plots for the cosolvent 
series also show that EB provides a significant effect on 
the development of the viscosity. Thus, open time is 
significantly extended for samples which contain EB. 

Physical Changes in the Sample Upon Drying 

The data previously mentioned clearly shows that 
during the drying process, the amount of swelling (V,) is 
a dynamic variable and changes significantly. The two 
effects contributing to this change are evaporation of 
cosolvents (latex B) and NH40H. Data were obtained for 
both of these effects and can give some insight into their 
origin. 

Cosolvent Evaporation: The amount of cosolvent left 
in the samples at the various dry times was determined 
by GC. This data is given in Table 4 in terms of percent 
cosolvent based on polymer solids in the film. As ex- 
pected, the highly volatile EB and PnB, show a decrease 
in level as the drying proceeds. This data explains why 
the V, factors, for both EB and PnB are changing during 
the drying process. For all of the other cosolvents, the 
level is seen to remain constant when compared to ex- 
perimental error. 

10 

9.5 

9 

8.5 

8  

7.5 

7 
0 2 4 6 8 1 0 1 2  

Time (min) 

Figure 1 !-pH versus time for latex A with 
NH,OH or NaOH. 

pH Changes and the Effect of NH,OH on Viscosity: 
The pH of latex A with added NH40H or NaOH is 
plotted versus drying time in Figure 11. All of the samples 
show a drop in pH in the first few minutes during the 
drying process. Even the samples neutralized with NaOH 
show a decrease in pH. At first, this may seem a little 
odd until it is remembered that all of the samples con- 
tain some NH40H which was carried along from the 
synthesis of the latex. Evaporation of NH, could explain 
this pH drop. The adsorption of atmospheric CO, could 
also be playing a role. Interestingly, the sample which 
starts at pH 9.5 with NH40H drops quickly in pH such 
that within 3-4 min it is at the same pH as the sample 
that started at pH 8.5. 

Figure 12 shows that pH dependence of the viscosity 
of latex A at constant wt% solids. The viscosity of latex A 
is highly dependent on pH, showing a rapid rise be- 
tween pH 8 and 9. Also, the increase is much more 
significant for the NaOH sample, and while the NaOH 
sample plateaus at pH 9.5, the sample with NH40H 
drops in viscosity as the pH is increased above 9.5. The 
viscosity decrease indicates that the presence of NH,OH 
suppresses viscosity. A separate titration of latex A re- 
veals that at pH, 9.5,97% of the polymer acid is ionized. 
This is consistent with the plateau observed in the NaOH 
viscosity data. 

One possible explanation is that the Na' ions contrib- 
ute to latex swelling more than NH4+; however, the in- 
trinsic viscosity data indicates that at low solids the 
swelling of latex A is the same for both NaOH and 
NH,OH. Taken together, these results indicate that 
NH40H somehow reduces the interaction between the 
latex particles at high volume solids. The most plausible 
reason for this viscosity reduction is the effect that NH4+ 
ions have on shielding the charge on the latex, causing a 
reduction in viscosity. Another important consideration 
is the differences in molar equivalents of the two bases 
needed to achieve a given pH. 

This data gives insight into the origin of the NH40H 
behavior. An important effect is the drop in pH which 
causes a large viscosity drop in the initial drying stages. 
In the first few moments during the drying process, the 
pH drops and the system resembles the lower initial pH 
sample, but with a lower weight-solids and a lower 
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I I I 
b .  

pH Open Time from Dry Time Recorder I 

viscosity. Additionally, the presence of the initial NH40H 
suppresses the viscosity, allowing it to achieve a signifi- 
cantly higher solids before cessation of flow. 

Figure 12-Viscosity versus pH for latex A with 
NaOH or NH,OH. 

Correlation Between Drying Cuwe Data 
and Open-Time 

P 

Figure 13-Correlation between tE' from equa- 
tion (15) and open-time measurements. 

Throughout this paper it is assumed that there is a 
correlation between the rheology changes that occur 
during the drying of a latex film and the open time. In 
addition, it is assumed that the rheological changes which 
occur for the film can be understood in terms of a par- 
ticle packing model. Implicit in this last assumption is 
the belief that the latex film dries uniformly from top to 
bottom (i.e., skinning is not important) and from edge to 
center. 

A pragmatic test of these assumptions is the existence 
of a correlation between the point of infinite viscosity as 
determined from the drying curves, and the open time 
as measured with the dry time recorder. If these two 
values are correlated, then at the very least, the physical 
model is consistent with observations, and the DKmodel 
and the drying rate model can be combined to predict 
relative trends in the open time. Lastly, if air flow rate 
can be kept constant, it allows open time data obtained 
at different temperatures and RH to be directly com- 
pared. 

To test this assumption, the open time was measured 
for the same series of samples used for the drying study. 
Open time is given in terms of the dimensionless param- 
eters E't. Figure 13 gives a plot of the dimensionless open 
time versus the time to reach infinite viscosity as pre- 
dicted by equation (15), and a reasonably good correla- 
tion is observed. 

DISCUSSION 

This work shows that the rates of evaporation from a 
latex, as well as the accompanying rheological changes 
can be measured with uncomplicated and practical meth- 
ods. The Dillon model can be used to determine the 

effects of temperature and humidity on the drying pro- 
cess. In the early stages of drying the water can be 
assumed to evaporate from a latex as if it were pure 
water. This result is extremely useful in that many of the 
complicating factors can be ignored. In addition, the 
Dougherty-Krieger and De Kruif models were found to 
give a physical understanding for the viscosity increase. 
These two models could be combined to give an expres- 
sion for the time evolution of the viscosity as a function 
of the dimensionless parameter E't. Because these mod- 
els work and can be correlated with actual open time 
measurements, the working theoretical model can be 
comfortably assumed valid. However, at this point it is 
unclear whether this treatment can be extended into 
pigmented systems or latexes thickened with rheology 
modifiers. This is an obvious extension of this study. 

One of the key findings of this study is the fact that 
the relationship between the volume fraction occupied 
by the latex and weight fraction is anything but constant 
during the drying process. As a first approximation, the 
density of the polymer could be used to obtain Vf; how- 
ever, as clearly shown by the intrinsic viscosity data this 
assumption leads to a gross underestimation of this pa- 
rameter. In some cases, the latex is more than twice the 
volume predicted from the density. Moreover, the data 
presented here shows that V, is anything but constant 
during the drying process. This is not contrary to experi- 
ence; however, the level of the effect is surprising. Fac- 
tors such as neutralizing agent, initial pH, and cosolvent 
choice can have significant impact on the rheology dur- 
ing drying. 

The effect that NH40H has on the viscosity of the 
drying film is very intriguing. In essence, our work shows 
that it is possible to prepare a latex sample which has a 
higher solid content and a higher pH than the control, 
and yet has a substantially lower viscosity. This effect 
can not be explained simply on the basis of the volatility 
of N-OH and the concomitant drop in pH. This means 
that the method by which a sample arrives at a given pH 
and weight-solids greatly impacts the viscosity. At this 
point we have no further insight into why the viscosity 
is suppressed in the NH40H samples, but we strongly 

Vol. 69, No. 867, April 1997 65 



F. Lofflath and M. Gebhard 

suspect that the effect is due to the contribution that 
NH,' has on shielding the double layer. In addition, we 
suspect that the macroscopically measured pH does not 
probe subtler effects that are happening on the latex 
surface. 

SUMMARY 

The rheological changes during the initial stages of dry- 
ing of a water-based latex film were examined for two 
lattices formulated at varying pH's with a variety of 
cosolvents, and different neutralizing agents. Water was 
found to evaporate from the films as if it were pure 
water with an activity coefficient of one and a heat of 
vaporization equivalent to pure water. The increase in 
viscosity during drying is explained by the volume pack- 
ing models of Krieger and Dougherty or De Kruif. For 
several of the films in this study, the ratio between the 
volume and weight fractions was not a static parameter, 
and an abnormally large drop was observed in the effec- 
tive volume occupied by the latex. This was exaggerated 
for the sample containing EB or NH,OH. The former can 
be understood based on the high volatility of EB, while 
the latter effect indicates the surprising result, that 
NH,OH substantially suppresses viscosity. 
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Symbol list 
T ................... Absolute temperature 
Emax ............ Number of molecules evaporating out of 

the liquid 
................... A Surface area of evaporating liquid 

k ................... Mass transfer factor 
.................. P, Vapor pressure of the evaporating liquid 

M .................. Molecular weight of the evaporating 
molecules 

R ................... Ideal gas constant 
EL .................. Absolute evaporation rate 
D ................... Diffusion coefficient of the evaporating gas 

molecules through the ambient gas 
p ................... Ambient pressure 
x .................... Effective boundary layer film thickness at 
...................... the liquid surface 
f .................... Factor which is dependent on S 
S .................... Height of the stagnant air column 

above the liquid 
Y ................... Mean free path of the molecules in the 

vapor phase 
dm/dt .......... Evaporation rate 
KVcT ............... Mass transfer coefficient which depends 

on air flow (v) and temperature 
p, ................... Vapor pressure 
a .................... Activity coefficient 
cp ................... Relative vapor saturation (relative 

humidity) 
CV,T ............... Combination of temperature dependent 

factors from equation (4) 
V ................... Air speed over evaporating liquid 
KO ................. Mass transfer coefficient in the absence 

of air flow 
a, p ............... Correction factors for air flow 
AH ................ Enthalpy of vaporization for the solvent 
q ................... Viscosity of the dispersed lattices 
?lo .................. Viscosity of the dispersing medium 
q, .................. Relative viscosity 
$, .................. Volume fraction of dispersed latex 
$, ................. Weight fraction of dispersed latex 
p, .................. Volume packing fraction 
V, .................. Ratio of volume to weight fraction of 

dispersed latex 
V,(t) .............. Time dependent ratio of the volume 

fraction to the weight fraction 
V,' ................. Ratio of volume to weight fraction of 

dispersed latex at low volume fractions 
V: ................ Ratio of volume to weight fraction of 

dispersed latex at critical packing 
E' .................. Relative rate of evaporation (l/min) 
m .................. Initial mass of the film 



Synthesis and Characterization of 
Copoly(MMA-MA)-Cu Complex and Study 
on Its Leaching Behavior 

A.B. Samui, V.R. Hande, and P.C. Deb-Naval Materials Research Laboratory 

INTRODUCTION 

u nderwater surfaces exposed to sea water are 
prone to settlement or fouling by fouling organ- 
isms.' With time this settlement results in the 

formation of a thick, uneven, and hard crust and poses 
several problems in maintenance and operational avail- 
ability. Thus prevention of fouling is of direct concern. 

One of the more common and widely used biocides 
for fouling prevention is cuprous oxide. Tributyltin spe- 
cies are among the most effective organotin biocides and 
their worldwide use as active agents in antifouling coat- 
ings, especially on ships' hulls, is rapidly expanding? 

The main difference between these two biocides is in 
the mode of leaching from the paint matrix to the sur- 
rounding sea water. Leaching of copper takes place by 
simple uncontrolled diffusion? whereas that of tin oc- 
curs in a controlled manner by breaking the chemical 
bond and subsequent diffusion4 Another point of dif- 
ference is the high threshold value of leaching. The thresh- 
old value for copper is 10 pg/cm2/day5 which is about 
25 times greater than that of tin (0.4 ~ g / c m ~ / d a ~ ) . ~  As 
the leaching of copper is uncontrolled, paints based on 
cuprous oxide throw large amounts of unnecessary cop- 
per into sea water. The concentration of copper in the 
Suez Canal was found to be several times higher than 
the threshold value for deterioration of water q ~ a l i t y . ~  
Similarly, the increasing use of tributyltin-based anti- 
fouling coatings has raised concerns about their envi- 
ronmental effects, and the effects on non-target organ- 
isms of the toxic tributyltin species released from the 
 coating^.^-'^ Bioassays with algae: oyster: crab," mus- 
sel larva: mysid ~hrimp,'~ copepods,13 and fish14 have 
shown sub-lethal and lethal effects of tributyltin at parts 
per billion and lower levels in water. Consequently, 
some nations have issued regulations to control the use 
of tributyltin-based antifouling coatings on small crafts 
in an attempt to protect marine life near harbors.I5 - - 

There have been numerous attempts to develop effec- 
tive alternate systems so that either a non-toxic or less 
toxic surface will be maintained. Some of the recent 
systems developed are based on silicone elastomers, com- 
plex organic compounds, e t ~ . ' ~ . ~ ~  Attention has also been 

'Novol Dockyard. Bombay 400023. India 

T h e  most effective commercially available an- 
tifouling paint system is based on organotin, 
which is chemically attached to a long chain 
polymeric binder. Environmental studies have 
revealed that the proportion of organotin in sea 
water near the shores has reached an alarming 
level. Therefore, attempts are being made in 
many directions to eliminate tin fvom antifoul- 
ing paint systems. Design of a highly toxic 
copper based paint system is one of the latest 
areas of research. 

In the present work, a copper complex based 
on carboxyl containing polymer has been syn- 
thesized. Paints were formulated using the com- 
plexes as pigment. Critical pigment volume 
concentration is found to be around 35%. Both 
accelerated and normal leaching behavior were 
studied. The release of copper from complex is 
slower and steadier compared to that from cu- 
prous oxide. The later part of leaching is very 
close to steady-state behavior. 

paid to copper-based biocides, such as lipid soluble cop- 
per complexes, so that a low leaching rate would be 
enough to prevent f0uling.2~ It will also be worth trying 
to develop a controlled leaching or self polishing copper 
based antifouling paint system. 

In the present work, polymer-based copper complex 
was synthesized and characterized. The complex was 
incorporated as pigment in paint matrix. The paint films 
were characterized for their mechanical vroverties. The 
leaching behavior of the paints was stu&ied;nder both 
normal and accelerated conditions. 
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Table 1-Glossary of Materials 

Chemicals Source 

Poiymethyi methacrylate ................ Mn 
Chlorinated rubber ........................... Chlorine 

Viscosity (2m soln. in Toulene) 
Chlorinated paraffin wax ................ Chlorine 

Viscosity 
Gum rosin ........................................... Acid value 
Giycine ...................................... A.R. Grade 
Cupric chloride ................................. A.R. Grade 
Sulphuric acid (conc.) ..................... A.R. Grade 
Nitric acid (conc.) ............................ A.R. Grade 
Zinc oxide .................... ... .............. Pigment Grade 
Cuprous oxide ................................... Pigment Grade 

Copper 
Xylene ..................... .... ............... A.R. Grade 

: 1,20.000 M/s GSFC, India 
65% (w/w) 
: 16-24 cp (27°C) M/s R. Polymers Ltd., India 
:40 i 1% (w/w) 
:30-35 poise (27%) 40- 
:I60 M/s BTS Pvt. Ltd., India 

BDH, lndia 
BDH. lndia 
S.D. Fine Chemicals, lndia 
40- 
M/s Indian Minerals Corp., lndio 

M/s Gomati Chemicals Ltd.. India 
BHD, lndia 

EXPERIMENTAL 

Materials 

All chemicals used in this study, as listed in Table 1, were 
used without further purification. 

Methods 

Synthesis of Copoly (Methyl Methacylate-Meth- 
a c y l i c  Acid)-Cu Complex [Copoly(MMA-MA)-Cul: 
Copoly (methyl methacrylate-methacrylic acid) 
[copoly(MMA-MA)] was synthesized by using the 
method of Deb et aLZ7 Polymethyl methacrylate (PMMA) 
was hydrolyzed by dissolving it in concentrated 
sulphuric acid and stirring at 60°C for a predetermined 
period. The solution was precipitated in crushed ice. 
The solid separated was filtered, washed thoroughly till 
free from sulphate, and dried at 80°C under vacuum to 
constant weight. The degree of hydrolysis was deter- 
mined by dissolving the dried powder in aqueous etha- 
nol and titrating the solution with aqueous sodium hy- 
droxide solution. 

Covuer salt of couolv(MMA-MA) was ureuared 

The precipitate was filtered and washed thoroughly 
until the filtrate turned colorless. 

Estimation of Copper: The estimation of copper was 
done by using gravimetric, volumetric, and atomic ab- 
sorption spectroscopic methods respectively. In the gravi- 
metric method, the complex (0.3-0.5 gm) was digested 
with concentrated nitric acid in a silica crucible. The 
complex was moistened with few drops of nitric acid 
and heated over a low flame with lid slightly open. The 
digestion was repeated twice and finally the mass was 
heated on a strong flame with lid wide open. The resi- 
due was weighed as cupric oxide. 

In the volumetric method, the sample (0.2-0.3 gm) 
was digested with conc. nitric acid over low flame. The 
solution was diluted with distilled water and filtered. It 
was titrated by using iodometric method. 

In the spectrasopic method, the previously mentioned 
solution was diluted further and estimated by using an 
atomic absorption spectrophotometer (M/s Elec. Corp. 
of India Ltd., Model No. AAS4127). 

Characterization 
1 L 1 1  

by reacting it first &thJ stoichiombtric amount of mIR Study: Powders of the complexes were dispersed 
sodium (lo%, at in potassium bromide and to pellets, IR 

ambient temperature' The aqueous spectra was recorded by using FTIR spec~ophotometer 
of the sodium salt was taken in flask and kept stirred tPerkin-Elmer, USA, Model 1650). 
at ambient temperature. A stoichiometric amount of 
aqueous cupric chloride solution (lo%, w/v) was Formulat ion of Antifouling Pain t s :  Specific 
added slowly to this solution. Blue precipitate ap- amounts of chlorinated rubber (CR), chlorinated par- 
peared instantaneously. The temperature was raised affin wax, powdered copoly(MMA-MA)-Cu com- 
to 60°C and stirring continued for another three hours. plex/zinc oxide and xylene were premixed and the 

Table %-Paint Formulation 

Pigment 

Comp. Chlorinated Gum Chlorinated Cu- Aluminum 
No. Rubber Rosin Paraflin Wax Compl. Cu,O Stearate Xylene 

Pork bv Weioht 
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grinding was performed in a laboratory ball mill for 
about eight hours. Requisite amount of rosin solution 
in xylene was added to the paint and stirred thor- 
oughly for one hour. Table 2 shows the formulations 
of copper complex based paint. 

Panel PreparationlPaint Application: Experimental 
panels for leaching were made of glass (12.5 x 5 x 0.2 
cm). They were abraded thoroughly, cleaned with water 
and methanol, and dried in air. Mild steel panels were 
grit blasted and paint was applied on both sides and all 
the edges, leaving an interval of 15-16 hr for drying. The 
total average dry film thickness was maintained at 100 f 
10 pm. 

Tensile Properties: Free standing films were made by 
solvent casting of the paint compositions on glass plate 
using film applicator. The tensile strength and elonga- 
tion at break were determined by using ASTM Method 
D2370. The specimens were cut in the form of strips and 
fixed between the grips of universal testing machine. 
The specimens were strained at a rate of 20 mm/min. An 
average of five readings were taken. 

Adhesive Strength: Adhesive strength of the samples 
was measured by using a universal testing machine 
(Instron, Model No. 1123). Chromic acid etched alumi- 
num alloy test cylinders were glued coaxially on both 
sides of the painted panel, using epoxy (GY 250/HY 848, 
M/s Ciba-Geigy, India), and allowed to cure for seven 
days at ambient temperature. The test was performed by 
pulling apart the glued cylinders in opposite directions. 
The force at which the cylinder was detached from the 
paint surface was taken as the adhesive strength. 

Determination of Leaching Rate: The leaching rate 
apparatus consisted of an assembly of 12 vertically rotat- 
ing shafts (60 rmp) each provided with a clamp. The 
experimental panels in triplicate were fixed to the shafts 
and immersed in 500 ml of sodium glycinate solution/ 
sea water. Leachate was replaced with fresh sodium 
glycinate solution/sea water at the end of every eight 
hours for accelerated leaching and every 10 days for 
normal leaching. 

Estimation of Copper 

Accelerated Leaching: 25 ml of leachate was taken in 
50 ml of volumetric flask and the volume was made up 
by adding sodium glycinate solution. Two milliliters of 
this solution was transferred to a quartz cell. The optical 
density was measured by using UV/VIS Spectropho- 
tometer (Spectronic 710) at 660 nm. Copper concentra- 
tion was determined by matching the optical density 
with a standard curve which was obtained by using 
copper solutions of known concentrations. 

Leaching in Sea Water: The estimation of copper was 
done by using the method of Jedlinski et aLZ8 To 50 ml of 
leachate, 10 m120°/~ citric acid, 10 ml6N ammonia solu- 
tion, 2 ml 0.1% aqueous sodium dithiocarbamate solu- 
tion were added sequentially. The yellow complex 
formed was extracted three times with 10 ml carbon 
tetrachloride and the volume was made up to 50 ml. The 
optical density of the solution was measured at 435 nm 

Figure I-FTIR spectra of copoly (MMA-MA) 
(-1 and copoly (MMA-MA)-CU complex 
( - - -3 .  

using UV/VIS spectrophotometer. The concentration was 
calculated by using the method previously mentioned. 

RESULT AND DISCUSSION 

Composition: Copper complexes obtained were found 
to be insoluble. The amount of copper in the complex 
was estimated by using gravimetric, volumetric, and 
atomic absorption spectroscopic methods, respectively. 
The amount of copper was found to be the same by all 
the methods. Table 1 shows the proportion of copper and 
carboxyl in the complexes as a function of carboxyl con- 
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Figure 3-Accelerated leaching rate of cop- 
per in glycine solution from paints. based on 
copoly (MMA-MA)-CU complex, at various 
loadings: 10 parts (0); 20 parts (+); 25 parts (A); 
40 parts 0). 

