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Guide for Authors 
MANUSCRIPT PREPARATION 

T ~ ~ J O U R N A L  OF COATINGS TECHNOI.OGY is published monthly by In general, authors are advised to use the "Handhook for 
the Federation of Societies for Coatings Technology for ~ t s  Authors" pi~hlished 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 Br~tain, and Mexico. The Washington, D.C. 20036). 
JOURXAL 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 coat~ngs, and the~r use and performance. categories are: 

The Editors inv~te submission of original research papers, review OTiginal Research Tne main technical content of the 
papers, and papers under the special headings Open Forum and 

JOURNAL OF COATIN(;S TECHNOLOGY will continue to be original 
Back to Basics, and Letters to the Editor. All manuscripts will he research papers, ~d~~~~~ support trend in scientific writing to a 
assumed to be previously unpublished writing of the authors, not direct, less formal style that permits limited use of personal 
under consideration for publication elsewhere. When review pronouns to avoid repititious or awkward use of passive voice. 
rapers contain tables or graphs from copyrighted articles, the 
authors will he required r c ~  ohtain permission for use from the Rerieu' Papers: Papers that organize and compare data from 
copyright holders. when the organization with which 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 ohtain such clearance before submission of the beneficially be applied to coatings are also desired. Revieu~s that 

consist mainly of computer searches with little attempt to integrate 

subject may he approached infnrmally. Editors encourage submis- 
The ] O U R N . ~ L  OF COATIKGS TKHNOI.OGY has first right to the ,ion of manllscripts that constructively address industv 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: Papen that provide useful guides to Federation 

Papers in which proprietary products or processes are 

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 he reviewed in the Back to Basics category. 

1 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 c(,mplete copies shl,uld he sent to the Editor, JOURNAL OF C(ratings TechnolW, Or to another technical group, the name of 

c ~ ~ ~ ~ ~ ( ~ ~  T ~ ~ ~ ~ ~ ~ ~ ~ ; ~ ,  492 ~ ~ ~ ~ i ~ ~ ~ \ , , ~  ~ d , ,  ~l~~ ~ ~ 1 1 ,  PA 19422, the organization and the date of the presentation should be given. 

The cover letter should address copyright, clear;mce, and release If other than the author of the paper made the presents- 

issues discLlase,j above specify paper category: original tion, this information, too, should be noted. papers originally 

Research, Rezieu's, Open Forum, or Back to Basics. composed for oral presenration will have to be revised or rewritten 
hy the author to conform to the style described in this guide. 

Letters to the Editor: The JOURNAI. will consider for publication Manuscripts should be typed with double spacing on one side of 
all correspl~ndence relevant to the coatings industry and to the ' 8% x I1 inch (22 x 18 cm) paper with at least (me-inch (2.5 cm) 
contents of  JOURNAL. When a letter concerns an article 1 margins m all four sides All paragraphs should he indented five 
appearing in ~ ~ ~ J O U R S A L ,  the original author is usually given an spaces, and all pages should be numbered at the top center, or 

upper right corner. 

... by Constituent Societies 
For Annual Meeting Presentation 

The title should be as hrief and informative as possible. 
Ten complete copies of the manuscript are required for Selection of titles that are key word-indexable 1s a helpful and 

committee review. The set of copies shoold he addressed to Mike I recommended practice. 
Rell, Director of Educational Services, FSCT, 492 Norristown Rd., 
Blue  ell, PA 19422. Authors' Biographies and Photographs 

... for Roon Foundation Award Competition Give complete names, company or institutional affiliations, and 
hrief biographical sketches of all authors. If ava~lable, 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 
he submitted to Mike Bcll 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 J ~ U R N A L  in the 
January 1997 issue.) 

photographs for further details. 



Abstracts 

A 75 -100 word abstract must he 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 numhers, nor should it duplicate the 
Conclusion or Summary. 

Text 

Main headings and suh-headings should be used to improve 
readahil~ty, 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 
suhject. 

Only as much review as is necessary should he given to provide 
an introduction to the suhject; the main burden for extensive 
background should he placed on the list of references. 

Standard scientific and technical terminology should be used to 
convey clear and ~~namhiguous meaning, hut the use of technical 
jargon or slang should be avoided. Authors should bear in mind 
that the JOURNAL has an international audience, for many of whom 
English is a second, not native, language. Use of regional idioms or 
colloquialisms should be avoided. The use of obscure abhrcv~ations 
is also discouraged. When appropriate, abbreviations should he 
made in parenthesis immediately following first mention of the 
term in the text, and then used alone whenever necessary. 

R~~~~~ issues of the 10URNAL should he for desired 
style and technical level. 

Metric System 

Metric system units should he used wherever applicable with 
the equivalent English units shown afterwords in The 
ASTM Metric Practice Guide, E 380-72 (American Society for 
Testing and Materials, 1916 Race St., Philadelphia, PA 19103) is 
a convenient reference. 

Tables, Graphs, and Drawings 

Tables, rather than descriptive text, should he used only when 
they are genuinely helpful. They should he prnportioned in 
accordance with height and width lilnirations of the JoURN4L,s 

pages. Each table should he typed on a separate sheet, rather than 
included in the text, and appended to the manuscript. Each tahle 
should be numbered and have a descriprive caption. Tables should 
be referenced in the text (e.g., "See Table 1"). 

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

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 footnote. In general, trade names 
should be used only in footnotes or in an appendix, rather than in 
the text. 

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

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

Equations 

Equations must be typed, or written clearly, with equations 
numbered sequentially in parentheses to the right. If Greek letters 
are used, write out their names in the manuscript margin at the first 
point of use. Place superscripts' and subscripts, accurately. Avoid 
the use of superscripts in a manner that can lead to their interpreta- 
tion as exponents. 

Summary 

The paper should be concluded with a summary which is 
intelligible without reference to the main text. The summary may 
be more complete than the ahstract, listing conclusions drawn from 
the text. A well written summary can serve to inspire the busy 
reader to turn back to the paper, to read it thoroughly. 

Acknowledgment 

If used, it should follow the summary. 

References 

These should be listed in the numerical order in which they are 
cited in the text, and should he placed at the end of the manu- 
script. Names of authors may or may not he shown in the text with 
reference numhers. If possible, include titles of articles referenced 
in the literature. The following are examples of acceptable 
reference citations for periodicals, '.'.' books, ' and patents.' 

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

(2)Davidson, H.R., "Use and Misuse of Computers in Color Con- 
~ ~ O ~ , " ] O U R N A L  OF COATIN(:S TE(:HNOLOGY, 54, No. 691, 55 
(1982). 1 (3)Stephen, H.G., "Hydrogen Bonding-Key to Dispersion?," I. 
Oil & Colour Chemisrs' Assuc., 65, No. 5, 191 (1982). 

Graphs should he on good quality white or nonphotojiraphic (4)Patton, T. (Ed.), Pigment Handbook, Vol. 1, John Wiley & 
blue-lined 8'12 x 11 inch paper. Each graph should be drawn on a Sons, Inc., New York, 1973. 
separate sheet, numbered, and the captions listed on a COPY of the (5)Henderson, W.A. Jr, and Singh, B. (to American Cyanamid 
original graph. Graph captions and legends should also he typed on 
a separate sheet from original for typesetting. 

&.), U.S. Patent 4,361,518 (Nov. 30, 1982). 

Drawings should conforin to the guidelines given for Graphs and OTHER INFORMATION 
should he proportioned to fit the height-to-width ratio of the 
JOURNAL'S pages and columns. Galley proofs will h sent to the author fnr checking about six 

weeks prior to publication. 

Photographs Offprints may he pi~rchased in quantities of 100 or more. 

All photographs should be sharp, clear, black-and-white prints 
no larger than 8 x 10 inches in size. Photos should be clearly 

Authors will receive price quotations. Each author will receive a 
complimentary copy ( ~ f  the JOURNAL issue in which his or her paper 
was published. 

labeled on the reverse side, taking care not to mar the image. * * * * 
Color prints and slides are unacceptable. The JOURNAI. OF COATINGS TECHNOILY;Y is copyrighted by the 
When illustrations are secured from an outside source, the Federation of Societies for Coatings TechnoI(~gy The editnrial 

source must he identified and the Editor assured that permission to contents of the JOUIINAL may not he reprinted in whole or in part 
reprint has heen granted. 1 without written permission of the publisher. 
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Transitions 
It seems that beginning with the move in Head uar 
ters location in 1990, the Federation started l o i i n g  
at itself and where it stood-not just in geo raphical ! terms-but also, in relation to its mem ers, the 
industry, and its future. As you have no doubt read 
and/or heard, during the past five years the FSCT 
has examined the possibilities for improvement, dis- 
cussed potential avenues of action, and at the May 
meeting of its Board of Directors, finally, set the 
direction in which it i s  headed. 

The outcome from thousands of "man-hours" spent over the past 60 
months is  detailed on pp. 13-1 8 of this issue. The proposed bylaws 
changes, those which passed first reading in May and those which will 
be iven initial consideration in November, represent significant changes 
in t 9, e way the FSCT and its Societies recruit members, the manner in 
which the FSCT is governed, and with yet additional roposals on the 
establishment of Common Interest Groups-to be looke 8 at next Spring- 
the FSCT will embark on new opportunities to inform and involve a wider 
audience. 

Many have said, "If ain't broke, don't fix it." If taken in the context of this 
industry, the many changes it faces and the needs and wants of our 
industry members both now and in the future, may I suggest that this 
quaint saying be updated to: "If it seems it ain't broke, look again. Make 
it better!" 

In this space last month, JCT Editor Pat Viola reviewed the substantial list 
of changes and improvements in the Journal. These aren't just cosmetic, 
but real enhancements brought about by a realization that change was 
needed. These are just some of the more visible improvements in the 
FSCT. Like the changes in the JCT the changes bein addressed in the 
bylaws p~opos~ls ,  will enable the FSCT to more e!ectively meet the 
needs o ~ts Soc~etles and its members. 

Transitions are part of life both in business and personally; stressful, yes, 
but necessary for growth and fulfillment. While the FSCT is coping with 
the many changes taking place, both Pat Viola and I are lookin 

9 il forward to a transition of a personal nature. Althou h some may thin 
that an announcement of this type is  inappropriate or a trade iournal 
(it's probabl the first time ever that this has been done), we have 
relented to t 1: e many requests over the past several months: You see, 
we're getting married this month and we want to thank all of the 
members/readers who have expressed their good wishes. 

Meanwhile, the FSCT looks forward to increasing the number and scope 
of its activities and services to its members and the industry. Please let us 
know your thoughts on the issues presented here, along with any 
suggestions you may have for improvement. Thank you. 

Robert F Ziejler 
Executive Vice Presi ent 
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Spanish translations provided by Jose I. Ramirez, Technical Chief, 
lnstifute Mexicona de T6cnicos en Pinturas y Tintos (ANAFAPYTJ 

Silanes in High Solids and Water Silanes hove been used effectively in solvent-based or waterborne coatings to crosslink binder 
borne Coatings-Ming J. Chen, Fred resins, increase pigment dispersion and improve end use properties, such as mar and solvent 
D. Osterholtz, Eric R. Pohl, Philbert E. resistance and durability. A series of silylated s rene acrylic clearcoots have been prepared 
Ramdatt, Antonio Chaves, and and studied in order to understand the chemica?bnd physical parameters that influence the mar 
Valerie Bennett resistance and weathering properties of the cured coatings. It was found that the silane content 

affects the indentation hardness, coefficient of friction, modulus, and toughness of the cured 
JCT, Vol. 69, No. 870, 43 Ouly 1997) coatings. A relationship between these coating characteristics and mor resistance is demon. 

stroted. In woter dispersed and emulsion polymer systems, silanes maximize properties, such as 
adhesion and solvent resistance. Silanes are incorporated into these systems via copalymeriza- 
tion or post addition. Recent advances in waterborne silane technologies are discussed, 
including methods of improving formulation stability. 

Silanos en Recubrimientos de Altos Los silanos han sido utilizados efectivomente en recubrimientos base solvente y base agua para 
Solidos y Base Agua-M.J. Chen et vehiculos de resinas reticulantes al facilitar la dispersion de pi  mentos y meioror las 
al. propiedodes de uso final, como la resistencia o lo abrasi6n, 3 solvente y la durabilidad. Una 

serie de recubrimientos trasparentes a base de acrilico - estireno - siliconados fueron 
preparados y estudiodos con la finalidod de entender 10s portrmetros fisicos y quimicos que 
influyen en la resistencia a la abrasi6n y las propiedodes de intemperismo de 10s 
recubrimientos curados. 

Se encontr6 que el contenido de silanos afecta la dureza de penetraci611, el coeficiente de 
friccibn, 10s m6dulos de fuerza y la durezo total del recubrimiento curado. Se demonstrri la 
relacion entre estos caracteristicas del recubrimiento y la resistencia a la abrasion. Los sistemas 
de polimeros que se ofrecen en forma de emulsi6n o dispersados en agua moximizan los 
propiedades de 10s silanos tales como lo adhesicin y la resistencia a solventes. Los silanos se 
incorporan en estos sistemas via copolimerizaci6n o post-odicion. Se discuten 10s avances 
recientes en la tecnologia de 10s silanos para sistemas base agua, y se incluyen metodos para 
meioror la estabilidad de las formulaciones. 

Corrosion Resistance and Dielectric Polymeric composites of a bisphenol-Aepoxy resin and iron oxide filler (1 5% w/w] were 
Properties of an Iron Oxide Filled deposited on pretreated steel specimens. The applied coatings had a thickness of 80 pm and 
Epoxy Coating-N. Kouloumbi et al. 220 pm. The modification of the anticorrosive and dielectric characteristics of these coatings, in 

a corrosive environment (3.5% NaCI], were monitored by potentiodynamic polarization 
JCT, Vol. 69. No. 870, 53 Duly 1997) measurements, electrochemical impedance spectroscopy, and dielectric measurements. 

Corrosion resistance of composite coatings was found to be somewhat higher than that of 
unfilled epoxy coatings. Coatings containing iron oxide exhibited capacitive behavior as 
revealed by dielectric and EIS meosurements. This behavior is more pronounced in high 
thickness composite coatings. 

Propiedades DielCtricas y Se aplic6 sobre un probeta de acero trotado un compuesto polimkrico a base de resina 
Resistencia a la Corrosion de un ep6xica tip0 bisfenol A y con carga rellenadora de 6xido de fierro (15%). Se aplico a un 
Recubrimiento Epoxico con Carga espesor de pelicula seca de 80-220 micras. La modificaci6n que sufrieron las caracteristicas 
Rellenadora de Oxido de Oxido de dielectricas y onticorrosivas de este recubrimiento fueron monitoreados mediante mediciones de 
Fierro-N. Kouloumbi et al. polorizaci6n potenciodinamica, espectroscopia de impedancia electroquimica (EIS) y la 

medici6n dielectrico, en un ambiente corrosivo (3.5% de NaCI). 
Se encontro que lo resistencia a lo corrosi6n del recubrimiento analizado es algo mayor 

que la de un recubrimiento ep6xico tipico sin carga rellenadoro. La capacidad de 
funcionamiento que muestro el recubrimiento que contiene el 6xido de fierro se evidenci6 
medionte mediciones dielectricas y de espectroscopia de impedancia electroquimico. Este 
funcionamiento es mtrs pronunciado a altos espesores del recubrimiento. 
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High Performance Coating Films This study deals with a method of curing paint film at ambient temperature with a film-penetra- 
Cured by Novel Penetrating Method: tive crosslinker. The method is based on the phenomenon that, after a wet coating film becomes 
Anionic Resin Paints-Y. Nakayama thermoplastic, it is dipped in an aqueous solution of crasslinker. The crosslinker then penetrates 

into the film, and the film con be cured with the passage of dipping time. 
JCT, Vol. 69, No. 870, 61 (July 1997) Herein an anionic copolymer containing diacetone acrylamide was emplayed as the main 

resin and carbohydrazide as the film-penetrative crosslinker. Cured films can be prepared with 
a short dipping time using this method. The curing front propagates from the film surfoce 
towards the substrate surface according to the penetration of the crasslinker. Excellent films were 
obtained when they were dipped in a suitable crasslinker solution containing the proper organic 
solvents (accelerator of penetration rate) and an appropriate acid (promoter of the reaction). In 
particular, the adhesion after the water resistance test was excellent compared with that of the 
coating film obtained by the twocomponent cootin method. 

If the method is completed from both a technicagand engineering standpoint, industrial paint 
can be cured practically at ambient temperature without bulky devices for hardening the coating 
films. 

Curado de un Recubrimienta de Alto Este estudio trata de un metodo de curado de pelicula de pintura a temperatura ambiente can 
Desempeiio Mediante el Original un reticulante de penetraci6n de pelicula. Este metoda esta basado en el fen6meno de que 
Metado de Penetracibn. Pintura de despues de que la pelicula de recubrimiento en estado termopl6stico es inmerso en una 
Resina Anionica-Y. Nakayama solucidn acuosa del reticulante, el reticulante entonces penetra dentro de la pelicula y 6sta cura 

conforme posa el tiempo de inmersi6n. 
Aqui es necesario mencionar que se utiliz6 como resina principal un copolimero anionic0 

conteniendo acetona acrilom~da y como reticulonte de penetraci6n de pelicula la 
carbohidrazida. 

Pueden ser preparadas peliculas curadas con cortos tiempos de inmersi6n usando este 
metodo. 

El curado se inicia desde la superficie de la pelicula y se propago en direcci6n del sustrato 
de acuerdo a la velocidad de penetraci6n del reticulante. 

Fueron abtenidas excelentes pelicules las cuales fuer6n inmersos en una soluci6n adecuada 
de reticulante que contengo un solvente organic0 adecuada (acelerador de las velacidad de 
penetracion] un acido apropiado (catalizadar o promotor de la reaction). En especial la 
adhesi6n de elicula de recubrimiento fue excelente despu6s de lo pruebo resistencia al 
ogua cornpara& con el resultado obtenido con la pelicula de recubrimiento curada mediante 
el metodo normal de dos componentes. 

Si el metodo de inmersi6n se completa desde el punto de vista tecnico y de ingenieria, las 
pinturas industriales pueden ser curadas practicamente a temperatura ambiente sin equipos 
voluminosos para el endurecimiento de las peliculas de recubrimiento. 
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Proposed Amendments 
to FSCT Bylaws and Standing Rules 

The following amendments to the Fedemtion&la\\s and Standing Rules passed First Reading at  the &fay 18,1997 
meeting ofthe Board. They \ d l  be presented for Second and Final Reading at  the Board Meeting ofNovember 2,1997 
inAtlania. 

The Amendmentspmvide for implementation ofStrategic Planning objectives. The Bylaxis Committee recommends 
adoption ofthe amendments. 

F r e i d u n h a r i  
Chair, Bylaws Committee 

For Second Reading 
Amendment to Remove Dues Amount 

from Bylaws and Add to Standing Rules 

Bylaws 
ARTICLE XI1 

Dues 

Delete Sections A. throuph D. o f  ARTICLE XII: 

A. A c r r v ~  AND ASSOCIATE MEMBERS 

8. AFFILIATED MEMBERS 
Affiliated Members shall pay to the Federation annual 

dues equal to the nonmember subscription price of BY  JOURNAL 
OF COATINGS TECHNOLOCY applying to the address of the Affili- 

I ated Member. 
C. EDUCATOR AND STUDENT MEMBERS 

Each Constituent Society shall pay to the Federation 
annual duesof twelve andone-half dollars ($12.50)inU.S. funds 
per capita for each Educator and Student Member of the Con- 
stituent Society. 

Each Constituent Society shall pay to the Federation office 
annual duesoftwenty-fivedollars ($25.00) in U.S.fundspercapita for 
each Active and Associate Member of the Constituent Society. 

D' REnRED AND MEMBERS 

Each Constituent Society shall pay to the Federation 
office annual dues eaual to one-half the amount established for 

B. AFFILIATED MEMBERS 
Affiliated Members shall pay to the Federation annual dues 

eqlral to the nonmember subscription priceof ~ ~ ~ ~ O U R N A L O F C O A T ~ N G S  
TECHNOLOGY applying to the address of the Affiliated Member. 

D. RETIRED AND SOCIETY HONORARY MEMBERS I (Following discussion at its May 18,1997 meeting, the Board 
Each pay the Federation of f i ce  voted to amend the original proposal, reinstating the Members-at- 

annual dues equal to one-half the amount established for Active L~~~~ on the ~ ~ ~ ~ d , )  
Member, for each Retired and Society Honorary Member of tlze 
Constituent Society. Amendment to Reduce the Size 

of the FSCT Board of Directors 
Replace with the followine: by the Elimination of the 

The Board of Directors shall establish the amount of the 1 NPCA Representative Position 

Active Members, for each Retired and Society Honorary Mem- 
ber of the 'Onstituent Society. 

and renumber all subsequent Standine Rules 

C. EDUCATOR AND STUDENT MEMBERS 
Tlze dues, ifany, of Educator and Student Members shall be 

determined by the Board of Directors. (Current dues are $12.50.) 

annual dues applying to all classes of membership to be paid to 1 
the Federation. I 

I 

+-+-I- 

For Second Reading 

Bylaws 
ARTICLE IV 
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Following Standine Rule ARTICLE SR VIII, insert: 

Standing Rule 
ARTICLE SR IX 

Dues 

A. Acnm AND ASSOCIATE MEMBERS 
Each Pay the 

dues twenty-five ($25.00) in funds 
Per for each Active and Member the 
stituent Society. 