Table 3-Variation of COOH : Cu Ratio with Copolymer 
Composition 

Copoly (MMA-MA) Copoly (MMA-MA)-CU complex 
MMA: MA COOH : CU 
(mole ratio) (mole ratio) 

, 40 60 120 160 200 260 280 320 360 LOO / 
T l m  (Hrs) 

Figure 4-Leaching rate of copper in sea wa- 
ter from paints, based on copoly (MMA-MA)- 
Cu complex, at various loadings: part 10 (x); 
20 parts a); 25 parts (A); 40 parts (0). 

tent, i.e., methacrylic acid unit in the copolymer. As 
expected, the amount of copper increases with carboxyl 
content. It can be seen that COOH : Cu ratio decreases 
from 5.6 to 2.8 as the carboxyl content increases from 10 
to 20 mole percent. Thereafter, the ratio remains con- 
stant around 2.5 up to 50 mole percent and increases to 4 
at 100 mole percent of carboxyl group, i.e., in the case of 
poly(methacry1ic acid). It has been reported that for poly- 
mers containing carboxyl side groups, the ratio lies in 
the range of 2 to 4.29," In the present study, the very low 
value 5.6 obtained at 10 mole percent of carboxyl may be 
attributed to incomplete complex formation. Copoly 
(MMA-MA) has limited solubility at 10 mole percent of 
MA. During complex formation there may be premature 
precipitation leading to incomplete reaction and thus a 
very high COOH : CU ratio is obtained. 

Infrared Spectra: Representative Infrared spectra of 
copoly(MMA-MA) and copoly(MMA-MA)-CU com- 
plex are shown in Figure 1. A broad peak around 1723 
cm-' having a shoulder around 1660 cm-' in the copoly- 
mer indicate the presence of ester and carboxyl group, 
respectively. The shoulder disappears and the ester peak 
shifts to 1728 cm-' in the complex. This indicates the 
complex formation between carboxyl and copper. The 
broadness of the peak around 3300 cm-' decreases after 
formation of the complex. This can be attributed to the 
lowering of the extent of hydrogen bonding. It is also 
observed that the peaks at 1457 cm-' and at 1263 cm-', 
assigned to stretching vibration of C-O, are shifted to 
1446 cm-' and 1259 cm-', respectively. A new peak ap- 
pearing at 1624 cm-' is attributed to ionized carboxyl 
group. 

Mechanical Properties of Paint Films: All the paint 
compositions are based on chlorinated rubber resin, wa- 
ter-soluble rosin, and copoly(MMA-MA)-Xu complex 
(50 mole percent MA) as pigment. 

Tensile Strength: Table 4 shows the ultimate tensile 
strength and percent elongation at break. It can be seen 
that the tensile strength increases up to 35 pigment vol- 
ume concentration (PVC). However, a decreasing trend 
is observed beyond this pigment loading. Increase of 
loading of hard pigment increases the tensile strength 
due to reinforcing effect. The elongation, as expected, 
follows the reverse trend. The decrease of tensile strength 
beyond 35 PVC can be attributed to the insufficient cov- 
ering of the pigment particles resulting in imperfect films. 
This result suggests that the critical pigment volume 
concentration (CPVC) lies at 35%. The maximum tensile 
strength was found to be 0.578 kg/cm2. Attempts have 
been made to find out tensile strength of the paints 
based on vinyl resin (U.S. Navy formulations)" and 
chlorinated rubber.32 The PVC maintained in the former 
was 95.7% and that in the latter was 28%. It was not 
possible to obtain free standing film. Therefore, no ten- 
sile data is available for these paints. However, the ten- 
sile strength of organotin based antifouling paint4 was 
found to be 22.2 kg/cm2. The system is altogether differ- 
ent and the high strength is originated from the resin 
itself. 

Adhesive Strength: Table 5 lists the adhesive strength 
of the paint films at various PVC. It is observed that the 
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adhesive strength increases with pigment loading up to 
35 PVC and a reversal is observed after that. The result 
again indicates that CPVC is around 35%. The maxi- 
mum adhesive strength was found to be 44 kg/cm2. The 
adhesive strengths of standard paints described were 
also measured and found to be lower than this value. 
The value for both vinyl resin-based and chlorinated 
rubber-based paints is 19.5 kg/cm2. 

Accelerated Leaching: Leaching behavior under ac- 
celerated condition was studied by rotating the painted 
panels in glycine solution. Copper gradually dissolves 
in glycine forming copper glycinate complex. Figure 2 
shows the comparative leaching behavior of copper from 
cuprous oxide (Cu20) and copoly(MMA-MA)-Xu com- 
plex based paints, respectively. The paint formulation of 
Cu20 based paint is given in Table 2 (Composition No. 
5). Loading of pigment was kept identical in both sys- 
tems. However, the percentage of copper in Cu20 is 87% 
as compared with 13% in complex. It can be seen that 
leaching from complex-based paint is slower than Cu20- 
based paint. A slow and near-steady behavior is ob- 
served at the later part of leaching of complex based 
paint whereas a faster leaching is observed throughout 
in the case of Cu20 based paint. It has been observed 
that the near-steady leaching rate increases with load- 
ing. These phenomenon can be explained by the fact that 
the leaching of copper from the complex occurs by break- 
ing of the complex which is followed by the dissolution 
of copper. So a rate controlling step, i.e., breaking of 
complex, is involved in the process. The same is not true 
for Cu,O based paint. Leaching behavior of antifouling 
paint, based on Cu,O has been reported by De et alJ3 It 
has been observed that the leaching rate remains much 
higher than the threshold value (Accelerated : 650 pg/ 
cm2/day) for a considerable period. This indicates un- 
necessary loss of toxin. The leaching from complex is 
controlled to some extent and a low copper content can 
extend the effective leaching for a longer period. This 
also decreases the unnecessary loss of toxin and can 
extend the antifouling life for a longer period. In es- 
sence, this will reduce the toxic burden to the flora and 
fauna of the sea. 

Plots of accelerated leaching rate, at various loading, 
as a function of time are shown in Figure 3. It can be seen 
that the leaching rates are very high at the initial phase. 
However, the leaching at 10-25 parts loading becomes 
slower after about 40 hrs. Initial high value may be due 
to leaching from surface. Subsequently, the leaching oc- 
curs via diffusion of medium into the matrix, breaking 
of complex and dissolution of copper. The leaching au- 

Table 4-Variation of Tensile Properties with Pigment 
Volume Concentration for copoly (MMA-MA)--CU 
Complex Based Films 

Pigment Volume Tensile Strength Elongation 
Concentration (%) kg/cm2 (%) 

Table 5-Variation of Adhesion Strenath with Piament 
Volume Concentration for Copoly (~MA-MA)>U Based 
Paints on Mild Steel Substrate 

Pigment Volume 
Concentration (%) 

Adhesion Strength 
kg/cm2 

tomatically becomes diffusion controlled and hence 
slower. As expected, the leaching rate increases with 
loading. The leaching behavior at 40 parts loading is 
somewhat different from others; the initial high rate is 
followed by rapid fall commencing after 32 hr. 

Leachingin Sea Water: Leaching behavior of the paint 
systems, under actual conditions, i.e., in sea water, was 
also studied. Figure 4 shows the plot of leaching rate, at 
various copoly(MMA-MA)-Cu complex loading, as a 
function of time. It is observed that initial leaching rate is 
low. A slight decrease is observed up to 143 hrs. Further, 
it increases to maximum at 240 hrs and declines steadily 
after that. The initial decrease probably indicates the 
onset of diffusion/dissolution phenomenon. As the dif- 
fusion/dissolution continues the rate increases until it 
reaches a point when the total complex available for 
leaching starts declining. The steadier leaching observed 
at the later stage of leaching may be attributed to attain- 
ment of semi-equilibrium stage. In the 40 parts loading 
case, the leaching at the end is quite slow and steady. At 
the same time it is maintaining a leaching rate which is 
higher than the threshold value. It has already been 
observed that CPVC is around 35% pigment loading. 
Therefore, the high leaching rate may be attributed partly 
to imperfect paint film. On the other hand, it is observed 
that at 25 parts loading, the near-steady leaching is main- 
tained around threshold value. However, initial rate is 
lower than the threshold value. It seems that a loading 
around CPVC will be most ideal in respect of leaching 
rate as well as mechanical strength. 

CONCLUSION 

Antifouling paint compositions were made using 
copoly(MMA-MA)--Cu complex as pigment. Critical 
pigment volume concentration (CPVC) was found to be 
around 35% pigment loading. Complex-based paint ex- 
hibits slower and steadier leaching compared to Cu,O- 
based paint. At identical concentration of copper, the 
former continues effective leaching for a longer dura- 
tion. Under accelerated condition, the leaching rate in- 
creases with pigment (copper complex) loading. Initial 
faster leaching is followed by slower and steadier leach- 
ing. 

Leaching in sea water shows a small dip at the initial 
phase followed by rapid increase. However, after the 
maximum is attained, the leaching rate decreases and 
exhibits near steady leaching. 
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Unifying Model for Understanding HEUR 
~ssociative Thickener lnfluenceson 
Waterborne Coatings: I. HEUR Interactions 
with a Small Particle Latex 

Mao Chen, Wylie H. Wetzel, Zeying Ma, a n d  J. Edward Glass-North Dakota State University" 
Robert J. Buchacek a n d  John G. Dickinson-E.I. DuPont de Nemours & Co.+ 

INTRODUCTION 

A ssociative thickeners are noted for their sensitiv- 
ity to variations in formulations, and there are a 
variety of structurally undefined, commercial as- 

sociative thickeners available for use in architectural 
and original equipment manufacturing (OEM) coating 
formulations. To date, studies have presented mecha- 
nisms of association that are unrealistic in a coating due 
to the high concentrations used in aqueous solution stud- 
ies. ~hevamounts of associative thickener used in a coat- 
ing formulation are much lower. This study attempts to 
provide a more unified concept of the contribution of 
associative thickener in coatings by considering viscos- 
ity contributions from their self-association, the interac- 
tion of surfactants in the formulation with the thickener, 
and the interaction of the HEUR thickeners with the 
latex. 

Our initial s tudie~ ' ,~ were conducted with model 
Hydrophobically modified, Ethoxylated URethane 
(HEUR) polymers. This family of associative thickeners 
was chosen for it is the only family that allows well- 
defined models to be studied. They are prepared by the 
direct addition of a monoisocyanate, such as 
octadecylisocyanate to a polyether diol or by the reac- 
tion of a telechelic polyether diisocyanate with an alkyl 
amine or alcohol. The thickeners prepared by either of 
these procedures are referred to as uniHEURs. Our study 
also will include both uniHEURs and HEURs repared S by a step-growth (S-G HEUR) polymerization, the type 
used commercially. The influence of the synthesis proce- 
dures on the solution properties of both types of thick- 
eners are reviewed in chapter 10 of reference (4). 

The concentrations used in these previous aqueous 
solution studies are well above those used in coating 
formulations, and in general, the amount of surfactant 
present in a coating formulation is not at a concentration 
that would promote an optimum viscosity maximum 
[chapter 17 in reference (4)]. In addition to any viscosity 
contribution, the HEUR associative thickeners also serve 

Presented at 69th Annual Meetlna of Federdion of Socletier for Coatinos Tech- 
nology. on October 23.1W6, in chicago. iL 

'Polymers and Coatings Dept , Dunbar Holl. Fargo. ND 58105 
'Chestnut Run. Building 709. Wlimington. DE 19898. 

T h e  structuralfeatures of associative thickeners 
influence their viscosifyingproperties in neat and 
surfactant containing aqueous solutions and in 
architectural coating formulations. Our under- 
standing of the phenomena based on model asso- 
ciative thickener of the Hydrophobically modified 
Ethoxylate URethane (HEUR) type are presented. 
These studies provide general concepts in aque- 
ous solutions, but they do not provide a quantita- 
tive model for understanding the influence of 
associative thickeners in coating formulations. 
To provide a more quantitative description, the 
interactions of associative thickeners with thejilm 
forming latex are considered in this study. This 
requires a knowledge of the free surfactant con- 
centration in the formulation that depends on the 
residual amount present in the latex and the 
amounts added with the pigment grind, colorant, 
etc. The competitive interaction of the surfac- 
tants and associative thickener types for the sur- 
face of both disperse phases is a key variable. 
These interactions with the latex will be discussed 
in this article in an effort to define an encompass- 
ing model for understanding how HEUR asso- 
ciative thickeners influence waterborne coatings. 

to increase the stability of the disperse phases (i.e., tita- 
nium dioxide (TiO,) and the latex), and these disperse 
phases contribute to the dispersion's viscosity through 
their "increased" volume f ra~ t ion .~ ,~  The objectives of 

Vol. 69, No. 867, April 1997 73 



M. Chen et al. 

Tin Catabt 
40 OCN-R-NCO + HO(EtO)=H 
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Scheme I-Synthesis of narrow molecular weight distribution 
C,,H,, 'uniHEUR" thickeners. 

4 0CN-R-NCO + 3 HO(Et0)140H - Tin Catalyst 

R'NH2 - 

B 
H H H 

Scheme 2-Synthesis of broad molecular weight distribution 
step-growth (S-G) HEUR thickeners. 

the current study examine how the adsorption of the 
HEURs on the latex influences their rheology in the 
presence of surfactants. A key parameter in this study is 
the role of the free surfactant in the coating formulation. 

EXPERIMENTAL 

The materials used in these studies and procedures for 
measuring adsorption, individually and competitively, 
have been described previ~usly.~ Procedures used in 
rheological measurements and in formulating pigment 
grinds, latex dispersions, and coatings formulations also 
have been de~cribed.'",~ 

RESULTS AND DISCUSSIONS 

In traditional cellulose ether thickened latex coatings, 
there is a competition for waters of hydration among the 
surfaces of TiO,, the latex, and the thickener. In the 
depletion f locc~f~t ion~ ,~  concept the competition is com- 
promised bv liberation of water from and flocculation of 
;he dispersl phases, if they are not properly stabilized. 
Replacement of the cellulose ether thickeners with sur- 
fadant-modified, water-soluble polymers (W-SPs) pro- 
vides a means for stabilization through adsorption of 
the thickener's hydrophobes on the disperse pha'ses with 
displacement of or participation with the adsorbed, con- 
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ventional surfactants. In addition to sta- 
bilizing the disperse phase, an associa- 
tion of the surfactant-modified W-SP 
with the disperse phases could influ- 
ence dispersion rheology. 

For significant adsorption to occur 
on the latex, the concentration of the 
conventional surfactants (arising from 
the residual amounts left from the latex 
synthesis and from that added to the 
pigment grind) should be relatively low. 
It also requires that the hydrophobes of 
the associative thickener be equivalent 
or larger in size than the hydrophobes 
of these conventional surfactants. 

Adsorption on Small Particle 
Latexes 

Both surfactants and HEUR thicken- 
ers will adsorb on a latex surface; it is a 
simple hydrophobic interaction between 
the surface of the latex and the 
hydrophobes of the surfactant or the 
thickener. It would be truly simple if 
the latexes were not complex. To achieve 
stability to salinity gradients in urban 
water supplies and to mechanical and 
thermal variations, latexes are synthe- 
sized with oligomeric acids or polymer 
fragments grafted to their  surface^.'^' 
These surface structures influence the 
amount of surfactant and associative 
thickener adsorbed. In addition, latexes, 

unlike TiO,, are synthesized in various median particle 
sizes and particle size distributions, and latexes are often 
blended to obtain bi- and multimodal particle size distri- 
butions. For simplicity, our adsorption studies will be 
restricted to a small monodisperse, methyl methacrylate 
latex, with 1.418" lo5 meq/m2 of methacrylic acid on the 
latex's surface, which in most of the studies to follow, 
was dialyzed free of the synthesis surfactant. 

If a uniHEUR (Scheme 1) with large terminal 
hydrophobes is added to the model 121 nm, dialyzed 
latex, the adsorbed HEUR layer enlargement of the latex's 
effective volume fraction can be quantified. In this dia- 
lyzed latex, stabilized by the ionized oligomeric meth- 
acrylic acid segments, the influence of the uniHEUR on 
the viscosity with increasing latex volume fraction is 
evident (Figure I), and Kreiger's dimensionless param- 
eter approach" could be used to calculate the effective 
volume fraction increase due to the adsorption of the 
uniHEUR. This approach, however, would not really 
relate to the meaningful use of associative thickener in 
higher quality latex coating. The uniHEUR with C,,H,, 
hvdrophobes is very efficient in viscosifying. latex coat- 
Ggs, A d  the formilations are very she& thjnning (Fig- 
uve 2). It is more appropriate to use a smaller hydrophobe 
S-G HEURS, syn&siz'ed by a slightly differeit approach 
(Scheme 2). 

The general adsorption behavior of S-G HEURs on 
model MMA latexes with surface acids is illustrated in 
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Figure 1-Viscosity build with increasing vol- 
ume fraction of dialyzed 12 1 nm methacrylic 
acid/methyl methacrylate (P(MAA/MMA)) la- 
tex with 1.4 18 x 1D3 meq/m"urface acid. 
Symbols: (0)-latex dispersion without thick- 
eners; (.)-latex dispersion in the presence of 
model uniHEUR thickener (C18H3,NH- 
COO),(EtO),, (0.025 g/g latex solid). 

Figure 3. The adsorption of the thickeners containing 
small terminal hydrophobes follows a Langmuir ad- 
sorption isotherm (from a pH = 9.3 medium). As the 
terminal size of the S-G HEUR is increased, the adsorp- 
tion behavior follows a more complex profile suggesting 
multilayer adsorption. 

Commercial latexes are not dialyzed free of the syn- 
thesis surfactant, and in formulating a coating, nonionic 
surfactant is added with the pigment. Prior studies have 
shown that 1.0 wt% sodium dodecyl sulfate (SDS) will 
displace an S-G HEUR from the surface of a 140 nm 
acrylic latex1=; however, SDS generally introduced with 
a colorant may not be the dominant surfactant in a coat- 
ing formulation. An ethoxylated anionic surfactant (i.e., 
C,H,,-C,H,-O(EtO),,,SO,NH,) is the surfactant we have 
used insynthesizing monodisperse methacrylate latexes. 
In the coating formulations that we have used, an 
ethoxylated, nonionic surfactant added to the pigment 
grind has been the dominant surfactant, and our empha- 
sis has been on the competition of the terminal 
hydrophobes of the S-G HEURs and the hydrophobes of 
the nonionic surfactant for the latex surface. The chemi- 
cal compositions of the surfactant and HEUR thickeners 
are very close; this makes quantification of the adsorbed 
species difficult. The aromatic unit in C8H,!- 
C,H,O(EtO),,H permits quantification of the nonlonlc 
surfactant distribution in the aqueous phase; therefore, 
the dialyzed latex is titrated with the surfactant at a 
given thickener concentration. If the hydrophobes of the 
thickener are competitive with the surfactant, the ad- 
sorption density of the surfactant from the UV analysis 
will be less, and it is these types of studies reported in 
the following. 

With increasing surfactant concentration, the HEUR 
thickener is displaced from the surface of the latex if 
there are no terminal hydrophobes (e.g., polyethylene 
glycol) or if they are small (Figure 4). This occurs at a 
relatively low surfactant concentration for HEURs with 
small terminal hydrophobes, but this displacement is 

Figure 2-Shear viscosity profile of iatex coat- 
ing containing 0.07 volume fraction AI,O,/ 
Ti02pigment, 12 1 nm acrylic latex with 1.4 18 x 
1 0 3  meq/i+ surface acid at 0.25 volume frac- 
tion, o-DIBMA dispersant, and 0.28 wf% model 
uniHEUR thickener (C18H3,NH-COO),(EtO),,. 
Open symbol-ascend~ng shear rate curve; 
closedsymbol-descending shear rate curve. 

only partial when the hydrophobe is large. In the latter 
case, the adsorption of the model uniHEURs on the 
latexes is noted to decrease the zeta potential of the latex. 
The stability of these dispersions is increased, despite 
the drop in electrical charge, due to the stability arising 
from the osmotic stabilization of the latex. This is a plus 
in media of increasing salinity. With these results in 
mind, we will turn to the rheology of such dispersions. 

Rheology of Thickened Dispersions 

The viscosity of a coating could be increased by 
increasing the volume fraction of the latex and TiO,. 
With a soft, film-forming latex this would be courting 
disaster. Nevertheless, there is little question that the 
major viscosity contribution in a coating formulation 
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(EfO) ,d3-H,,MDI-C6HW CitCIZH25-(HIZMDI- 
(EtO)~8d~-H~2MDI-C,zH25' 

- 



M. Chen et al. 

Figure 4-Adsorption density of C8H17-C,H40- 
(EtO),,H on a 12 1 nm P(MAA/MMA) latex with 
1.4 18 x 10-1 meq/n$ surface acid in the pres- 
ence of S-G and uniHEUR associative thicken- 
ers with H,,MDI internal hydrophobes at pH 
9.3 using a cyciodextrin complex method. 
(0)-without thickenec (01-4.4 w R  C6H13- 
(HI,MDi-(EtO),4d3-H,2MDiC6Hl~ (0)--0.4 wt% 
C12H~-(H12MDI-(EtO)~4d3-H~MDI-Cj2H2~ (.+ 
0.4 &A (C,,H37NH-COO)2(Et0),,. 

I 0  
0.07 Volume fraction 

AI,0fli02 

0.011 ' ' ' ' " " " '  . ' ""' "LJ 
.. 

I 0.25 volume fraction 
121 nm latex 

C 0 07 VF Pigment 

0.01 ' ' ' ' ""' ' ' " ' ' 

I 10 100 lMXl IOOW 

Sbtsr ntr (3") 

Figure 5-Shear viscosity profiles with different 
hydroxyethyl cellulose (HEC) concentrations: 

(a)-in a pigment dispersion 
(b)-Latex dispersion 
(c)-Coating formulation. 

Arrow indicates location of viscosity profile in 
90 KU. Open symbol-ascending shear rate 
curie closed symbol-descending shear rate 
curve. 

comes from the volume fraction contribution of the 
latex and TiO,. The volume fraction one assumes when 
preparing a formulation is not the same as the actual 
volume fraction in the formulation due to the hydration 
of the disperse phases. For example, a latex formulation 
at the 0.32 volume fraction with a 5 nm hydration layer 
is effectively at a volume fraction of 0.42 for a 100 nm 
latex, and 0.36 for a 220 nm latex.6 This is one of the 
reasons that small particle latexes require less water- 
soluble polymer as thickener to achieve a given KU 
viscosity. Even if an increase in the volume fraction 
achieved a given viscosity, without mass flocculation of 
the disperse components, it would not provide the vis- 
cosity profile necessary over the shear rate range ap- 
proximating formulation, storage, and application. This 
is most economically done with a water-soluble poly- 
mer. 

10 
0.25 Volume fraction latex (121 nm) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  J 
I 10 100 1000 IOOW 

10 
0.25 Volume fraction latex (121 nm) 

B 
. , , -  . . " " " . . . " " . . . . .  . . ' "  

10 100 1000 l o w 0  

0.25 volume fraction latex (121 nm) 

001 tc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
I 10 100 I000 low0 

Shear rate (8) 

Figure 6-Shear viscosity profiles of 0.25 vol- 
ume fraction 12 1 nm P(MAA/MMA) latex with 
1.4 78 x 7P3 m e q / d  surface acid (containing 
0.86 wtOA EP- 1 15 (C9Hlq-C6H4-O(EtO)2$03NHJ) 
and 0.07 volume fraction pigment dispersion 
with model HEUR thickeners. Arrow indicates 
location of viscosity profile for 90 KU. 

(a)-(C,-SG HEUR): C,H,,-(H,,MDI- 
(EtO),d3-Hj2MDI-C,H,, 

(b)-(CI2-SG HEUR): CI2Hz-(H12MDI- 
(EtO) I~~~-HI~MDI-C, ,H, ,  

(c)-(C,,-uniHEUR): C,2H,5-~H,2MDI- 
(EtO)5~-H,2MDi)-CI,H,, 
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The viscosities of model HEURs, most commercial 
associative thickeners, and hydroxyethyl cellulose solu- 
tions are Newtonian or nearly so over a broad shear rate 
range at moderate concentrations. Slurries of TiO, or the 
latex, at the volume fractions used in coating formula- 
tions, are Newtonian in flow; however, when the thick- 
eners and the disperse phases are blended together in a 
coating, the formulation can be markedly non- 
Newtonian. Our approach to understanding the com- 
plexities in a coating formulation is to examine the rhe- 
ology of the disperse phases, individually and together, 
in the presence of the thickener, and in the presence of 
surfactants. The thickeners studied in the following dis- 
cussion include HEC, two S-G HEURs, and a uniHEUR 
mentioned previously and in reference (4). 

The pigment and latex volume fraction in a coating is 
generally 0.07 and 0.25, respectively. At this level with a 
121 nm latex, the effective volume fraction of the latex is 
ca. 0.32, and significant shear viscosity increases, with 
thixotropy in the case of the latex, are observed at low 
shear rate viscosities at HEC concentrations below that 
required to thicken the formulation of 90 KU (Figures 5a- 
bf. Clearlv, devletion flocculation of the latex is the vri- 
mary so&ce of the extreme shear thinning in HEC t6ck- 
ened formulations. An excess of surfactant is reauired in 
the synthesis of a 121 nm latex, and it was not ;emoved 
by dialysis in this initial study. The relative viscosity 
profiles of an HEC thickened 0.07 V.F. TiO, slurry, of an 
HEC thickened, 0.25 V.F. 121 nm latex, and of an HEC 
thickened architectural coating formulation containing 
0.07 V.F. TiO, and 0.25 latex are illustrated in Figure 5c. 
Clearly, the individual viscosity of the coating is not a 
sum of the two thickened disperse phases. The higher 
viscosities at low shear rates are due to the additional 
"effective" increase in volume fraction, due to the inclu- 
sion of the aqueous phase in the depletion flocculated 
disperse phases in the higher solids (0.32 V.F.) formula- 
tion. 

The three HEUR thickeners were also added to the 
latex, before dialysis, and all exhibited Newtonian flow, 
irrespective of the amount of HEUR used (Figures 6a-c). 
Significantly more of the C1,Hz5-SG-HEUR is required 
(2.5 wt%) to thicken the formulation to a 90 KU than is 
required of the uniHEUR (0.5 wt%). This would be ex- 
pected since the spectrum of products in a step-growth 
HEUR (i.e., ca. 20% of the polyethylene glycol PEG) 
remains unreacted and a significant amount is 
hydrophobe-modified, but unextended PEG are part of 
the synthetic mixture [chapters 10 and 17 in reference 
(4)]. Decreasing the terminal hydrophobe size to C,H13- 
in the SG-HEUR also decreases the thickening efficiency 
and 8.0 wtO/o of this thickener is required to formulate a 
90 KU, 121 nm latex coating. 

In the next series of studies, the synthesis surfactant 
was removed from the latex and incremental amounts of 
C,2H,5S0,Na, C9H,9-C,H,-O(EtO)2,S03NH4 and C8Hlr 
C,H,O(EtO),,H were added to simulate the type of sur- 
factant that might be present in a coating as a result of 
addition of a colorant, the pigment grind or remaining 
from the synthesis of the latex. The concentrations of the 
surfactant added back to the dialyzed latex dispersion 
approximates the range that would be used in a latex 

coating. In the surfactant addition studies, the amount 
of thickener used approximates that added to achieve a 
formulation 90 KU viscosity. None of the three different 
surfactants influenced the rheology of the HEC thick- 
ened 121 nm latex (Figure 7) significantly, as was ex- 
pected for the non-associating HEC thickener. 

The HEURs also were added to the dialyzed 121 nm 
latex stabilized by the oligomeric surface acids. In the 
absence of surfactant, the HEUR thickeners will adsorb 
on the surface of the latex similar to the low volume 
solids data illustrated in Figure 3. With an increase in the 
effective volume solids, due to the adsorption, the vis- 
cosity of the dispersion will increase, as demonstrated in 
Figure 1. With the small hydrophobe SG-HEUR, the large 
amount of thickener required to obtain a 90 KU formula- 
tion viscosity, and weak hydrophobic association of the 
thickener would be expected to promote interparticle 
bridging.13 This would explain the thixotropy in this 
formulation (Figure 8a) and higher viscosities at low 
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Figure 7-Shear viscosity profiles of 0.25 vol- 
ume fraction 12 1 nm P(MAA/MAA) latex with 
1.4 18x lOil m e q / d  surface acid 0.6 wt"h HEC 
at different surfactant concentrations. 

(a)-(SDS): C,,H,.$O,Na 
(b)-(EP- 1 15): C9H,9-C6H4-O(EtO)2$03NH4 
(0-(Triton X- 100): C,H1,-C6H40-(EtO),@ 

Open symbol-ascending shear rate curve; 
closed symbol-descending shear rate curve. 
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Figure 8-Shear viscosity profiles of 0.25 voi- 
ume fraction 12 1 nm P(MAA/MMA) latex with 
1.4 18 x 1@ m e q / d  surface acid with model 
HEUR thickeners at different SDS (Cl,H2.$04Na) 
concentrations. The dashed line represents 
the corresponding HEC thickened latex. (C,- 
S-G HEUR): C6H3-(H12MDI-(EtO),4d3-H12MDI- 
C6H13; (C12-S-G HEUR): C,,HZ5-(H,,MDI- 
(EtO)l,,)3-H,2MDi-Cl,H2,: (C,,-uniHEUR): 
C12H,,-~H12MDi-Eto~550-H,2MDi~-c12H2~ 

(a)-NO SDS 
(b)-O.05% SDS 
(c)--0 3% SDS 

shear rates than observed in the depletion flocculation 
(HEC thickened) dispersion; however, the addition of 
the hard surfactant, SDS, does not notably influence 
latex rheology (Figures 8b-c) with this high HEUR load- 
ing. 

With SDS addition, the viscosities drop dramatically 
(Figures 8b-c) in the larger C,,H,,-HEURs thickened la- 
tex dispersions. In a previous study,', the addition of 0.5 
wt% SDS resulted in complete displacement of a C,,H,,- 
HEUR from a similar size acrylic latex. In our latex, 
partially covered with methacrylic acid surface segments, 
the C,,H,,-HEURs also would be displaced completely 
from the surface of the latex. With the addition of 0.3 
wt% SDS, the viscosity has fallen dramatically, except 
for the smaller hydrophobe HEUR thickened latex, at all 
shear rates. At this SDS concentration (slightly over one 
critical micelle concentration, CMC), there is no contri- 

I 8, 0.25 volume fraction dialyzed latex (121 nm) 
0 

EwB 
0 = oow/. 

0 = 0.2wl% 

8.0% SG C6 a 

i 0.25 volume fraction dialyzed latex (121 nm) 

0 = 0.0 M A  

0 = 0.2 w/o 

0 = 0.7 wl% 

: $@-oooooa oBsP80800000 
. 0 m ~ w ~ ~ ~ d h 8 8 8 ~ a a a a 8 ~  

' 
25% SO C12 b - 

0.25 volume fraction dialyzed latex (121 nm) 

0 = 0.0 wP/. 

0 = 0.2 WW. 

= 0.7 wP/. 

0.5% uni-HEUR Ci2 C - 
I0 I W  I000 low0 
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Figure 9-Shear viscosity profiles of 0.25 vol- 
ume fraction 72 1 nm P(MAA/MMA) latex with 
1.4 18 x lP3 m e q / d  surface acid with model 
HEUR thickeners at different EP-115 (C,Hl, 
C6H,0-(EtO)&?03NHJ concentrations. 

(a)-8.0% (C,-SG HEUR): C,H,,-(H1,MDI- 
(€to) id3-Hi,MDI-C6Hi3 

(b)-2.5% (C12-SG HEUR): CI2H2,-(Hl,MDi- 
i4d3-H,zMDCCi& 

( ~ 1 4 . 5 %  (C12-uniH€UR): Cl,H2c(H,,MDi- 
(EtO)5so-H ,,MDiI-C i,H,, 
Open symbol--ascending shear rate culve; 
closedsymbol--descending shear rate curve. 

bution to viscosity that is attributable to surfactant/ 
HEUR interactions and all of the HEUR has been dis- 
placed from the surface of the latex. The viscosities (Fig- 
ure 8c) are due to the volume fraction of the latex and the 
volume fraction of the thickener, determined in the ab- 
sence of hydrophobic interactions, by the molecular 
weight and the amount of thickener added. 

The surfactant present in the highest wt% in a coating 
is the nonionic surfactant added to the pigment grind. 
Adding this surfactant in greater amounts does not in- 
fluence the rheology of the HEC thickened latex (Figure 
7c), but the influence is notably different from SDS with 
the C,,H,,-HEURs. This is best illustrated by examining 
the surfactant concentration influences, collectively, with 
each individual HEUR thickener (Figures 9 and 10). 
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The surfactant, C,Hl,-C,H,-O(EtO),,,S0,NH,, added 
to the HEURs in Figure 9 is of intermediate hardness. 
With the smaller hydrophobe HEUR, the variations in 
rheology with surfactant addition are not dramatically 
different from those noted with SDS additions. With the 
larger C12H2,-HEURs, the viscosity decreases are not as 
large at the higher surfactant concentrations, as were 
noted in the SDS additions. However, the addition of the 
nonionic surfactant, C,H,,-C,H,O(EtO)l,,H, to the dia- 
lyzed latex containing the small C,Hl,- terminal 
hydrophobe S-G HEUR (Figure 10a) dramatically de- 
creases the viscosity at low shear rates and eliminates 
the dispersion's thioxotropy. At 0.7 wt% C8HI7- 
C,H40(EtO),,H, the viscosity has dropped, not quite to 
the level reached with the addition of 0.3 wt% SDS, but 
unlike SDS, the thixotropy is absent with 0.7 wt% non- 
ionic surfactant. The small C,H,,-terminal hydrophobe 
S G  HEUR does not form strong associations. With the 
dialyzed latex stabilized with only the surface acid seg- 
ments, adsorption of the C,H,,-S-G HEUR will occur 
(Figure 3). The 8.0 wt% HEUR concentration used with 
surfactant addition is well above that legitimately used 
in adsorption studies, and multilayer adsorption could 
occur at 8.0 wt%. In any event the interactions with the 
latex surface are weak, as are hydrophobe interactions 
among the different HEUR chains. In the presence of 
even the nonionic surfactant the small hydrophobe HEUR 
is not adsorbed on the latex. 

This is not true with the terminal C1,H2,- S-G HEUR 
and uniHEUR; they are not completely displaced from 
the latex surface with nonionic surfactant (Figure 4). The 
real distinction in these latex dispersions is the increase 
in viscosity with continued nonionic surfactant addition 
in both C12H25-HEUR thickened dispersions (Figures 10b- 
c). The nonionic surfactant does not displace all of the 
C,,H,,-HEURs from the latex surface, and the disper- 
sions are not thixotropic. With SDS addition (Figures 8b- 
c), the viscosities decrease. The amount of C,H,r 
C,H,O(EtO),,H used in our coating formulations is 0.65 
wt%. This corresponds to 34 CMCs of surfactant relative 
to the 0.3 wtOh SDS, that corresponds to 1.3 CMC. This 
high C,Hl,-C,H,O(EtO)l,H concentration, leading to 
higher viscosities, corresponds to the surfactant's mi- 
celle transformation from spheres to rods in the aqueous 
phase. 

Based on the data in Figures 6 through 10, it is clear 
that the viscosities at higher shear rate (lo4 s-I), impor- 
tant to hiding, are determined by the hydrodynamic 
volume contributions (related to the amount) of thick- 
ener, of a given MW, added to achieve a given KU 
formulation viscosity, just as it is in an HEC formula- 
tion.141n the C,H,,-S-G HEUR thickened dispersion, this 
weakly associating HEUR is displaced (Figure 4 for data 
with C,H,,-C,H,O(EtO),,H) from the surface of the la- 
tex. This is reflected in Figure 8 at an intermediate shear 
rate of 20 s-I in SDS solutions and at 200 s-' in C8Hl,- 
C,H,O(EtO),,H (Figure 10) solutions. With lesser amounts 
of the larger C12H2,-HEURs, SDS is effective in displac- 
ing both the S-G and uniHEURs from the surface of the 
latex, and significant viscosity decreases are observed 
(Figure 8). Given the other surfactants present in a coat- 
ing formulation and their possible synergies with SDS, 
hard surfactants should be avoided in HEUR thickened 

I 2opZ5 volume fraction dialyzed latex (121 nm) 
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Figure I sshear  viscosity profiles of 0.25 vol- 
ume fraction 12 1 nm P(MAA/MMA) latex with 
1.4 18 x 1p3 m e q / d  surface acid with model 
HEUR thickeners at different Triton X- 100 (C,H,,- 
C6H,0-(EtO),@) concentrations. 

(a)--8.0% (C6-S-G HEUR): C,H,,-(H,,MDI- 
(€to) 14o/3-H,MDl-C,H,, 

(b)-2.5% (CI2-S-G HEUR): C12Hz-(H,2MDI- 
(€to) 140/3-H,2MDi-C,& 

(c)--0.5% (C,,-uniHEUR): C,,H,,-(Hl2MDI- 
(EtO)m-Hl,MDII-C12H25 
Open symbol--ascending shear rate curve: 
closedsymbo!-descending shear rate curve. 

coatings. With increasing softness of the surfactant, the 
dramatic viscosity decreases are reversed with CI2H,- 
HEURs. At levels typically used in the nonionic formu- 
lation surfactant, the viscosity of the dispersions in- 
crease, due to the participation of the HEURs in the rod- 
shaped nonionic surfactant micelles, and to the reten- 
tion of a significant amount of these larger hydrophobe 
HEURs on the latex surface in the presence of nonionic 
surfactants (Figure 4). 

CONCLUSIONS 

To understand the influence of associative thickeners 
on the film properties and rheology of the formulation, 
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our studies have centered on the adsorption of 
Hydrophobically modified, Ethoxylated URethane 
(HEUR) thickeners on the primary disperse phase com- 
ponents of a latex coating, the film forming binder, and 
the hiding pigment, TiO,. The latter are discussed in Part 
I1 of this series. The data in this study are interpreted in 
terms of the interaction and displacement of HEURs 
from the latex surface by three types of surfactants found 
in a coating formulation, an anionic, an ethoxylated an- 
ionic, and a nonionic formulation surfactant. 

It is clear that the viscosities at higher shear rate 
(lo4 s-I), important to hiding, are determined by the 
hydrodynamic volume contributions (related to the 
amount of MW) of the thickener added to achieve a 
given KU formulation viscosity, just as it is in a HEC 
formulation. The examination of both Step-Growth 
HEUR and narrow molecular weight uniHEUR model 
thickeners revealed different sensitivities to the variety 
of surfactants in a latex coating. In the C,Hl,-S-G HEUR 
thickened dispersion, this weakly associating HEUR is 
displaced by the surfactants from the surface of the latex 
at an intermediate shear rate, 20 s-' in SDS solutions; 200 
s-' in C,Hl,-C,H,O(EtO)l,H solutions. With lesser 
amounts of the larger Cl,H2,-HEURs required to thicken 
latex dispersions, SDS is effective in displacing both the 
S-G and uniHEURs from the surface of an acrylic latex, 
and significant viscosity decreases are observed. Given 
the other surfactants present in a coating formulation 
and its possible synergy with SDS, hard surfactants 
should be avoided in HEUR thickened coatings. With 
increasing softness of the surfactant (i.e., transition from 
anionic to nonionic), dramatic viscosity decreases are 
reversed. At levels typically used for the nonionic for- 
mulation surfactant in a coating, the viscosity of the 
dispersions increase, due to the participation of the 
C12H2rHEURs in rod-shaped nonionic micelles, and re- 
tention of a significant fraction of the C12H,,-HEURs on 
the latex's surface. 

HEUR associative thickener influences on the rheol- 
ogy of latex coatings are complex, but the mechanisms 
are understandable based on structural differences of 
the products and an understanding of basic surface chem- 
istry principles. 
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Self-Opacifying Aluminum Phosphate 
Particles for Paint Film Pigmentation 

M.M. Beppu, E.C. de Oliveira Lima, R.M. Sassaki, and F. Galembeck-Institute of Chemistry* 

Introduction 

T itanium dioxide is the most com 
mon white pigment due to its 
strong ability to backscatter vis- 

ible light, which is in turn dependent on 
its refractive index.' Substitutes for tita- 
nium dioxide have been sought, but the 
refractive indexes of both the anatase 
and rutile forms of this oxide are much 
higher than those of any other white 
~ o w d e r .  for structural reasons. 

Although many efforts to replace TiO, 
have been made, currently there is not a 
competitive replacement. Other solids 
(barite, kaoline, CaC03) are used as ex- 
tenders replacing part of the white pig- 
ment and aiming at the preservation of 
the optical properties of the finished 
products (paints, coatings, paper) but at 
significantly lower prices. 

only a few processes 
for making void 
filled films. 

Closed-pore for- 
mation within the 
resin was described 
by Rankinh in the 
process of making a 
thermoset film, by 
reaction of epoxy 
resin particles on a 
substrate. The ir- 
regular shapes of 
the particles allow 
the retention of in- 
terstitial air bubbles 
within the film. 
However, the films 
thus obtained pre- 
sent some problems: 
the irregular surface 
is resuonsible for a 

- - 

tent within the film:' 
A theoretical study on pigmented 

microvoid coatin s was made by Kerker, B Cooke, and Ross. Models are presented 
for three void types: (1) voids within the 
pigment particles; (2) voids in between 
pigment particles and resin matrix; and 
(3) voids within the resin. There is syn- 
ergism between particle and microvoid 
scattering, within the pigmented resin 
films. Microvoid effect does not seem to 
differ significantly among the three mod- 
els studied, but the authors are very cau- 
tious about their results. They indicate 
the need for further studies, including 
pigment polydispersion and the effect 
of polychromatic visible light, which are 
certainly relevant in real systems. 

In spite of the three possibilities pre- 
sented by Kerker et ~ i l . , ~  there are still 

'Universidade Estadual decampinas. 13083- 
970 Camplnas SP. Brazil. 

It is known that the inclusion of closed 
pores of sub-micrometric dimensions 
within film pigments causes an increase 
in their light scattering a b i l i t ~ . ~ , ~  It was 
shown that the addition of microvoids 
offers greater hiding efficiency than does 
an increase in the prime pigment con- 

Studies on the 
thermil stability of , microvoid coatings 
prepared from ther- 
moplastic and alkyd 
resins using a sol- 
vent-non-solvent 
technique were done by Ramaiah and 
Funke? 

Processes in which void formation 1 occurs within a resin filled with solids 
are also scarce. An example of a study 
on voids trapped between pigment par- 
ticles or at the pigment-resin interface is 
given by Fishman, Kurtze, and 
Bierwagen? This study evaluates the 
consequences of void formation on or- 
ganic coatings, when PVC exceeds a criti- 
cal concentration. 