Organization 

Under ARTICLE IV, Section B, o f  the Bylaws.  delete: 

B. BOARD OF DIRECTORS 
The Board of Directors shall cons~st of the President, President- 

Elect, Secretay-Treasurer, four Members-at-Large, the immediate 
Past-PresidentormostrecentnvailablePast-President, twoadditional 
Past-Presidents, a11 of the Society Representatives, and a representa- 
tiveappointedby theNationalPaint &CoatingsAssocintion (NPCA).  
Active membership shall be required for all members of the Board of 



Directors, except (I) the Past-President members may hold any class I Standing Rule 
of membership in the Federation, and (2) the representative of the ARTICLE SRII 
NPCA, who need not be a member of the Federation. Membership in Constituent Societies 

And revlace with: 
' Rename Standing Rule ARTICLE SR 11; Section C from 

"METHOD OF ELECTION TO MEMBERSHIP" to "METHOD OF ATTAIN- 
B. BOARD OF DIRECTORS ING MEMBERSHIP." 
The Board of Directors shall consist of the President, Presi- 

dent-Elect, Secretary-Treasurer, four Directors-at-Large, the 
immediate Past-President or most recent available Past-Presi- SR Section C. (I): 
dent, two additional Past-Presidents, and all of the Society (1)  A n  applicant for Active, Associate, or Educator and Student 
Representatives. Active membership shall be required for all class of membership must be proposed by a Voting Member ruho has 
members of the Board of Directors, except the Past-president verified the eligibility of said applicant for the class of membership 
members may hold any class of membership in the Federation. proposed. I f  the application is approved by the Constituent Society 

Memberslzip Committee, itshall besubmitted to the membershipof the 
Under ARTICLE Vll, Section C. o f  the Bylaws, delete: Constituent Society at a regular meeting of the Society. Election to 

(9) The NPCA Representative on the Board of Directors shall be members hi^ be a tzuO-thirds favorable of the 
appointed annually by the NPCA. Members present and voting. I f  the applicant is elected to Society 

membership, both copies of the application, bearing the Constituent 
Society Secretary's certification of election, shall be forwarded to the 

+++ Executive Vice President of the Federation who will sign the original 
and return it to the Society. 

For Second Reading 

Amendment to Change the Membership Year 

Replace: 
Bylaws 

ARTICLE XI11 
Fiscal Year 

The Fiscal Year oftheFederntion shall end on December 31. 

With: 

Bylaws 
ARTICLE XI11 

Fiscal Year and Membership Yea1 

The Fiscal Year of the Federationshall end on December 31. 
The Membership Year of the Federation and the Constituent 
Societies shall end on June 30. 

For Second Reading 

Resolution to Eliminate Elections 
for New Constituent Society Members 

Bylaws 
ARTICLE I11 

Constituent Societies 

Delete ARTICLE Ill, Section E.: 

E. PROCEDURAL MATTERS 
The organizingof Constituent Societies, Constituent Soci- 

ety boundaries, and election to membership in Constituent Societies 
are subject to the provisions of the Standing Rules of the Federation, 

Revlace with the following 

1 Replace with the follow in^ 
(1) An applicant for Active, Associate, or Educator and 

Student classof membership mustbe approved by theconstitu- 
ent Society Membership Committee that verified the eligibility 
of said applicant for the class of membership proposed. The 
application, bearing the Constituent Society Secretary's certifi- 
cation of eligibility, shall be forwarded to the Executive Vice 
President of the Federation, who will sign and return it to the 
Society. 

I Delete ARTICLE SR 11. Section C. (2): 

1 ( 2 )  A n  applicantfor Retired Membership, after recommendation 
by theMembership or other appropriate committee of the Constituent 
Society, shall besubject toelection to inembership by two-thirdsof the 
Voting Members present and voting at any regular meeting of the 
Society. The application shall be processed in the same manner as an 1 application for Active Membership. 

I Replace with the follow in^ 
(2) An applicant for Retired Membership, after recommen- 

dation by the Membership or other appropriate committee of 
the Constituent Societv. shall be ~rocessed in the same manner 1 as an application for ~ c t i v e  ~ e k b e r s h i ~ .  

Delete ARTICLE SR K Section C. (3): 

(3) A n  application for the transfer of an Active Member or an 
AssocinteMen~berfrom onefirm toanother within thesnmeConstitu- 
ent Society shall be processed in thesame mani~eras an application for 
Retired Membership. I f  thejirm to ruhich the member is transferring 
currently employsa member ofthesameclass, theapplication need not 
be subject to n vote by the membership, may be certified by the 
Secretary, and be forwarded to the Executive Vice President of the 
Federation. It is expressly provided, however, that an Associate 
Member may not assume Active Membership in another firm by 
meansof the transfer procedure. A n y  Constituent Society may require 
any applicant for transfer to be subject to the full procedures as if 
application ruere being madefor anew membership, in accordanceruith 

1 suck requirements as may be included in the Constituent Society By- 
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E. PROCEDURAL M A ~ E R S  
The organizing of Constituent Societies, Constituent Soci- 

ety boundaries, and membership acceptance in Constituent 
Societies are subject to the provisions of the Standing Rules of 
the Federation. 

Laws. 

with thefo110win_4: 

(3) A, application for the transfer ofan ~~~i~~ ~~~b~~ or 
an Associate Member from one firm to another within the same 



Constituent Society shall be processed in the same manner as an 
application for Retired Membership. It is expressly provided, 
however, that an Associate Member may not assume Active 
Membership in another firm by means of the transfer proce- 
dure. Any Constituent Society may require any applicant for 
transfer to be subject to the full procedures as if applicationwere 
being made for a new membership, in accordance with such 
requirements as may be included in theconstituent Society By- 
Laws. 

For Second Reading 

Resolution to Allow the FSCT to 
Accept New Constituent Society Members 

Followine Standing Rules ARTICLE SR 11. Section C. (3) 
add the following 

(4) An application for a new Active, Associate, Educator 
and Student, or Retired member can be accepted by the Federa- 
tion. If the proposed member resides or is employed, or per- 
forms services within the territorial boundaries of a Constituent 
Society, the application will be forwarded to that Constituent 
Society's Membership Committee for processing in accordance 
with ARTICLE SR I1 Section C (1) and C (2) of the Standing 
Rules. The Federation will collect the appropriate Constituent 
Society's duesat thetime of application. TheConstituentSociety's 
portion of that amount for the proposed member will be for- 

warded when the Federation receives the certified application 
back from the Society. If the application is not certified by the 
Constituent Society, the collected dues will be returned to the 
proposed member. During the processingof the application, the 
proposed member may exercise the same rights as an Affiliated 
Member. If the proposed member does not reside or is not 
employed, or does not perform services within the territorial 
boundaries of a Constituent Society, the application will be 
processed for Affiliated Membership in the Federation under 
ARTICLE I1 Section A (4) of the Bylaws. 

For Second Reading 

Resolution to Allow the FSCT 
to Collect Constituent Society Dues 

( Add the followinp to Standing Rules ARTICLE SR 11: 

F. MEMBERSHIP RENEWAL 
At the option of each Constituent Society, the Constituent 

Society's duesmay becollected by theFederation. Ona monthly 
basis, the Federation will forward a roster of Constituent Soci- 
ety renewals along with the collected dues, less the appropriate 
Federation dues. If a Constituent Society elects this option, it 
will be the Constituent Society's responsibility to inform the 
Federation in writing of any dues structure change at least 120 
days prior to the date the change takes effect. 

The following amendments to the Federation Bylaws and Standmg Rulrs mil l  be p s ~ t r ~ 1  for First Reading at the 
Board Meeting ofNo~wnber 2,1997 in Atlanta. 

The Amenthents provide for implementation of SIrdtegic F'lamingobjedi~~~,~. The Bylaws Committeereeommen(ts 
adoption ofthe amendments. 

Freidun Anmmi, 
Chair, Bylaws Committee 

g. Fillvacanciesoccurring amongtheelectedofficers, the 
For First Reading Past-Presidents, and Directors-at-Large on the Board of Direc- 

Resolution to Increase the Executive Committee 

Under ARTICLE IV, Section B. Board o f  Directors (1). of the 
Bylaws, delete: 

Representatives on the ~ x e c i t i i e  ~ommittee.  

tors, and the Society Representatives and Director-at-Large on 
the Executive Committee. 

Under ARTlCLE IV, Section D. Executive Committee. of the 
Bylaws. delete the f irst  paraxravh: 

c. the three of the Ex- 
ecutiue Committee. 

g. Fill uacnnciesoccurringnmong theelecfedofficers, the Past- 
Presidents. Members-at-Larre of  the Board of  Directors, and Societv 1 And replace with: 

The Executive Comrnjttee shall consist of seven members: the 
President, President-Elect, Secretary-Treasurer, immediate Past- 
President or most recent nunilable Past-President, and three Society 
Represen tntiues, 
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And replace with: 

c. Elect the four Society Representative members and 
the Director-at-Large on the Executive Committee. 

The Executive Committee shall consist of nine members: 
the President, President-Elect, Secretary-Treasurer, immediate 
Past-President or most recent available Past-President, four 
Society Representatives, and a Director-at-Large. 



Under ARTICLE ZV, Section D. Executive Committee. of the 
Bwlaws, delete: 

(31 Quorum. A quorum shall consist offive members, at least 
two of whom must be oflcers. 

And replace with: 

(3) Quorum. A quorum shall consist o f  six members, at 
least two o f  whom must be officers. 

Under ARTICLE Vll, Section A. Nominations. o f  the Bvlaws, 
delete: 

(I) The Nominating Committee shall prepare a slate nominat- 
ing the following: President-Elect; Secretay-Treasurer; Members- 
at-Large on the Board of Directors; Past-Presidents on the Board, 
except the Immediate Past-President; Society Representatives on the 
Executive Committee. Should the immediate Past-President be un- 
able to serve, the Committee shall determine the most recent available 
Past-President. 

tives shall expire each year. The term o f  any of  the four Society 
Representatives shall terminate automatically upon ceasing to 
be a regularly qualified Society Representative. The term of  any 
member of  the Executive Committee shall terminate automati- 
cally upon such member ceasing to be a regularly qualified 
member o f  the Board o f  Directors. 

For First Reading 

Resolution to Change Duties of the 
Board of Directors and Executive Committee 

Under ARTICLE 111, Section C. Mutual Interest, o f  the By- 
laws, delete: 

nominating the following:-President-~lect; ~ecri ta;~-~reasurer;  
Directors-at-Large on the Board of  Directors; Past-Presidents 
on the Board, except the Immediate Past-President; Society 

And replace with: 

(1) The Nominating Committee shall prepare a slate 

Representatives onAthe Executive Committee, and the ~ i r e c -  
tor-at-Large on  the Executive Committee. Should the Immedi- 
ate Past-President be unable to serve, the Committee shall 
determine the most recent available Past-President. 

C. Mutual Interest 
(1) No Constituent Society shall independently takefinal ac- 

tion uaon matters involvinp the interests or volicies ofthe industru as 
a whke. Such matters, wiih the recommendation ofthe constitient 
Society, shall be referred by the Constituent Society to the Federation 
Board of Directors. 

(2) All contemplated action by Constituent Societies with re- 
gard to specifications shall be referred to the appropriate committee of 
the Federation. 

Under ARTICLE VII. Section B. Election, o f  the Bylaws. de- 1 And replace with: 
lete: 

(2) The Board of Directors shall elect the President-Elect; Sec- 
r e t ~  y-Treasurer; Members-at-Large on the Board of Directors; Past- 
Presidents on the Board, except the immediate Past-President; and 

C. Mutual Interest 
(1) N o  Constituent Society shall independently take final 

action upon matters involving the interests or policies o f  the 
industrv as a whole. Such matters. with the recommendation o f  

President; Society Representatives on (he Executive Commit- 
tee; and the Director-at-Large on  the Executive Committee. 

Society Representatives on the Executive Committee. 

And replace with: 

(2) Board of Directors shall elect the President-Elect; 
Secretary-Treasurer; Directors-at-Large on  the Board of  Direc- 
tors; Past-Presidents on the Board, except the immediate Past- 

Under ARTICLE VlZ, section C. Terms o f  Office. o f  the Bylaws, 
delete: 

the coistituent Society, shall be' referred b y  the Constituent 
Society to the Executive Committee for consideration. 

(2)  Allcontemplated actionby Constituent Societies with 
regard to be referred to the Executive 
mittee for consideration' 

(1 )  Thefour Members-at-Large on the Board of Directors shall 
be elected for two-year terms. The terms of two of the four Members- 
at-Large shall expire each year. 

(4) The three Society Representatives on the Executive Com- 
mittee shall be elected for three-year terms. The term of one of the 
Society Representatives shall expire each year. The term of any of the 
three Society Representatives shall terminate automatically upon 
ceasing to be a regularly qualified Society Representative. 

And replace with: 

(1) The four Directors-at-Large on the Board o f  Directors 
shall be elected for three-year terms. The terms o f  at least one 
of  the four Directors-at-Large shall expire each year. 

(4) The four Society Representatives and the Director-at- 
Large on the Executive Committee shall be elected for three- 
year terms. The term of  at least one o f  the Society Representa- 

Under ARTICLE ZV, Section B. Board o f  Directors (1). o f  the 
Bvlaws, delete: 

I. Approve the site of each Federation Annual Meeting and 
Paint Industries' Show. 

And replace: 

n .  Receive written reports on their activities from the 
Federation Officers, Committee Chairmen, and the President 
o f  the Coatings Industry Education Fund semiannually; and 
from Constituent Societies annually. 

With: 

n. Receive written reports on activities from Federation 
Officers, the Executive Committee (including the annual oper- 
ating plan), and the President o f  the Coatings Industry Educa- 
tion Foundation semiannually; and on the activities o f  the 
Constituent Societies from the Society Representatives annu- 
ally. 

and reletter all lines of this section. 
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Under ARTICLEIV. Section D. Executive Committee (I), o f  the 1 c. Hnveclrnrgen~~d cllstod!/oJ nnd bere~po~~~ibIefor,~IIf~nd~ 
Bvlazos. delete of the Federntion, nnd the books nrld records relntir~g to the snrr~e. 

f. Hold n mirlirrr1rn1 of t m  rileeti~rgs ench year nt times nnd 
places to be designated by the Presiderlt. 

And replace with: 

f. Hold a minimum of four meetings each year at times 
and places to be designated by the President. 

add: 

a. Act on behalf of the Board of Directors between meet- 
ings of the Board of Directors. 

and reletter all lines in this section. 

Under ARTICLE IV. Section D. Execlrtive Committee, o f  the 
Bylaws. delete: 

(2) Emergency Funding. Betrueen meetings of the Executive 
Comn~ittee, troo elected oficers ncting together nre nuthorized to 
expend funds up to 1% of the approved budget, or an amo~rr1t 
previously set by the Bonrd of Directors for non-budgeted items. 

And replace with: 

(2) During any fiscal year, the Executive Committee is 
authorized to expend funds for non-budgeted items only if the 
total of the proposed non-budgeted expenditures, less non- 
budgeted related income to be received in the same fiscal year, 
does not exceed an amount equal to 1% of the operational 
budget for the year. Authorization of greater expenditures 
must be made by the Board of Directors. 

GENERAL, of the Bylaws: 
Whenever the term "Member-at-Large" or "member-at- 

large" (or the plural thereof) appears in the Bylaws, there shall 
be substituted the term "Director-at-Large" (or plural thereof). 

For First Reading 

Resolution to Create 
a n  Annual Operating Plan 

and  a Three Year Strategic Plan 

Under ARTICLE IV, Section B. Board of Directors (1). of the 
Bylaws. add: 

j. Approve an annual operating budget plan and three 
year strategic plan presented by the Executive Committee. 

(and reletter all subsequent lines of this section.) 

UnderARTICLEIV. Section C. Officers (3) Secretaru-Treasurer, 
o f  the Bylaws. delete: 

a. Act as custodian of the books and records of the Federation. 

d. Deposit all such funds in the name of the Federation in 
depositories selected by the Board of Directors. 

and revlace: 

f. Serve ns clrstodinrz of the corpornte sen1 nnd n f ix  the seal to 
nll docrlnrents, the execution and delivery of zulriclr nre drrl!/ nutho- 
rized. 

g. Record the mirlutes ofnll meetirlgsof the rnembersnr~dof the 
Bonrd o f  Directors nndpir~eall notices ofsuch meetings in nccordnrlce 
with ti;? Bylnros. ~' 

The Secretnr!/-Trmsurer slrnll be bonded nt the Federntion's 
expense for nrl nmorrnt determined by the Execrrtive Conrmittee. No 
contrncts shnll be entered into, nor dlsb1rrseme11ts mnde, iritholrt the 
prror npprowl of the Secretnr!/-Trensrrrer and the Presrdent nctrrlg 
under the nlrthorizntioit by tlir Execrrtioe Committee. 

with: 

b. Be responsible for all funds of the Federation and the 
books and records relating to the same. 

d. Serve as custodian of the corporate seal and affix, or 
cause to be affixed, the seal to all documents, the execution and 
delivery of which are duly authorized. 

e. Record, or cause to be recorded, the minutes of all 
meetingsof themembersand of the Board of Directorsandgive, 
or cause to be given, all notices of such meetings in accordance 
with the Bylaws. 

Thesecretary-Treasurer shallbe bonded at the Federation's 
expense for an amount determined by the Executive Commit- 
tee. 

and reletter all lines in this section. 

Under ARTICLE IV, Section D. Executive Committee U) de- 
lete: 

c. Adopt the annllnl opernting budget nnd nuthorize the expen- 
diture ofnll funds in keeping zuith the provisiorls of tlrese B!/lnros, 
either by specific direction to tlre President nrld Secrefnry-Trens~lrer, 
or by limited allocation offirtlds to be expended nt the discretion of 
Committees duly appointed by the Presideirt. 

And revlace with: 

c. Develop and submit to the Board of Directors 60 days 
prior to the Fall Meeting of the Board of Directors at which 
adoption of the operating budget plan and three-year strategic 
plan are to be considered, a proposed annual operating budget 
plan and three-year strategic plan. Such plans shall be consis- 
tent with fiscal guidelines as may be developed from time to 
time by the Board of Directors or Executive Committee. 

and reletter all subseauent lines. 

For First Reading 

Resolution to  Allow for the 
Rearrangement of Federation Committees 

Under ARTICLE IV, Section E. Society Representative (1). of 
the Bylaws. add: 

d. Serve on Federation Committees when appointed by 
the President. 
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Under ARTICLE VIII o f  the Bylaws. delete: direct mailing at least 60 days prior to the President and Secre- 
tary of each Constituent Society and the members of the Board 

B. Standing Committees; Other Committees of Directors of the corporation. 
The President shall appoint the following Standing Commit- 

tees: Bylaws, Educational, Finance, Membership, and Publications. XV Amendments B. Processin o f  the - 
The President shall also appoint any other Committees which may be - - 
rewired to conduct the business o f  the Federation. 

And reolace with: 1 (2) The Executive Vice President shall plrblish the report of the 
Bylaws Committee in the Iournal of Coatin~s Technolo,gl, and mail 

B. Bylaws Committee 
The President appoint the Chair and members of the 

Bylaws Committee. 

Add: 
C. Other Committees 
~ 1 1  other committees which may be required to conduct 

thebusinessof theFederationshallbeestablished by theExecu- 
tive Committee. The President shall appoint the Chair of each 
such Committee. Thechair, in turn, shall appoint the members 
of the Committee with the prior approval of the Executive 
Committee. 

C C +  

For First Reading Under ARTICLE XV, C. Consideration b y  Federation Board of 
Directors. o f  the Bylaws. delete: 

Resolution to Expedite the Leyislative Process 
(I) Resolutions to alter, amend, or repeal these Bylaws may be 

i i to  the President and Secretary ofeach ~ o i s t i t u e n t  ~ o c i e t ~  and the 
entire membership of the Federation Bonrd of Directors, at least 90 
days prior to the regular or special meeting of the Board at which the 
proposed amendments are to be considered. Following the action 
taken by the Board of Directors, the Executive Vice President shall 
publish in the]ournal of Coatings Technology the texts of the resollr- 
tions adopted, and mail them to the President and Secretary of each 
Constituent Society and the entire membership of the Board at least 
90 days prior to the next regular or special meeting of the Board 
cfllledfor the purpose offinal vote on the proposed flr~~endmellts. 

And replace with: 

(2) The Executive Vice President shall forward the report 
of the Bylaws Committee to the President and Secretary of 
each Constituent Society and the entire membership of the 
Federation Board of Directors at least 60 days prior to each 
such regular or special meeting of the Board at which the 
proposed amendments are to be considered, and shall cause to ' be published in the Journal of Coatings Technology such re- 

Under the ARTICLES OF INCORPORATION 9, delete: 

9. The Articles of Incorporation of the corporation may be 
altered, amended, or repealed by a three-fourth vote of the entire 
membership of the Board of Directors of the corporation. This action 
must be taken at two successive regular or special meetings of the 
Board of Directors. At  least ninety days notice of such a proposal 
shall have been given before each such meeting by publication in the 
/ournu1 of Coatings Technology and direct mailing to the President 
and Secretary of each Constitlrent Society and the members of the 
Board of Directors of the corporation. The procedure or lsicl origi- 
nating, processing and considering amendments to the Articles of 
Incorworntion shall be identical in cverv resoect as orescribed in the 

(Theportionofthefollowingresolutionpertainingtotherevision 
oftheFederation's ArticlesofIncorporation ispresentedhere for First 
Reading and, ifapproved, application for revision will be forwarded to 
the Commonwealth of Pennsylvania.) 

considered at any two slrccessive regular or special meetings of the 
Federation Board of Directors. A majority vote of all members of the 
Board shall be required to makeany change in the text of the proposed 
amendments, provided that any such changes may not exceed or 
reduce the purpose or intent o f  the amendments as previo~~sl!y pub- 
lished. 

(2) Resolutions to alter, amend, or repeal these Bylaws, having 
been subject to consideration by the Federation Board of Directors, 
must beapproved by a two-thirds voteof theentire me~itbersliipof the 
Board o f  Directors. This action must be taken at two successive 
regular or special meetings of the Board. The approved amendments 
shall become efective immediately, or at a time spec#ed in the 

port at least 45 days prior to each such regular or special 
meeting of the Board at which the proposed amendments are 
to be considered, 

a ,  0 

Bylaws for amendment to the Bylaws. 1 resolution 

And reolace with: , And reolace with: 
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9. The Articles of Incorporation of the corporation may ' Resolutions toalter, amend, or repeal theseBylaws, having 
be altered, amended, or repealed by a three fourth vote of the 
membership of the Board of Directors of the corporation present. 
This action must be taken at two successive regular or special 
meetings of the Board of Directors. At least 45 days notice of 
such a proposal shall have been given before each such meet- 

beensubjecttoconsiderationby theBylawsCommittee,mustbe 
approved by a three-fourth vote of the members of the Board 
present. This action must be taken at two successive regular or 
special meetings of the Board. The approved amendments shall 
become effective immediately, or at a time specified in the 

ing by publication in the Journal of Coatings Technology and , resolution. 



MANUFA~TURED TU ISO 9002 STANDARDS 
Concern for environmental and workplace safety 

mandates the replacement of hazardous solvents. 
M-Pyrol NMP (N-methyl-2-pyrrolidone) is the answer 
to problems associated with many solvents presently 
in use. M-Pyrol's low flammability, low volatility, bio- 
degradability, low aquatic toxicity, and recyclability 
make it the ideal replacement for hazardous solvents. 
M-Pyrol reduces VOC emissions and has no adverse 
effect on the ozone layer. Easy to use, M-Pyrol 

solvents are non-carcinogenic and non-teratogenic. 
Ask about ISP's line of pre-formulated Engineered 

Solvents for cleaning, stripping and degreasing. 
For samples, call the ISP Sample Center at 1-800- 

243-6788. To place an order, call ISP Customer & 
Sales Service at 1-800-522-4423. For information 
on GAF Filter systems and a copy of our new 
brochure, call 1-800-944-6336. Or visit ISP at 
http://www.ispcorp.com 

M-Pyrol is perfect for applications in: IC_] 
Coatings Metal plating Petroleum processing 

Plastics Cleanerslstrippers Electronics 
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In the second o f  a series focusing on the international coatings market, the JCT 

examines the Scandinavian paint industry. Information for this segment was 
contributed by the Federation of  Scandinavian Paint and Varnish Technologists 
(SLF), a member with FSCT in the coatings technical organization, Coatings 
Societies International. The FSCT is proud to be associated with groups like SLF 

and the people they serve. 

International Update: Scandinavia 

Scandinavian Paint Industry: 
I t s  Structure and Trends 

The per capita use of paint in 
Scandinavia is among the highest in 
the world. However, unlike many 
other markets, it is mostly concen- 
trated in a few big companies. Over 
the last few years many consolida- 
tions and buy-outs have taken place 
that make it difficult to analyze the 
market and present it in a simple 
way. One example of such a buy-out 
is that of the large Danish company 
Sadolin. They were first purchased by 
the Swedish Nobel Group, with 
Nobel group consequently being 
purchased by the Dutch company 
Akzo. Should such companies be 
considered as Scandinavian or 
foreign? In the following discussion 
they have mainly been excluded, as 
details of these would appear in an 
analysis of continental European 
companies. 

The paint industry in Scandinavia 1 
is well developed and functions at a I 
high technical level. This is not only 
true for industrial customers but also 
for the quality-conscious do-it- 
yourself (DIY) customer. This may be 
exemplified by the very extensive use 
of color dispensing machines in retail 
sales. Such systems have been found 
to be very advantageous, not only for 
the customer who can obtain 
practically any desired color, but also 
for the retailer and paint manufac- 
turer who can thereby reduce both 
storage and production costs. 

( Structure of the Market , 
As Scandinavia consists of four 

distinct national cultures and 
markets, it can be quite difficult to 
generalize about the Scandinavian 
paint industry as a whole. As there 
are both similarities and differences, 
the four paint industries, those of 
Denmark, Finland, Norway, and 

Sweden, will be discussed individu- 
ally. However, the general tendencies 
that characterize the Scandinavian 
market as a whole are also presented. 

Table 1 gives an overview of the 
market structure as it was in 1993, 
the last date for which we have full 
figures available. 

What in the context of 
Scandinavia may be considered a 
large company may not, perhaps, be 
considered as such on a world-scale. 
However, among the 26 biggest 
manufacturers in the world, we find 
six from the Scandinavian countries. 
The figures for these for the year 
1994 are given in Table 2. 

As shown in Table 1, the market 
structures of the four Scandinavian 
countries are somewhat different; 
this will be seen from the following 
descriptions of the individual 
countries. 
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I SLF Table 1 I 
Company Size in U S . $  Denmark Norway Sweden Finland 

Large, > 60 million 
Large to medium, 30-60 million 
Medium, 10-30 million 
Small to medium, 5-10 million 
Small, < 5 million 
Total number of companies 
Total employees 
Production (tons) 
Production per employee, approx. 
Paint consumption per capita (Kg) 

Denmark 
The four most important Danish 

companies are those three given in 
the Table 2, together with Sadolin. 
The latter, as already stated, now 
belongs to the Akzo Group. 

Dyrup, one of the larger producers 
of quality wood-protective stains in 
Europe, purchased Gori, a smaller 
Danish firm specializing in high- 
quality stains; they now cover about 
65% of the Danish market for this 
type of product. They also have 
operations in several European 
countries, being especially strong in 
Europe. 

The production and use in 
Scandinavia of such high-quality 
wood-protective stains for housing is 
characteristic of the Scandinavian 
market. As in Norway, there has long 
been a tradition for this type of 
product. 

Fliigger, a very successful com- 
pany in the professional decorative 
trade, also has a large subsidiary 
plant in Sweden. In terms of profit, 
Fliigger is probably one of the most 
successful paint firms in Scandinavia 
today. 

Hempel specializes in marine 
paints, these being a well established 
product in a traditional shipbuilding 
and seafaring nation. Tikkurila has a 

I market share of about 50%. Together 
with the Norwegian Jotun, they rank 
as No. 2 and 3 in the world. 

I Finland I 
1 The paint industry in Finland is 

mainly covered by three companies, 
those of Tikkurila owned by Kemira I (given in the Table 2). Teknos- 
Winter, and Sadolin (now Akzo 
Nobel). 

The entire Finnish market 
amounts to about 80 million liters. 

Tikkurila, with operations in eight 
countries, produces all types of paint 
and varnish, ranging from decorative 
paints to heavy duty and industrial 
coatings. Their car refinishing paints 
are mainly exported to Russia. 
Tikkurila has a three percent share of 
the European market and is among 
the top 12. It is the leader in Europe 
in tinting systems and No. 2 world- 
wide. 

Teknos-Winter, the largest private 1 
paint manufacturer in Finland, 

Company 

SLF Table 2 

No. of 
Employees 
-- 

S. Dyrup & Co., Denmark 1048 

Flugger A/S, Denmark 673 
Hempel Marine Paints, Denmark 2250 

Tikkurila OY, Finland 1559 

AB Wilh. Becker, Sweden 2253 
Jotun A/S, Norway 2820 

Net Sales, 
U.S.$ Million 

produces all types of paint, including 
powder coatings. These are also 
produced at Teknos-Schou, a com- 
pany located in Denmark, who 
specializes in this type of product. 

It can be seen that where the 
Finnish paint companies have 
invested outside Finland it has often 
been in Denmark. Tikkurila has 
invested strongly in the UK, in the 
Netherlands, and in the Baltic states. 
This was originally due to the wish to 
get a foot-hold in the EEC. However, 
even though Finland is now within 
the EEC, large investments are still 
taking place within Europe. This is 
exemplified by the investment of the 
Finnish chemical combine of Neste 
in a plant at Gent, Holland, for 
producing materials for resin produc- 
tion. 

Norway 
The Norwegian market is dominated 
by Jotun A/S, with a turnover in 1995 
of about U.S.$ 700 million, 7o1W] of 
which comes from abroad. It has 42 
production units in more than 20 
countries. Jotun has a three percent 
share of the European market. The 
company produces all types of paint. 

The very extensive use of color- 
dispensing machines in retail sales in 
Scandinavia is exemplified by the 
case of Jotun who, together with 
Tikkurila in Finland, specializes in 
such tinting systems. In Norway 
there are about 1,000 paint retail 
shops to whom Jotun has sold some 
900 systems. Jotun has sold about 
1,500 systems worldwide. 

Within some segments, Jotun is 
very well known; for example, Jotun 
is placed third in Europe in the 
production of unsaturated polyesters, 
fifth in the world in the production 
of powder coatings, and, together 
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with Hempel, second or third in the 
world in marine coatings. 

Sweden 
The most important companies in 
Sweden are AB Wilh. Becker, Klintens 
Sweden AB, and Nobel Paints and 
Adhesives (now owned by Akzo). 

AB Wilh. Becker is the largest 
Scandinavian paint and coatings 
manufacturer, ranked No. 7 in 
Europe and having a market share of 
about four percent. Becker is a 
market leader within the coil-coating 
sector in Europe. It is also the largest 
manufacturer of artists' paints in 
Europe. 

Sweden, compared to Denmark or 
Finland, boasts heavy industrial 
production. Volvo and Saab, Asea, 
and Electrolux are among the well- 
known firms established in Sweden. 
This has, of course, influenced the 
existence of subcontractors, among 
whom are paint manufacturers. For 

this reason, Becker has been able to 
become, for example, suppliers of 
high-quality automobile finishes. 

Trends, Developments and 
Challenges 

Financial yields of 10% and more 
are normal. The extensive use of 
dispensing machines in the DIY trade 
is still on the increase. While there 
are the advantages to both retailer 
and customer referred to previously, 

1 there is the disadvantage of depen- 
dence on a single supplier. Such 
systems can only be used with 
products from a specific producer 
who has a rather large share of the 
market. Market shares in Scandinavia 
of 50-70'W) occur quite frequently. 

The Scandinavian paint industry 
has long paid particular attention to 
the occupational health and environ- 
mental aspects of the industry, which 
reflected in the current strict legisla- 
tion pertaining both to the manufac- 
ture and use of paint products. The 

main targets of R&D have therefore 
been safety, health, and the environ- 
ment. 

Earlier the emphasis was on  cost 
per liter. The cost per square meter 
of applied coating and its durabil- 
ity were thereafter considered as 
the most important factors. Today, 
however, the total Life Cycle 
Assessment (LCA) is thought to be 
the most relevant factor when 
considering the environmental 
impact of paint products. This 
assessment is no easy task, where 
all economic and ecological factors 
have to be estimated from the 
production of the raw materials 
themselves, through production 
and use, to the final recycling or 
destruction of the paint materials. 
In spite of the problems in such 
assessments, their introduction will 
give a common language and will 
also supply information for public 

Federation of Scandinavian Paint and Varnish Technologists (SLF) 

SLF, founded January 26, 1953, the level of technical expertise The Federation regularly issues 
is the federation of the four and knowledge of its members, a journal, flrg och lack 
Scandinavian Paint and Varnish and, last but not least, to promote scandinavia, which is sent to all 
Technologists' Associations. contact between the Scandinavian members of the Scandinavian 
These associations are the Danish Associations and the international Associations. The present circula- 
(441 members), the Finnish (189 paint and varnish chemists' tion is 2,000 of which about 
members), the Norwegian (450 associations comprising CSI. 1,700 go to members of SLF. The 
members), and the Swedish (650 One of the main ongoing journal is managed by an editor 
members). concerns is that of Professional who is responsible to the board. 

Each of these four associations Gradings. SLF is strongly promot- An interScandinavian Con- 
has its own finances and its own ing this service, leading, as it will, gress is held every three years, 
set of laws which, although not only to higher levels of taking place in the country of the 
similar in content, do differ expertise among its members but president who is responsible for 
somewhat according to the also to a higher internationally organizing it. This is considered 
differing local conditions and accepted status for its members in as an international event to 
educational requirements. the industry as a whole. which all members of CSI are 

Due to the large geographical The Federation's affairs are invited, the language spoken is 
extent, the Swedish Association is managed by a Board and are either English, or Scandinavian 
divided into three societies- directed by a President. The with simultaneous translation to 
Stockholm, Gothenburg, and presidency is held in turn by each English. 
Malmoe. Norway is also divided of the four Associations for a The main mission of SLF is in 
into two societies--Oslo and three-year period, rotating in the the field of education, both 
Bergen. Thus, for most practical order of Sweden, Denmark, formal and informal, where 
purposes, such as lecture meet- Norway, and Finland. The emphasis is placed on  raising the 
ings and social events, SLF presidency is currently in Norway, standards of technical compe- 
consists of seven separate societ- for the period 1995 to 1997. tence at all levels within the 
ies. To ensure continuity with industry. 

The purpose of the supra- presidential changes, certain 
national Federation therefore is activities of SLF are centralized 
to promote cooperation between through an honorary general 
the four Scandinavian Associa- secretary, currently placed in 
tions, to arrange joint inter- Copenhagen. 
Scandinavian meetings, to raise 
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and in-house debate regarding the environmental 
impact of paints. 

The demand to reduce the solvent content of paint, 
and thereby the environmental impact, is very strong. 
However, it is not always absolutely true that water- 
borne paints are to be preferred; only a full LCA can 
give a rational answer. Therefore, most companies in 
Scandinavia have started to use LCA in their develop- 
ment work, and consequently ask the paint industry to 
give an LCA for their products. 

Internationalization 
Each Scandinavian country is a relatively small market 
area, but the product range is large. The exceptionally 
large market shares of the bigger paint manufacturers 
have resulted in a situation in which each producer 
makes all types of paint products. Therefore, the cost 
of product development has become very high. The 
larger companies in Scandinavia need to acquire 
market shares in larger markets in order to overcome 
the high expenses entailed in modern R&D work. 
Expansion outside Scandinavia is therefore necessary, 
and several companies are now multinational concerns 
situated in 20 or 30 countries, not only within Europe 
but over the world. 

Kaare Kleive 
Kaare Kleive, born in 1928, received the M.Sc. in Chemistry in 
1958 at the Technical University of Graz, Austria, and began 
employment with lotun A/S in Noway. 

From 1964 to 1967 he was Raw Material Manager at Wilh. 
Becker AB, Sweden. In 1968, he started-up the latun Thailand 
Ltd. factory as its Technical Manager, and was later appointed its 
Managing Director. In 1974 he returned to lotun A/5 in Noway 
as Laboratory Manager. As appointed Senior Chemist at lotun A/ 
3, he also sewed as Technical Coordinator for lotun's intema- 
tional activities, Technical Monager for export within Europe, 
Manager for the R&D sewice laboratory, and finally, latun Carpo- 
rate Raw Material Manager. 

Together with his collabaraton, he has published several 
articles on the subject of woad protection. 

Kaare Kleive has been active in the Norwegian Paint and 
Varnish Technologists' Association, He was elected to serve as 
President of the Federation of Scandinavian Paint and Varnish 
Technologists for the years 1995 to 1997. 

- 
For up-to-date information on the 

Federation of Societies for Coatings Technology 

visit our Web Site at  
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T his digest of current regulatory activity 
pertinent to the coatings industry is 

published to inform readers of actions which 
could affect them and their firms, and is 
designed to provide sufficient data to 
enable those interested to seek additional 
information. Material is supplied by National 
Paint and Coatings Association, 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 ail reasonable steps have 
been taken to ensure the reiiabiiify of the Regulatory Update, the FSCT cannot guarantee its completeness 
or accuracy. 

Environmental Protection Agency 
May 16,1997 -62 FR 27158 
Prevention of Significant Deteriom- 

tion of Air Quality Program: Pennit 
Review Procedures for Sources 
That May Adversely Affect Air 
Quality in Non-Federal Class I Ar- 
eas 

Action: Advance notice of proposed 
rulemaking 
This notice requests public 

input on preliminary issues in 
clarifying the prevention of 
sigruficant deterioration permit 
review procedures for new and 
modified stationary sources that 
may have an adverse effect on the 
air quality of non-federal Class I 
areas. Under the Clean Air Act, 
states may, with the approval of 
the Environmental Protection 
Agency (EPA), redesignate their 
lands as "Class I" areas to enhance 
protection of their air quality 
resources. 

Comments'on this rulemaking 
must be received by Aug. 14. Send 
comments, in duplicate, to EPA, 
Air Docket Section, Air Docket A- 
96-53,401 M St., S.W., Washington, 
D.C. 20460. 

For further information, contact 
David LaRoche, EPA, (202) 260- 
7652. 

Department of Transportation 
Federal Highway Administration 
May 28,1997 - 62 FR 28826 
Safety Fitness Procedures; Safety Rat- 

ings 
Action: Notice of proposed rulernak- 

ing; request for comments 
The Federal Highway Adminis- 

tration (FHWA) has issued this 
proposal which would incorporate 
a modified Safety Fitness Rating 
Methodology to measure the 
safety fitness of motor camers 
against the current standard. The 
agency is requesting comments on 
issues including accident rates and 

procedures for challenging ratings. 
The FHWA has published an 

interim final rule (62 FR 28807) 
which incorporates the agency's 
current safety fitness rating 
methodology for motor camers. 
The regulation, which went into 
effect May 28 and will expire on 
Nov. 28,1997, is only applicable to 
motor camers that are transport- 
ing hazardous materials in 
quantities for which vehicle 
placarding is required. 

Comments on the proposed 
rule must be received by July 28. 
Send comments, referencing 
docket number MC-94-22, to the 
Docket Clerk, Department of 
Transportation Dockets, Room PL- 
401,400 7th St., S.W., Washington, 
D.C. 20590. 

For additional information, 
contact William Hill, Office of 
Motor Carrier Research and 
Standards, (202) 366-4009, or 
Charles Medalen, FHWA, (202) 
366-1354. 

Department of Transportation 
Research and Special Programs Ad- 

ministration 
June 2,1997 - 62 FR 29673 
Hazardous Materials: Use of Non- 

Specification Open-Head Fiber 
Drum Packagings 

Action: Direct final rule 
In this direct final rule, the 

Research and Special Programs 
Administration (RSPA) is an- 
nouncing the end of its 
~ l e m a k i n g ~  relating to alternate 
standards for open-head fiber 
drums. This termination is based 
on recommendations that RSPA 
should not extend authorization 
for the transportation of liquid 
hazardous materials in open-head 
fiber drums that do not meet 
current perfonnance-oriented 
packaging standards. RSPA is 

allowing the transportation of 
certain liquid hazardous materials 
in non-specification open-head 
fiber drums until Sept. 30,1999, 
under certain conditions. 

This final rule is effective Oct. 1, 
1997, unless adverse comments are 
received by August 1. Send any 
comments to the Dockets Office, 
Department of Transportation, 
Room PL-401,400 P St., S.W., 
Washington, D.C. 20590-0001. 
Please reference docket number 
RSPA-97-2501 on all submissions. 

For more information, contact 
Frazer Hilder, RSPA, (202) 366- 
4400. 

Department d Labor 
Occupational Safety and Health Ad- 

ministration 
June 6,1997 - 62 FR 31 159 
Supplement to California State Plan; 

Approval 
Action: Approval; California State 

Standard on Hazard Comrnunica- 
tion Incorporating Proposition 65 
This notice approves, subject to 

certain conditions, the California 
Hazard Communication Standard, 
including its incorporation of the 
occupational~applications of the 
Califomia State Drinking Water 
and Toxic Enforcement Act 
(Proposition 65). The action 
follows a ~er iod  for ~ubl ic  
comment; and a fediral court 
challenge brought by NPCA and 
the Coalition of Manufacturers for 
the Responsible Administration of 
Proposhon 65 Enforcement. 

The following conditions apply: 
(1) Employers covered by 

Proposition 65 may comply with 
the occupational requirements of 
that law by following Occupa- 
tional Safety and Health Adminis- 
tration (OSHA) or California 
OSHA (Cal/OSHA) Hazard 
Communication provisions. 



(2) Cal/OSHA is responsible 
for assuring that enforcement of its 
general Hazard Communication 
Standard and Proposition 65 
results in "at least as effective" 
worker protection. The agency 
must take appropriate action to 
assure that court decisions in 
supplemental enforcement actions 
do not result in a less effective 
standard or in inconsistencies with 
the conditions under which the 
standard is approved. 

(3) The state standard, includ- 
ing Proposition 65 in its occupa- 
tional aspects, may not be enforced 
against out-of-state manufacturers. 

This approval went into effect 
June 6,1997. For further informa- 
tion, contact Bonnie Friedman, 
OSHA, (202) 219-8148. 

Environmental Protection Agency 
June 3,1997 - 62 FR 30257 
National Emission Standards for Haz- 

ardous Air Pollutants: Final Stan- 
dards for Hazardous Air Pollutant 
Emissions from Wood Furniture 
Manufacturing Operations; Cor- 
rection 

Action: Final rule; correction 
This action corrects errors and 

clarifies regulatory text in the 
National Emission Standards for 
Hazardous Air Pollutants; Final 
Standards for Hazardous Air 
Pollutant Emissions from Wood 
Furniture Manufacturinz Opera- 
tions. This final rule waGblished 
in the Dec. 7,1995 issue of the 
Federal Register (60 FR 62930). 

For additional information on 
this notice, contact Paul 
Almodovar, EPA, (919) 541-0283. 
Information regarding the 
avvlicabilitv of this action can be 
dbiained fr6m Robert Marshall, 
EPA, (202) 564-7021. 

EPA Sponsors P-MACT Work 
Groups-The Environmental 
Protection Agency's Coatings and 
Consumer Products Group is 
holding a series of work group 
meetings between May and 
October 1997 to discuss presump- 
tive maximum achievable control 
technology (P-MACT) standards 
for various types of coatings 
manufacturing operations. The 
work groups cover surface 
coatings for large appliances, 
metal furniture, fabric, flatwood 
paneling, metal cans, metal coils, 
miscellaneous metal parts, and 
plastic parts. 

The meeting dates are listed in 
the following: Aug. 18-Target 

date for a draft P-MACT for Large 
Appliances; Sept. 4--Large 
Appliances Work Group (third 
meeting); and Sept. 30-Target 
date for a final P-MACT for Large 
Appliances. 

All of the work group sessions 
will be held in the Raleigh- 
Durham area. A conference call-in 
number will also be available. 
Please note that these dates are 
subject to change 

Chemical Safety Aieds Issued- 
The Environmental Protection 
Agency (EPA) has issued four 
chemical safety alerts to warn 
facilities and safety officials of 
potential hazards that were 
uncovered during the course of 
various chemical accident investi- 
gations. The alerts include 
information on: 

catastrophic failure of 
aboveground storage tanks; 

the potential hazards of 
pressure valves that are improp- 
erly designed, constructed or 
operated; 

dangers of lightening strikes 
at bulk chemical facilities and 
processing sites; and 

fires caused by activated 
carbon systems. 

Copies of these alerts can be 
obtained from the EPCRA Hotline, 
1-800-424-9346, 

Air Quality Update-Debate 
among members of Congress over 
EPA's proposed national air 
quality standards for ozone and 
particulate matter is becoming 
increasingly intense as the date 
that the agency plans to issue the 
final regulation approaches. The 
rule is scheduled for publication 
by July 19. 