' 
On the other hand, there are many 

I publications which describe the synthe- I sis of hollow particles, but most discuss 

low fiim brightness, 
and the coalescence 
or collapse of hub- 
bles during the re- 
action reduces the 
number of closed 
,,,,, 
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Figure 1-Reflectance spectra of latex films with 
several volume ratios of (unheated) aluminum phos- 
phate and rutile as pigment (total PVC = 20%). (a) 
Acrylic latex; (b) PVAC latex. Composition of the 
pigment: ( 100% rutile; 40% rutile 
and 60% aluminum phosphate; - - - - - - - - 20% rutile 
and 80% aluminum phosphate; , 100% alu- 
minum phosphate). 

polymeric spheroidal particles, which are 
used as paint and paper whiteners. Only 
a few examples of inorganic hollow par- 
ticles available exist in the literature. 

The introduction of hollow polymeric 
particles in the coatings industry led 
many paint manufacturers to success- 
fully use this technology to lower their 
total raw materials costs, while main- 
taining the quality of their formulation. 
This trend has accelerated recently due 
to increased prices for titanium dioxide, 
improvements in hollow polymer pig- 
ment technology, and the move towards 
pricing paint by volume rather by than 
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Figure 2--(a) Micrographs of aluminum 
phosphate particles self-opacification in 
polymer film (time-series during drying, 
total time: 5 min). (7)  t = 0 s; (2) t = Im 20s; 
(3) t = Im 3 Is; (4) t = /m 33s; (5) t = lm 36s; 
(6) t = 2m 16s; (7) t = 41-17 OOs, (8) t = 4m 05s 
- phase-contrast image. (b) Video images 
showing details of fractures within par- 
ticles during drying (time-series, total tlme: 
2 min). (1) t = Im; (2) t = Im 15s; (3) t = Im 
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spheresz9; the scattering by 
low-refractive index di- 
electric spheres and cylin- 
ders was compared with 
rigorous calculations for 
hollow particles by Jazbi 
and Wi~krasinghe.~~ 

Past work from this 
laboratory described mak- 
ing hollow particles of 
amorphous phosphate 
and polyphosphate com- 
pounds, and their use as 
white pig~nents.jl-~~ 

According to our pre- 
vious studies, closed pores 
are formed within non- 
crystalline, hydrated alu- 
minum phosphate and 
polyphosphate particles 
under heating. This is due 
to the simultaneous occur- 
rence of two phenomena: 
(1) solid matrix softening; 
and (2) release of low mo- 
lecular weight, volatile 
components from the ma- 
trix. When the hydrated 
particles are heated, wa- 
ter vapor is released and 
bubbles are formed and 
kept within the particles 
provided the viscosity of 
the matrix is neither too 
high or too low. 

More recently, we 
found that polymer films 
prepared with transpar- 

weight. Fasano3 studied the application 
of hollow opaque polymer particles in 
paints without losing me&anical resis- 
tance; Hemenway, Latimer, and Young 
described similar studies obtaining im- 
proved gloss and opacity9 in paper coat- 
ings. Ramig and Ramig studied the ef- 
fect of plastic pigment composition on 
latex paint performance as a novel ap- 
proach to microvoid hiding.1° Improved 
scrub resistance can be obtained using 
microvoid coatings under particular con- 
ditions." The making of polymer par- 
ticles for microvoid coatings is described 
in the open literature as well as in the 
patent literature.'>l8 

Braunrs review on white pigment 
technology stresses the importance of 
void hiding by three mechanisms: (1) 
voids which scatter light; (2) very small 
voids, which reduce the refractive index 
of the binder/air combination; this pro- 
cess increases the light scattering ability 
from any pigments; and (3) foams which 
scatter light at the air/polymer inter- 
faces. The author also lists some com- 
mercially available hollow plastic.pig- 
ment~.'~ Rennel and RigdaMZo confirm 
that the scattering ability of some coat- 

ings can be considerably enhanced and 
also controlled by the use of monodis- 
perse hollow pigmentparticles. This en- 
hancement is positively or negatively 
affected by many factors, and some com- 
promises may have to be made. 

There are also some examples of hol- 
low inorganic pigments: Kawahashi, 
Persson, and Matijevic obtained zirco- 
niaZ1 and yttriaz2 hollow spheres by depo- 
sition of zirconium compounds on cat- 
ionic and anionic polystyrene lattices fol- 
lowed by calcination. 

I<aneko et al." presents a procedure 
to make microporous silica microbal- 
loons, for use in adsorption studies. Roth 
and KobrichZ4 also produced hollow 
spheres by a sophisticated apparatus 
which involves electrodeposition, heat- 
kg ,  and spinning. Other studies have 
reported on inorganic l ate rial^.^^'^ 

Theoretical studies on the optical 
properties of coatings containing hollow 
pigments" are available. The appearance 
and growth of voids within solids under 
several conditions were s t ~ d i e d ~ ~ - ~ ~ ;  a 
more specific study was done by 
Strawbridge and Hallett on the applica- 
tion of Mie theory to hollow latex 

ent, unheated, dense 
amorphous aluminum phosphate par- 
ticles could also be highly opaque. This 
result was at first rather surprising, but 
we found that these particles underwent 
some morphological transformation dur- 
ing polymer film formation. Voids were 
formed within these particles and they 
account for film opacification. 

In this work we describe the charac- 
terization and evaluation of amorphous 
aluminmphosphateasa whibpigment 
in self-opacifyimg polymer films. Also, a 
morphogenetic mode is proposed for the 
formation of voids within particles dis- 
persed in a polymer film, leading to self- 
opacification. 

Experimenta] 

Aluminum phosphates were precipi- 
tated by admixture of aqueous solutions 
of aluminum nitrate, sodium 
dihydrogen phosphate, and ammonium 
hydroxide. After centrifugation, wash- 
ing, drying, and milling the precipitate, 
we obtained white powders with dif- 
ferent chemical compositions depend- 
ing on the initial concentration of the 
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Table 1--Optical Propetties of Pigmented Latex Fllms 

Whltenes OPaClty nntlng Fllm 
Plgmenl Compos~on/Mex K/S Index Index Strength mickness ~ u n )  

100% rutile-acrylic .......................... 0.0777 80.62 99.60 80.62 90.7 
40% rutile, 60% aluminum 
phosphate - ocrylic ..................... 0.1004 85.00 99.63 104.2 88.9 

20% rutile. 80% aluminum 
phosphate - acrylic ..................... 0.2442 86.00 98.29 253.4 91.7 

100% oluminum 
phosphate - acrylic ..................... 3.1647 71.84 78.21 3284 98.7 

100% rutile - PVAC ......................... 0.0841 86.38 99.60 87.24 85.6 
40% rutile, 60% aluminum 
phosphate - PVAC ...................... 0.1987 83.88 78.37 206.2 91.4 

20% rutile, 80% aluminum 
phosphate - PVAC ...................... 0.2618 82.37 97.66 271.7 88.4 

100% aluminum 
phosphate - PVAC ...................... 3.9282 76.13 74.24 4076 94.6 

reagent solutions. These powders are 
transparent when immersed in paraffin 
oil, as observed in an Olympus CBA-K 
optical microscope. Detailed chemical 
and thermogravimet-ric (TGA) analy- 
ses, X-ray diffraction, IR spectra, and 
other characterization data on these 
compounds are presented elsewhere3' 
and are not repeated here. 

Two samples were used in the present 
work: one, in which the P/A1 mol ratios 
are respectively 1.52 and 1.04. These cor- 
respond to samples 3 and 8 in reference 
31. 

Polymeric latex films (PVAC or 
acrylic latex) were prepared using rutile 
and/or aluminum phosphate. This was 
used in two forms: (1) as prepared; and 
(2) heated at 500°C for 5 min (in the case 
of a sample for which the atom ratio was 
P/Al- 1.52) or 600°C for 1 min, (for a P/ 
A1 - 1.04 sample). A total 20% pigment 
volume concentration (PVC) was used, 
which is lower than that used in many 
industrial products but is suitable for 
discrete particle optical examination in 
the microscope. 

Film preparation was performed fol- 
lowing these steps: 

(a) the required amounts of pigments 
(rutile and aluminum phosphate, in the 
desired proportion), and latex were 
weighted; PVAC (poly(viny1 acetate)) 
was from Rhodia and Albri 
(Campinas), acrylic latex from 
Albri, and rutile from Tibris (Ba- 
hia); 

(b) pigments were mixed with 
the latex, together with two drops 
of a silicone anti-foam and water 
as required to have a suitable vis- 
cosity; 

(c) the mixture was homog- 
enized for five minutes in a tissue 
homogenizer; 

(d) the mixture was sonicated in an 
ultrasonic cleaning bath for 1.5 min; and 

(e) the pigmented latex was spread 
with a glass stick on a glass plate (7.5 cm 
x 2.5 cm), with 185 pm spacers to deter- 
mine the film thickness. 

Films were dried at room tempera- 
ture for a minimum of 40 hr. Thickness 
of dried films was measured using a 
micrometer according to the ASTM 
D1005-84 standard. Reflectance of films 
was measured in a 1020 Macbeth instru- 
ment, using a D-65 light source (except 
for the whiteness index measurement, 
which was done using C light), and an 
angle of observation of 10" (CIE 1954).Y,35 
Whiteness index was measured by 
Macbeth software using the equation 
described in ASTM E-313-73 (1979). 
Opacity index or contrast ratio was cal- 
culated using the same software, accord- 
ing to ASTM D 2805-88 method. Tinting 
strength was determined using Kubelh- 
Munk (K/S) parameters,537 as described 
in the ASTM D 2745-93 standard. 

The aluminum phosphate particles 
were also observed by transmission elec- 
tron microscopy (TEM), in a Zeiss CEM- 
902 instrument. Sample particles were 
spread on copper screens coated with 
carbon and parlodion. 

Fracture surfaces of particles which 
underwent thermal treatment and from 

pigmented latex films were observed by 
SEM, in a JEOL T-300 microscope fitted 
with a Noran X-ray spectrometer. 

For two months storage tests were 
done on PVAC and acrylic emulsions 
containing rutile and/or unheated alu- 
minum phosphate in several proportions 
as a pigment. They were stored inclosed 
glass vials and placed in a closet pro- 
tected from handling and moving. 
Reflectances of films formed by aged 
emulsions were compared to those of 
freshly-made emulsion films. 

Oil absorption of aluminum phos- 
phate and rutile were performed by the 
Gardner-Coleman procedure (ASTM D 
1483-84) using an oil in conformity with 
ASTM D 234-82 (1987)?' 

Density of aluminum phosphate was 
measured using a helium pycnometer 
from Micromeritics, model 1305 and sur- 
face area was measured with Flowsorb 
(Micromeritics) 2300 equipment using 
the BET method. 

Particle size analysis was done in a 
Coulter Counter TA-I1 in~t rument ,~~  us- 
ing a microfiltered two percent NaCl so- 
lution as the electrolyte and by micro- 
scopic observation in accordance to the 
ASTM E20-85 method using a CBA-K 
Olympus optical microscope and water 
as a di~persant.3~3~ 

Table 2-Density, Oil Absorption and Surface Area Values for Two Different 
Samples of Aluminum Phosphate 

011 Absorption 
Aluminum Phosphate Dentily g/c+ Surface Area (malg) (ml o11/100 g pigmenbo 

PIAI = 1.52 2.83M.3 76.0fl.4 13215 
P/AI = 1.04 .............................. 2.5110.3 77.0m 14515 

(01 Errors are calculated from replicates. 
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Figure 3-Particlesize distribution of aluminum phos- 
phate particles measured in the Coulter Counter 
TA-I1 equipment: (a) P/AL = 1.52 mol/mol; (b) P/Ai = 
1.04 mol/mol. 
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Figure 4-Particle-size distribution of alumhum phos- 
phate particles molar measured by microscopical 
method: (a) P/AI= 1.52mol/moi; (b) P/Ai= 1.04 mol/ 
mol. 

Results 

Reflectance spectra of PVAC and acrylic 
latex films containing different amounts 
of aluminum phosphate and titanium 
dioxide a articles are shown in Figure 1. 
~eflectance of films containing d e a t e d  
amorphous aluminum phosphate par- 
ticles is above 60%, showing that there is 
significant opacification of the films. This 
is remarkable, since the refractive index 
of the phosphate is 1.57, below that of 
solids like calcium carbonate (1.66) and 
barium sulfate (1.65). This observation 
suggests that some of the light-scatter- 
ing structure was formed within the films 
during drying. 

Reflected light spectra were obtained 
(Figure 1) and used to calculate the opti- 
cal parameters of Table 1. We can notice 
that K/S parameter of mtile is lower 
than that for mixed-pigment films. On 
the other hand, whiteness and opacity 
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Figure +Reflectance spectra of latex films made 
from aged emulsions with several volume ratios of 
(unheated) aluminum phosphate and rutile as pig- 
ment (total PVC = 20%). (a) Acrylic latex; (b) PVAC 
latex. Composition of the pigment: ( 100% 
rutile; 40% rutile and 60% aluminum phos- 
phate; - - - - - - - - 20% rutile and 80% aluminum 
phosphate; , 100% aluminum phosphate). 

indexes are all fairly close. When alumi- while the particles were kept in a curing 1 num phosphate is used alone as a pig- / epoxy resin or when they were dispersed 
ment'the Blm does not present a go& 
level of reflectance, but if phosphate re- 
places up to 60% (v/v) rutile, the film 
still presents a reflectance comparable 
to that of films pigmented with mtile 
only. Tinting strength is lost with this 
substitution and this is due to the higher 
value of K/S for aluminum ph0sphate.4~ 

The formation of opaque structures 
within the dispersion during film dry- 
ing can be observed visually, in a trans- 
mission optical microscope. A time-se- 
ries of micrographs showing particle 
opacification during film drying is in 
Figure 2. In the earlier times, the film is 
translucent (it contains a low particle 
concentration, to make observation 
easier) and the wet particles are per- 
ceived but only with little contrast. As 
drying proceeds, dark spots are formed 
(in the tiansmission mode of observa- 
tion), which account for film opacifica- 
tion. 

However, opacification of aluminum 
phosphate particles was not observed 

and left standing in paraffin oii. This 
shows that this phenomenon is 
associat\ith water removal from the film. 

We have also taken powder samples, 
wetting them with water and aqueous 
surfactant solutions and allowed them 
to dry, under air. The dried particles 
were then dispersed in paraffin oil and 
examined in-the optical microscope. 
They always appeared transparent, 
showing that the opacification was not 
achieved by particle drying, outside the 
latex films. However, in two related cir- 
cumstances we have observed the for- 
mation of light-scattering interfaces, but 
in aluminum polyphosphate monoliths 
of various compositions. First, when 
large (ca. 5 cm diameter, I cm tall) flat 
cylinders made of aluminum polyphos- 
phate gels were allowed to dry, under 
someconditions, we observed that a hard 
skin was formed and bubbles were ob- 
tained within the cookie-shaped solid, 
as drying progressed. Second, in some 
other cases we found that polyphosphate 
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Figure &Scanning electron micrographs of aluminum phosphate andpolyphosphate particles fracture surfaces: 
(6a and 6b) aluminum phosphate sample (P/Ai =1.52 mol/mol) heated at 500°C for 5 min; (6c) (unheated) 
aluminum phosphate sample (P/AI = 1.04 mol/mol) in PVAC film (secondary electron image); (6d) (unheated) 
aluminum phosphate sample (P/AI = 1.04 mol/mol) in acrylic film (back scattered electron image - BE/); (be) 
(unheated) alumlnum polyphosphate sample (P/AI = 1.50 mol/moi) in PVAC film (secondary electron image). 
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Figure 7-Schematic model of void formation in (a) 
particles self-opacification in latex film, at room tem- 
perature; upper: void formation by fracture: lower 
void formation by  surface strffening followed by bulk 
contraction: (b) void formatron by bubble produc- 
tfon within heated particles 

spectra were ob- 
tained (Figure 5). 
They show that the 
self-opacification 
ability of particles is 
unaltered for this 
storage time. Re- 
dispersibility and 
roughness prob- 
lems associated to 
particle aggrega- 
tion or coalescence 
were not observed. 

Reversibility of 
the self-opacifica- 
tion phenomenon 
was observed 
when we immersed 
some dried, fresh 
films in water. The 
wet films gradually 
lose opacity, but 
when the film dries 
again, it recovers its 
opacity. This is un- 
derstood if we con- 
sider that film 
opacification is due 
to particle contrac- 
tion and void for- 
mation, as de- 
scribed in the Dis- 
cussion Section. 
This reversibility is 

gel causes massive fractur- not observed in more extensively dried 
ing, which impairs light propagation films, 
throughout the film. These observations 
are reported in detail elsewhere.@ 

Oil absorption results for two differ- PARTICLE MORPHOLOGY 
ent samples bf aluminum phosphate are 
described in Table 2 for both an alumi- 
num-rich sample and a phosphate-rich 
sample. The values are three times higher 
than that for Ti02 (which is ca. 40 ml 
oi1/100g pigment). In the same table, we 
can observe density and surface area val- 
ues. Again, the numbers are very differ- 
ent from those for Ti02: the density for 
aluminum phosphate is close to one-half 
the value for rutile, and its surface area 
is lower than that of conventional pig- 
ments. 

Particle size distribution is shown in 
Figures 3 and 4. We can obsewe that the 
results from both techniques used (mi- 
croscopy and Coulter Counter) are in 
fair agreement. Although microsco~v 
showQrnore large parti:les (> 20 pK) 
than the Coulter Counter, both indicate 
that most particle diameters are within, 
0,1-10 pm range. 

Aged emulsions (at room tempera- 
ture, for two months) were also used to 
make films, from which the reflectance 

Fracture surfaces of aluminum phos- 
1 phate particles from a heated sample (P/ 

A1 atom ratio = 1.52, heated at 500°C for 
5 min) and of aluminum phosphate par- 
ticles opacified within drying latex films 
are presented inFigure6. The differences 
are clear: in the first case, most voids 
within particles are roughly spherical, 
as expected considering that they are 
formed as expanding bubbles, within a 
viscous matrix3'; in the second case, the 
voids are rather the result of fracture 
formation within the particles, shaped 
as broken lines. A micrograph from an 
aluminum polyphosphate particle (4e) 
obtained under analogous conditionsa 
is also given, for comparison. 

Discussion 
Previous work from this laboratory 
showed that non-crystalline aluminum 
phosphate particles can be transformed 
into opaque particles, under heating. 

A novel property of the amorphous, 
hvdrated aluminum phosphate particles 
was discovered durGg the present work: 
the ability to undergo void formation at 

room temperature. This is an unprece- 
dented behavior, which can be exploited 
in the making of opaque polymer films. 

This property will probably be very 
useful, because it avoids the need for the 
heating step in the making of opaque 
particles, at least when these are to be 
used as water-based paint opacifiers. 

The model for void formation by par- 
ticles within polymer films is schemati- 
cally represented in Figure 7. It is consis- 
tent with other, macroscopic obsema- 
tions made on polyphosphate gel dry- 
ing in this l a b o r a t ~ r y . ~ ~ , ~ ~  

According to this model, particle dry- 
ing is non-uniform from surface to bulk. 
This causes the formation of a rigid ex- 
ternal layer while the core is still wet at 
an intermediate drying state. The 
gradual core drying and volume con- 
traction leads to the formation of voids 
within the particle. This is possible due 
to the ability of the external skin to main- 
tain the initial particle volume. This be- 
havior is similar to void formation by 
macroscopic shrinkage, in the solidifica- 
tion process of molded ceramics" or dur- 
ing the cooling of a1loys~"and differs 
from the miaovoid formation inpolyes- 
ter composites under a high strain rate45 
as well as from the models considered 
in other theoretical studies emphasizing 
the same to pi^.^',^^ 

Another type of event leading to void 
formation is particle gel cracking during 
drying, which is well known in the sol- 
gel literature. This is quite different from 
bubble formation described in the pre- 
vious paragraph, but it does also result 
in film opacification. 

In Figure 2, the opacification is initi- 
ated in some particle sites, then proceeds 
discretely to other parts. This is clearly 
caused by sudden morphological 
changes (formation of voids) in these 
locations and not by local changes in 
refractive index caused by solvent evapo- 
ration, as could be suggested. This later 
process would produce a smaller, 
gradual, and fairly homogeneous in- 
crease in the contrast among particles 
and matrix film. 

The comparison between acrylic and 
PVAC lattices is also interesting. We as- 
sume that the formation of a more rigid 
interfacial layer in the acrylic film than 
in PVAC is responsible for the differ- 
ences of opacification observed in these 
two films. This hypothesis may be fur- 
ther substantiated by future work using 
lattices with well-defined surfaces. 

An open question at this time is re- 
lated to the possibility of full Ti02 re- 
placement by aluminumpolyphosphate. 
At present, films exempt of TiO, present 
insufficient opacity, which is due to the 
poor packing of the polyphosphate par- 
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ticles within the film, thus leaving clear 
areas easily observed in the microscope. 
This problem may well be solved by op- 
timization of aluminum polyphosphate 
particle size distribution, which is cur- 
rently in progress in this laboratory. 

We should also observe that alumi- 
num phosphate particles have a large 
size as compared to conventional pig- 
ments such as rutile. This is needed con- 
sidering that the scattering structures are 
the particle voids, which dimensions and 
shape determine scattering. Perhaps the 
polydispersity of aluminum phosphate 
particle sizes can also be used to im- 
prove the dispersion of pigments and to 
optimize optical pr0perties.4~ 

In summary, aluminum polyphos- 
phate can be used to make opaque par- 
ticles in two different ways: by heating, 
as described in previous articles, and by 
in-situ void formation, as  described in 
this paper. Both ways to make opaque 
particles (heating and in-situ) are useful, 
depending on the prospective applica- 
tion. Heating produces opaque powders 
which can be used in most pigmented 
systems, such as paints, papers, and ther- 
moplastic polymers, while the in-situ for- 
mation of voids is a more practical way 
to opacify water-based paints, avoiding 
the heating step in particle making. 