The new standard would lower 
the current concentration limit for 
ozone from 0.12 parts per million 
to only 0.08, measured over the 
course of an eight-hour time 
period. Additionally, a 2.5 micron 
particulate matter standard would 
be established. 

The recently enacted Small 
Business Regulatory Enforcement 
Faimess Act grants Congress the 
ability to vote down regulations; 
informal polls of the House have 
indicated that critics of the 
proposal may have enough votes 
to not only reject the rule but to 
also withstand a Presidential veto. 
Support in the Senate is less 
certain, with the vote count 

currently standing at several short 
of the number needed to overturn 
a veto. In addition, dozens of 
congressmen, including leading 
Democrats, have vubliclv asked 
EPA to either reaifirm &e existing 
standards or postpone their 
implementation until better 
scientific evidence can be estab- 
lished. 

Senate Passes Bill To Implement 
C W C 4 n  Mav 23, the Senate 
approved legislation (S. 610) which 
would implement the require- 
ments of the Chemical weapons 
Convention (CWC) treaty. The 
CWC itself was formally ratified 
by the Senate on April 24. It 
prohibits the sale, manufacture, 
distribution and stockpiling of 
chemical weapons. The treaty also 
provides for the inspection of 
domestic operations by intema- 
tional teams. 

In general, the intent of the bill 
is to incorporate all the "under- 
standings" that were negotiated by 
the Clinton administration and the 
GOP as part of the agreement to 
ratify the CWC. It specifically lists 
the schedule I, 11, and I11 chemicals 
that will be regulated. Penalties for 
violations are also detailed; life- 
imprisonment or the death penalty 
would be imposed for the criminal 
use of chemical weapons. In 
addition, the State Department is 
designated as the National 
Authority for the treaty. 

To help alleviate U.S. compa- 
nies' fears conceming the theft of 
trade secrets, the federal govern- 
ment would agree to be held 
responsible. Companies would 
have five years to bring a civil suit 
against the government to gain 
compensation for the loss of 
proprietary information. Sanc- 
tions, including blocking of assets, 
would be levied against foreign 
companies found to have engaged 
in such activities. 

The CWC requires two differ- 
ent types of inspections, "routine" 
and "challenge." The implement- 
ing legislation specifies certain 
requirements concerning inspec- 
tions. Included in the measure 
were provisions that would (1) 
require inspection teams to follow 
certain procedures to notify 
facilities of upcoming inspections; 
(2) allow facilities to deny inspec- 
tors access until they obtain a 
search warrant; (3) bar EPA or 
OSHA employees from accompa- 
nying any inspection team; (4) 



prevent any samples taken from 
leaving the United States; and (5) 
specifically define the scope of 
inspections. 

The legislation will now be sent 
to the House for approval. At 
presstime, no schedule for action 
had been announced. 

Right-to-Know Legislation 
Introduced-Legislation was 
introduced in both the House 
(H.R. 1636) and Senate (S. 769) in 
May which would expand 
community right-to-know and 
Toxics Release Inventory (TRI) 
requirements. Among &her 
things, both bills would require 
facilities to submit "materials 
accounting" information to the 
government. Under the materials 
accounting requirement, industry 
would monitor and report the use 
of a toxic substance through every 
step in the manufacturing process, 
including the amount coming into 
a facility, the amount transformed 
into a product, the amount left 
over, and the amount transported 
off-site for disposal. 

In addition, both measures 
include provisions that would 

(1) establish new TRI reporting 
thresholds for releases of lead, 
mercury, cadmium, chromium, 
and certain bioaccumulative 
chemicals; 

(2) require source reduction and 
toxics use reduction data to be 
reported under TRI; 

(3) allow portions of materials 
accounting information to be 
withheld if it is a trade secret; and 

(4) consolidate all annual 
environmental reporting require 
ments within three years for small 

business and five years for 
everyone else. 

The House bill would also 
establish new standards for 
reporting the presence of toxic 
substances in consumer products. 
And the Senate bill, sponsored by 
Senator Frank Lautenberg (D-NJ), 
contains vrovisions re~uiring 
facilities ;hat submit T ~ I  re$rts to 
also prepare and update biennially 
a pollution prevention plan. 

Supporters of an expansion of 
the TRl program hope to move 
these bills forward quickly, either 
separately or as riders to a larger 
1 ..I 

OSHA Reform Bill lnhoduced in 
Senate-On May 20, Senate 
Republicans introduced yet 
another bill (S. 765) that intends to 
"modernize" the Occupational 
Safety and Health Administration 
(OSHA). The measure is one of 
several pieces of legislation 
introduced in this session of 
Congress that would significantly 
modify the responsibilities of the 
agency. 

In this bill, a third party 
"independent audit and evalua- 
tion program" would be estab- 
lished that could provide safety 
and health consultations for 
employers. The organization 
would be comprised of certified 
auditors and would be separate 
from OSHA. Any employers who 
use this program would be 
exempted from civil safety and 
health violations for two years. 

Additionally, the legislation 
would encourage employers to 
develop and maintain voluntary 
safety and health programs in 

their facilities. Finally, the bill 
would allow workers who violate 
occupational safety and health 
requirements to be fined individu- 
ally if their employer is in compli- 
ance with standards. 

S. 765 is currently under 
consideration by the Senate 
Committee on Labor and Human 
Resources, but no date has been 
set for further activity. Additional 
bills dealing with safety and health 
reform have been introduced in 
both the House and Senate. 

In Bdef-In a remarkable 
display of bipartisan cooperation, 
the House and Senate voted the 
week of May 19 by large margins 
to approve the 1998 fiscal year 
budget resolution which contains 
provisions to balance the budget 
by 2002. Final work on the 
resolution was completed during 
the first week of June. The budget 
agreement does not include 
provisions to renew the Superfund 
tax that expired at the end of 1995. 
Next, Congress will begin the 
formal appropriation process. 

On May 15 and again on June 4, 
the Senate failed to end debate on 
legislation (S. 4) that would allow 
employers to offer their workers 
the choice between receiving 
compensatory time off in lieu of 
overtime pay for any work over 40 
hours a week. The final votes were 
far short of the 60 votes needed to 
invoke cloture. Bill sponsors are 
considering amending the bill to 
clarify that workers may not be 
coerced into choosing time off in 
order to appease critics of the 
measure. Further action on the bill 
is uncertain as of this writing. 

States Proposed Legislation and Regulations 

ALABAMA I was signed bv the governor on I (97 CARR 934; 5/2/97) which 

Air Quality (Proposed Regula- 
tion)-The Alabama Department 
of Environmental Management 
(DEM) proposed a rule (15 ALAM 
173; 4130197) which would amend 
the definition of volatile organic 
compound (VOC); and incorporate 
by reference new source perfor- 
mance requirements and national 
emission standards for hazardous 
air pollutants. Contact Lynn 
Garthright, DEM, (334) 271-7700. 

Lead-AL H. 680 (Johnson) 
authorizes the development of a 
program relating to indoor lead 
hazard reduction. The legislation 

ALASKA 
Occupational Safety and Health- 

AK S. 205 (Leman) authorizes cer- 
tain qualified privileges and im- 
munity for facilities that con-duct 
voluntaw health and safetv audits. 
1ntroduGd on May 10, thdbill was 
referred to the Senate Committee 
on Labor and Commerce. 

CALIFORNIA 
Air Quality (Regulation)-The 

California Air Resources Board 
(CARB) adopted a final regulation 

revises the method of calculating 
1996-97 air toxics hot spots fees. 
The fees will now be based on 
potential risk as determined by 
risk assessments or prioritization 
scores. The rule went into effect 
April 22. Contact Judith Tracy, 
CARB, (916) 322-2884. 

Graffiti-<A S. 1229 (Schiff) 
defines vandalism to include any 
act that defaces property with 
graffiti. On June 10, the bid failed 
passage out of the Senate Commit- 
tee on Public Safety. 

Hazardous Materials Transporta- 
tion (Proposed RegulationbA 



proposed rule (97 CARR 1013; 51 
16/97) issued by the California 
Highway Patrol (CHP) would 
incorporate by reference hazard- 
ous materials transportation 
requirements to conform with 
federal standards. Contact Steve 
Brown, CHP, (916) 327-3310. 

Lead (RegulationtThe Califor- 
nia Department of Health Services 
(DHS) issued an emergency rule 
(97 CARR 1038; 5/16/97) which 
amends requirements for occupa- 
tional lead poisoning prevention 
program fees by adding a &fin& 
tion of what is considered a de 
minimis amount of lead in the 
workplace; and speclfylng that 
lead evaluations of workplaces 
must include a review of material 
safety data sheets. The regulation 
was effective May 1. Contact 
Charles Smith, DHS, (916) 657- 
0730. 

Lend (Proposed Regulation)--A 
proposed regulation (97 CARR 
1064; 5/23/97) of the California 
DHS would amend standards 
exempting employers who use a 
small amount of lead in the 
workplace from payment of the 
occupational lead poisoning fee. 
Contact Charles Smith, DHS, (916) 
657-0730. 

kad  ( ~ ~ ~ i ~ ~ ) - - ~ h ~  california 
Supreme Court heard oral 
arguments on J~~~ 6 in sinclair vs. 
Board of Equalization, a lawsuit 

brought by NPCA and 
the California Paint Council 
challenging the constitutionality of 
lead "fees" imposed under 
California's Childhood Lead 
Poisoning Prevention Act of 1991. 
A decision is expected in early 
August. For more information, 

~ ~ $ $ ~ [ ~ ~ ~ ~ ~ ~ $  
Paint Council at (916) 444-M)34. 

Occupational Safety and Health- 
CA S. 370 (Solis) includes painters 
within the category of persons for 
whom cancer occurring during 
employment is deemed an injury 
under the workers' compensation 
law. On May 22, the Senate 
Appropriations Committee 
granted reconsideration of the bill. 

Proposition 65 (Notice)-The 
California Office of Environmental 
Health Hazard Assessment 
(OEHHA) has added nine chemi- 
cals to the list of substances known 
to cause cancer or reproductive 
toxicity, as required under 
Proposition 65. The chemicals are 
nitromethane, tetrafluoroethylene, 
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vinyl fluoride, spironolactone, 
stanozolol, clarithromycin, 
dihydroergotamine mesylate, 
hydrozyurea, and oxymetholone. 
Contact OEHHA, (916) 322-6325. 

The California OEHHA has 
made available the newly revised 
full list of chemicals regulated 
under 65. The 
siOns were effective An 
updated list of Proposition 65 
chemicals is availab1e from 
OEHHAt (916) 322-6325. 

A final regulation (97 CARR 
934; 5/2/97) of the OEHHA 
establishes requirements for "60- 
day notices" that are filed to 
initiate actions to enforce viola- 
tions of proposition 65. The rule 
became effective April 22. Contact 
Cynthia Oshita1 OEHHA1 (916) 
322-2068. 

Recycling4A A. 705 (Strom- 
Martin) reenacts existing law until 
Jan. 1,2001 which requires all state 
agencies to purchase recycled 
paint. On June 6, the measure was 
approved by the Assembly and 
Sent to the Senate. 

~oxic Substances-- A. 1173 
(Olberg) requires purchasers of 
chemical solvents to maintain 
records of all transactions; bill was 
amended to delete the requirement 
that copies of original sales records 
for sales in excess of $100 be 
submitted to the state biweekly. 
&June 31 the passed the 
Assembly and was sent to the 
Senate Committee on Public 
Safety. 

COLORADO 
Air Quality (Regulation)-The 

Colorado Air Quality Control 
Commission (AQCC) issued a final 
rule (20 COR 2; 4/10/97) which 
adopts federal maximum achiev- 
able control technology standards 
for printing and publishing, and 
for Groups I and N polymers 
resins. ~h~ regulation was 
effective ~ p d 3 0 .  Contact AQCC, 
(303) 692-3100. 

Graffiti40 H. 1125 (S. 
Williams) makes mandatory 
revocation of a drive,.,s license one 
of the penalties for defacing 
proprty with graffiti. ne 
governor signed the on june 4, 

Transports- 
tion (Regulation)-A final repla- 
tion (20 COR 2; 5/10/97) of the 
Colorado Department of Public 
Safety amends procedures for 

hazardous tion p-ts. The rule transpOrta- went into 

effect May 30. Contact State Patrol, 
(303) 239-4500. 

Hazardous Waste (Proposed 
~ ~ ~ ~ l ~ ~ i ~ ~ ) - - ~  proposed rule (20 
COR 5; 5/10/97) issued by the 
Colorado Department of Public 
~ ~ ~ l ~ h  and ~~~i~~~~~~~ (D~HE) 
would revise hazardous waste 
management requirements 
concerning air emission standards 
for tanks, containers, and surface 
impoundments. Contact DPHE, 
(303) 692-3300. 

Lead--CO S. 136 (Blickens- 
derfer) requires the establishment 
of a plan to reduce elevated blood 
lead levels in children and to 
control exposure to lead-based 
paint hazards. The governor 
signed the measure on May 27. 

DISTRICT OF COLUMBIA 
Lead (NoticekThe Council of 

the District of Columbia (CDC) has 
issued the Lead-Based Paint 
Abatement and Control Act (44 
DCR 2579; 5/2/97) which estab- 
lishes a program to reduce and 
abate lead-based paint hazards. 
The a d  went into effect A p d  9. 
Contact CDC, Legislative Services 
Division, (202) 724-8050. 

IDAHO 
Air Quality (RegulationbA final 

rule (1997 IDAB 34; 5/7/97) 
adopted by the Idaho Department 
of Health and Welfare (DHW) 
modifies air pollution control 
standards; updates the deadline 
for submitting a complete Tier I 
application; eliminates existing 
excess Tier I emission provisions; 
and amends permit-to-construct 
requirements. Contact Paula Sad, 
D m ,  (208) 373-0418. 

A final regulation (1997 IDAB 
34; 5/7/97) of the Idaho Depart- 
ment of Health and Welfare 
( D m ) ,  among other things, 
removes the category of total 
suspended particulates from 
regulated criteria pollutants; 
incorporates federal maximum 
achievable control technology 
standards; and removes acetone 
and methyl siloxanes from the 
definition of VOC. The rule went 
into effect July 1. Contact Paula 
Saul, DHW, (208) 373-0418. 

Air Quality (Notice )--The Idaho 
Dm has negotiated a rulemaking 
(1997 IDAB 36; 5/7/97) which 
would establish maximum 
achievable control technology 
(MACT) standards for new major 



sources of hazardous air pollut- 
ants. Contact Paula Saul, DHW, 
(208) 373-0481. 

Environmental Audits (Regula- 
tion)-A regulation (1997 IDAB 34; 
5/7/97) adopted by the Idaho 
DHW defines environmental 
audits, sets up requirements 
concerning the treatment of 
environmental audit reports and 
confidential business information, 
and specifies data that must be 
included in a plan for conducting 
an audit. The rule went into effect 
July 1. Contact Paula Saul, DHW, 
(208) 373-0418. 

ILLINOIS 
Air Quality-IL H. 1386 

(Hassert) extends the repeal date 
of the provisions providing for 
fast-track rulemaking pursuant to 
the Clean Air Act Amendments to 
Dec. 31,2002. The bill passed the 
Senate on May 13. 

IL S. 819 (Mahar) provides that 
sources of air pollution that are not 
subject to the Clean Air Act permit 
program and are not required to 
obtain an operating permit shall 
not be required to renew an 
operating permit except on the 
written request of the federal EPA. 
On May 15, the House approved 
the legislation. 

Air Quality (RegulationkA final 
regulation (21 ILR 6237; 5/23/97) 
of the Illinois Pollution Control 
Board (PCB) requires sources that 
manufacture, process, or import 
more than 25,000 pounds or use 
more than 10,000 pounds per year 
of a toxic air pollutant to submit 
reports listing the total emissions. 
The rule became effective May 12. 
Contact Dorothy Gunn, PCB, (312) 
814-6062. 

Automotive Refinishing-IL H.R. 
161 (Novak and Persico) directs 
the state to conduct a study to 
determine the relative toxicity of 
auto body paints and finishes 
compared to touch-up or general 
purpose paints. Introduced on 
May 14, the legislation was 
referred to the House Rules 
Committee. 

Hazardous Materials Transporta- 
tion-IL S. 378 (Mahar) reauires 
the implementation of a uxhorm 
state hazardous materials trans- 
portation registration and permit 
program. On June 6, the bill was 
sent to the governor. 

Lead-IL S. 247 (Syverson) 
provides that only positive results 

of a blood lead analysis must be 
reported to the state within 48 
hours. The legislation was sent to 
the governor on June 6. 

INDIANA 
Air Quality (Notice)-The 

Indiana Department of Environ- 
mental Management (DEM) has 
made a policy document (20 INR 
2240; 5/1/97) available to the 
public which describes the short- 
term enforcement policy for air 
quality violations in which (1) Title 
V applications were not submitted 
on time; or (2) a state operating 
permit is not obtained, but the 
facility voluntarily identifies itself. 
Contact DEM, (317) 232-8603. 

Automotive Refinishing (No- 
tice)-The Indiana DEM has issued 
a policy document (20 INR 2233; 
5/1/97) to clanfy recordkeeping 
requirements for automotive 
refinishing operations. Contact 
Janet McCabe, DEM, (317) 233- 
5694. 

Hazardous Waste-IN S. 478 
(Simpson) provides that an 
industrial or manufacturing 
byproduct that is listed as a 
hazardous waste but is capable of 
being recycled in a process with no 
additional threat to health or the 
environment may be excluded 
from hazardous waste regulations. 
The governor signed the bill on 
May 13. 

Lead-IN H. 1181 (Crawford) 
requires health care providers to 
conduct period blood lead testing 
on children between six months 
and six years. The legislation was 
signed by the governor on May 13. 

IOWA 
Air Quality (Regulation)-A final 

regulation (19 IAAB 1677,4/9/97) 
adopted by the Iowa Department 
of Natural Resources (DNR) 
amends requirements for air 
pollution control and emission 
standards; incorporates revisions 
for organic hazardous air pollut- 
ants, source categories, and 
equipment leak regulations; and 
modifies emissions limits for 
hazardous air pollutants for 
shipbuilding and ship repair, 
wood furniture manufacturing, 
and Group IV polymers and 
resins. The rule went into effect 
May 14. Contact Anne Preziosi, 
DNR, (515) 281-6243. 

Hazardous Materials Transporta- 
tion (Proposed Regulation)-The 

Iowa Department of Transporta- 
tion (DOT) proposed a rule (19 
IAAB 1628; 4/9/97) which would 
incorporate amendments to 
federal motor carrier safety and 
hazardous materials transporta- 
tion standards; would extend the 
date that open-head, fiber drums 
can be used to transwrt hazardous 
materials in Packing '~rou~ 111 
until Sept. 30,1997; simplihr 
criteria ior hazmat shipments; and 
strengthen requirements for 
hazmat packaging and the 
classification of materials that are 
poisonous by inhalation. Contact 
DOT, (515) 239-1639. 

Labeling-IA S. 285 (Committee 
on Natural Resources) adds 
solvent-based paint to the defini- 
tion of household hazardous waste 
(HHW); requires the implementa- 
tion of an informational program 
regarding the use and disposal of 
H W ,  and repeals sections 
relating to mounting warning 
labels near displays of products in 
retail establishments. The legisla- 
tion was signed by the governor 
on May 26. 

Lead (Proposed RegulationkA 
proposed rule (19 IAAB 1627; 4/91 
97) issued by the Iowa Department 
of Public Health (DPH) would 
amend certification requirements 
for lead abatement inspectors and 
workers to conform with federal 
standards. Contact DPH, (515) 281- 
5787. 

Occupational Safety and Health 
(ReaulationkThe Iowa Labor 
~eGices Department (LSD) 
adopted an emergency rule (19 
I A ~ B  1766; 4/23797) which 
incorporates federal occupational 
safety and health requirements 
conceming worker exposure to 
methylene chloride. The regulation 
went into effect April 23. Contact 
DLS, (515) 281-3606. 

1 KENTUCKY 
Occupational Safety and Health 

(Proposed RegulationkThe 
Kentucky Department of Work- 
place Standards (DWS) proposed a 
rule (23 ARKY 3929; 5/1/97) 
which would incorporate by 
reference federal requirements for 
eye, face, head and foot protective 
equipment. Contact William 
Ralston, DWS, (502) 564-3070. 

LOUISIANA 
Air Quality-LA S. 618 

(Hainkel) authorizes an increase in 



air quality control fees. On June 3, 
the bill passed the House and was 
sent to the Senate for concurrence. 

LA S. 619 (Hainkel) authorizes 
an increase in air quality control 
fees to fund a program for the 
prevention of accidental releases of 
air pollutants. The measure was 
approved by the House on June 3 
and was sent back to the Senate for 
concurrence. 

Hazardous Waste-LA S. 1175 
(Hainkel) eliminates the collection 
of certain fees for hazardous waste 
permits, registrations, licenses or 
variances. The bill was sent to the 
governor on June 6. 

Lead-LA S. 616 (Hainkel) 
provides for lead abatement 
licenses, certification and accredi- 
tation fees. On May 15, the 
legislation was amended on the 
House floor. 

MAINE 
Lead-ME H. 1137 (S. Jones) 

specifies methods of lead abate- 
ment and requires all lead abate- 
ment workers to be licensed. On 
May 31, the governor signed the 
measure. 

MARYLAND 
Lead-MD H. 229 (Brinkley) 

alters the definition of "affected 
property" in provisions of the 
insurance law relating to lead 
hazard coverage for rental 
property. The governor vetoed the 
bill on May 22. 

MD H. 1068 (Guns) modifies a 
provision of law authorizing a 
lessee to invoke rent escrow 
remedies under certain circum- 
stances if there is lead-based paint 
in specified residential premises. 
~he'eovernor simed th'e bill on 
~ a f 2 2 .  

" 

MD S. 669 (Baker) alters the 
dates by which rental dwelling 
units must be registered under the 
Lead Poisoning Prevention 
Program. On May 22, the legisla- 
tion was signed by the governor. 

MD S. 772 (Baker) modifies a 
provision of law authorizing a 
lessee to invoke rent escrow reme- 
dies under certain circumstances if 
there is lead-based paint in resi- 
dential premises. The governor 
vetoed the measure on May 22. 