Further work is currently being done 
in this laboratory, to verify to which ex- 
tent the properties of the polyphosphates 
canbe extended to other amorphous sol- 
ids and to verify the morphogenetic 
models suggested here. Work on the void 
size and shape characterization, and on 
its effect on scattering power, as  well as  
on the film resistance to weathering is 
also under wav. 

Note: The preparation of aluminum 
phosphates studied in the present paper 
is protected under INPI 9400745 patent:' 

Conclusion 

Opaque particles of aluminum phos- 
phate can be obtained in two ways: self- 
opacification within drying latex films 
and thermal treatment at 500-70O0C 
(which was previously described). Self- 
opacification is easily achieved and al- 
lows for extensive replacement of Ti02 
as  a white pigment, with a gain (in an 
acrylic latex) in the optical properties of 
the pigmented film. 
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It was determined that the Oil and 
Colour Chemists' Association (OCCA) 
will assist the Birmingham Paint, Var- 
nish & Lacquer Club with the Sympo- 
sium "Transatlantic Coatings Technol- 
ogy-Diverging or Converging" which 
will be held in conjunction with the FSCT 
Spring Board of Directors Meeting in 
May. In addition, the fees for the event 
were discussed. 

Educational Chair Susan DiSantis, of Program Committee Chair Curry 

DePaul University for' the 1997 Grant 
from the CSCT for the DePaul Coatings 
Lab. 

Ms. DiSantis also stated that the "In- 
troductory Session I Coatings Course" 
begins March 19,1997, at Elmhurst Col- 
lege. 

Mike Bailey, of Sartomer Co., dis- 
cussed "NEW DEVELOPMENTS IN ACRYLATE 
MODIFIED EPOXY-AMINE CURE COATINGS." 

Sanders, of Tnemec Co., Inc., reported 
that a tour of CCP labs will be held dur- 

BIRMINGHAM-~OBER 

posed that the Technical ~omm;ttee 
should have a Vice Chair as well. The 
Vice Chair will then become the Chair of 
the Committee the following year. Mr. 
Curry nominated Yasmin Sayed-Sweet, 
of Cook Composites and Polymers, to 
serve as Co-Chair with David Hazlett, 
of Tnemec Co., Inc., the current Techni- 
cal Committee Chair. 

Scholarship are due by March 11,1997. ing the March meeting. 
General Business Meeting She read a thank vou letter from In another matter, Mr. Sanders uro- 

Fitz Chem, reported that applications for 
the Joint Grant in Aid and CSCT Merit 

President Randy Ehmer, of Walsh and 

The Program Committee has pro- 1 wlLLIAM B ~ ~ ~ ~ ~ ~ ,  secretnry Associates Inc., announced that the Jomt 

posed 11 subjects for next year's meet- Meeting with the St. Louis Society will 

ings take place on May 3-4 at the Four Sea- 
sons Lodge. 

Roland Staples, of Nortax discussed ( KANSAS Cm-FEBRUARY 
Educational Committee Chair, Kim the Technical Committee's Ironbridge 

prolect. Mr. Staples stated that OCCA Nee, of Mozel Inc., is seeking volunteers 

would like to be involved in the uroiect. I FSCT Officer Visit to judge the April Science Fair. 

In addition, the VOC paper has been 
completed. 

JOE BROWN, presidellt 

The evening's speaker, Peter Vercoe, 1 

FSCT Secretary-Treasurer Forest It was reported that the American 
Fleming, of Akzo Nobel Coatings, Inc., chemical society has invited the KCKT 
reviewed the activities of the FSCT Ex- to participate in the technical meeting at ecutive Committee and Staff members the Lake of the Ozarks in October, 
with the attendees. i Sanders will research the feasibilitv of 

this meeting since it occurs near the time 1 Victoria Graves, FSCT's Director of of the FsCT Meeting, BIRMINGHAM-JANUARY 
Meetings and Conventions, was also in 

Consultant, fiesgnted "MERGERS AND 

ACQUISITIONS--SOME FINANCIAL ASPECTS." land Society March m 
Mr. Vercoe outlined the pitfalls that 

"Mergers and Acquisitions" 

are likelv to occur when a'mereer or 1 

attendance. DEBBIE KOSS, Secretory 

acquisitibn is under consideration. He 
stressed caveat emptor. According to the 
speaker, a full investigation into the qual- 
ity of staff and the veracity of accounts 
is crucial when considering an acquisi- 
tion. 

Mr. Vercoe stated that profits must 
be capable of being increased. He also 
noted that 75% of transactions fail to 
meet expectations. 

In addition, the speaker discussed 
premium re-capture. 

JOE BROWN, President 
Attending the March meeting 
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CHICAGO-MARCH 

"Acrylate Modified Epoxy-Amine 
Cure Coatings" 

A moment of silence was observed 
for the passing of Beatrice Schwahn, the 
late wife of CSCT 50-year Member Cliff 
Schwahn. 

of the CLvelond Society was 
FSCT President-Elect Thomas 
Hill and FSCT Director of 
Meetings and Conventions 
Victoria Graves. 



"Solvent Selection" 

A moment of silence was observed in 
remembrance of Bill Klapper and Dave 
Anderson who passed away recently. 

The members of the FSCT Technical 
Advisory Committee were in atten- 
dance. They included the following: 
Mike Bell, FSCT, Director of Educational 
Services; Fred Anwari, of BFGoodrich 
Co.; Noel Harrison, of Jones-Blair Co.; 
Nellie Moretz, of Lilly Industries Inc.; 
and Walter Naughton, of Scott Paint 
Corp. 

William Leightner, of C.L. McGuire, 
Co., encouraged all members to solicit 
applications for the LSCT Educational 
Grant. 

Technical Committee Chair, Ilona 
Duvall, of Red Spot Paint and Varnish 
Co., reminded the members that the 
LSCT Spring Symposium "Spectrum of 
Coatings" will be held on April 16,1997 
at the Executive West Hotel, Louisville, 
KY. 

In addition, Ms. Duvall stated that 
the Committee has narrowed the topic 
of its study to include the viscoelastic 
properties of a waterborne paint when 
various pigments are utilized in the for- 
mula. 

Environmental Committee Chair Roy 
Funkhouser, of Law Environmental, re- 
ported that the Kentucky Paint Council's 
1997 Spring Technical Seminar is slated 
for April 8,1997. The seminar will focus 
on air quality issues and NPCA's Coat- 
ings Care"' program. 

In addition, Mr. Funkhouser noted 
that the U.S. EPA has proposed strin- 
gent revisions to the National Ambient 
Air Quality Standards for ozone and par- 

ticulate matter. This proposal could have 
an impact on the paint and coatings in- 
dustry. The Chair encouraged the mem- 
bers to write letters to Sen. John Chafee. 

Mr. Funkhouser stated that anyone 
having sons or daughters interested in 
the field of environmental science are 
encouraged to obtain information about 
college internships by contacting him. 

Don Sullivan, of Shell Chemical Co., 
presented "SOLVENT SELECTION IN TODAY'S 
REGULATORY ENVIRONMENT." 

Mr. Sullivan reviewed the history and 
regulations involved in solvent selection. 
He stated that new and evolving regula- 
tions are having a greater impact on the 
use and selection of solvents for every 
industrial process. Recent regulatory ef- 
forts have been designed to address tro- 
pospheric ozone issues, stratospheric 
ozone depletion, and reduction of haz- 
ardous air pollutant emissions. 

According to Mr. Sullivan, VOC re- 
ductions have laid the groundwork for 
further reduction of hazardous air pol- 
lutants (HAPS). HAPS have been re- 
stricted and further reductions are tar- 
geted at some long standing universal 
solvents including methyl ethyl ketone, 
methyl isobutyl ketone, toluene, and xy- 
lene. 

A study has been conducted to evalu- 
ate the reduction or elimination of HAPS 
in polyester baked coatings. The aro- 
matic content of Cypar 7 and Cypar 9 is 
<.5 and .01, respectively. KB values are 
moderate at 46 and 41 and may be incor- 
porated as diluents utilizing the hydro- 
carbon base. Cypar 7 is currently a com- 
mercial product and Cypar 9 will be in- 
troduced to the market shortly. 

In a comparative study using Cypar 
7 and Cypar 9 at 35% total weight of 
formula, replacing xylene and acetone, 
Mr. Sullivan said that significant im- 
provement was obsewed. HAPS were 
reduced from 35% to < 0.1%. 

Mr. Sullivan noted that when utilized 
in wood coatings, these non-HAP sol- 

vents give good dry-to-touch properties. 
When used in coniunction with aromatic 
hydrocarbons, film properties are 
achieved. N-butyl propionate can replace 
methyl ethyl ketone or n-butyl acetate 
and still provide good viscosity reduc- 
tion. Formulations that have utilized this 
property of retarded solvent evaporation 
are wood coatings and baked finishes. 

The speaker also discussed a com- 
puter simulation program designed to 
help formulators reformulate existing 
products with the need to try all pos- 
sible solvent blends. 

Q. In an epoxy system containing n-bu- 
tyl propionate, is the solvent retarded longer 
than n-butyl acetate? 

A. Yes. In this system n-butyl propi- 
onate is retarded longer than n-butyl ac- 
etate due to the addition of one more 
carbon. Properties of impact resistance 
will improve over time. 

CHRIS A. LOCKHART, Secretary 

MONTREAL-MARCH 

"Adhesion of Coatings" 

The evening's speaker, Krishnan C. 
Sehgal, of UCAR Emulsion, spoke on 
"ADHESION OF COATINGS TO DIFFERENT SUB- 
STRATES." 

Mr. Sehgal reported on recent find- 
ings on the role of various parameters 
upon the adhesion of polymeric coat- 
ings to some substrates differing in sur- 
face energy and morphology. 

According to the speaker, the strength 
of adhesion was determined by practi- 
cal lab tests, e.g., direct pull-off, 180' 
pull and tape tests under varying tem- 
perature, humidity, drying conditions, 
and rates of separation. 

Mr. Sehgal used wettability studies 
plus SEM and ESCA techniques to char- 
acterize the nature of various substrates. 
The influence of both the surface and 
~olvmer bulk effects upon the qualitv of 

left): John Ba1la;d ( I  977), Jim Forfney (J994), Bill leighfner(1996),>ohn Lanning Technical Committee Chair, Yoichi 
(1 978), Larry Pitchford ( 1  989) Paul Nilles ( 1  9761, and Herb Wilson ( 1  975). 1 Seo, of Flecto Coatings Ltd., updated the 
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members o n  the video project. The 
completion date was delayed due to the 
Spring Symposium on  M a y  8-10, 1997, 
in Vancouver. 

Educational Committee Chair, Tom 
Fairley, o f  Calcoast Labs Canada Inc., 
announced that the Kwantlen course, 
"Formulation o f  Architectural and Trade 
Sale Paints," is scheduled to begin on  
February 19,1997. 

Yvon Poitras, o f  Horizon Chemicals 
Lid., has issued a final call for papers for 
the Spring Symposium. 

Paul Andreassen, o f  Consolidated 
Coatings Corp., has agreed to go through 
the Society Chairs b y  becoming the new 
member-at-large. 

Herman Hockmeyer, of Hockmeyer 
Equipment Corp., spoke o n  "R~smuc- 
TURING THE BASICS OF PROFITABILITY BY RE- 
DUCING MILLING COSTS." 

KELVIN J. HUGET, Treasurer 

PHILADELPHIA-DECEMBER 

"Amine Chemistries for Isocyan- 
ate-Based Coatings'' 

Technical  Commi t t ee  Chair ,  
Bernadette Corujo, of Zeneca Resins, is 
seeking members to join the committee. 
They are studying adhesion in a broad 
spectrum of product types and sub- 
strates. 

Educational Committee Chair, Rich 
Granata, o f  Leh igh  Universi ty,  an- 
nounced that a study group w i l l  meet t o  
discuss corrosion and rheology. The ses- 
sions w i l l  be based o n  the FSCT's mono- 
graph series. 

Douglas Wicks, o f  Bayer Corp., spoke 
on  " A ~ E  CHEMISTRIES FOR ISOCYANATF- 
BASED COATINGS." 

Mr. Wicks discussed the trend in re- 
active coatings to lower VOCs and the 
effects i t  has on  the application proper- 
ties and characteristics of these systems 
including: shorter pot  l i fe and higher 
viscosities. H e  noted that lower molecu- 
lar weight oligomers make for lower vis- 
cosities, and decreasing the solvent con- 
tent increases the value of coatings to 
the end user. 

The speaker defined l ow  molecular 
weight syndrome as the phenomenon 
where these systems have extremely 
short pot-lives and very long cure times. 

Higher-solids co-reactants displace 
higher viscosity resins and can reduce 
and  sometimes e l iminate  solvents. 
Acrylic polyols have a limitation of about 
50% solids, whi le polyesters are better at 
60.70% w i th  adequate properties. Ac- 

Constituent Society Meetings and Secretaries 

BALTIMORE (Third Thursday-Martin's West, Woodlawn, MD). COLIN D. 
CROWLEY, ChemCentral Corp., P.O. Box 690, Fallston, MD 21047 . 

BIRMINGHAM (First Thursday-Strathallan Hotel, Birmingham, England). RI- 
CHARD J. VICKERMAN, Ciba Polymers Ltd., Duxford, Cambridge, Combs. CB2 4QA, 
Englond. 

CDlC (Second Mondoy-Location alternates behveen Cincinnati, Columbus, 
Dayton, ond Indionapolis). JOHN E. IMES, DuPont Co., 8065 Holyrwd Ct., Dublin, 
OH 43017. 

CHICAGO (First Mondoy-Embassy Suites Hotel, Hwy. 56, Lombard, IL). 
WIUIAM C. BELLMAN, The Valspar Corp., 300 Gilman, Wheeling, 11 60090-5808. 

CLEVELAND (Third Tuesday-meeting sites vary). JENNIFER L. RUMBERG, The 
Mohoning Point Corp., P.O. Box 1282, Youngstown, OH 44501-1282. 

DALLAS (Second Thursday following first Wednesday-Dallas Medallion Ho- 
tel, Dollos, TX). BILL J. BRISTOL, Jones-Blair Co., 2728 Empire Central, P.O. Box 
35286, Dollos, TX 75235. 

DETROIT (Second Tuesday-meeting sites vary). RAYMOND S. STEWART, Akzo 
Nobel Cootings Inc., 1845 Maxwell St., P.O. Box 7062, Troy, MI 48007-7062. 

GOLDEN GATE (Monday after second Wednesday-Francexo's, Oakland, 
CA). DON MAZZONE, Dowd & Guild, Inc., 14 Crow Canyon Ct., #200, Son Ramon, 
CA 94583. 

HOUSTON (Second Wednesday-Medallion Hotel, Houston, TX). LARRY BAUER, 
O'Brien Powder Products, Inc., 9800 Genard, Houston, TX 77041. 

KANSAS CITY (Second Thursday-Coscone's Restaurant, N. Konsos City, 
MO). DEBBIE KOSS, Davis Paint Co., 131 1 Iron St., P.O. Box 7589, N. Konsos City, 
M064116.  

LOS ANGELES (Second Wednesdoy-Maggies Pub, Sonto Fe Springs, CA). 
JOSEPH C. REILLY, Rohm and Haos Co., 432 Cienoga Dr., Fullerton, CA 92635. 

LOUISVILLE (Third Wednesday-Executive West Motor Hotel, Louisville, KY). 
CHRIS A. LOCKHART, Reynolds Metals Co., 4101 Comp Ground Rd., Louisville, KY 
4021 1 .  

MEXICO (Every fifteen days-Gabriel Moncera, Mexico City, Mexico). MANUEL 
MAESTRO, DuPont, S.A. de C.V:, Km. 9.5 via Dr. Gustovo Baz, Co. Borrientos, 
541 10 Tlolnepontla, Edo de Mexico, Mexico. 

MONTREAL (First Wednesdoy- Restaurant Le Bifthtique, St. Lourent, Quebec). 
ROBERT BENOIT, Kronos Canada Inc., 3390 Marie Victorin, Vorennes, Que., J3X IT4 
Conodo. 

NEW ENGLAND (Third Thursday-Best Western TLC, Waltham, MA). DAVID 
GORVINE, RSM Soles, 79 Park Rd., Lynn, MA 01904. 

NEW YORK (Second Tuesday-Landmark II, East Rutherford, Nl). LARRY WAELDE, 
Troy Corp., 8 Vreelond Rd., Florham Park, Nl 07932. 

NORTHWESTERN (Second Tuesday-Jax Cafe, Minneapolis, MN). GLEN 
V ~ E R ,  The Volspor Corp., 1101 S. Third St., P.O. Box 1461, Minneapolis, M N  
55440. 

PACIFIC NORTHWEST (PORTLAND SEC~ON-Tuesday before third Wednes 
day-Tony Romo's, Moll 205, Portland, OR; SEAT~LE SE~ON-Third Wednesdoy- 
Wyndham Gordes Hotel, Sea-Tac, WA; VANCOWER SECTION-Thursday after third 
Wednesday-Abercorn Inn, Richmond, B.C.). BEVERLY SPEARS, Synergistic Perfor- 
mance Corp., 5950 6th Ave., St., Ste. 109, Sealtle, WA 98 108. 

PHILADELPHIA (Second Thursday-DoubleTree Guest Suites, Plymouth Meet- 
ing, PA). SUE M. NIELSEN, Best Bros. Point Manufacturing Co., Inc., 172 Shillington 
Rd., Sinking Spring, PA 19608-2056. 

PIEDMONT (Third Wednesday-Romoda Inn Airport, Greensboro, NC). 
CLARENCE D. HOFFMAN, Kohl Marketing, Inc., 4 Tarrywood Ct., Greensboro, NC 
27455. 

PllTSBURGH (Second Monday-Montemurro's Restaurant, Shorpsburg, PA). 
JOSEPH E. HUNT, Palmer Supplies Co. of Pittsburgh, 8980 Perry Hwy., Pittsburgh, PA 
15237. 

ROCKY MOUNTAIN (Monday following first Wednesday-DelMonico Hall, 
Denver, CO). JOHN ELVERUM, Houser Chemical Research, 5555 Airport Blvd., Boul- 
der, CO 80301. 

ST. LOUIS (Third Tuesday-The Salad Bowl Restaurant, St. Louis, MO). Lou L. 
VOIT, Cemsoc Chemicals Corp., P.O. Box 6427, Chesterfield, MO 63006. 

SOUTHERN (Guv COAST  SECTION-^^^^^ Thursdoy; CENTRAL FLORIDA SECTION- 
third Thursdoy after first Monday; ATLANTA SECTION-third Thursday; MEMPHIS SEC- 
TION-bi-monthly on second Tuesday; ond SOUTH FLORIDA SEC~ON-Tuesday prior to 
Centrol Florida Section). GREG SCHARF~ER, Thompson Minwax Co., 101 36 Magno- 
lia Dr., P.O. Box 667, Olive Branch, MS 38654. 

TORONTO (Second Monday-Speronza Restaurant & Banquet Hall Conven- 
tion Centre, Brompton, Ont., Conodo). ALEXANDER KING, Tioxide Canada, Inc., 350 
Burnhamthorpe Rd., W., Ste. 21 0, Mississauga, Ont. L5B 3J1, Canado. 
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cording to Mr. Wicks, conventional co- 
reactants are where the solvents are 
brought into polyurethane systems, so 
higher solids co-reactants can be a good 
way to reduce VOCs. 

Amine systems are one way to ac- 
complish this, but they are limited in 
coatings usage because of their very short 
gel times. Mr. Wicks stated that they can 
basically only be used in plural compo- 
nent application systems and do not 
weather very well at all. In addition, the 
reactivity of these systems is extremely 
sensitive to humidity. 

Another approach, according to Mr. 
Wicks, is high-solids polyamines. Here 
reactivity can be reduced and they can 
also be made to be non-crystalline form- 

Aspartates, as stand-alone co-reac- 
tants, exhibit long potlife yet give fast 
cure and excellent durability. These -om- 
pounds, though, tend to yellow. 

The speaker noted that other factors 
which influence reactivity are the pres- 
ence of alcohols and carboxylic acids, as 
well as temperature increases the rate of 
reaction. Tin compounds tend to inhibit 
cure. 

ing. 
Polyaspartic esters hinder or block 

the amines and there is increased bond- 
ing between the amine and the ester. 
The reactivity of the amine is moderated 
significantly by the presence of the es- 
ter. When these groups react with the 
isocyanate, they generate an asymmet- 
ric urea which is not prone to crystalli- 
zation. 

According to the speaker, other varia- 
tions include the addition of DBTD 
(dibutyl tin dilaurate) and oxazolidines 
to high-solids formulations. DBTD 
speeds up the rate of reaction in poly- 
urethanes and suppresses viscosities 
(the opposite of hydroxyl catalysis). It 
also scavenges acids produced by the 
amines. 

Oxyzoladines is a chemistry which is 
non-reactive in urethane systems until 
moisture is present. Hydrolysis yields 
difunctional species which are very low 
in viscosity. These chemistries have long 
pot lives but cure rates are humidity 
dependent so are often slow cure and 
cannot be thermally driven. They do, 
however, produce coatings which have 
excellent durability. 