Lead-MA S. 1384 (Jajuga) 
directs the governor to issue a 
proclamation concerning lead 

poisoning prevention week. The 
bill was reported out of the Joint 
Committee on State Administra- 
tion on June 2. 

MICHIGAN 
Hazardous Materials Transporta- 

tion-MI S. 554 (Bennett) regulates 
the transportation of hazardous 
waste. Introduced on June 4, the 
bill was referred to the Senate 
Committee on Natural Resources 
and Environmental Affairs. 

MINNESOTA 
Hazardous Materials Transporta- 

tion-MN H. 241 (Mullery) 
reauthorizes the uniform hazard- 
ous materials transportation 
registration and permit program 
for an additional year; and 
modifies provisions relating to 
motor camer regulation. The 
legislation was signed by the 
governor on June 2. 

Lead (Proposed Regulation)-The 
Minnesota Department of Health 
(DOH) intends to propose a rule 
(21 MNSR 1556; 4/28/97) which 
would establish standards for 
lead-based paint; criteria for 
licensure and certification of lead 
workers; and amend variance 
requirements pertaining to lead 
abatement and lead hazard 
reduction. Contact Douglas 
Benson, DOH, (612) 215-0881. 

Toxics-in-Packaging-MN S. 900 
0. Johnson) modifies toxics-in- 
packaging requirements. The bill 
was signed by the governor on 
May 20. 

Toxics-in-Products-MN S. 184 
(Stevens) modifies the require- 
ments of the toxics-in-products 
law which prohibits the sale or use 
of products to which heavy metals 
have been intentionally intro- 
duced. The bill was signed by the 
governor on May 30. 

MISSOURI 
Labeling (Proposed Regulation)- 

The Missouri Department of 
Natural Resources (DNR) issued a 
proposal (22 MOR 736; 4/15/97) 
which would rescind the effective- 
ness of a final regulation which 
amended procedures for obtaining 
exemptions for rigid plastic 
container labeling. Contact Char- 
lene Fitch, DNR, (573) 751-5401. 

NEW JERSEY 
Lead (Proposed Regulation)-A 

proposed rule (29 NJR 2202; 51191 
97) of the New Jersey Department 
of Community Affairs (DCA) 
would amend current lead hazard 
evaluation and abatement stan- 
dards and would incorporate by 
reference the "Industrial Lead 
Paint Removal Handbook." 
Contact Michael Ticktin, DCA, 
(609) 530-8803. 

Water Quality (RegulationkA 
final regulation (29 NJR 1704; 5/51 
97) of the New Jersey Department 
of Environmental Protection (DEP) 
amends requirements to restruc- 
ture the state pollutant discharge 
elimination system by simplifying 
the permitting process; revising 
provisions for storm water 
permitting, industrial users 
programs, and point source 
permitting; and modifying 
monitoring requirements. The rule 
went into effect May 5,1997. 
Contact Janis Hoagland, DEP, 
(609) 292-0716. 

NEW MEXICO 
Hazardous Materials Transporta- 

tion (Regulation)-The New Mexico 
Taxation and Revenue Department 
(TRD) adopted a final rule (8 NMR 
352; 4130197) which establishes 
safety requirements for motor 
camers, and standards for the 
transportation of hazardous 
materials. The regulation became 
effective April 30. Contact TRD, 
(505) 827-0939. 

NEW YORK 
Lead -NY S. 5319 (Smith) 

establishes a lead abatement 
licensing and certification pro- 
gram. The bill, which was intro- 
duced on May 14, was referred to 
the Senate Rules Committee. 

NORTH CAROLINA 
Lead-NC S. 516 (Ballance) 

establishes a lead-based paint 
hazard management program and 
requires any individual involved 
in lead abatement activities to be 
certified. Amendments to the bill 
were adopted by the Senate on 
June 4. 

NC S. 806 (Conder and 
Forrester) pertains to the control of 
lead exposure of children. The bill 
passed the Senate on June 10. 

OREGON 
Air Quality--OR S. 946 (Com- 

mittee on Livability) extends the 



state limitation of authority in 
implementing federal operating 
permit program requirements 
from Jan. 1,1990 to Jan. 1,2005. 
The House Committee on Environ- 
ment and Energy released the bill 
on May 28 with a favorable report. 

Air Quality (Proposed Regula- 
tion)-A proposed rule (36 ORRB 
141; 5/1/97) issued by the Oregon 
Department of Environmental 
Quality (DEQ) would adopt the 
federal national emission stan- 
dards for hazardous air pollutants 
(NESHAP) for newly constructed 
or reconstructed sources for which 
no NESHAP has been established; 
and would subject such sources to 
stringent air pollution control 
requirements. Contact Susan 
Greco, DEQ, (503) 229-5213. 

The Oregon Department of 
Environmental Quality (DEQ) 
proposed a regulation (36 ORRB 
142; 5/1/97) which would raise 
the fees charged to industrial 
sources subject to air contaminant 
discharge permit requirements by 
40%. Contact Susan Greco, DEQ, 
(503) 229-5213. 

Community Right-to-Know--OR 
S. 146 (Administrative Services) 
extends the deadline for small 
quantity generators of hazardous 
waste to submit toxics use 
reduction and hazardous waste 
reduction plans; and exempts 
small quantity hazardous waste 
generators from annual progress 
reporting requirements. On June 5, 
the bill passed the House. 

Hazardous Materials Transporta- 
tion (Proposed Regulation)-A 
proposal (36 ORRB 139; 5/1/97) of 
the Oregon Department of 
Transportation (DOT) would 
amend current reauirements 
concerning the transportation of 
hazardous materials and waste by 
railroads to maintain consistency 
with federal standards. Contact 
Brenda Trump, DOT, (503) 945- 
5278. 

The Oregon DOT proposed a 
regulation (36 ORRB 97; 5/1/97) 
which would adopt by reference 
federal requirements concerning 
hazardous materials transporta- 
tion; motor carrier safety; and 
driver, vehicle and hazardous 
material out-of-service standards. 
The rule became effective April 1. 
Contact Brenda Trump, DOT, (503) 
945-5278. 

Hazardous Waste (Proposed 
Regulation)-A proposed regula- 
tion (36 ORRB 141; 5/1/97) of the 

Oregon Department of Environ- 
mental Quality (DEQ) would 
revise the compliance fee sched- 
ules for hazardous waste genera- 
tors, and treatment, storage and 
disposal facilities. Contact Susan 
Greco, DEQ, (503) 229-5213. 

Occupational Safety and Health 
(Proposed Regulation)-The Oregon 
Occupational Safety and Health 
Division (OSHD) has proposed 
regulations (36 ORRB 98,101; 5/11 
97) which would, among other 
things, incorporate by reference 
federal standards for the use of 
personal protective equipment and 
for group lockout or tagout. 
Contact Sue Joye, OSHD, (503) 
378-3272. 

RHODE ISLAND 
Spray Paint Restrictions-RI S. 

106 (Palazzo) calls for a joint 
public/private partnership to 
study technological solutions to 
graffiti. Provisions in the bill 
which would have required 
"graffiti-proof" containers for 
aerosol paint were deleted at a 
hearing before the House Judiciary 
Committee on May 29. The bill is 
now considered dead. 

SOUTH DAKOTA 
Water Quality (Proposed Regula- 

tion)-The South Dakota Depart- 
ment of Environment and Natural 
Resources (DENR) proposed a 
regulation (23 SDR 177; 4/14/97) 
which would amend surface water 
quality requirements, update toxic 
pollutant criteria and simplify the 
Section 401 water qualitv certifica- 
tion program. ~oniac t  DENR, 
(605) 773-3351. 

TENNESSEE 
Lead-TN S. 414 (Dixon) 

requires the establishment of a 
traininglcertification program to 
police the use of lead-based paint. 
The governor signed the measure 

, onMay 15. 

TEXAS 
Air Quality (Regulation)-The 

Texas Department of Environmen- 
tal Quality (DEQ) adopted a final 
regulation which amends provi- 
sions for solvent-using and surface 
coatings operations concerning 
emission and monitoring require- 
ments. The rule went into effect 
May 22. Contact Heather Evans, 
DEQ, (512) 239-1970. 

Environmental Audits-TX H. 
3459 (Chisum) allows penalties to 
be assessed for environmental or 
safety violations that were 
voluntarily disclosed under 
specific circumstances. On May 21, 
the measure was signed by the 
governor. 

Lead-TX H. 729 (Van de Putte) 
requires lead hazard abatement 
workers in target housing and 
child-occupied facilities to be 
certified. The governor signed the 
legislation on May 27. 

Lead (Notice)-The Texas 
Department of Health (DOH) has 
withdrawn a proposed rule (22 
TXR 3395; 4/11/97) which would 
have reduced the adult elevated 
blood lead reporting level from 40 
micrograms per deciliter of blood 
to 25 micrograms. The withdrawal 
was effective March 27. Contact 
DOH, (512) 458-7236. 

Spray Paint Restrictions-TX S. 
758 (Shapleigh) relates to the retail 
sale of spray paint. The governor 
signed the measure on June 9. 

UTAH 
Hazardous Materials Transporta- 

tion (Proposed Regulation)-The 
Utah Department of Transporta- 
tion (DOT) proposed a rule (97 
UTSB 148; 5/15/97) which would 
incorporate by reference amend- 
ments to federal standards for 
motor carriers transporting 
hazardous materials and would 
lessen requirements for the 
transportation of hazardous 
materials that fall under "materials 
of trade" standards. Contact 
Shirleen Hancock, DOT, (801) 965- 
4781. 

Hazardous Waste (Proposed 
RegulationkA proposed regula- 
tion (97 UTSB 45; 5/15/97) of the 
Utah Department of Environmen- 
tal Quality (DEQ) would establish 
standards to control organic air 
emissions from tanks, containers, 
and surface impoundments; 
improve the permitting process for 
hazardous waste storage, treat- 
ment, and disposal facilities; and 
would improve public access to 
information on hazardous waste 
facilities. Contact Susan Toronto, 
DEQ, (801) 538-6776. 

VERMONT 
Lead-VT S. 114 (Shumlin) 

reduces the burden on landlords 
for abatement of lead paint 
hazards in rental housing and 



child care centers. The governor 
signed the bill on May 28. 

WASHINGTON 
Occupational Safety and Health 

(Proposed RegulationkThe 
Washington Department of Labor 
and Industries (DLI) plans to issue 
a proposal (97-09 WASR 4; 5/71 
97) which would incorporate 
federal occupational safety and 
health standards concerning 
worker exposure to methylene 
chloride. Contact Dan Locke, DLI, 
(360) 902-5524. 

Methylene Chloride Rule Status-On Jan. 10,1997, the U.S. 
Occupational Safety and Health Administration adopted a regula- 
tion wluch amended the existing requirements for employee 
exnosure to methvlene chloride. The new standard reduces the 
eziting eight-ho& timeweighted average exposure from 500 parts 
Der million to 25. In resvonse to this revision, a number of states are 
kcorporating the new itandard into their health and safety regula- 
tions. 

The following states have proposed the incorporation of the new 
methylene chloride standard:Arizona, California, Connecticut, 
Maryland, North Carolina, Oregon, and Washington. 

The following states have adopted the new methylene chloride 
standard: Indiana, Iowa, and Utah. 
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FSCTfs "ICE '97" Marks Our 
75th Anniversary 

E ncompassing the spectrum of coatings manufactur- 
ing, the new format of the FSCT's annual conven- 
tion will again feature an exhibition of over 300 

supplier companies at the International Coatings Expo, 
on November 3-5, 1997 at  the Georgia World Congress 
Center, in Atlanta, GA. Held in conjunction with the 
FSCT Annual Meeting and the Technology Conference, 
the Expo will present the industry's largest exhibition of 
suppliers. Come meet these suppliers for a face-to-face 
discussion of your needs and concerns. Problem-solving 
opportunities abound at "ICE '97"! 

The FSCT's concurrent Technology Conference will 
provide a forum for learning at all levels of the coatings 
industry, from the newly hired technician to top level 
management. Each Course has been designed for specific 
areas of your organization, including lab personnel, sales 
and marketing staff, manufacturing, research and develop- 
ment, and quality assurance. 

Highlights of the Technolow Conference include: 

Two Executive Forums, covering new product 
development and technology management on Monday, 
November 3. 

Nine one-day Courses, scheduled over three days; 
November 3,4, and 5, allowing attendees ample time to 
visit the International Coatings Exposition. 

Four two-day Courses, scheduled for Mondav and 
Tuesday, November 3 and 4, which again allows attendees 
time to visit the Exposition on November 5. 

Course attendees will be given complimentary atten- 
dance to the International Coatings Expo and the techni- 
cal presentations given at the FSCT's Annual Meeting. 

Set of Course Materials is provided to the attendees 
of each Course. 

Both you and your company benefit from attendance 
at this event. Your personal knowledge increases, which in 
turn improves your value within your organization, while 
the company stands to benefit from the new ideas and 
solutions you've learned by attending the conferences. 
The conferences also provide an opportunity for all 
coatings personnel to participate in the industry's premier 
event and learn the latest advances in the coatings 
industry. 

F S C T  

75th Annual Meeting 
International Coatings 
Expo and Technology 

Conference 

All events are scheduled for the Georgia World Congress 
Center unless otherwise noted. 

Sunday, November 2 
................ Registration Services 8:00 a.m. to 5:00 p.m. 

Monday, November 3 
Registration Services ................ 7:00 a.m. to 5:00 p.m. 

........... Technology Conference 8:00 a.m. to 5:00 p.m. 
.................... Opening Session 8:30 a.m. to 10:OO a.m. 

............................ Expo Hours 10:OO a.m. to 500 p.m. 
....... Annual Meeting Program 10:OO a.m. to 4:00 p.m. 

Social Guests Welcome 
1 Reception ............................... 2:00 p.m. to 4:00 p.m. 

Tuesday, November 4 
................ Registration Services 7:00 a.m. to 500 p.m. 

Technology Conference ........... 8:00 a.m. to 5:00 p.m. 
.............................. Expo Hours 9:00 a.m. to 500 p.m. 

Social Guests Optional Tours ... 9:30 a.m. to 3:30 p.m. 
departs from GWCC 
Annual Meeting Program ....... 10:OO a.m. to 4:00 p.m. 
International Reception ........... 6:30 p.m. to 7:30 p.m. 
Marriott Marquis 

Wednesday, November 5 
.............. Registration Services 7:30 a.m. to 12:OO p.m. 

FSCT Anniversary Breakfast ...... 8:00 a.m. to 9:30 a.m. 
Technology Conference ........... 8:00 a.m. to 5:00 p.m. 
Expo Hours ............................ 9:00 a.m. to 12:OO p.m. 
Annual Meeting Program ....... 9:00 a.m. to 12:OO p.m. 
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humor to provide an informative, provoc&ive and 
fascinating look at the impact of scientific innovations on 
how we will live and work in the near future. 

FSCT 75th Anniversary 
NATIONAL 

Annual Meeting Program 75 y v s . ,  

TlNGS EXPO 

Roon Award Competition Papers 

897 Celebrating 75 years as the 
premier technical organization 

in the coatings industry, the FSCT 
has planned an event that will 

truly reflect the theme "75 Years. . . 
Tradition , , , Discovery, , , Opportunity,rt 

ICE '97 will provide a fascinating look back to the 
organization's origins. Even further, it will offer attendees 
insights into the coatings industry as it moves into the 
future-previewing innovative technologies and solutions 
to current challenges. 

Participants of ICE '97 will have the opportunity to 
attend Annual Meeting technical sessions as part of their 
registration. Highlights of this year's technical program 
include: 

ICE '97 Opening Session: 
Keynote Address by Daniel Burrus 

Daniel Burrus, respected Science and Technology 
Forecaster, will provide the Keynote Address at the 

Representing the best technical work directly related to 
the protective coatings industry, the Roon Award Papers 
describe original work of high scientific caliber, not 
previously presented or published. Awards for the papers 
are determined on the basis of originality, scientific 
importance, practical value, and the quality of composi- 
tion. 

International Papers 

Women in Coatings Roundtable 

Entitled, "Coatings 2000: Women Leading into the 
New Century," this panel discussion will feature female 
leaders of the coatings industry addressing a 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 techni- 
cal portion of the Annual Meeting technical program. The 
Lecturer is chosen by the Chairs of several FSCT Commit- 
tees, for on-going work in critical technical areas. 

Mattiello Memorial Lecture 

The 1997 Mattiello Lecturer is F. Louis Floyd, Vice 
President for Technology of Duron Paints and 
Wallcoverings, Baltimore, MD. The Mattiello Lecturer is 
an individual who has made outstanding contributions to 

Reflecting the global audience of ICE '97, papers are 
presented from international industry experts. These 
papers often report on technologies which may affect the 
global marketplace or detail some of the latest technical 
advances outside of North America. 

Opening Session on Monday, November 3. I science, technology, and engineering, related to the 
Recent innovations in science and technology have coatings industry. The Lecturer embodies the standards of 

provided us with a "new" set of tools to work with which 
will greatly increase our productivity and efficiency in all 
areas. Knowing what these tools are, and how to apply did much to expand the application of science in the 
them creatively is rapidly becoming a matter of business 
survival and a key to personal gain. In his presentation, 
Mr. Burrus uses down-to-earth terminology, insight and 

APjIVoss Award Competition Papers 

These FSCT Constituent Society papers are developed 
and presented by the Societies' technical committees. 
Their work deals with the research, development, manu- 
facture or application of the industry's products or raw 
materials entering into their preparation. 

Coatings Societies International to  Present 
Medallion Honoring Technical Achievement 
at FSCT 75th Annual Meeting 

Coatings Societies International will sponsor an award 
honoring outstanding technical achievement in the 
presentation of papers at the FSCT Annual Meeting in 
Atlanta, on November 3-5, 1997. This award, first 
presented at the XXl11 FATIPEC Congress in June 1996, is 
given at selected annual congresses of CSI-member 
organizations. 

In addition to the Federation of Societies for Coatings 
Technology, member organizations of CSI include: 
FATIPEC (Federation dlAssociation des Technicians des 
~eintures,' Vernis, Emaux, et dJImprimerie de I'Europe 
Continentale); JSCM (Japan Society of Colour Materials); 
OCCA (Oil & Colour Chemists' Association); SLF 
(Skandinaviska Lackteknikers Forbund); SCAA (Surface 
Coatings Association Australia); and SCANZ (Surface 
coatings Association New 
Zealand). 

The award is a polished 
bronze medallion, inscribed 
with the CSl logo. Interested 
parties may contact the CSI 
General Secretariat at the 
Federation of Societies for 
Coatings Technology, 492 
Norristown, Rd., Blue Bell, PA 
19422-U.S. 
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Coatings Technology Conference 
All Courses held at Georgia World Congress Center 

Sunday, November 2 

Sunday Evening (Reception and Dinner) 

(Included when you register for Executive Forum I & 11) 

Monday, November 3 

Executive Forum I: 

Strategically Effective New Product Development: 
An Enterprise-Wide Approach from Concept 
through Commercialization 

Course Description 

A one-day interactive workshop introducing partici- 
pants to the "Why's" and "How's" of enterprise-wide 
New Product Develovment (NPD), fuzzv front end 
processes, concept &neratiok, pd;tfolid management, 
supporting systems and tools and fast development. 
The course is geared toward company executives and 
decision makers with key responsibilities for improving 
their organization's NPD output. 

lnstructors 

Paul O'Connor, Adept Group, Ltd. 
Chris Miller. Innovation Focus 

Attendance Limit 

30 

Executive Forum II: 
Advanced Topics in Technology Management 

Course Description 

Targeted to R&D and business executives who have 
strategic leadership responsibility in their organiza- 
tions, this executive level workshop will introduce 
participants to three management topics focused on 
maximizing technology to achieve commercial success 
in the coatings industry. 

lnstructors 

Stephen E. Rudolph, A.D. Little 
John F. Martin, A.D. Little 

Attendance Limit 

30 

,nnual Mec .. a -  

rting 
Effective Technical and lnrernarlonal coatings 

Scientific Expo and Technology 

Writing Workshop Conference 

Course Description 

For all levels of laboratory and R&D personnel, along 
with applicators and anyone with responsibility for 
writing memos, letters, reports, manuals, specifications 
and proposals on a routine basis. The session includes 
in-class writing exercises designed for practical applica- 
tion and allows time for individual instructor atten- 
tion. Participants are invited to submit writing samples 
in advance for confidential review by the instructor. 

Instructor 

Sal Iacone 

Attendance Limit 

"C 
L.J 

Effective Employee Motivation Strategies 

Course Description 

Designed for all managers, this course will provide 
attendees with the necessary techniques to keep 
employees all pulling in the same direction for a 
common cause. Participants will learn the benefits of 
different types of motivational strategies and why some 
techniques work on certain people and not others. 
Attendees will also learn the value of incorporating 
these strategies into their management style. 

Attendance Limit 

30 

Monday-Tuesday, November 3-4 

(Two-Day Courses) 

Introduction to Radiation Curing 

Course Description 

Radiation curable coatings are fast becoming an 
efficient method to meet the regulatory challenges 
facing the industry. This course is designed for formu- 
lating chemists, R&D chemists, technical directors and 
company decision makers in the adhesives, inks, 
plastics and coatings industries, and will provide details 
on the basics of radiation cure as a low VOC, low 
energy cure technology. 
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Coatings Technology Conference 
@JTERNATIONAL Instructors (Partial List) coating performance. The course helps attendees to 
Q ~ ~ O A T I N G S  EXPO develop coatlngs using specific scientific principles as 

Latoska Price, Akzo Nobel opposed to trial and error and is also relevant for ink, 
3-59 lSg7 Paul Gupta, Flint Ink Corp. sealant and adhes~ve ~ndustry personnel. 

ATLANTA, GA Ed Iurczak. Sartomer 
~ichard  stode, Fusion 

Roy Modjewski, Akzo Nobel 
Ron Golden, UCB Radcure 

Bill Schaeffer. Sartomer 

Attendance Limit 

125 

Methodology of Evaluating 
Corrosion Resistance 

Course Description 

This course is designed to review what corrosion is, its 
mechanism, methods of prevention, and a discussion 
of standardizing the process of testing for corrosion 
resistance. Attendees will learn important details of 
corrosion, the principles of protection, and then 
participate in and discuss possible methods of stan- 
dardizing the evaluation process. It is designed for 
formulators, R & D chemists, technical service person- 
nel and technical management. 

Attendance Limit 

Back to Basics: Resins, Pigments, 
Solvents & Additives 

Course Description 

For chemists, lab technicians, sales, marketing, and 
field support personnel new to the industry or with 
minimal experience. Participants will gain a better 
understanding of the basic composition of coatings 
and will be given tips on troubleshooting techniques to 
effectively formulate coatings. 

Attendance Limit 

Polymer Chemistry for the 
Coatings Formulator 

Course Description 

Provides current information on polymer chemistry for 
coatings formulators, R&D chemists, and sales and 
marketing personnel with strong technical back- 
grounds or interests. Attendees will realize a greater 
understanding of the essential concepts of polymer 
science and the underlying principles to determine 

Attendance Limit 

125 

Tuesday, November 4 

1 (One-Day Courses) 

Winning Technical Presentations 

Course Description 

For laboratory and R&D personnel at all levels, in 
addition to marketing and sales staff and anvone else 
responsible for deliv&ing technical 
Attendees will learn how to develov effective visuals: 
proper speaking techniques and da'ta 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 
program offers a combination of lecture, interaction 
and small group projects. 

Instructor 

Carter Johnson 

Attendance Limit 

25 

Effective Negotiating Skills 

Course Description 

Every day, in every aspect of our lives, we are faced 
with negotiations. This program, designed for both 
technical staff and sales personnel, will provide 
attendees with proven techniques to enable your 
organization to benefit, both financially and time wise, 
from improved negotiations. 

Attendance Limit 

Creative Decorating 

Course Description 

Designed for decorators, applicators, those who 
develop trade sales paints, forward marketers, painting 
contractors, store owners, and anyone interested in do- 
it-yourself projects, this course will provide current 
information on the latest techniques being used to 
decorate homes and the workplace. The course will 
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Coatings Technology Conference 
97 - 

F S C T  

Ed Orr, BYK Chemie 
Joel Schwartz, Air Products 
Fred Lewchik, BYK Chemie 
Tara Greesing, Ultra Additives 

-- 

cover techniques such as stenciling, rag painting, attendees a good descrip- 
sponge and broom painting and many other methods tion of the benefits of 75th Annual Meeting 
used to provide the current "looks" for home and office developing a Product International Coatings 

Attendance Limit I 

decoration. 

Attendance Limit 

50 

Industry Leadership with Product 
Stewardship I 

Stewardship program and Expo and Technology 
the value it has to the Conference 
company. Initiatives such as 
Responsible CareTM and Coatings 
CareJM will be reviewed, and the 

Course Descri~tion 1 
This course has been develo~ed for senior officers. I 

benefits of these initiatives will be 
illustrated. This overview will give a basic understand- 1 ing to attendees on how to install and manage such a 

Chemistry and Formulation of 
Powder Coatings 

Wednesday, November 5 

(One-Day Courses) 

Course Descri~tion 

program. 

Attendance Limit 

100 

Designed to provide formulators, R&D chemists, 
technical directors, and company decision makers with 
information on the basic processes of formulating 
powder coatings. This course will be beneficial to both 
newcomers to the powder coatings industry as well as 
give information to those companies that are consider- 
ing adding powder coatings as a product line. 

hygienists, regulatory personnel, and those indivihuals ' Attendance Limit 
involved in regulatory enforcement from the DOT, 
military, refinishing industry as well as the coatings 1 100 
and chemical industries. The program will give 

Surfactant Chemistry and Application 1 Responsible CnrerM is il regi.stered trademark of the Chernicni 
Mnnrrfachrrers Associntion. 

Course Description Contirtgs CoreJM is 11 registered tmdemnrk of the Notiorla1 Pni~rt 
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For R&D personnel, technicians, formulating chemists 
and application chemists, along with technical service 
personnel in the coatings and inks industries, this 
course will provide attendees with a better understand- 

nnd Coatitt,qs A~ssociatio~~. 

Spray Applications Workshop 
ing of the various aspects of surfactant chemistry and Course Description 
its effect on the development of coatings and inks. 
Attendees will also develop an open thinking approach Provides both experienced and novice applicators, field 
to surfactants and problem solving. This course 1 service personnel, specifiers and formulators with 
content will include case studies and live demonstra- , information on current and upcoming technologies as 
tions. Attendees are encouraged to submit questions in they apply to the application of coatings and finishes, 
advance. Considered a "Learning Exchange Seminar," attendees I will learn how to properly select, maintain and operate 
Instructors (Partial List) spray finishing equipment and to answer a variety of 

1 questions related to spray finishing. 
Bob Stevens, Dow Corning Attendance Limit 
Steve Snow, Air Products 



Guest Accommoc ations 
RNATIONAL 

There are 10 hotels The deadline for housing is October 3. After October 
providing convention rates 3, the Housing Bureau will place reservations on a space 

90 for ICE '97. All have available basis. A deposit is reauired on all reservations. 
NOVEM 

ATLAN 

~ 9 7  undergone extensive 
renovations to prepare for the 

Olympics held in Atlanta in 
1996. Properties have been 

included to match every travel 
budget. 

The Atlanta Convention Bureau's 
housing department is the official housing coordinator for 
ICE '97. To obtain a reservation for the convention, you 
must complete the official housing form and send it to 
ICE Housing. Only international attendees using a credit 
card may fax to 404-521-6392. The Bureau will provide an 
acknowledgment of all reservations. The hotel assigned 
will then forward a confirmation of the reservation. Please 
read your confirmation carefully for the hotel's cancella- 
tion policy. 

Rates 

The deposit amountis $125 room reservation with 
three exceptions: the Ritz Carlton, the Westin, and Omni 
at CNN, each of which requires a deposit equal to one- 
nights' stay. If paying by check, make the check payable 
to the ICE Housing Bureau. Credit card deposits will be 
processed 30 days prior to arrival. Before October 3, 
contact the Housing Bureau at 404-521-6630 with changes 
required. After October 3, contact the hotels directly. 

The ICE Housing Bureau strives to place your reserva- 
tion in the hotel of your choice. If the property desired is 
not available, the reservation will be placed based on the 
next choice available. Please be sure to indicate three 
choices on your form. 

Double X 
or indicates 

Hotel Single Twin 1 BR Suites 2 BR Suites Shuttle stop 

FSCT Headquarters 
Atlanta Marriott Marquis* $150 $170 $500 - $1,250 $650 - $1,400 x 
Marquis level 194 214 

Atlanta Hilton and Towers 150 170 x 
Hyatt Regency Atlanta 155 175 605 - 925 825 - 1,075 x 
Concierge level 189 209 

Westin Peachtree Plaza 147 167 x 
Concierge Level 177 197 

Radisson 9 1 101 x 
Omni at CNN* 159 179 675 - 825 825 - 1,800 
Courtyard by Marriott 129 139 x 
Best Western American 99 114 x 
Concierge level 119 134 

Ritz Carlton 165 180 x 
Comfort Inn 105 115 x 

Key: Single = room with one occupant; Double = room with two occupants, 1 bed; Twin = room with two occupants, 2 beds; 
1 bedroom suites = living room parlor and one connecting bedroom; 2 bedroom suites = living room parlor and two connecting 
bedrooms 

*Exhibitors will be limited to a block of 10 rooms at the Marriott Marquis and the Omni at CNN. A one-bedroom suite counts as 
2 rooms. A two-bedroom suite counts as 3 rooms. 

KEY to HOTEL MAP 
1. Atlanta Hilton and Towers 

2. Atlanta Marriott Marquis 

3. Best Western American Hotel 

4. Comfort Inn Downtown 

5. Courtyard by Marriott Downtown 

6. Hyatt Regency Atlanta 
7. Omni at CNN 

8. Radisson Hotel Atlanta 

9. Ritz Carlton Atlanta 

10. Westin Peachtree Plaza Hotel 
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1997 Housing Application Form 
Reservations must be placed with the ICE Housing Bureau to receive preferred rates. Hotels will not .EmcR.,,oN .a- c-.,,Ns. OF T c c M a Q L ~ y  sw,.T,s. 

accept reservations directly. Reservations must be received by October 3, 1997. 

1. To Make Reservations 
+ Please print or type all items to ensure accuracy 
+ Complete each palt below in detail for correct and rapid computer processing - 
+ Form may be duplicated or supplemental room list must be attached using same format as below 

MAIL Send completed form and payment (in U.S. dollars only) to: 
Or ICE Housing Bureau 

233 Peachtree St., N.E. 
Suite 2000 
Atlanta, GA 30303 

International Attendees may fax to 404-521-6392 

2. Hotel Information 

Priorto October3, all resewations,changes, 
and cancellations must be made with ICE 
Housing Bureau. After this date, these 
changes must be made with the hotel di- 
rectly. Cancellation ~olicies varv bv hotel, 
please read confirmations carefullv. 

Select 3 hotels of your choice to facilitate processing. Requests are given priority in the order received. First choice is assigned 
IF AVAILABLE. Be sure to list definite arrival and departure dates. Please use brackets to indicate those sharing a room. 

1 st Rate 3rd Rate 
2nd Rate No. of rooms requested 

Room Key: single (1 person, 1 bed); double (2 people. 1 bed); doubleldouble (2 people. 2 beds). 
Requests for the Marriott Marquis and the Omni @ CNN will be limited to 10 rooms per exhibitor company. 

3. Room Deposit 
All rooms require a room deposit or credit card guarantee. Deposits are $125 per room for all hotels with the exception of the Omni @CNN, 
Westin, and Ritz Carlton. They require a one night's stay deposit. Deposits may be made by major credit card or check (US. dollars). 

0 Enclosed is my check payable to the ICE Housing Bureau for $ 

Please bill my: 0 AMEX O MC LI Visa 

Departure Names of Occupants Room Type* 
I 

Credit Card Number Expiration Date 

Arrival 

Name of Card Holder Signature 

1 0 single 0 dblldbl 
1. Ll double 

4. Send Confirmations to: 
Contact Name: Telephone: 

Company: FAX: 

Address: 

CityIState (Province): Zip Code (Mailing Code): 

Country (if other than U.S.): 

I 

& requires special assistance. Please attach a written description of your needs. 
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2. 

3. 

4. 

5. 

0 single 0 dblldbl 
J double 
0 s~ngle 0 dblldbl 
0 double 

I 
I 

0 single 0 dblldbl 
O double 
0 single 0 dblldbl 
D double 1 



Registration Information 
COATINGS EXPO 

NOVEMBER 3-5, 3997 Registration Procedures If you have any questions on how to complete the 
ATLANTA, GA registration form, contact the ICE Registration Help Line: 

By Mail Complete ICE '97 Regis- .................... tration Form and mail with pay- U.S. 800-823-1530 ..... ment to: International 847-384-7755 
ICE Registration 
P.O. Box 998 All cancellations and refund requests must be in 
Park Ridge, IL 60068 writing and sent to ICE Registration. Cancellations 

received after October 26 are nonrefundable. 

&F& 24 hours a day, 7 days a week 
U.S. 800-952-9812 All pre-registered attendees will receive a confirmation .................... 
International 847-698-9245 statement of their registration selection. Badges and ..... 

materials will be available for pickup at the ICE Registra- 

The FSCT's ICE '97 Registration has gone tion Services Area located in the Georgia World Congress 
Internet on-line. To register via the Internet, use the Center beginning On 

address: "www.coatingstech.org" 

Registration Rates 

Before After 
Member Non-Member Oct. 3 Oct. 3 

ICE ExpoIAnnual 
Meeting Attendee $75 $100 $25 $25 

Retired Members - \  / -  30 
- - - 

Students - \/ - 15 15 - - 

Social Guests 40 40 - - 
Swan House Tour 60 60 - - 
Atlanta Tour 60 60 - - 

Conf. Package 1 250 350 50 100 

Conf. Package 2 450 600 50 100 

Conf. Package 3 550 750 50 100 

Executive Forum 550 750 50 100 

Registration Options 

ICE ExpoIAnnual Meeting ........ Attendee receives 3-days' admittance to the Expo and to the Annual Meeting program 

.............. Conference Package l* Receives admittance to 1 ONE-DAY course 

.............. Conference Package 2* Receives admittance to 2 ONE-DAY courses 1 TWO-DAY course 

.............. Conference Package 3* Receives admittance to 3 ONE-DAY courses 1 TWO-DAY & 1 ONE-DAY course 

Executive Forum ........................ Receives admittance to 1 Executive Forum and 3 days admittance to the ICE Expo/ 
Annual Meeting 

*All conference packages incllrde admittotlce to the Expo and Annlral Meeting Program 
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Earl,-o*rc pr cng IS In elfecl Ln.1 L N E B  For ' E ~ L  ar pre-rfg~srraton Ins  lcrm rr.3: oe poslrrarheo no-aier tnar OCTOL?CPi3J9'?: rcrm must bebl iedo~r corn3 etely 
fo, process ng Aconl rmallon o' /cur rcq s:ra:,oi A oe serI .O )OL CE 3acges nus1 oe ncrn .or adm ss on .c I re  CF exn o Is an1 a1 -ecnn ca Conference peoyams 

STEP 3. Soc ia l  G u e s t  B a d a e  Information 

STEP 1. I n d u s t r y  Attendee B a d g e  lnformation 
FIRST NAME (Nickname) 

I 
FIRST NAME LAST NAME 

sIqm 
COMPANY a 
MAILING ADDRESS (or P.0 Box) 

0 
STATVPROV. 

hmmmma~ m 
POSTAL CODE COUNTRY (other than U.S.) 

/ IT]- 
TELEPHONE NO. FAX NO. 

lmmmrlfl im;II 

FIRST NAME (Nickname) FIRST NAME LAST NAME 

1 1 1 1 I I  I I I I I I i I I I I I I I I I I I I I l I I C I O  

STEP 2, Re istrant Profile Are YOU a first-time attendee? 
l O Y e s  2 7 N o  

FSCT Society Affiliation 

lnformation below must be  completed for registration to be processed: 

Your Company (Check one only) 

31 3 Manufacturers of Patnts, Varnishes. 42 7 Environmental Sewices 
Lacquers 43 0 Other 

32 0 Manufacturers of Printing Inks 
33 3 Manufacturers of Sealants. Caulks, your Position (Check one only, Adhes~ves 
34 7 Manufacturers of Powder Coatings 51 fl ManagementiAdministration 
35 0 Manufacturers of Raw Materials 52 7 Mf9. & Engineering 

36 3 Manufacturers of Equ~pment and 53 fl QuaW Control 
Containers 54 7 Research & Development 

37 3 Sales Agents for Raw Materials and 55 ~ ~ ~ h ~ i ~ ~ l  sales sewice 
Equ~pment 

38 3 Government Agency 
56 3 Sales & Marketing 

39 0 ResearchfrestingiConsulting fl Consultant 
40 3 Educational Institution 

58 3 EducatorIStudent 

41 o paint Consumer 
59 O Other 

STATVPROV. 

m Social Guest Registration 
.................. m(olher than US) POSTAL CODE (Welcome Social and Expo) $40 

In0 Optional Activities (Select only one--include selection in Step 5): 
TELEPHONE NO Tues. Tour to Swan House ..................... $60 

............. IIIIIIIIII(II Tues. Tour of Atlanta Highlights $60 

STEP 4. Conference Req i s t r a t i on :  Conference registrants must check boxes of session they wish to attend (Nolrnore than one boxper day) 

ONE-DAY COURSES ONE-DAY COURSES 1 ONE.DAY COURSES 

@ 1 TECHNICALWR~T~NG J 2 MOT~VAT~ON 1 3 TECH. PRESENTATIONS 0 4 NEGOTIATING 1 6 SURFACTANTCHEM 1 7 PROD.STEWARDSHIP 
0 5 CREATIVE DECORATING fl 8 SPRAY APPLICATION fl 9 POWDER COATING 

TWO-DAY COURSES INov. 3-41 1 NOTE: Reaistration is limited for manv courses. Provide 
(TWO-DAY COURSES WILL BE l a A RADIATIONCURING 0 B CORROSION COMPLETED ON TUESDAY) 

0 C BACKTO BASICS 0 D POLYMERCHEM. 1 
FORUM (~ncl. dtnner, Sun., Nov. 2) For OHlce Use Only 

BIN R E 
PROD DEV a F2 TECH MGMT 

P c- 

alternate selections (pot an X over appropriate choice/s): 

one-day courses: 

086%@0608 
two-day courses: executive forum: 

8 0 0 8  C3B 

I STEP 5. c a l c u l a t e  Amount 

ICE EXPOIAMNUALMTG. ONLY .............. 
........................ 

$75 SIW $- 
RetiredMembers $3 - $- 
Students .................................. $15 $15 $- 

. . .  SOClALGUESTRegistration $40 $40 $- 
Tues.TourtoSwanHouse(optionai) ...... - $60 $60 $- 

. . . . . . . . . .  Tue~.TourofAtlanta(opt~onal) - I W $60 $- 

CONFERENW IKEXPO: / \  1 
Conlerence Package1 

(1 o n e )  . 

Conference Package2 
(1 two-dayorzone-day) ...................... 

ConferencePackageS 
(fullconference'or3one-day) $495 

FSCTlndustryBreakfaslTickets(numberoftickets)SYI ............ $24 $- 

UllL s- 
'Full conference Includes one one-day course and one two-day course 

STEP 6. Method of P a v m e n t  (Make check payable ~n u S. ~unds to FSCT) 

SELECTONE. Check enclosed 0 Mastercard 

1 VISA 1 American Express 

Card number: 

Exp. date: month year 

Cardholder's name 
please prlnt 

Signature. 

Amount Enclosed (from Step 5) ............. $ 

B y  Fax: USA 

By Mail send to: ICE Registration, 
P.O. Box 998, 

(800) 823-1530 

Park Ridge, IL  60068 USA 

ICE '97 Reaistration He l~ l l ne  (between 9:00 am and 5 0 0  pm CST) 
USA 
lnternational (847) 384-7755 



NOVEM 

ATLAN 

General Information 

Social Guest Program Pick-up locations and up-to-date schedule information 
will be posted at the Georgia World Congress Center and "' This year's Social Guest in the lobby of each participating hotel. 

program includes registration to 
attend a welcome program Travel Notes 

featuring Decorating Trends for 
Your Home, on Monday, November 3, The official carrier is Delta Airlines. To receive the special 

as well as admittance to the FSCT Opening Delta convention rates*, you may wish to arrange your 
Session on Monday, November 3, and three days admit- travel through the FSCT Travel Desk QJ through Delta's 
tance to the Expo. Meeting Network. 

Social Guest registration is offered only to the spouse or If You Your the FSCT 
guest of the industry attendees, TO register, complete the YOU will receive a chance to win round-trip transportation 
Social Guest portion of the official FSCT registration form. for FSCT's ICE '98 in New Orleans. earn a 
Advance Registration fee is $40. On-Site fee in Atlanta is chance at the you must the FSCT 
$50. Travel Desk a t  1-800-448-FSCT and mention the ICE 

Show. 
Optional Tours Should you or your travel professional desire to make 

travel arrangements through the Delta Meeting Network 
Social Guests have the opportunity to register for contact them a t  1-800-241-6760 and refer to the conven- 

optional guided tours to be conducted on Tuesday, tion file number 1-3697. 
November 4. Two choices are offered: The Goodlife in "Certain resM'ctions apply. 
Historic Buckhead and A Taste of the Peach. Each will run 
from 9 a.m. to 3 p.m. 

The tours include transportation on deluxe 
motorcoaches, admission fees to attractions specified, and Airport and Ground Transportation lunch. To participate Social Guests must complete the 
Activities portion of the Social Guests Registration Form. Hartsfield International AirDort serves the Atlanta- 

Tour I :  The Good Life in Historic Buckhead features a 
visit to the Atlanta History Center offering participants a 
chance to tour the regal Swan House, the Tullie Smith 
House, and browse through the Atlanta History Museum. 
Following the morning tours, participants will travel to 
103 West for a lunch at the posh Four Star restaurant. 
After lunch, participants will travel to Phipps Plaza and 
Lenox Square, two of Buckhead's favorite malls! 

Due to limited availability, pre-registration is encouraged. 
$60/person 

metropolitan area. With 2,600 flights a day, it's one of the 
world's largest passenger terminals. 

Located in Hartsfield International Airport near the 
baggage claim area is a station for MARTA, Atlanta's rapid 
transit system. MARTA provides a fast and economical 
transportation option to the downtown area. Call 404- 
848-471 1 for further details. Other transportation options 
from the airport are shuttle service and taxis. Atlanta 
Airport Shuttle provides scheduled service from Hartsfield 
to the downtown hotels every 15 minutes from 7 a.m. to 
11 u.m. One-wav runs $8.00 and round-triu is $14.00. The 
trip' takes approiimately 30 minutes. ~axi'service from Tour ': A Taste of  the Peach is a tour highlighting Hartsfield operates on a flat fee: $18 for one person, $20 

the Olympic Village, the State Capitol, as well as the for two people, and $24 for three people. 
Historic District on Sweet Auburn Avenue. Participants 
will visit the Fox Theater as well as the Shops of Bennett 
Street. Following the morning tours, participants will 
travel to 103 West for a lunch at the posh Four Star Weather 

restaurant. Temperatures average 64°F (173°C) in Atlanta during 
After lunch, participants will travel to Phipps Plaza and early November. In the evenings expect the average to be Lenox Square, two of Buckhead's favorite malls! 
Due to limited availability, pre-registration is encouraged. 

46°F (7.8"C). 

Attire 
Shuttle Service 

Business attire is appropriate for all events. 
Shuttle service will be provided between the participating 
hotels and the Georgia World Congress Center. 

Hours of Operation 
Sunday, Nov. 2 ................... 8:00 a.m. to 5:00 p.m. 
Monday, Nov. 3 .................. 7:00 a.m. to 6:00 p.m. 
Tuesday, Nov. 4 .................. 7:30 a.m. to 6:00 p.m. 
Wednesday, Nov. 5 ............. 7:30 a.m. to 3:00 p.m. 