Mr. Wicks stated that bisoxyzoladiies 
on the market give a functionality of 
greater than two on average. These tend 
to be "exact" compounds, meaning their 
purity is very high. The viscosity here 
depends on the linking group. All of 
these aforementioned chemistries de- 
pend to a large extent on the presence of 

Q. W h t  is the relative reactivity with 
oxazolodines? 

A. The amines have much higher re- 
activity. 

, 

SUE NIELSEN, Secretary 

moisture in order to react and form tight 
films. 

Imines, on the other hand, exhibit 
blocked amine functionality with very 
low viscosities because there are no hy- 
drogen bonding sites. They also give long 
potlife, yet cure relatively quickly. They 
will show good (though not excellent) 
durability and will yellow when reacted. 

Aldemines are very quick to gel and 
will generate 60+ degrees reaction tem- 
peratures. The VOCs in these systems 
indicate the retention of aldehydes in 
the finished film. These are also sensi- 
tive to humidity. 

PHILADELPHIA- FEBRUARY 

"High-Speed Dispersion 
Techniques" 

The evening's technical speaker was 
Harry Way of Netzsch Inc. He discussed 
"h OVERVIEW OF NEW-HIGH SPEED DIS- 
PERSION TECHNIQUES." 

Mr. Way reported on some of the 
drawbacks of older technologies of dis- 
persion equipment such as horizontal 
and other types of media mills. Henoted 
that these types require fairly large batch 
sizes, they are difficult to clean, they 
generate more waste, and because there 
are so many variables, more operator 
training is required. 

The speaker focused on the basket 
mill. He stated that this equipment re- 
portedly is easier to operate, cleans 
quickly, produces repeatable perfor- 
mance with high production rates and 
low waste. Mr. Way also said this tech- 
nology is designed to reduce solvent 
emissions, is competitively priced, and 
requires low installation costs. 

The technology was developed 25 
years ago and entails a two-piece shaft. 
The outer shaft rotates with a basket 
filled with 80-90% media. The only vari- 
able is agitator speed. 

SUE NIELSEN, Secretary 

PHILADELPHIA-MARCH 

"Failure Analysis of Coatings" 

Bob Thomas reported on the Society's 
constitution. Upon reviewing the con- 
stitution, he discovered that some of the 
wording is gender specific. Mr. Thomas 
read a resolution to amend in 72 places 
wording that is gender specific. 

Bud Senkowski, of KTA-Tator, pre- 
sented "FAILURE ANALYSIS OF COATINGS." 

Mr. Senkowski stated that most fail- 
ures are due to improper application ei- 
ther because of a lack of understanding 
of the products used or poor surface 
preparation. 

The speaker outlined the steps to fail- 
ure anaiysis: (1) acquire project docu- 
mentation; (2) conduct field investiga- 
tions; (3) perform lab analyses; (4) con- 
duct personnel interviews; and (5)  make 
a final report. According to Mr. 
Senkowski, sometimes these steps can 
be time consuming and often facilities 
must be shut down until they are com- 
plete and repairs are made. 

Some of the elements involved in field 
investigations are visual observation, 
substrate measurement of failed and/or 
unfailed areas, coatings measurements, 
sample collection, photographs or vid- 
eos, and personnel interviews. Com- 
monly used field instruments include 
thickness gauges, the Tooke gauge for 
examining individual layers of coatings 
and various adhesion test methods. 

There are a number of causes of fail- 
ure, Mr. Senkowski said. They include 
improper coating selection, improper 
coating formulation, surface preparation 
problems, coating application problems, 
and poor structural design. Analytical 
techniques used in failure analysis are 
as varied as the causes of failure. They 
run from optical microscopy to infrared 
spectroscopy and gas chromatography. 

In summary, Mr. Senkowski elabo- 
rated on some of the consequences of 
coating failures. He said there are often 
extensive and expensive repairs which 
must be made, sometimes to the point of 
substrate replacement. There is also of- 
ten facility downtime involved, lost rev- 
enue, or costly rework. Sometimes prod- 
ucts are contaminated and must be re- 
placed and/or disposed of. And, finally, 
poor aesthetics are a less important but 
quite obvious consequence. 

SUE NIELSEN, Secreta y 

TORONTO- NOVEMBER 

"High-Speed Dispersion 
Techniques" 

Gerry Kunihiro, of St. Lawrence 
Chemical, has agreed to serve as the the 
Society's Bylaws and Archives Chair. 

The Educational Committee will con- 
duct a course on "Latex Technology and 
Applications." 

A. Coomarasamy, of the Ontario Min- 
istry of Transportation, discussed "PAVE- 
MENT MARKINGS AND STRUCTURAL STEEL 
COATINGS, EXPECTATIONS, AND EVALUATION 
METHODS." 

ALEXANDER KING, Secreta y 
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LOUISVILLE I 
I 

Active 

TORONTO 

Active 

Aniiii, 1acq1rel1ire A.-Delphi Interior & Light- 
ing, Vandalia, OH. 

Wallace, Elall P.-Southwest Research Insti- 
tute, Miamisburg, OH. 

Associote 

Rapach, John N.-Zemex Industrial M~nerals, 
Cincinnati, OH. 

Smith, Ed D.-Procter & Gamble, Cincinnati. 

CLEVELAND 

Active 

Gmy, Penny L.4oodyear  Tire & Rubber Co., 
Akron, OH. 

Associote 

lemitt, ferf 5.-JB Jewitt Co., Inc., North 
Royacton, OH. 

Kny, Gary M.-Technical Resources, 
Tw~nsburg, OH. 

DETROIT 

Educafor/Studenf 

Bodenhain, Tinio1eeM.-Eastern Michigan Uni- 
versity, Ypsilanti, MI. 

Dewitt, Julie A-EasternMichigan Un~versity, 
Ypsilanti. 

Dudzic, Mark A.-Eastern Michigan Univer- 
sity, Ypsilanti. 

Fletcher, lasoil C.-Eastern Michigan Univer- 
sity, ~ ~ s i l a n t i .  

G~rck, Carl C.-Eastern Michigan University, 
Ypsilanti. 

Haskell, Brad A.-Eastern Michigan Univer- 
sity, Ypsilanti. 

Hinderer, Brian I.-Eastern Michigan Univer- 
sity, Ypsilanti. 

Hlisfui, lennifer L.-Eastern Michiean Univer- , 
sity, Ypsilanti. 

Loforest, Jacob 1.-Eastern Michigan Univer- 
sity, Ypsilanti. 

Mflllery, William E.-Eastern Michigan Uni- 
versity, Ypsilanti. 

Mania, Daniel I.-Eastern Michigan Univer- 
sity, Ypsilanti. 

McClnln, Jr~stin L.-Eastern Michigan Univer- 
sity, Ypsilanti. 

Molin~l~e~lri, Mdlrdad-Eastern Michigan Uni- 
versity, Ypsilanti. 

Parsuns, Matthem 1.-Eastern Michigan Uni- 
versity, Ypsilanti. 

Steininetz, Kiirrberly A-Eastem Michigan Uni- 
versity, Ypsilanti. 

Thompson, lanrw E.-Eastern Michigan Uni- 
versity, Ypsilanti. 

Wilcox, RlcAnrd P.-Eastern Michigan Univer- 
sity, Ypsilanti. 

KANSAS CITY 

Active 

Hun, Kenneth A,-Tnemec Co., Inc., N. Kan- 
sas City, MO. 

Bhattachnrya, Shubho-Trinity Industrial 
Corp., Georgetown, KY. 

Associote I 
Buriis, Pal11 A.-Technical Products, Louis- 

ville, KY 

NEW YORK I 
Active I 

McGoverii, Pairlo M.-Benjamin Moore & Co., 
Flanders, NJ. 

Nink, Ashvin--Cardinal Color Co., Paterson, 
NJ. 

Associote 

Herd, Thonms P.-Wm. Barr & Co., Montville, 
NJ. 

Knserier, Jessica D.--Ciba Specialty Chemical, 
Newport, DE. 

Active 

Jackson, David Reid-R.M. Ferguson Co., Inc., 
Brampton, Ont. 

Lmy, Roger H.-Standard Products, Stratford, 
Ont. 

Loyst, Brian M.-Para Paints, Brampton. 
Tarnate, Florerido C.-Kub Coatings Corp., 

Kingston, Ont. 
Vereslrk, /olrn A.-SWT Specialty Product, 

Tecumseh, Ont. 
Wolde, Biff~r-Sico, Etobicoke, Ont. 

Associote 

Lomas, Rnnd A.-L.V. Lomas Ltd., Brampton, 
Ont. 

Morrrs, Spence-L.V. Lomas Ltd., Brampton. 
Samuel, Derick/.-Hoechst Canada, Markham, 

Ont. 
Wright, Eva E.-BDH Inc., Toronto, Ont. 

NORTHWESTERN Baltimore 
-- 

(May 15)-Election of Officers. 
Active 

Chong, Ceclin-Winnipeg, MB. Chicago 
Luketic, Amy-Harcros Organics, Lombard, 

IL. (May 30)-Annual Awards Banquet. 

PACIFIC NORTHWEST Lor Angeles 
(May 14)-"THE USE OF POLYOLS A 'NEW 

Active GENERATION' IN HIGH PERFORMANCE 

Stinson, Laura A . - 4 x 0  Western, Seattle, WA. COATINGS"-Steve Seneker, Arco 
Chemical Co. 

Associate (June 11)-Annual Meeting and Election 

PHILADELPHIA 

Active 

Bond, Charles L.-DuPont, San Ramon, CA. 
Blooi~field, Susan-Ashland Chemical Co., 

Portland. OR. 
I 

(May 13)-PaVac Awards Night. "CHEM- 
ISTRY OF IRON OXIDES"-George 1 Poldosky, Harcros. 

of Officers. 

New York 

Hut!, Robert 1.-Harris Specialty Chemical, 
Richboro, PA. 

Kubaiiufi Ryan S.-Kurz-Hastings, Philadel- 
phia, PA. 

Nelson, Ronnlrl R.-Nutech Corp., Bethlehem, 
PA. 

Associote 

Carmunir, Dai~ i~~l  T.-D.B. Becker Co., Inc., 
Clinton, NJ. 

Ren~iinger,leniiifEr L.-Premier Mill, Reading, 
PA. 

Zaborsky, Herbert 1.-Heucotech Ltd., Fairless 
Hills, PA. 

-- 
Philadelphia 

- -  

(May ~)-"DISPERSANTS FOR INDUSTRIAL 
C o ~ ~ ~ ~ c s " - P e t e r  Hibbert, ICI. 

Rocky Mountain 
- 

(May 12/13)-"T~~ USE OF POLYOLS A 

'NEW GENERATION' IN HIGH PEIIFOR- 
MANCE COATINGS"-S~~V~ Seneker, 
Arco Chemical Co. 
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F. Viguerie E. Black 

Frank Viguerie has been named Appli- 
cations and Marketing Manager-Hy- 
drate Chemicals for Alcoa Industrial 
Chemicals/North America, Bauxite, AR. 
Mr. Viguerie will provide technicallap- 
plications support for the company's 
onyx/solid surface and paper coating1 
filler markets. 

In addition, Eddie Black has been 
appointed Hydrate Chemicals Plant 
Manager. In this capacity, Mr. Black will 
be responsible for the production of all 
hydrate chemical products at the Baux- 
ite operations, including those products 
for the onyx/solid surface, paper coat- 
ings and filler, and paint and coatings 
markets. 

Laurence L. Williams has received the 
Coating and Resin Products Lifetime 
Achievement Award from Cytec Indus- 
tries Inc., West Paterson, NJ. Dr. Will- 
iams, Vice President, Global Technical 
Development, Coating and Resins Prod- 
ucts, holds 19 patents and has authored 
or co-authored numerous technical ar- 
ticles. 

Randy Golenberg has been appointed 
National Marketing Manager, Shur- 
Stikm, Dynamitem Products, for The 
Gibson-Homas Co., Twinsburg, OH. In 
this capacity, Mr. Golenberg will be re- 
sponsible for the marketing efforts be- 
hind these products. 

A. David Harbourne has assumed the 
Presidency of RadTech International 
North America, Northbrook, IL. Mr. 
Harboume, who is President of Fusion 
UV Systems Inc., has served as Presi- 
dent-Elect of RadTech for the past two 
years. 

Stephanie L. Kwolek, a retired chemist 
from DuPont, Wilmington, DE, is the 
1997 recipient of the Perkin Medal by 
the Society of Chemical Industry (SCI) 
American Section. Ms. Kwolek was ac- 
knowledged for her discoveries, inven- 
tions, and development work that sup- 
plied the basis for DuPont's Kevlara 
brand fiber. 

Hercules Resins, Wilmington, DE, has 
appointed Juan J. Magrans as World- 
wide Business Director of Rosins, Ter- 
penes and Co-Products Strategic Busi- 
ness Unit. Mr. Magrans will manage the 
unit's contribution to Rosin's five-year 
strategic plan and safety record. 

The Inter-Society Color Council will 
honor Henry Hemmendinger with the 
Godlove Award during its Annual Meet- 
ing slated for September 14-17, 1997 in 
Baltimore, MD. 

Dr. Hemmendinger's career has fo- 
cused on quantifying performance errors 
in colorimetry, incurred by photometric 
equipment and also by human observ- 
ers. In addition, he has worked to estab- 
lish and to publish methods for preci- 
sion spectrophotometry of reflecting ma- 
terials. 

The Godlove Award is given in rec- 
ognition of a lifetime of distinguished 
service to the color community. 

National Starch and Chemical Co., 
Bridgewater, NJ, has appointed Leonard 
J. Berlik to the newly created position of 
Executive Vice President, Adhesives. Mr. 
Berlik will continue to report to James 
A. Kennedy. 

In addition, Walter F. Schlauch was 
named Executive Vice President, Spe- 
cialty Chemicals and Electronic Materi- 
als. Mr. Schlauch will retain the respon- 
sibility for the overall corporate purchas- 
ing function. 

Kashmiri L. Mittal, Educator and Con- 
sultant, has beenawarded the Adhesives 
Aae Award, presented by Adhesives A,pe - 
magazine, and 
the American So- 
ciety for Testing 
and Mater~als  
(ASTM) Adhe- 
sives Award, 
given by ASTM 
Committee D-14 
on Adhes~ves 

The Adhes~ves 
Age Award IS pre- 
sented to a person 

has- per- K.L. Minal 
formed outstand- 
ing work for the science of adhesion and 
the technology of adhesives, and who 
has significantly added to the adhesive 
body of knowledge or has significantly 
upgraded the research, development, or 
application of adhesive technology. 

ASTM Committee D-14's Adhesives 
Award recognizes continuous and out- 
standing work in the science of adhe- 
sion or the technology of adhesives or 
both. 

Ranbar Electrical 
Materials Inc., 
Manor, PA, has 

5.1;s ~ a c a ~ e r .  I 'k 
Mr. King was pre- 
viouslv Vice 
Presiddnt of Tri- 
angle Specialty 
Resins and the 
Sterling Varnish T. king 
Co. 

In addition, John Conroy was named 
Technical Director. Mr. Conroy will be 
responsible for all new product devel- 
opment and technical service. 

American Colors, Inc., Sandusky, OH, 
has announced the promotion of Connie 
L. Ward to the position of Manager of 
Quality Operations. In addition, Ms. 
Ward has been appointed to serve as a 
member of the company's Executive 
Committee. 

George R. Hennigan, Senior Vice Presi- 
dent/Chemical Operations at Kerr- 
McGee Corp., Oklahoma City, OK, has 
announced his retirement. Mr. Hennigan 
joined the company in 1979 and was 
promoted to Executive Vice President in 
1983. He was named to his current posi- 
tion in 1991. 

S.P. Morel1 and Co., Armonk, NY, has 
announced the appointment of Christo- 
pher Mangano as Technical Represen- 
tative in the New England region. Mr. 
Mangano brings 10 years of chemical 
sales experience to this position. 

The Steel Shipping Container Institute 
(SSCI), Washington, D.C., has selected 
Dan Gilligan to serve as Executive Di- 
rector. Mr. Gilligan brings to the position 
trade association management experience 
at both the state and national level. 

Craig A. Rogerson has been elected 
President of Wacker Silicones Corp., 
Adrian, MI. Mr. Rogerson was previ- 
ously Vice President and General Man- 
ager of the Fibers Division of Hercules 
Specialty Chemical Co, a subsidiary of 
Hercules, Inc. 

Obituary - 
Douglas John Kier, of Asahipen 
America Inc., Seattle, WA, died on March 
1,1997. He was 60-years old. 

Mr. Kier was a member of the Pacific 
Northwest Society. 

100 Journal of Coatings Technology 



neers and Specialists, Leola, PA, have 
Paul Rocheleau will succeed Robin Paul certified Robert Howard Mr. Howard 
as Chief Executive of Albright & Wilson is a Nuclear Coating Specialist with 
plc. Dr. Paul will retire in July 1997. 1 TVA, Chattanooga, TN. 

The Chemical Fabrics and Film Associa- Terry Pierce has joined the staff of Fitz 
tion, Cleveland, OH, has elected James Chem Corp., Elrnhurst, IL, as an Account 

1 F.C. Hughes K. Littel 

L. Tremoulis, of O'Sullivan Corp., as 
President. In addition, Philip J. Tamllo, 
of Product Specialties Inc., was elected 
First Vice President and John K. Given, 
of Sandusky Ltd., was elected Second 
Vice President. 

The Polymers and Resins business of 
Rohm and Haas, Philadelphia, PA, has 
announced a reorganization of its seven 
business units into three worldwide busi- 
nesses: Coatings, Specialty Polymers. 
and Building Products. As a result of the 
reorganization, Alan Barton will serve 
as Worldwide Business Director--Coat- 
ings; Nick Gutwein will be Worldwide 
Business Director-Specialty Polymers; 
and Rob Andrew will serve as World- 
wide Business Director-Building Prod- 
ucts. 

WYKO carp., T ~ ~ ~ ~ ~ ,  AZ, has an. 
nounced the promotion of Matthew 
Abbene to Manager/North American 
Sales. In his new position, Mr. Abbene 
will oversee all sales activities in the 
United States and Canada, including the 
management of sales engineers, key ac- 
counts, and sales forecasts. 

1 ANGUS Chemical Co., Buffalo Grove, 
IL, has promoted Freeman C. Hughes 
to the position of Director of Chemical 
Feedstocks. In his new position, Mr. 
Hughes will be responsible for all mar- 
keting activities relating to the use of 
ANGUS' products for chemical synthe- 
sis. 

In addition, Ken Littel was named 
Senior Manager, Sales and Market De- 
velopment/India. Mr. Littel will man- 
age current sales of the company's prod- 
ucts in the pharmaceutical industry in 
India as well as sales and market devel- 

, opment of ANGUS' products into in- 
' dustrial markets, including coatings, 

metalworking fluids, and water treat- 

I ment. 

Manager. In this capacity, Mr. Pierce will 
provide technical and sales support to 
Fitz Chem's customers at select accounts 
in Chicago, K, Indiana, and Michigan. 

The Colors Group of Sun Chemical 
Corp., Cincinnati, OH, has announced 
the addition of three new representa- 
tives to its National Sales staff. They are 
Thomas D. DeSanto, George S. Lloyd, 
and Jason Stout. 

Mr. DeSanto will be responsible for 
the Southern sales region which includes 
Mississippi, Alabama, Georgia, and 
Florida. Mr. Lloyd will represent Sun 
across Canada, upper New York State, 
and Michigan. Mr. Stout will be respon- 
sible for the group's Chicago sales terri- 
tory. 

Karen L. Royce has joined the Environ- 
mental Services Group at TolTest Inc., 
Toledot OH, as Project Manager. Ms. 
Royce brings 13 Years of project experi- 
ence with industrial, commercial, and 
government clients to this position. 

The National Board of Registration for 
Nuclear Safety Related Coating Engi- 

The Institute of Materials, London, En- 
gland, has appointed Bernard Rickinson 
as its new Chief Executive. Dr. Rickinson 
joins the Institute from Bodycote Inter- 
national plc. He succeeds 1.A. Catterall, 

moted Michael C. Spangler to ~ireStor, 

Powder Coatings Terms and Definitions Colorant Systems, Worldwide. In this 
position, Mr. Spangler will direct all mar- 
keting and promotional activities for 

Published by: Mundial"' color system; unipearlTh' 
The Powder Coating Institute pearlescent dispersions; Covonm no-VOC 

readable type, much appreciated by se- 1 M.C. Spangler P.A. Johnson 
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universal colorants; as well as existing 
and custom color systems. 

In other news, Patricia A. Johnson 

sis serGces and prepare the divisior;'~ 
five-year financial plan. Powder coatings, an elegant method of nior citizens like myself. There are over 

solventless coatings application, now has 600 succinct, simplified entries in this 
its own official language in print. The 57-page booklet. 
Powder Coating Institute has published Twenty-one individuals from differ- 
the first edition of Powder Coating Terms ' entorganizations wrote and edited these 

was named Controller for the company's 
Coatings Raw Materials Division. Ms. 

Reviewed by: Stanley LeSota, Johnson will oversee operating and capi- 
Horsham, PA tal budgets, manage all financial analy- 

and Definitions in a handsome, soft cover, 
reader friendly booklet. 

The terms and definitions defied are 
in large bold type and starting with capi- 
tals. It would have been handier if they 
started with either lower case or capital 
letters so that the reader would know 
which words should be capitalized. The 
terms and definitions are also in large 

entries. This type of consensus estab- 
lishes these terms and definitions as the 
official terminology of their industry. 
Some of these entries are specific pow- 
der coating jargon, others are allied coat- 
ing terms, abbreviations, equipment de- 
scriptions, and some cross references. 
This booklet should be useful for those 
in the powder coatings industry. 