Visitor details on Atlanta are available on the 
world wide web at  "www.atlanta.com" 
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ICE '97 Exhibitors 
(As of 7/8/97) 

- 
F S C T  

< 
A.P. Dataweigh Systems 
ABC Dispensing Technologies Inc. 
Aceto Corp. 
ACT Laboratories 
Adhesives Age/lntertec Publishing 
Advanced Software Designs 
Air Products 8 Chemicals, Inc. 
Akzo Nobel Resins 
Alor Engineering Corp. 
Allied Colloids, Inc. 
AllledSignal Inc 
Alnor Oil Co., Inc. 
Ambrose Co. 
ACS, Information & Services 
American Point & Coatings Journal 
Amoco Chernicol Co. 
ANGUS Chemical Co. 
Anker Labelers USA Inc. 
Aqualon, A Div. of Hercules Inc. 
ARC0 Chemical Co. 
Argus Business Media 
Arizona Instrument Corp. 
Ashland Chemical Co. Drew 

lndustrial Div. 
Atlas Electric Devices 
Atotech USA Inc 
Avestin Inc. 
AviloAgnelo Editora E Comercio 

Ltdo- Paint & Pinturas Magazine 
BarryWehmiller Co. 
Borry-Wehmiller Packaging Systems 
BASF Corp. 
BotchMaster Software Corp. 
Boyer Corp. 
Blocoh Fluid Control, Inc 
Borden Chemical, Inc. 
Boss Bulk Systems, Inc. 
Bowers Process Equipment Inc. 
Brookfield Engineering Labs., Inc. 
Buckman Laboratories, Inc. 
Buhler Inc. 
Bulkcon Systems USA 
Burgess Pigment Co. 
BYK-Chemie USA 
BYK-Gordner, Inc. 
Cabot Corp., CABO-SIL & Special 

Blocks Div. 
Calgon Corp. 
Cardolife Corp 
Cellulose Filler Factory Corp. 
CEM Corp. 
Chemlcal & Engineering News 
Chemical Marketing Reporter 
Chemical Week 
Chemicals Incorporated 
Chemir/Polytech Laboratories, Inc. 
Cibo Specialty Chemicals Additives, 

Pigments, & Polymers Divs. 
ClBA Specialty Chemicals- Fluoro 

Chemicals 
Cimbor Performance Minerals 
Clariant Corp. 
Clawson Container Co. 
CMI lnternational 
Coatings Magazine 
Coatings World/lnk World 

Magazine 
Color Communications, Inc. 
Color Corp. of America 
ColorTec Associates 
Columbion Chemicals Co. 
Cook Composite & Polymers (CCP) 
Corob North America Div. of Taotek 

N A 
Corrosion Control Consultants & Labs 
Cortec Corp. 
CR Minerals Corp. 
Crosfield Co 
Cuno, Inc. 
Cytec Industries Inc. 
D/L Laboratories 

Daniel Products Co., Inc. 
Datocolor lnternational 
J. De Vree & Co. N.V 
DeFelsko Corp 
Degen Oil &Chemical Co 
Degussa Corp. 
Delta Colour 
University of Detroit Mercy 
Disti-Kleen, Inc. 
Dixie Poly-Drum Corp. 
Dominion Colour Corp. 
Dover Chemical Corp. 
Dow Chemical Co. 
Dow Corning Corp. 
Draiswerke, Inc. 
Dry Branch Kaolin Co. 
DuPont Nylon Intermediates 
DuPont Performance Chemicals 
Eagle Zinc Co. 
Eastern Michigan University 
Ebonex Corp. 
ECC International 
Eiger Machinery, Inc. 
Eckart America 
Elf ATOCHEM North America, Inc. 
EMCO (Epworth MorehouseCowles) 
Engelhard Corp./Mearl 
Engineered Polymer Solutions, Inc. 
Esprit Chemical Co. 
Estron Chemical, Inc. 
European Coatings Journal 
Exxon Chemicol Co. 
Federation of Societies for 

Coatings Technology 
Filter Spec~olists, Inc. JFSI) 
Fischer Technology Inc 
Florida Drum Co. 
Fluid Management 
Formation Systems, Inc. 
Franklin lndustrial Minerals 
Fuii Silysio Chemical 
H.B. Fuller Co. 
G A F Filter Systmes 
Gamry Instruments, Inc. 
Paul N. Gardner Co., Inc. 
Georgia Marble Co. 
Georgia-Pacific Resins, Inc. 
Gilson Co., Inc. 
BFGoodrich Co. Specialty Chemicals 
The Goodyeor Tire & Rubber Co. 
Gorman-Rupp Co. 
Grace Davison 
Graco, Inc. 
GretagMacbeth (formely known as 

Macbeth) 
Holox Pigments 
J.W. Hanson Co., Inc. 
Horcros Pigments Inc. 
Henkel Corp. 
HERO Industries Limited 
Heucotech Ltd. 
Hi-Mar Specialties, Inc. 
Hilton Davis Co. 
Hockmeyer Equipment Corp. 
Horibo Instruments Inc. 
Huls America, Inc. 
Hunterlab 
Huntsman Corp. 
ICI Surfactants 
Ideal Manufacturing & Soles Corp. 
IGT Reprotest Inc. 
Indco, Inc. 
lndustrial Copolymers 
lndustrial Oil Products Cora 
lnfinium Software (formerl): Software 

2000) 
Inmork, Inc. 
Inpra-Latino 
lnterfibe Corp. 
lnternational Compliance Center 
lnternational Speciality Chemicals 

lnternational Specialty Products (ISP) 
I n  Marlow/lTT A-C Pump 
J.M. Huber Corp. Engineered 

Minerals Div. 
S.C. Johnson Polymer 
Journal of Coatings 

Technology 
K-T Feldspar Corp. 
Kelly Chemicol Corp. 
Kenrich Petrochemicals, Inc. 
King Industries, Inc. 
Kline & Co., Inc. 
KRONES, Inc. 
KTA-Tator Inc. 
Lobelmaster 
Laporte Inc./Aztec Peroxides, Inc 
Loporte Inc./loponite Rheological 

Additives 
Loporte Inc./Mopico 
Loporle Inc./Minerol Pigments 
Loporte Inc./Southern Cloy Products 
Lawter lnternational 
The Leneta Co. 
Liquid Controls Corp. 
Littleford Day Inc. 
Longview Fibre Co. 
The Lubrizol Corp. 
3 M  Specialty Chemical Div. 
Macbeth (see GretagMacbeth) 
Mallinckrodt Inc. 
Molvern Minerals Co. 
Manufacturing Business Systems 
Michelmon, Inc. 
Micro Powders, Inc. 
Microfluidics lnternational Corp. 
Micromeritics 
Micromet Instruments 
Microview USA Inc. 
Ming-Zu Chemical Industries 
MinlFibers, Inc. 
Minolta Corp. 
Mississippi Lime Co. 
University of Missouri-Rollo 
Mltsubishi Chemical 
Monsanto Co. 
Morton lnternational 
Muetek Analytic Inc. 
Myers Engineering 
Nacon Products Ltd. 
Nogase America Corp. 
Nametre Co. 
Neste O X 0  AB 
Netzsch Incorporated 
Neupak, Inc. 
New Way Packaging Machinery 
Norman lnternational 
North American Oxide Inc 
North Dakota State University 
Nycom Minerals, Inc. 
Occidental Chemical Corp. 
Ohio Polychemicol Co. 
Olin Corp. 
Omnimark Instrument Corp. 
Poar Physica, USA Inc. 
Paint 8 Coatings Industry Magazine 
Paint Research Association 
Poll Filtron Corp. 
Parasol Systems, Inc. 
Particle Sizing Systems. Inc. 
Peninsula Polymers, Inc. 
Pfaudler, Inc. 
Phenoxy Specialties 
Polar Minerals 
Poly-Resyn, Inc. 
PPG Industries, Inc. 
PQ Carp./ Potters lndustries 
Premier Mill Corp. 
Purity Zinc Metals 
Q-Panel Lab Products 
Quackenbush Co. 
K.J. Quinn & Co., Inc. 

7 5 t h  Annua l  M e e t i n g  
lnternat ional  Coat ings 
Expo a n d  Techno logy  

Conference 

1 !:$:~~~~rnational North America 
Ronbor Technology, Inc. I Reodco Manufacturing, Inc. 
Reichhold Chemicals, Inc. / Rexam Mulox, Inc. 
Reynolds Industries, Inc. I Rheox, Inc. 
Rhone-Poulenc, Inc. I Rhopoint Instrumentation Ltd. 
Rohm and Haas Co. 
onn~ngenPetter 

Charles Ross & Son Co. 
Russell Finex, Inc. 
S & G Technologies 
San Esters Corp. 
Sartomer Co. 
Schenectadv International. Inc. 
~chlumberger lndustrles 
Schold Mochlne Co 
SEPR Ceramlc Beads & Powders 
Shamrock Technologies, Inc. 
Shell Chemical Co. 
Sherwin.Williams Chemicals 
Silberline Mfg. Co., Inc. 
Software 2000 (see lnfinium 

Software) 
Sonoco lndustrial Containers 
Southcorp Packaging USA, Inc. 

NAMPAC/Bennett 
University of Southern Mississippi 
Specialty Minerals, Inc. 
Spencer Machine &Tool Co., Inc 
Spraymotion, Inc. 
Stortex Chemical, Inc. 
Steel Structures Painting Council 
Stony Brook Scientific, Ltd. 
StretchO-Seal Corp. 
Summit Precision Polymers Corp. 
Tech Pok, Inc. 
Teemork Corp. 
Tego Chemie Service USA 
Testing Machines, Inc. 
Thiele Engineering Co. 
Thomas Scientific 
Tikkurila/McWhorter/Kemira 
Toyal America Inc. 
Troy Corp. 
U.S. Aluminum, Inc. 
U.S. Zinc Corp. 
UCB Chemicals Corp. 
Union Carbide Corp. 
Union Process Inc. 
United Mineral &Chemical Corp. 
United Soybean Board 
VanDeMork Group 
R.T. Vonderbilt Co., Inc. 
Verso-Matic Pump Co. 
Vianova Resins Inc. 
Vorti-Siv Div. M M  Industries, Inc. 
Wocker Silicones Corp. 
Western Equipment Co. 
Wilden Pump & Engineering Co. 
Witco Corp. 
X-Rite, Incorporated 
Zeiss Optical Systems, Inc. 
Zemex lndustrial Minerals 
Zeneca Resins/Zeneca Biocides 
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10s Angeles Society and Cal Poly Pomona 
to Co-Sponsor Corrosion Control Conference 

T he first annual "Corrosion Con- The following topics will be presented 
trol through Coatings Confer- during the one-day event: 
ence," co-sponsored by the Los ,,overview of corrosion controlM- 

for TechnO1- / Rpbert Heidersbach, California Polytech- 
Ogy and State n ~ c  State University at San Luis Obispo; 
University, Pomona, CA, will be held on 1 
September 12,1997 at the Kellogg West I Corrosion Testing"--G1ennJ. 

Conference Center, on the Cal Poly BebielQ-Panel; 

Pomona campus. I "Primer FormulationJr-Michael 
The conference will feature papers McGaughfThe CO.; 

directed toward helping coatings scien- "Water-Based Barrier Topcoatu- 
tists and application engineers develop Aurelia C. Sheppard, Rohm and Haas; 
successful protection strategies. "Corrosion Research 0verview"- 

Nuclear Painting Course Scheduled for Oct. 19-24 

Earl Pye, California State Polytechnic 
University, Pomona; 

"Coatings Design for Real World Ap- 
plication"-Norman R. Mowrer, 
Ameron PCD; and 

"Specifications and Performancen- 
William B. Harper, NACE. 

The conference fee is $100 for FSCT 
members and $250 for non-members. 

For more information, contact 
LASCT, 11278 Los Alamitos Blvd., #104, 
Los Alamitos, CA 90720; Fax: (310) 594- 
6862 or Charles N. Millner, California 
State Polytechnic University, Pomona, 
College of Science, Bldg. 8, Rm. 310, 
Pornona, CA 91768; (909) 869-3678. 

The National Board of Registration for dealing with an anticipated new U.S. (See registmtio~lforin on opposite page.) 
Nuclear Safety Related Coating Engi- Nuclear Regulatory Commission regu- 
neers and Specialists (NBR), Leola, PA, latory posture toward coatinn mainte- 
will address "Nuclear Maintenance 
Painting Training," in a course slated 
for October 19-24, 1997, in Pittsburgh, 
PA. 

Held at the facilities of KTA-Tator, 
Inc., the five-day course will focus on 
state-of-the-art materials and methods 
for successfully implementing a coatings 
maintenance program and will offer 
practical solutions and techniques for 

nance ih nuclear facilities. - 
Maintenance engineers, operations 

personnel, and coating work contractors 
involved in Class 1 nuclear coating work 
will benefit from this course. 

The fee for the course is $1,000. Con- 
tact Dean Berger, NBR Executive Direc- 
tor, Box 56, Leola, PA 17540, for more 
information. 

Atlas Adds Two New Courses 
to Its Educational Curriculum 

Atlas Electric Devices Co., Chicago, IL, 
has announced the addition of two new 
Weather-Ometero workshops to its edu- 
cational curriculum. "Advanced Ci35A 
and Ci65A Weather-Ometer" and 
"Ci4000/Ci5000 Weather-Ometer" 
workshops will serve as a continuation 
and provide further instruction to the 
company's Weather-Ometer workshop. 

The "Advanced Ci35A and Ci65A 
Weather-Ometer" workshop is designed 
to provide hands-on training in program- 
ming controllers, wiring diagram com- 
prehension and detailed troubleshoot- 
ing, as well as a step-by-step explana- 
tion of the operator's manual. This course 
is slated for August 15. 

Designed for operators of the Ci4000 
and Ci5000 Weather-Ometers, the 
"Ci4000/Ci5000 Weather-Ometer" 
workshop is a one-day course offering 
in-depth, hands-on training. Scheduled 
for November 19, this course will dem- 
onstrate operation, calibration, and 
maintenance to both experienced and 
inexperienced personnel. 

The fee to attend "Advanced Ci35A 
and Ci65A Weather-Ometer" is $495 and 
includes course materials, continental 
breakfast, lunch, and refreshments. The 
registration fee for "Ci4000/Ci5000 
Weather-Ometer" is $525 and includes 
course materials, continental breakfast, 
lunch, and refreshments. 

For more information, contact Amy 
J. Benson, Atlas Electric Devices Co., 4114 
N. Ravenswood Ave., Chicago, IL 60613. 

I: 

k 
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International Symposium: 
"A Systems Approach to the 

Service Life Prediction of Organic Coatings" 

September 14- 19,1997 
The Village of Breckenridge Resort 

Breckenridge, Colorado 

Invited talks will cover the following topics: 

+ SLP methodologies used in different industries 

+ Quantitative characterization of outdoor weather variables 

+ Recent fundamental mechanistic research results 

+ Representation, integration, and use of SLP knowledge obtained 
from a variety of sources 

-+ Application of a systems approach to SLP: success stories 

Posters in these topics are being solicited. 

Registration Fee: $600 per participant (Includes most meals). Register 
early since the number of participants is limited. 

For more information contact, Jonathan W. Martin at (301) 990-6707; 
Fax: 301 -990-6891 *e-mail:jonathan.martinOnist.gov 

, 
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The First Annual 
Corrosion Control through 
Coatings Conference pw 

Presented by 
The Los Angeles Society for Coatings Technology 

and California State Polytechnic University, Pomona 
Friday, September 12,1997 

Kellogg West Conference Center 
Cal Poly Pomona, Pomona, CA 

Registration Amlication 
Please Print (for badge) 

Name 

Institution 

Address 

City StateIProvince Postal Code 

Phone: Fax: E-Mail: 

Registration Fees 
Featured Luncheon Speaker Dr. Earl Pye 

Advanced Conference registration includes lunch. The below prices are available until 
Auaust 22.1997: 

....................................................................................... FSCT Members $100.00 

Non-FSCT Members ............................................................................. $250.00 

Cal Poly Students .................... .. ............................................................ $25.00 

Total U.S. $ 

Make checks payable (in U.S. funds) to: Cal Poly Pomona 

Please mail registration to: Charles N. Millner, Chemistry Dept., Cal Poly Pomona, College of Science, Bldg. 8, 
Rm. 310, Pomona, CA 91768. 

For additional information, contact Dr. Millner at: Phone: (909) 869-3678; E-Mail: CNMILLNER 

The conference is partially sponsored by the LASCT Continuing Education Fund 
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I for Binder ? I I Mia0 Filler ? or ? 1 I ,  PRA Announces Schedule 
Issues Call for Papers for 

Silica sol! 

Magic 
with 

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

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

The Paint Research Association (PRA), 
Teddington, Middlesex, United King- 
dom, has released its schedule for up- 1 coming training courses. Topics to be 

! 
discussed include the following: 

"Color Measurement and Color Con- 
trol"-September 22-24; 

"Printing Ink Technology1'-October 
6-8; 

"Paint Technologyn--October 13-16; 
"What is Paint?"--October 22; 

I Colloidal Silica dispersed in 
organic solvent. 
Type SiOz% Dispersant 
IPA-ST 30 lsopropanol 

' EG-ST 20 Ethyleneglycol 
MEKST 30 Methly Ethyl Ketone 
NPC-ST 20 Ethyleneglycol- 

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

i 
"Radiation Curing Technologyr'- 

November 3-5; 
"Design of Experimentsr'-Novem- 

ber 24-26; 1 "Paint TechnologyJ'-December 8-11, 

, Contact Heena Mehta, PRA, 8 
Waldegrave Rd., Teddington, Middlesex 
TWll 8LD, United Kingdom, for more 
information. 

Hunterlab's Color Institute 
to Aid Color Professionals 
Hunter Associates Laboratory, Inc., 
Reston, VA, has created the Richard S. 
Hunter Color Institute, which will pro- 

0 NISSAN CHEMICAL INDUSTRIES, LTD. 
- Chemicals Division - 

' 

Tokyo Head Office 
Phone: 03-3296.8065 Telehx 03-3296-8360 
New York Office: Contact person: M. Matsumura 
Phone: 914-332-4745 Telefax: 914-332-4808 
http:l/pubs.acs.orglChemcy/cos/dsl 
593lindex.html 

Circle No. 169 on Reader Service Card 

vide commercial education and training 
for industrial color -orofessionals. Named 1 

for personnel working in the coatings, 
chemicals, plastics, food, paint, paper, / and textiles fields; 

I initial or continuing education for 1 
all levels of personnel in color and ap- 
pearance science; 

parherships with various trade and ' 
professional associations to provide non- 
commercial educational classes to meet 
specific member needs; 

active membership and participa- 
tion in major industrial and standards 
organizations; 

developing educational training 
aids such as video tapes and CD ROM; 
and 

The Richard S. Hunter Color Insti- 
tute Fellow award program to encour- 
age and recognize innovation in the field 

I of color. 
To obtain additional information, con- 

tact the lchard  S. Hunter Color Insti- 
tute, 11654 Plaza America Dr., Ste. 211, 1 Reston, VA 20190. 

for Training Courses; 
Silicone Conference 

In addition, PRA has issued a call for 
papers for the "Silicone in Coatings 11" 
conference. Slated for March 24-26,1998 
in Disney World Village, Orlando, FL, 
this conference will cover all aspects of 
general chemistry, function types, sub- 
strates, techniques, and applications. 
Papers must be of high scientific and 
technical standards. Preference may be 
given to papers from end users, specifi- 
ers, formulators, and architects. Joint pre- 
sentations are also welcome. 

Prospective authors should submit a 
title and abstract (maximum of 150 
words) by September 1, 1997, to Avril 
Henn, PRA Conference Secretary. 

PRA will host "Coatings, Inks and 
Adhesives for Plastics and Elastomers" 
on October 27-29,1997 in Milan, Italy. 

The conference will provide informa- 
tion on the profitable cross-fertilization 
between widely diverse industries, ap- 
plication, and requirements. 

In addition, a new generation of coat- 
ings for plastics, and their raw materi- 
als, showing how earlier technical 
hurdles have been overcome will be dis- 
cussed. This event is designed for both 
product development managers as well 
as formulating scientists. 

For more information contact Dip 
Dasgupta, Head of Information Dept., 
PRA, 8 Waldegrave Rd., Teddington, 
Middlesex TW118LD, United Kingdom. 

ASTM Seeks Papers on Wear 
Processes in Manufacturing 
The American Society for Testing and 
Materials (ASTM), West Conshohocken, 
PA, is inviting prospective authors to 
submit papers for ASTM's Committee 
G-2 on Wear and Erosion Symposium 
on Wear Processes in Manufacturing. 
The symposium will be held May 6,1998 
in Atlanta, GA, in conjunction with the 
May 7-8 standards development meet- 
ings of Committee G-2. 

The purpose of this symposium is to 
provide a forum for interaction between 
tribologists and manufacturing scientists. 
Papers are, therefore, being solicited 
from researchers and industry people 
working in tribology and manufactur- 
ing on topics that integrate both tribol- 
ogy and manufacturing. 

Prospective authors are requested to 
submit a title, a 250-300 word abstract, 
and an ASTM submittal form by July 31, 
1997 to Dorothy Savini, Symposia Op- 
erations, ASTM, 100 Barr Harbor Dr., 
W. Conshohocken, PA 19428-2959; (610) 
832-9677. 
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ACS: PMSE Seeks Nominations for 
1998 Roy W. Tess Award in Coatings 

noiogy. In addition, $ would be helpful New Substance Notification Program Targeted by to include a discussion of the ways in 
Environment Canada as Cost Recovery Candidate which the work resulted in ad- 

T he American Chemical Society's 
Division of Polymeric Materials: 
Science and Engineering (PMSE) 

is seeking nominations for the 1998 Roy 

According to a report published by En- 
vironment Canada, Ottawa, Ont., the 
Canadian Treasury Board requires that 
government departments consider cost 
recovery for programs which confer ben- 
efits to individuals or groups. Conse- 
quently, the Departments of Environ- 
ment and Health have identified the New 
Substances Notification Program as a 
candidate for cost recovery. The pro- 
posed mechanism for cost recovery m- 
der this Program is the collection of fees 
for notifications submitted pursuant to 
the New Substances Notification Regu- 
lations under the Canadian Environmen- 
tal Protection Act. 