I~gl i t t ,~stnc.~s,opac~ty,~nd rhcolc>gy. l'lg- 
mtwt 3170 is a m~d-shade !,ellow usuallv 
made b\. rnix~ng the two trad~t~c~nal 170 
p~gments for use in Tor,, and Case reds, 
but rcportrdlv cnhancr opacity, gloss, 

Red 170 Pigments 
gloss ietentiok, and heat stabifitf Pig- 
ment 3172 matches the traditional blue 

Engelhard Corp. has extended the color shade 170 and features a heat stability of 
space and performance of the two tradi- 550°F. Pigment 3175 has a strong blue 
tional naphthol red 170 pigments. Pig- shade and can act as a quinacrinone 
ment3169 matches the shadeas the tradl- diluent or replacement. 
tional yellow shade red, but has value, Circle No. 30 on Reader Service Card 

B A S F  I N T E R M E D I A T E S  

Can HDO work for you? 
Look at these performance 
characteristics: 
I Improved flexibility 
I Greater elastic~ty 
I Better oil resistance 
I Good anti-leaching properties 
I Good adhesion 
I Surface hardness 
I Hydrolytic stability 
I Dry grip 
Look at some applications 
in Polyurethanes: 
I Automotive coatings 
I Epoxy adhesives 
I Personal care 
In Polyesters: 
I High solids formulation for coil coatings 
I Mod~fier for PE resins 
I Hot melt adhesives 
In Acrylics: 
I Radiation curable coatings 
I GMA acrylic alloys 

At BASF we don t make vour oroducts 

Mike Travers 
(800) 526-1 072 
Ext: 4773 
Fax: (201) 426-4752 
Canada (416) 674-2888 
Fax: (41 6) 674-2839 

Creative Chemistry for 
Creative Chemists. 

We help make them betier 

noo s a rep~sreiea ~ u d e t n ~ i r k  ot BAsF corporatlorl BASF 
Circle No. 166 on Reader Servlce Card 
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Chemical Additives 
Information from the Drew Industrial 
Division of Ashland Chemical Co. high- 
lights specialtywaxesandrheology modi- 
fiers. Drewaxn'specialty waxes offer slip, 
anti-slip, abrasion resistance, mar resis- 
tance, water repellency, and wet-rub re- 
sistance. These waxes may be used in 
industrial coatings, overprint varnishes, 
flexo ink, wood furniture and parquet 
lacquers, and stains. The DrewthixTM rhe- 
ology modifiers line, which currently 
consistsofthreeurethaneand fouracrylic 
types, provides sag resistance, leveling 
control,filmbuild,spatter resistance, and 
antisettling. 

circ* NO. 31 on Reader service Card 

Chemical Intermediates 
The CD-570 series-chemical intermedi- 
ates for coatings are available from 

i SartomerCo. TheCD-570seriesprovides 
formulators with variations ii ethoxy- 
lation: CD-570 (2EI), CD-571 (5EO), and 
CD-572 (10EO). These intermediates of- 
fer low toxicity and low-odor replace- 
ments of hydroxy ethyl methacrylates. 

1 Circle No. 32 on Reader Service Card 

I Surfactants 
Air Products and Chemicals, Inc., high- 
lights Surfynol@502 and 504 surfactants. 
These surfactants promote defect-free 
coverage of medium- to low-energy sur- 
faces under high-speed spraying, coat- 
ing, saturation, dispersion, orsimilarpro- 
cesses. This product's reported rapid 
migration to newly formed interfaces re- 
duces surface tension and produces de- 
fect-free coatings by preventing film re- 
traction, craters, and other surface de- 
fects. 

Circle No. 33 on Reader Service Cord 
I 

1 fluorescent Pigments 
1 A lme of Panax"' fluorescent pigments- 

UFB series, is introduced by United Min- 
eral and Chemical Corp. The UFB pig- 
ments provide color strength, solvent 
resistance, hiding power, a full palette, 
and narrow particle size distribution. 

Circle No. 34 on Reader Service Card 

Polymer Emulsions 
NacanProducts Ltd. announces theavail- 
ability of Nacrythane 2420, a polyure- 
thane modified acrylic emulsion. De- 
signed for the manufacture of clear and 
pigmented systems, this product report- 
edly protects thenaturaleleganceofwood 
while delivering performance benefits. 
Due to its water-based technology, 
Nacrythane 2420 is an environmentally 
compliant coating. 

Circle No. 35 on Reader Servlce Card 



Rolling Oil Coatings 
Information from AS1 SensIR Technolo- 
gies describes a new method for the FTIR 
analysis of rolling oil coatings on metal 
surfaces. The;AmplifIR accessory pro- 
vides rapid infrared data on thin and 
residualoilsonmetals, polymer and paint 
coatings, semi-conductor surface prop- 
erties, and new technology sensor sur- 
faces using organic receptor films. This 
product uses a compact, multiple reflec- 
tion optical design to produce high sen- 
sitivity spectra for unusually small 
sample areas on reflective surfaces. 

Circle No. 36 on Reader Service Card 

Rheometer 
ThePhysicaMCl rheometer isnow avail- 
able from Paar Physica to measure vis- 
cosity as a function of rate, time, stress, or 
temperature for fluids and semisolids. 
This instrument features a dual post de- 
sign and user exchangeable control sys- 
tems. A variety of applications may be 
utilized including: Peltier lower plate for 
heating/cooling from -20 to -130°C; re- 
sistance heated/air cooled lower plate 
operatingfrom25-300°C; and circulating 
fluid controlled lower plate for use from 
-30 to 18O0C. 

Circle No. 37 on Reader Service Card 

EG&G Instruments Princeton Applied 
Research has introduced the Versastat'" 
potentiostat/galvanostat. Designed for 
basic research electrochemistry and cor- 
rosion experiments, the new VersaStatII 
offers 200 mA maximum current output 
and 20V compliance voltage. Addition- 
ally, the unit 1 current range report- 
edly provides good sensitivity with 
nanoamp resolution. 

Circle No. 38 on Reader Service Cord 

Scanning Probe Microscope 
The AutoProbea VP2 scanning probe 
microscope is available from Park Scien- 
tific Instruments. Designed for atomic- 
scale surface analysis in ultra-high 
vacuum (UHV), this instrument com- 
bines the benefits of high temperature 
imaging with 3-D probe positioning, ad- 
vanced spectroscopy functions, and self- 
sensing AFM probes. Autoprobe VPQ is 
available in three system configura- 
tions-standard, extended y-translation, 
and high temperature. 

Circle No. 39 on Reader Service Card 

Reactive Diluents 
A brochure published by Henkel Corp. 
highlights Photomera acrylate reactive 
diluents and their use with epoxy resins 
and curing agents. This publication ex- 
plains how to use these products in 
Michael Addition chemistry to formu- 
late no-blush or low-blush high-solids 
coatings. The coatings are designed for 
industrial applications suchas road strip- 
ing, chemical plants, manufacturing fa- 
cilities, and petroleum plants. 

Circle No. 40 on Reader Service Card 

Graphics Coatings 
Sequa Chemicals, Inc., has published a 
brochure on specialty chemicals for 
graphics high-performance coatings, ad- 
hesives,and otherapplications. Theeight- 
page publication features information on 
the company's line of polyamide and 
aqueous vehicles, plus specialty addi- 
tives, for a wide range of ink and coating 
applications. 

Circle No. 41 on Reader Service Card 

NACE Product Catalog 
NACE International has released its 1997 
products catalog. The catalog features 
more than 1,000 books, standards, and 
software and other products to help op- 
erations and maintenance personnel in 
all industries control corrosion. The 1997 
edition features many new corrosion ref- 
erence books such as Corrosion Resistant 
Alloys in Oil & Gas Production and Wet 
H,S Cracking of Carbon and Weldments. 

Circle No. 42 on Reader Servlce Card 

Surface Treatment Technology 
The Surface Treatment Technology Cen- 
ter has been formed by ConcurrentTech- 
nologies Corp. to provide a shared re- 
source for investigation~, application 
demonstrations, and interactive commu- 
nications among those that apply coat- 
ings or require surface treatments, and 
those that develop technology, or manu- 
facture and supply the necessary equip- 
ment and materials. The Center will in- 
formand keep itsmembers abreast of the 
latest technology development, applica- 
tions, and user needs. 

Circle No. 43 on Reader Service Card 

Corrugated Eliminator 
Stretch-0-Seal Corp, has introduced a 
stretchwrap machine whichapplies stan- 
dard stretch film under tension to mul- 
tiple containers such as cans, bottles, and 
jars. This product holds the containers so 
that they canbepalletized withoutboxes, 
and in many cases, without any corru- 
gated. The machine can bundle two to 
four round containers and up to twelve 
square or rectangular containers ranging 
in size from one pint to three gallons of 
up to 25 bundles per minute. 

Circle No. 44 on Reader Service Card 

Component Siloxirane 
Advanced Polymer Sciences has an- 
nounced the availability of a 20-minute 
videotape outlining the capabilities of 
siloxirane. The video explains the basic 
chemical background behind siloxirane 
and shows the product's many uses and 
applications. The programdetails acom- 
parison of the properties and chemical 
structure of siloxirane with epoxies, phe- 
nolics, rubber, and stainless steel. 

Circle No. 45 on Reader Service Card 

Leak Proof Hose Assemblies 
The Hereen Co. has introduced the 
Squeezelock@, a portable tool that eases 
hose assembly for Push-Lok and Bar-Lok 
style hose fittings. The ergonomically 
designed tool can be used with one hand 
and creates leakproof assemblies for fit- 
tings in hoses of 1/4 in., 5/16 in., and 3/ 
8 in. inside hose diameter. The tool is 
made of an aluminum alloy for maxi- 
mum strength and durability and has 
coated handles. A small push pin and 
drive pin accommodate hose fittings in a 
wide variety of sizes. 

Circle No. 46 on Reader Service Card 

Pigment Blacks 
Degussa Corp. has compiled technical 
information on disk that offers paint and 
coatings formulators a convenient 
method of selecting pigment blacks. The 
disk covers everything the formulator 
needs to make purchasing decisions re- 
garding the company's specialized fur- 
nace blacks, channel-type blacks, and 
lamp blacks for the coatings market. In 
addition, an array of graphs and charts 
compare the particle size distributionand 
structure of various Degussa pigment 
blacks. 

Circle No. 47 on Reader Service Card 
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For information on FSCT meetings, contact Federation 
of Societies for Coatings Technology, 492 Norristown 
Rd., Blue Bell, PA 1 9422 (6 10) 940-0777, FAX: (6 10) 

94Cr0292. 

(Apr. 23-25&"Crossliiing for the Coatings Chemist: Under- 
standing Crosslinking for Improved Performance." Symposium spon- 
sored by the FSCT Professional Development Committee. Orlando 
Airport Marriott, Orlando, FL. 

(May 17-18)-FSCT Spring Board of Directors Meeting. May 17- 
Social Tour; May 1%--Board Meeting. Hyatt Regency, Birmingham, 
England. 

(June 20-21)-FSCT Incoming Society Officers Meeting. June 20 -  
FSCT Headquarters Visit, Meeting, and Reception; June 21-Society 
Officers Meeting. Marriott West, Conshohocken, PA. 

(June 25-26)-"Practical Paint Formulation for Raw Material Sup- 
pliers." Symposium sponsored by the FSCT Professional Develop- 
ment Committee. Park Hyatt, Philadelphia, PA. 

uune 27)-"Winning Technical Presentations." Symposium spon- 
sored by the FSCT Professional Development Committee. Park Hyatt, 
Philadelphia, PA. 

(Nov. =)-ICE '97-FSCTAnnual Meeting and International Coat- 
ings Expo and Technology Conference (Formerly Annual Meeting and 
Paint Industries' Show). Georgia World Congress Center, Atlanta, GA. 

/ \ / Mitsui Toatsu Chemicals 1 
Presents to you the new unique 

Diamine and Diisocyanate products. I 

Norbornane Dimethylamine 

1 Norbornane Diisocyanatomethyl I 
I MTC America. Inc. I 
1 2500 westchester Avenue, Suite #I10 1 

Purchase, NY 10577 
Tel: (91 4) 251 -421 1 ; Fax: (91 4) 253-0790 
Mltsui Toatsu Chemicals Inc., (Japan) 
Tel: +81-3-359 245 71 
Fax: +81-3-359 242 81 I 

Circle No. 151 on Reader Service Card 

(Oct. 14-16bFSCT Annual Meeting and International Coatings 
Expo and Technology Conference (Formerly Annual Meeting and 
Paint Industries' Show). Ernest N. Morial Convention Center, New 
Orleans, LA. 

(Apr. 24)-"The Pulse of the Coatings Industry: Compliance, 
kocessabiiity & Performance." 22nd Annual FOCUS Conference spon- 
sored by the Detroit Society. Michigan State University Management 
Education Conference Center, Troy, MI. (Rosemary Brady, Akzo Nobel 
Coatings Inc., P.O. Box 7062, Troy, MI 48007-7062). 

(Apr. 30-May 1)-"Additives and Modifiers for Modem Coat- 
ings." Symposium sponsored by the New York Society. Holiday Inn 
North, Newark Airport, NJ. (Paul Mazer, Troy Corp., 8 Vreeland Rd., 
P.O. Box 955, Florham Park, NJ 07932-0955; (201) 443-0003; fax: (201) 
443-0257). 

(May 8-10)-50th Annual Spring Symposium. Sponsored by the 
Pacific Northwest Society. Pan-Pacific Hotel, Vancouver, British C o  
lumbia. (Kelvin J. Huget, Imasco Minerals Inc., 19287-98A Ave., Sur- 
rey, B.C. V4N 4C8; (604) 888-3848; fax: (604) 888-5671). 

(May 13-15)-Southern Society Annual Meeting. King and Prince 
Beach and Golf Resort, St. Sirnons Island, GA. (Eve Inrine, J.M. Huber 
Corp., One Huber Rd., Macon, GA 31298; (912) 750-5433). 

(May 15-16t"Transatlantic Coatings Technology-Diverging or 
Converging." Sponsored by the Birmingham Paint, Varnish and Lac- 
quer Club. Solihull, N. Birmingham, England. (Joe Brown, Blagden 
Chemicals Ltd., Piperell Way, Haverhill, Suffolk, CB9 8PH; Tele- 
phone: 01440 62821). 

(May 22-23)40th Annual Technical Symposium. "Waterborne 
Coatmgs: Sink or Swim." Symposium sponsored by the Cleveland 
Society. Case Western Reserve University, Cleveland, OH. (Vicki 
Fisher, Jamestown Paint Co., 108 Main St., Jamestown, PA 16134; 
(412) 932-3101). 

(June 13-15)-RMSCT's June Outing. Steamboat Sheraton, Steam- 
boat Springs, CO. (Charlie Schroeder, Fel-Pro Chemical Products, 
L.P., 6120 E. 58th Ave., Commerce City, CO 80022; (303) 289-5651). 

(Sept. 12)-"Corrosion Control Through Coatings." Conference 
co-sponsored by the Los Angeles Society and California State Poly- 
technic University at Pomona. Kellogg West Conference Center, 
Pomona, CA. (LASCT, 11278 Los Alamitos Blvd., #104, Los Alamitos, 
CA 90720; fax: (310) 594-6862). 

(May 11-14)-Eastern Training Conference 11. Sponsored by the 
Philadelphia Society. Valley Forge Convention Center, King of Prussia, 
PA. (Wayne Kraus, Hercules Incorporated, Research Center, 500 Her- 
cules Rd., Wilmington, DE 19808). 

1997-North America 
(May 1-2)-"VOCs in Paints and 

Other Products." Training course 
sponsored by the American Society 
for Testing and Materials (ASTM). 
Chicago, IL. (Kristina Falkenstein, ASTM, 100 Barr Harbor Dr., West 
Conshohocken, PA 19428-2959). 

(May 4-6)-"Pollution Prevention: Tools for Making It Really Hap- 
pen." Sponsored by the American Institute of Chemical Engineers 
(AIChE). Sheraton Meadowlands, East Rutherford, NJ. (AIChE, 345 E. 
47th St., New York, NY 10017). 

(May 4-8)43rd Annual Technical Meeting and Exposition. Spon- 
sored by Institute of Environmental Sciences. Los Angeles Airport 
Hilton, Los Angeles, CA. (Institute of Environmental Sciences, 940 E. 
Northwest Highway, Mt. Prospect, IL 60056). 
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(May 5-7)-"Introduction to Emulsion Polymers/Polymer Col- 
loids." Sponsored by the Institute of Materials Sciencestate Univer- 
sity of New York. Orlando, FL. (Angelos V. Patsis, Institute of Materi- 
als Science, State University of New York, New Paltz, NY 12561). 

(May 5-7)-"Adhesion and Coating Adhesion." Sponsored by the 
State University of New York. Orlando, FL. (Angelos V. Patsis, Insti- 
tute of Materials Science, State University of New York, New Paltz, 
NY 12561). 

(May 5-7)-"Thermal Analysis in Polymer Research and Produc- 
tion." Sponsored by Polytechnic University. Conference Center, New- 
ark Airport Marriott Hotel, Newark, NJ. (Eli M. Pearce, Polymer 
Research Institute, Polytechnic University, Six Metrotech Center, 
Brooklyn, NY 11201). 

(May 5-9)-"Dispersion of Pigments and Resins in Fluid Media." 
Short course sponsored by the Professional Development Institute. 
Kent State University, Kent, OH. (Carl J. Knauss, Professional Devel- 
opment Institute, P.O. Box 1792, Kent, OH 44240). 

(May 7-9)-"Frontiers in Polymer Chemistry." Short course spon- 
sored by the American Chemical Society. University of Akron, Akron, 
OH. (American Chemical Society, Dept. of Continuing Education, 
Meeting Code AKR9705,1155 Sixteenth St., N.W., Washington, D.C. 
20036). 

(May 7-9)-"Block and Graft Copolymer Blends." Course spon- 
sored by the State University of New York. Orlando, FL. (Angelos V. 
Patsis, Institute of Materials Science, State University of New York, 
New Paltz, NY 12561). 

(May 8)-"Viscoelastic Properties of Polymers." Short course spon- 
sored by Polytechnic University. Conference Center, Newark Airport 
Marriott Hotel, Newark, NJ. (Eli M. Pearce, Polymer Research Insti- 
tute, Polytechnic University, Six Metrotech Center, Brooklyn, NY 
11201). 

!May 8-10)-50th Annual Spring Symposium. Sponsored by the 
Pac~fic Northwest Society. Pan-Pacific Hotel, Vancouver, British Co- 
lumbia. (Kelvin J. Huget, Imasco Minerals Inc., 19287-98A Ave., Sur- 
rey, B.C. V4N 4C8; (604) 888-3848; fax: (604) 888-5671). 

(May 12-13)-"Spectroscopy Instrumentation and Application 
Semlnars." Sponsored by Labsphere, Inc. North Sutton, NH. 
(Labsphere, Inc., P.O. Box 70, Shaker St., North Sutton, NH 03260). 

(May 12-14)-"Fundamentals of Corrosion and Its Control." Spon- 
sored by LaQue Corrosion Services, Wrightsville Beach, NC. (Sherree 
Darden, LaQue Center for Corrosion Technology, Inc., P.O. Box 656, 
Wrightsville Beach, NC 28480). 

(May 12-16)-"Adhesion Principles and Practice for Coatings and 
Polymer Scientists." Short course sponsored by the Professional De- 
velopment Institute. Kent State University, Kent, OH. (Carl J. Knauss, 
Professional Development Institute, P.O. Box 1792, Kent, OH 44240). 

(May 12-16)-"Short Course on Spray Technology." Sponsored by 
the Spray Systems Technology Center of Camegie Mellon University. 
Pittsburgh, PA. (Norman Chigier, Mechanical Engineering, Camegie 
Mellon University, Pittsburgh, PA 15213-3890). 

(May 13-14>-"Invento~ylProduction Training Course." Sponsored 
by BatchMaster Software Corp. Chicago, IL. (BatchMaster Software 
Corp., 13001 Seal Beach Blvd., Seal Beach, CA 90740). 

(May 13-15)-Southern Society Annual Meeting. King and Prince 
Beach and Golf Resort, St. Simons Island, GA. (Eve Irvine, J.M. Huber 
Corp., One Huber Rd., Macon, GA 31298; (912) 750-5433). 

(May 13-16)-"Practical Emulsion Polymerization." Short course 
sponsored by The University of Southern Mississippi (USM). 
Hattiesburg, MS. (Dr. Shelby F. Thames, Director, USM, Box 10037, 
Hattiesburg, MS 39406-0037). 

(May 14-16)-"Spray Finishing Technology Workshop." Spon- 
sored by Bowling Green State University and I T '  DeVilbiss. ITW 
DeVilbiss Training Center, Maumee (Toledo), OH. (Richard A. Kmppa, 
Bowling Green, OH 43403-0301). 

(May 19-21)-"Waterborne Short Course." Sponsored by The Ad- 
hesive and Sealant Council, Inc. Quaker Square Hilton, Akron, OH. 
(The Adhesive and Sealant Council, Inc., 1627 K St., N.W., Ste. 1000, 
Washington, D.C. 20006). 

(May 19-22)-"Fishing '97 Conference and Exposition." Spon- 
sored by the Society of Manufacturing Engineers (SME). Rosemont 

Convention Center, Rosemont, IL. (SME, One SME Dr., P.O. Box 930, 
Dearborn, MI 48121-0930). 

(May 19-23)-"Corrosion and Its Control by Protective Coatings." 
Short course sponsored by Lehigh University. Bethlehem, PA. (Rich- 
ard Granata, Lehigh University, Sinclair Laboratory, 7 Asa Dr., 
Bethlehem, PA 18015-3192). 

(May 19-23)-"Physical Testing of Paints & Coatings." Short course 
sponsored by University of Missouri-Rolla (UMR), Rolla, MO. (UMR 
Coatings Institute, 1870 Miner Circle, Rolla, MO 65409). 

(May 20-23)-"Coatings Science for Coatings Technicians." Short 
course sponsored by The University of Southern Mississippi (USM). 
Hattiesburg, MS. (Dr. Shelby F. Thames, Director, USM, Box 10037, 
Hattiesburg, MS 39406-0037). 

(May 22-23)40th Annual Technical Symposium. "Waterborne 
Coatmgs: Sink or Swim." Symposium sponsored by the Cleveland 
Society. Case Westem Reserve University, Cleveland, OH. (Vicki 
Fisher, Jamestown Paint Co., 108 Main St., Jamestown, PA 16134; 
(412) 932-3101). 

(Tune 2-4)-"Advances in Flame.Retardancy of Polymeric Materi- 
als: kpplications, Mater~als, Industry ~ e o e l o ~ k e n t s ,  ~ a r k e t s  " Con- 
ference sponsored by Business Commurucations Co., Inc. Holiday IM 
Select. Stamford. CT. (Business Commun~catlons Co. Inc.. 25 Van 
Zant st., ~orwaik,  CT 06855) 

(June 2-4)-"Quality Assurance Management for the Chemical 
and Allied Industries." Conference sponsored by The Center for Pro- 
fessional Advancement. New Brunswick, NJ. (Registrar, The Center 
for Professional Advancement, P.O. Box 1052, East Brunswick, NJ 
08816). 

(June 2-6)-"Advances in Emulsion Polymerization and Latex 
Technology." Short course sponsored by Lehigh University. Emul- 
sionPolymers Institute, Bethlehem, PA. (Mohamed S. El-Aasser, Emul- 
sion Polymers Institute, Lehigh University, 111 Research Dr., 
Bethlehem, PA 18015). 
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(June 2-13)-Summer Coatings Course. Sponsored by North Da- 
kota State University (NDSU). Fargo, ND. (Debbie Shasky, Program 
Coordinator, NDSU, Dept. of Polymers and Coatings, 54 Dunbar 
Hall, Fargo, ND 58105). 

Uune 3-5)-"Mar~ne and Offshore Coatings Conference '97." Spon- 
sored bv the National Paint and Coat~nrs Association (KPCA). Ramada - -  ~ 

Plaza iesort Oceanfront, Virginia ~eaFh, VA. ( ~ e l i n a  ~iminez, NPCA, 
1500 Rhode Island Ave., N.W., Washington, D.C. 20005-5597). 

(June 8-13)-"Adhesion Science Short Course." Sponsored by The 
Adhesive and Sealant Council, Inc. Blacksburg Marriott, Blacksburg, 
VA. (The Adhesive and Sealant Council, Inc., 1627 K St., N.W., Ste. 
1000, Washington, D.C. 20006). 

(June 13-15)-RMSCT's June Outing. Steamboat Sheraton, Steam- 
boat Springs, CO. (Charlie Schroeder, Fel-Pro Chemical Products, 
L.P., 6120 E. 58th Ave., Commerce City, CO 80022; (303) 289-5651). 

(June 17-20)-"Coatings Science for Coatings Formulators." Short 
course sponsored by The University of Southern Mississippi (USM). 
Hattiesburg, MS. (Dr. Shelby F. Thames, Director, USM, Box 10037, 
Hattiesburg, MS 39406-0037). 

(June 22-25)-ASTM Committee D-1 on Paint and Related Coat- 
ings, Materials, and Applications. Sponsored by The American Soci- 
ety for Testing and Materials (ASTM). Holiday Inn on King, Toronto, 
Ontario, Canada. (Scott Orthey, ASTM, 100 Barr Harbor Dr., West 
Conshohocken, PA 1942f2-2959). 

(June 23-27)-"Applied Pump Technology." Conference sponsored 
by The Center for Professional Advancement. San Francisco Bay area, 
CA. (Registrar, The Center for Professional Advancement, P.O. Box 
1052, East Brunswick, NJ 08816). 

(June 24)-ASTM D01.51 on Powder Coatings. Sponsored by the 
American Society for Testing and Materials (ASTM). Holiday Inn at 
the King, Toronto, Ontario, Canada. (Jeffrey Hagerlin, O'Brien Pow- 
der Products, 9800 Genard Rd., Houston, TX 77041-7624). 

(June 24-25)-"Purchasing/Order Entry Course." Sponsored by 
BatchMaster Software Corp. Chicago, IL. (BatchMaster Software Corp., 
13001 Seal Beach Blvd., Seal Beach, CA 90740). 

(June 24-27)-"Coatings Science for Coatings Chemists." Short 
course sponsored by The University of Southern Mississippi (USM). 
Hattiesburg, MS. (Dr. Shelby F. Thames, Director, USM, Box 10037, 
Hattiesburg, MS 39406-0037). 

(June 25-27)-"Practical Paint Formulation for Raw Material Sup- 
pliers" and "Winning Technical Presentations," Seminars sponsored 
by the FSCT Professional Development Committee. Park Hyatt, Phila- 
delphia, PA. (FSCT, 492 Norristown Rd., Blue Bell, PA 19422; (610) 
940-0777). 

(July 14-16)-"Layman's Introduction to Coatings." Short course 
sponsored by University of Missouri-Rolla (UMR). St. Louis Airport 
Marriott Hotel, St. Louis, MO. (UMR Coatings Institute, 1870 Miner 
Circle, Rolla, MO 65409). 

1998-Africa 
(Mar. 6-8)-"Coatings for 
Africa '98." Sponsored by 
The Oil & Colour Chemists' 

Association's (OCCA) South 
African Division, the Natal Section, 
and Surfex Ltd. International Con- 
vention Centre, Durban, South Af- 
rica. (Christopher Pacey-Day, OCCA, 967 Harrow Rd., Wembley, 
Middlesex, England HA0 2SF). 

.,...-a, (Oct. 22-24)-"New Develop- 

! [$, ments in Colour Material Sci- 
*. -,.. ence and Technology." 70th 

Anniversary Conference on Colour 
Materials Tokyo sponsored by the 
Japan Society of Colour Material. 
Arcadia Ichigaya (Shigaku Kaikan), 
Tokyo, Japan. (Shuichi Hamada, Japan Society of Colour Material, 
Kitamura Bldg. 5F, 9-12,2-chome, Iwamoto-cho, Chiyoda-ku, Tokyo 
101, Japan). 

1997-Ausfralia 
(July 17-19)-"Asset Protec- 
tion Through Surface Coat- 
mgs." 39th Annual Confer- ,..., ence sponsored by Surface 

Coatings Association Australia, Inc. 
Burswood Resort Convention Cen- 
tre, Perth, Western Australia. (Sur- 
face Coatings Association Australia Inc., P.O. Box 1109, Canning Vale, 
Western Australia, 6155). 

...-"... (July 24-27)-"Replacement, Refurbishment & Renewal." 
d [Sl'': SCANZ '97. Sponsored by Surface Coatings Association, New 
t. .. 8 Zealand, Inc. Wairakei Resort. (Derek Taylor,c/-Coates NZ 

Ltd., P.O. Box 12748 Penrose). 

1997-Europe 
.*. .., (May 15-16)-"Transatlantic 

Coatings Technology-Di- <[!I; verglng or Converging." 

Sponsored by the Birmingham 
Paint, Varnish and Lacquer Club. 
Solihull, N. Birmingham, England. 
(Joe Brown, Blagden Chemicals Ltd., 
Piperell Way, Haverhill, Suffolk, CB9 8PH; Telephone: 01440 62821). 

(May 17-18)-FSCT Spring Board of Directors Meeting. May 17- 
Social Tour; May 1SBoard Meeting. Hyatt Regency, Birmingham, 
England. 

(May 19-22)-"Paint Technology." Training course sponsored by 
the Pamt Research Association. Teddington, Middlesex, United King- 
dom. (Heena Mehta, PRA, 8 Waldegrave Rd., Teddington, Middlesex, 
TWll 8LD, United Kingdom). 

1)-15th SLF-Congress. Sponsored by the 
Lackteknikers Forbund (SLF). Lillehammer, 
Haflan, Jotun A/S, P.O. Box 2021 Hasle, N- 
Norway; or Svein Singstad, Scanox A/S, P.O. 

Box 42 Ainabru, Norway). 

(June 2-4)--"Printing Ink Technology." Training course sponsored 
by the Paint Research Association. Teddington, Middlesex, United 
Kingdom. (Heena Mehta, PRA, 8 Waldegrave Rd., Teddington, 
Middlesex, TWll 8LD, United Kingdom). 

(June 9 - l l t 19 th  Annual International Conference on the Degra- 
dation andstabilization of Polymers. Sponsored by the State Univer- 
sity of New York. Luzern, Switzerland. (Angelos V. Patsis, Institute of 
Materials Science, State University of New York, New Paltz, NY 
12561). 

(June 9-11)-"Radiation Curing Technology." Training course 
sponsored by the Paint Research Association. Teddington, Middlesex, 
United Kmgdom. (Heena Mehta, PRA, 8 Waldegrave Rd., Teddington, 
Middlesex, TWll 8LD, United Kingdom). 

(June 16-18)-RadTechEurope '97. Sponsored by Vicentz Verlag. 
Palais de Congrbs, Lyon, France. (Esther Schwencke, Vincentz Verlag, 
P.O. Box 67 42, D-30062 Hanover, Germany). 

(June 17-20)-International Intensive Short Course on the Science 
and Technology of Pigment Dispersions. Sponsored by the State Uni- 
versity of New York. Luzem, Switzerland. (Angelos V. Patsis, Insti- 
tute of Materials Science, State University of New York, New Paltz, 
NY 12561). 

1997-South America 
(Sept. 15-17)-Fifth International 

Paint Congress and Exhibition on 
Paint Industry Suppliers. Sponsored 
by the Brazilian Association of Paint 
Manufacturers (ABRAFATI). Palacio 
de ConvencBes do Anhembi. SBo - 
Paulo, ~ r a z i .  (Congress Organization Secretariat, Especifica S/C Ltda., 
Rua Augusta, 2516-2' andar-cj. 22,01412-100-SBo Paulo, SF-Brazil). 

(Oct. 6-9)-"Latin-American Interfinish." Hotel Transamerica's 
Convention Center, SBo Paulo, Brazil. (AssociacBo Brasileira de 
Tratamentos de Superficie, Av. Paulista, 1313, 9"a., conj. 913, CEP 
01311-923 SBo Paulo, SP-Brazil). 
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Address all classified orders to: Classified Department, JOURNALOF COATINGS TECHNOLOGY. 492 Norristown Rd., Blue Bell, PA 19422; FAX: (61 0) 
940-0292. For information on closing dates, please call (610) 940-0777. 

RATES 
$4.00 per line (minimum $50). Total number of characters per line is 45, eight lines per inch. Maximum size accepted. 3 inches. Width: 2.25 
inches. Box numbers available. Replies forwarded by ordinary mail at no extra charge. Copy will be set as submitted. Not subject to agency 
commission. 

Senior Chemist 
Progressive Pacific Northwestcoatings 
company isseeking asenior chemistto 
formulate water-based primers for the 
wood products industry. We are seek- 
ing a chemist with a B.S. degree and 
five or more years proven experience. 
Send resume to Journal of Coatings 
Technology, Box 100, 492 Norristown 
Rd., Blue Bell, PA 19422. 

R&D Chemist 
Growing coatingscompany in Atlanta is 
seeking an R&D chemist to formulate 
and test water-based coatings for the 
wood products industry. We are seek- 
ing a chemist with a B.S. degree with 
five or more years proven experience. 
Send resume to Journal of Coatings 
Technology, Box 101, 492 Norristown 
Rd., Blue Bell, PA 19422. 

Reprints of articles appearing 
in the JCT are available in 
quontities of 100 to 25,000. 1 1 
To order reprints, call the 
Reprint Department at (61 0) 
940-0777. 1 1 

Member is looking to acquire 
bound or unbound copies of 
Official DIGEST and JOURNAL OF 

PAINTTECHNOLOGY prior to 1972. 
Please respond with asking 
price to Clive H. Hare, 121 
Crooked Lane, Lakeville, MA 
02347; (508) 946-461 1. 

Quality 

Used 

Equipment 
For Sale 

High speed dispersers, pebble 
mills, horizontal and vertical 
media mills, pumps, chiliers,filling 
and packaging machinery. 
laboratory instruments, safety, 
material handling equipment. 
Call forcomplete listing. Wealso 
buy your surplus equipment. 

Western Equipment Co. 
(51 0) 820-8883 

FAX: (510) 820-9188 

Air Products & Chemicals Inc. ............................. 9 

Aqualon ...................................................... 15 

BASF Corp. ........................................... 102 

Burgess Pigment Co. ......................................... 2 

Classifieds ....................... .. ....................... 107 

Ciba .......................................................... 2 7  

Conn & Co., Inc. ........................................ 93 

D/L Laboratories ........................................... 105 

..... Dover Chemical Co. ............................. .. 28 

Eiger Machinery, Inc. ................................... 94 

EM Industries Inc. ........................................... 35 

Engelhard Corp. ...................................... Cover 2 

Federation of Societies for 
Coatings Technology ........... .. ...................... 1 

............................................... Halox Pigments 37  

Henkel Corp.. .............................................. 4 1 

Heubach ................................................ 17-20 

Huls America Inc. ............................ Cover 3, 45  

MTC America ............................................... 104 

Nissan Chemical Co. ...................................... 22 

Sartomer Co. .......................................... 28, 4 9  

Schold Machine Co ................................. Cover 4 

R. T. Vanderbilt Co. ...................................... 5 1 

Western Equipment Co. ................................. 107 

NOTE: The Advertisers' Index i s  published for the convenience of our readers and or on additional service to our advertisers. The publisher assumes no liabilityfor 
errors or omissions. 
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H umbu welcomes Patience Merriman, a devo- 
tee o f  nonsense research, our friend, and a 
popular local journalist. An advocate of the 
need for improvement in higher education, 

Patience recommends the courses below for students seek- 
ing advanced degrees. 

Self-Improvement 
1 100-Creative Suffering 
1 101 -Overcoming Peace of Mind 
1 102-You and Your Birth Marks 
1 103-Guilt Without Sex 
1 104-The Primal Shrug 
1 105-Ego Gratification Through Violence 
1 106-Whine Your Why to Alienation 

Business & Career 
BC1 -"How I Made $1 0 0  in Real Estate" 
BC2-Money Can Make You Rich 
BC3-Packaging & Selling Your Child 
BC4-How to Profit from your Body 
BC5-The Underachiever's Guide to Very Small Business 

Opportunities 
BC6-Tax Shelters for the Indigent 
BC7-Mortgage Reduction Through Arson 

Of  course, there are more . . . . for another time. 

Patience tells me that her Dad is devoted to composing 
"palindromes." Devoted?? . . . . He's an addict!! Anyone 
who spends his time this way belongs in this column. 

"What is a palindrome?" you ask. Well, ty ical of 
"Humbug," it makes as much sense reading it baccwards. 
I quote the following out of the hundreds in his file: 

-A Santo at NASA. 
-A Toyota! Race fast, so.'? c:r. A Toyota. 
-A man, a plan, .: -- ;::. . snama! 
-A slut nixes sex in Tulsa. 
-Able was I ere I saw Elba. 
-Dennis and Edna sinned. 
-Drat Saddam, a mad dastard. 
-Ed. I saw Harpo Marx ram Oprah W.  aside. 
-He did, eh? 
-Zeus was deified, saw Suez. 

Enough???? . . . . Enough!!!! 

* * * * * * * *  
t takes Dick Stewart to discover "50 Fun Things 
to Do in on Elevator." Well we won't list all of 
them in this issue but enough to give you some 
inspiration. Some of these may be rated "R" 

for ridiculous. In fact, they all are. But then, so is Dick! 

(1) Grimace painfully, while smocking your forehead 
and muttering. "Shut up dammit, all of you just shut UP!" 

(2) Stare at another passenger for a while, then an- 
nounce "You're one of THEM!" and move to the far corner 
of the elevator. 

(3) Crack open your briefcase or urse, and while 
peering inside ask, "Got enough air in tiere?" 

(4) Stand silent and motionless in the corner, facing 
the wall, without getting off. 

(5) Stare, grinning at another passenger and then 
announce, "I've got new socks on!" 

(6) W$en at least 8 people have boarded, moan from 
the back, Oh no, not now, damn motion sickness." 

(7) Frown and mutter "gotta go, gotta go" then sigh 
and say "oops." 

(8) Walk on with a cooler that says "humon head" on 
the side. 

(9) Say "Ding!" at each floor. 
(1 0) Start o singalong. 
(1 1) Take a bite out of a sandwich and ask another 

passenger, "Wanna see who in muh mouf?" 
(12) Stare at your thumb and say, "I think it's getting 

larger." 
(1 3) Shave. 
(14) Greet everyone getting on the elevator with a 

warm handshake and ask them to call you "Admiral." 

* * * * * * * *  

T hrough the th~u~htful'courtesy of Bob Athey, 
we again offer to the frustrated ardeners the 
advice of his mentor, Dr. ~ h l o r o ~ ~ ~ l l ,  Murphy's 
Laws of Gardening 

*The Jacaranda Principle: If anything goes wrong with 
your garden, it goes wrong with your favorite plant. 

*O'Clarke's Law: The heaviest frost of the winter will 
occur on the first night that you forget to cover a tender 
plant. 

*The Rainfall Rule: Rainfall is concentrated on week- 
ends and public holidays. 

*Noah's Hypothesis: The planting of a new garden will 
be followed by a flood unless there's a drought. 

*The Phantom Breeze Enigma: If spraying is carried out 
in calm conditions, weedkillers will be blown towards the 
shrubs but insecticide will be blown in your face. 

*The Cotastrofhe Theor/: Cats find newly planted seed 
beds superior to ~tty l~tter 

*Canine Corollary: Dogs find lovely plants superior to 
lamp posts. 

*And apropos of nothing: "Everything you see I owe to 
spaghetti." -Sophia Loren 

ick Kiefer offers proof how wrong you can be 
no matter who you are: 

"Computers in the future may weigh no 
more than 1.5 tons. 

Populor Mechanics (1 949). 

"I think there is o world market for maybe Five comput- 
ers." 

Thomas Watson, Chairman of IBM (1 943) 

"There is no reason anyone would want a computer in 
their home." 

Ken Olson, Chairman and Founder 
of Digital Equipment (1 977). 

-"640K ought to be enough for anybody." 
Bill Gates (1981) 

-Herb Hillrnan, Humbug's Nest, 
P.O. Box 135, Whitinghorn, VT 0536 1. 

108 Journal of Coatings Technology 



NUOCIDE" FUNGICIDE Huls' NuoCide fungicide, based on 
the active ingredient chlorothalonil, 

KEEPS MILDEW 
protects paint from mildew years 

longer than any tested competitor It's virtually insolu- 
ble in water and won't leach out of the Daint film, even 

in areas of heavy rainfall and high OUT OF THE PICTURE humidity Also. it won't degrade in 
0 U V Irght, as it doesn't depend on other 

pigments or additives to perform Test fence and industry-wide use prove this non-fug~tive, 
shelf stable biocide provides the most cost effective protection available1 

And Huls can enter the picture long before your paint touches the surface Our tech- 
nical service provides complete assistance to biocide customers After all, - - 
instead of having to fix mildew problems, Huls wants you to prevent 
them, period. - 

H ~ ~ L S  AMERICA INC. Colorants and Biocides Division 
220 Davidson Avenue, Somerset, NJ 08873 (908) 560-6800 
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FROM SCHOLD" 
HORIZONTAL :,:ZDIA MILLS 

I The originators of the shot milland your source for media mills 
since 1958, SCHOLD MACHINE CORPORATION is proud to 
introduce our new heavy duty Horizontal Media Mills with the 

same design innovations and 
dependability that 

have helped to make us the 

56 liter nlodel. 
Also available lin 
other capacities 
('/z-280 liters3 

. id  I! 
All ~chold-~orizontal Media Mills Come Complete With: 

Rotary Screen with 10 Gallon Flushout Funnel 
Carbide Gap Mounted to Variable Speed 
SS Alloy Discs Gear Feed Pump 
Pressurized Shaft Seals Media Washout Trough 
Media Discharge Tray Tbol Kit 
Zoned Chamber Cooling All Safety Features 
Sliding Chamber 

Safety Features 
Low Barrier Fluid Shutoff 
Low Barrier Fluid Pressure 
Shutoff 
High Temperature Shutoff 
High Pressure Shutoff . 
Motor High Temperature 
Shutoff 

7 ' 1  

ALL HORIZONTAL MEDIA MILLS ARE NOTALIKE - '  

I Ex~erience the Schold Difference 
T ,.* . Southern Facillty 

I S C H ~  
10590 Oak Street N.E., St. Petersbur FL 33716-3327 

Tel: 813-576-1147 Fax: 813-879-1806 PCHoLD I ,  TechnW & Safety Hotlime: I-~WRGD-MIXFI *MACHINE a CO. I , . midwest F ~ C ~ I W  
7201 'West 64th Place, Chigo, IL 60638-4692 

Precision Dispersion Equipment . 764583788 or 4564793 Fax: 708-458-3866 

Since 1949 les, Technical & Safety Hotline: 1-800-4MIXERS 

TWO Complete Test Labs For Your Convenk 
Schold Research ro development, Inc. 

I .  Tel: 813-576-1132 708-458-3793 
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