Both Departments are in the process 
of developing a consultation plan to per- 
mit a discussion with individual who 
would be subject to these proposed fees. 
In support of this consultation process, 
the Departments of Environment and 
Health have drafted a document entitled 
"Discussion Paper-Cost Recovery for 
the New Substances Program-Chemi- 
cals and Polymers." This document con- 
tains recommendations for implement- 
ing cost recovery in the New Substances 
Program in the context of chemicals and 
polymers. In particular, the document 
identifies cost recoverable activities, rec- 
ommends a mechanism for recovering 

Sequa Corp. Acquires 
Sedgefield Specialties 

The Tess Award recognizes signifi- The nomination should describe the 
cant contributions to coatings science and I achievements which form the basis for 
technology, encourages interest and the nomination and should summarize 

Sequa Corp., Chester, SC, has purchased 
Sedgefield Specialties, Jamestown, NC, 
a specialty chemicals unit of Burlington 
Industries, Inc. The newly acquired busi- 
ness will be operated as a part of Sequa's 
specialty chemicals subsidiary. 

The acquisition of Sedgefield adds 
manufacturing capacity to support 
Sequa's textile and emulsion polymer 
businesses. The Sedgefield site, which 
occupies more than 20 acres, also in- 
cludes a 55,000 square foot technical cen- 

progress in the field, and honors note- 
W. Tess Award in Coatings. worthy contributors to the field. 

the impact the nominee has had on the 
coatings industry, and the significance 
of his or her work to the public, the 
employer, and coatings science and tech- 

costs, and potential fees for 
specific services. 

All fees in the consultationdocument 
represent 100% of the costs to be recov- 

ter for the condu;t of original and appli- I ( 
cations research. 

vances or influenced the work of others. 
The nomination may include a r6sum6, 
copies of up to five pertinent publica- 
tions, and up to three seconding letters. 
 hi^^ credentials, skills and accom- 

ered. This consultation process is in- 
tended to give affected parties an op- 
portunity to comment on the proposed 
framework and fee structure in order to 
ensure that the is applied in an 
equitable manner, m i s  process will also 
be used to identify the impact these fees 
may have on various industry sectors, 

Circle No. 167 on Reader Service Card 
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plishme;ts will not de considered, 
'lease submit S e ~ -  

tember 1997 to Dr. F.  brad^ Jr.f 
Code 6123, Naval Research Laboratory, 

D.C. '0375. Contact Dr. 
 brad^ at (202) 767-2268 Or fax (202) 767- 
0594; e-mail: brady2@ccf.nrl.navy.mil for 
additional information. 



OSHA Cites Three Conditions for Approval in 
Ruling on California's Hazard Communication Standard 
A report released by the National Paint 
and Coatings Association (NPCA), 
Washington, D.C., states that the U.S. 
Occupational Safety and Health Admin- 
istration (OSHA) approved, subject to 
certain conditions, California's hazard 
communication standard. These key con- 
ditions conform with NPCA comments 
on the issue, and should help clarify 
much of thecurrent ambiguity in Propo- 
sition 65. 

The three conditions for approval are 
the following: 

Employers in California can fulfill 
their obligations under Proposition 65 
by complying with the federal or the 
OSHA hazard communication standard. 

Cal/OSHA, the designated occu- 
pational safety and health authority in 
California, must assure that the Califor- 
nia standard continues to provide 
worker protection "at least as effective" 
as the federal standard and remains con- 
sistent with the approval conditions. 

Cal/OSHA's hazard communica- 
tion standard may not be enforced 
against out-of-state manufacturers, be- 
cause a state plan may not regulate con- 
duct occurring outside the state. 

According to Tom Graves, NPCA 
General Counsel, "This federal ruling 
will virtually eliminate the threat of 
bounty-hunter extortion suits against our 
out-of-state manufacturers for workplace 
warnings under OSHA law, and helps 
those operating plants in California to 
choose viable options for state and fed- 

, eral compliance." 

OSHA's conditional approval of the 
hazard communication standard intends 
to clarify concerns about the extent the 
standard covers out-of-state manufactur- 
ers, importers and distributors, and out- 
lines employer compliance provisions. 
It requires California OSHA to ensure 
that private enforcement lawsuits do not 
interfere with the regime in place. 

1 BASC Seeks Sites for Monomers and Oligomers Plant 
To meet the growing demands for UV- 
curing products throughout the NAFTA 
region, BASF Corp.'s Coatings Raw Ma- 
terials, Charlotte, NC, has begun a com- 
prehensive study of possible sites for a 
new U.S. production plant. The study 
follows the recent completion of BASF's 
domestic UV-curing applications and 
testing laboratory at its Charlotte Tech- 
nical Center. 

The study will focus on identifying 
the best possible plant location for the 
manufacture of both monomers and oli- 
gomers. UV-curing products represent 
anexpanding market; by someestimates, 
North American demand for these prod- 

ucts is growing at twice the rate of the 
coatings industry overall. UV-curing is 
recognized as a lower cost and environ- 
mentally friendlier alternative to solvent- 
and water-based techniques. Reduced 
cost per unit, improved air quality 
through the reduction of volatile organic 
compounds (VOCs), faster production 
rates, and reductions in required space 
and energy are among the appealing ben- 
efits of the UV-curing process. 

Nine Regional Operations to 
Serve KTA-Tator's Customers 
KTA-Tator. Inc.. Pittsbureh. PA. has 

Dow Chemical, Midland, MI 
PRODUCT: Dowanol EB (ethylene glycol n-butyl ether) 
INCREASE: $0.03 per pound 
EFFECTIVE: July 1,1997 
PRODUCT: Dowanol DB (diethylene glycol n-butyl ether) 
INCREASE: $0.03 per pound 
EFFECTIVE: July 1,1997 

h o o u n :  Dowanol DM (diethylene glycol methyl ether) 
INCREASE: $0.03 per pound 
EFFECTIVE: July 1,1997 

Degussa Corp., Ridgefield Park, NJ 
PRODUCT: All hydrophilic fumed silica grades 
INCREASE: 5% 
EFFECTIVE: July 15,1997 

Kerr-McGee Chemical Corp., Oklahoma City, OK 
PRODUCT: Tronoxa titanium dioxide 
INCREASE: 7% (United Kingdom and Ireland) and 10% (European countries) 
EFFECTIVE: July 1,1997 

Ruco Polymer Corp., Hicksville, NY 
P R O D U ~ :  Rucoflex polyester polyols 
INCREASE: $0.02 per pound 
EFFECTIVE: July 1,1997 

PRODUCT: Ethylene glycol adipates 
INCREASE: $0.04 per pound 
E m m :  July 1,1997 

~ o r k ,  NY(M~~-ktlantic reg&); Atlanta, 
GA (Southeast region); Pittsburgh, PA 
(Central region); Chicago, IL (Midwest 
region); Lexington, KY (Southcentral re- 
gion); Seattle, WA (Northwest region); 
and Los Angeles, CA (Southwest region). 

All regions will also offer the full 
complement of KTA services including 

I coatings consulting, inspection, labora- 
tory testing, instrument sales, environ- 
mental services, and materials engineer- 
ing services. 

Stochem to Distribute 
Vianova Resins' Products 
Vianova Resins, Charlotte, NC, has ap- 
pointed Stochem Inc., Brampton, Ont., 
as the Canadian distributor for its line of 
low-VOGresins. 

I Stochem will have distribution rights 
in Canada for all Vianova resins for liq- 
uid coatings. The resin line includes 
Beckopox epoxy resins and hardeners, 
Resydrol acrylic alkyd resins, Macrynal 
and Viacryl acrylic resins, and Daotan 
polyurethane dispersions. These prod- 
ucts are used to formulate high-perfor- 
mance compliant coatings for substrates. 
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Silanes in High-Solids and 
Waterborne Coatings 

Ming J. Chen, Fred D. Osterholk, Eric R. Pohl, Philbert E. Ramdatt, 
Antonio Chaves, and Valerie Bennett-Witco Corporation* 

INTRODUCTION 

H ydrolyzable organofunctional silanes (OFS) have 
played an important role as crosslinkers, both in 
silicone elastomers chemistry and in organic 

polymer technol~gy.',~ These silylated polymers are 
crosslinked and cured with moisture from the air to 
form siloxane bonds and to give a network material. The 
ability of silanes added to a coating formulation to mi- 
grate to the substrate/coating interface and improve 
bonding is well known.' Generally, the substrates can be 
metal, mineral or plastic surfaces, glass or ceramic fi- 
bers, and fillers. The easy hydrolysis of these groups and 
subsequent condensation of the resulting silanols to form 
siloxane bonds are the chemical basis for the functional 
roles of coupling and crosslinking. The kinetics and fun- 
damental aspects of alkoxy silane hydrolysis and con- 
densation were previously r e ~ i e w e d . ~  Some advance- 
ments in using silanes in high-solids and waterborne 
coating technologies are introduced in this paper. 

Silanes in High-Solids Systems 

In our laboratories, we have explored the benefits of 
OFS crosslinking to provide mar resistance to solvent- 
borne acrylic automotive clearcoats. Possible mechanisms 
are presented in this study. The mar resistance of an 
organic coating defined by Corcoran is its ability to 
withstand scratching and scuffing actions4 Abrasion re- 
sistance may be defined generally as the ability of a 
material to withstand mechanical action, such as rub- 
bing, scraping, or erosion." Mar resistance is primarily a 
surface property, whereas abrasion resistance involves 
the body of the material as well. The following models 
have been proposed for abrasive wear: 

BRITTLE POLYMERS: The wear volume Vw can be deter- 
mined as  follow^^,"^: 

Ratner has further determined the wear volumebr: 

Presented at the Waterborne, High-Solids and Powder Cootlngs Symposium. Feb- 
ruary 14-16. 1996. New Orleans. L4. 

'777 Old Saw Mill River Rd., Tarrvtown, NY 10591. 

Silanes have been used ef- 
fectively in solvent-based or 
waterborne coatings to 
crosslink binder resins, in- 
crease pigment dispersion 
and improve end use prop- 
erties, such as mar and sol- 
vent resistance and dura- 

bility. A series of silylated styrene acrylic 
clearcoats have been prepared and studied in 
order to understand the chemical and physical 
parameters that influence the mar resistance and 
weathering properties of the cured coatings. It 
was found that the silane content affects the 
indentation hardness, coefficient of friction, 
modulus, and toughness ofthe cured coatings. A 
relationship between these coating characteris- 
tics and mar resistance is demonstrated. In wa- 
ter dispersed and emulsion polymer systems, si- 
lanes maximize properties, such as adhesion and 
solvent resistance. Silanes are incorporated into 
these systems via copolymerization or post addi- 
tion. Recent advances in waterborne silane tech- 
nologies are discussed, including methods of im- 
proving formulation stability. 

Based on the fracture energy in the fracture of metals 
and brittle p0lymers,6~ 

DUCTILE POLYMERS: Rice introduced the ductile frac- 
ture energy to the equationbe 
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M.J. Chen et al. 

Table 1-Synthesis of Methyl MethacrylateIButyl Acrylatel 
Styrenel3-Methacryloxypropyltrimethoxysilanel3- 
Mercaptopropyltrimethoxysilane Copolymer Resin 

Ingredient Parts by Weight 

Vessel 
Butyl acetate ........................................................ 
VM&P Naphtha .................................................... 
Toluene .................................................................. 

Charae l 
Methyl methacrylate ........................................... 
Butyl acrylate ........................................................ 
Styrene ................................................................... 
3-Methacryloxypropyltrimethoxysilane .............. 

Charae II 
Butyl acetate ........................................................ 
Dl-tert-butyl peroxide ................... .... ........... 

Charae Ill 
Butyl acetate ........................................................ 
3-Mercaptopropyltrimethoxysilane .................... 

I 
-.- 

0 10 20 30 40 SO 60 
Strain (%) 

Figure I-The stress-strain curves of cast 
silylated acrylic films containing 9, 14, and 
19% silanes cured for 1 I days. The crosshead 
speed was 5 in./rnin. 

Table 2-Physico-Chemical Characteristics of Methyl Meth- 
acrylote1Butyl Acrylde/Styrene/3-Methacryloxypropyltrirneth- 
oxysilanel3-Mercaptopropyltrirnethoxysilane Copolymer Resin 

propew Silylated Acrylic Resins 

Silane (wt%) ................... 9% 1 470 
Mp .................................. 8106 8482 
Mn ................................... 5219 498 1 
Mw .................................. 7990 8379 
Polydispersity ................. 1.53 1.68 
Solid content ................. 67.9% 67.3% 
Viscosity (centipoise) .... 3 160 2405 
Acid number 
(mg KOH/g) ................. 0.04 0.08 

T, ..................................... 25.7"C 16.2"C 
29Sl solution NMR 
TO ..................................... 100.0% 100.0% 
T' ..................................... 

'--0 ~c 3n l~o l3o f  MMA 8A nrene A '74 A 189 DTBPfor9 14 ano 1W.s one 
cooo~menoreL5C/18Oi254545i4~.4  4 180225iP14,45A5ora3~0 ' 8 C  
22.5114.514.5, resoectivelv. Methvl methocwiate was added to comoensate the 
amount of difference "T" reoresents three oxvoen and one oraaniiarouo 
tetrahedr0.T = b(O,,,),R P represents specieiwhen no owgens ~nvGlved In a S!OSi 
bridge. T' representsspecies with one brdgng oxygen. 

where kn( ,=,,, = wear constant, L = normal load, H = 
hardness, O = mean slopes of asperities, d = sliding 
distance, p = friction coefficient, o = breaking stress, E = 
elongation at break, G,, = fracture energy, P = yield 
strain, JI, = ductile fracture energy. 

The ideal mar resistant materials should possess some- 
what contradictory properties of the hardness of brittle 
materials and also the toughness of ductile materials. 
We report here on some of the evaluations experimen- 
tally. 

EXPERIMENTAL 

Characteristics of Silylated 
Acry l ic  Clearcoats 

The synthesis according to the literature7 of the methyl 
methacrylate/butyl acrylate/styrene/3-methacryloxy- 
propyltrimethoxysilane (Silquesto A-174)/3-mercapto- 
propyltrimethoxysilane (A-189) copolymers, provided 
resin for the formulations of automotive clear topcoats. 

Into a reaction kettle equipped with a nitrogen inlet, 
stirrer, reflux condenser, and three metering pumps, 
were charged butyl acetate, VM&P naphtha, and tolu- 
ene. The solvent was heated to reflux at about 119'C. At 
this time, three charges of solutions (charge I, 11, and 111) 
were added simultaneously through metering pumps 
separately over a period of two hours. After the end of 
the addition, another nine parts of the peroxide catalyst 
were added and the solution was kept at 119°C for one 
hour. Then, another nine parts of the peroxide catalyst 
were added, and the mixture was held for another 1.5 hr 
at reflux. 

Table 1 lists the ingredients and synthesis procedure, 
which gave 19% of silanes by weight. By varying the 
weight of 3-methacryloxypropyltrimethoxysilane and 
compensating with methyl methacrylate, copolymers 
with 9 and 14% silane were also synthesized. 

The physico-chemical characteristics of these copoly- 
mers, including peak molecular weight (Mp), weight- 
average molecular weight (Mw), number-average mo- 
lecular weight (Mn), polydispersity, acid value, viscos- 
ity, solid content, glass transition temperature (Tg), and 
To and T' by solution 29Si NMR, were determined and 
listed in Table 2. The TRs of the dried resins were mea- 
sured by differential scanning calorimetry (DuPont 2100 
DSC) under nitrogen. It was found that the T, decreased 
when the silane concentration was increased. 

Clearcoat free films were prepared according to a 
published formulation? The material properties of si- 
lane interpolymer free films were determined as fol- 
lows: free films were prepared in aluminum molds with 
mold release agent (fluorocarbon release agent dry lu- 
bricant, MS-122, by Miller-Stephenson Chemical Com- 
pany) or teflon molds. The film thickness was approxi- 
mately 1270 p in thickness. The tensile properties of 
polymer films were carried out by an Instron series IX 
automated materials testing system with a 4500 series 
interface. The crosshead speed was tested at 5 in./min. 
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Coating Tests 

Pencil hardness, indentation hardness (by Shore 
durometer "A2"), and Sward hardness were determined 
according to ASTM 3363-74, D 2240-86, and D 2134-66, 
respectively. Gloss at 20" and 60" was measured by a 
micro-TRI-gloss reflectometer according to ASTM D 2457. 
Adhesion test was carried out by use of a cross-cut paint 
adhesion test kit (ASTM D 2197-E86). Viscosity was con- 
ducted on a Brookfield viscometer according to ASTM D 
2196-86. The percent elongation for specimens on 
Bonderite treated cold-rolled steel panels was determined 
by a conical mandrel according to ASTM D 522-88. Slip 
angle and coefficient of friction of various coatings were 
determined on a Tilt Table Lubricity Tester (from Ameri- 
can Glass Research, Inc.) according to ASTM D 4518-87. 
Abrasion test was conducted by a Taber Abraser model 
174, using a pair of CS-10 abrasive wheels and 500 g load 
(ASTM D 4060-90). Mar resistance was measured by 
gloss retention after abrasion for 10 cycles by an AATCC 
Crockmeter (from Atlas Electric Devices Company, 
Model CM-5) wrapped with a piece of wool. 

RESULTS AND DISCUSSION 

Tensile Properties, Siloxane Crosslinking, 
and Coating Properties 

The stress-strain curves of these silylated acrylic free 
films are depicted in Figure 1. The moduli and tough- 
ness of the polymer films were increased by increasing 
the concentration of the silane crosslinker. The long- 
term siloxane crosslinking of the films prepared from 
the silylated clearcoats was further studied by solid 
state 29Si NMR. Notations for the types of silicon-based 
tetrahedra containing oxygen and organic " R  groups 
are defined here. "T" represents three oxygen and one 
organic group tetrahedra, T - Si(O,,,),R. To represents 
species when no oxygen is involved in a SiOSi bridge. 
T', T2, and T3 represent species with one, two, and three 
bridging oxygens, respectively. The concentrations of 
To, T', T2, and T3 were calculated from deconvoluted 
spectra. The "percent of crosslinking," defined as 
(T'+2T2+3T3)/3 was calculated. The cure chemistry of 
the clearcoats is shown in Figure 2 by plotting the To, T', 
T2, T3 species and percentage of crosslinking versus the 
curing time. The values of percent of crosslinking at 49 
days and 342 days were essentially the same (73.1°/0 and 
73.5%). The crosslinking rate of silane interpolymers 
becomes much slower after curing at ambient condi- 
tions for 10 days. 

The coatings were drawn down on zinc phosphate 
treated steel panels and fully cured by exposure to 23OC 
and 50% RH for one week before testing the following 
coating properties on panels were determined. Table 3 
lists the results. It is interesting to note that the indenta- 
tion hardness data give a distinct trend, which is consis- 
tent with the mathematical models. 

During preparation of silylated acrylic copolymers, 
4.5% of mercaptosilane was incorporated as a chain trans- 
fer agent to control the molecular weight. Without the 
mercaptosilane, the viscosity of the copolymer was raised 

cunnme (Days) 

cast silylated acrylic films containing 19% si- 
lanes, cured at ambient conditions over time 
and monitored by solid state 29Si NMR. 

Table +Film Properties of Silylated Acrylic Clearcoats 

Test Method Silylated Acrylic Clearcoats 

Silone (wt96) ................... 9% 14% 1 9% 
............. Pencil hardness HB F HB 

................... Gloss (20") ... 83 89 85 
(60") ................... ... 94 99 96 

........... Sward hardness .. 30 26 27 
.............................. D.O.I. 85 90 85 

.............. Shore hardness 25 49 89 
Tape adhesion .............. OB OB OB 
Elongation ................... .. 3.7% 6.900 3.0% 
Coef. of friction ............. 0.53 0.31 0.24 
Taber abrasion index ... 22 19 17 

The coatings were prepored on phosphate-treated panels. The abrasion test 
was conducted on films drown down on E-coated ponels by a Taber Abraser model 
174. uslng a pair of CS-I0 obrosive wheels and 500 g load (ASTM D 4060). 
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Abrasion Index 

Figure 3-The effect of coefficient on friction 
on the mar resistance of silylated acrylic 
clearcoats. 
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Table 4--Coating Properties of Difunctional and Trifunctional 
Silane-Containing Styrene-Acrylic Clear Coats During QUV 
Aging ProcesP 

Clearcoat 

Test Method A B C 

Pencil Hardness 
0 weeks ................................... 2H 
2 weeks ................................... 2H 
4 weeks ................................... 7H 
8 weeks ................................... 7H 
12 weeks ................................. 7H 

Adhesion by Tape Test 
2 weeks ................................... 28 
4 weeks ................................... 28 
12 weeks ................................. 58 

Flexibility Test by 
2 weeks .................................. 3.8 
4 weeks ................... ... ...... 3.6 
8 weeks .................................. 6.1 
12 weeks ............................... 12.9 

(a) The accelerated weathering was carried out In a QUV apparatus Clhe Q- 
Panel Co.). Each weathering cycie consisted of a dn/ perlod (UV-B lamp 313 for 4 hr 
at 60°C) and a wet penod (condensation for 4 hr at 40°C) 

(b)A 19%A-l741A-189(14.5%A-174 ond45%A-189). 8: ITAMPMDMIA-174lA- 
189 (4.8% MPMDM.9 6%A-174 and 4.5% A-189). C: 14% MPMDMIA-I89 (9.1% 
MPMDM and 4.5% A-189). Methyi methacrylate was added to compensate the 
amount of d~fference. 

16 17 18 19 20 21 22 
Abraslon Index 

'i Figure 4-The effect of modulus on the mar 
resistance of silylated acrylic clearcoats. 

Table 5--Glass Transition Temperatures of Cured Films Cast from 
Silylated Acrylic Clearcoatsa 

@)The T,s of the above free flims of 50 mil thickness, cured at ambient 
conditions for 10 weeks. are determrned by dynamic mechanical analvsis 

I 16 17 18 19 20 21 

Abrasion Index 

Figure %The effect of hardness on the mar I resistance of silyiated acrylic clearcoats. 

Table &Ingredients of 4 mole% Vinyltris(isopropoxy)silane 
Silylated Vinyl Acrylic Latex 

Latex Polymer Contents Ports by Weight 

Vinyl acetate ..................................................... 385.0 
Butyl acrylate ..................................................... 65.0 
Vinyltris(isopropoxy)silane ................................. 46.6 
Water .................................................................. 438.9 
igepai CA-897 .................................................... 26.5 
lgepai CA-630 .................................................... 3.0 
NaHCO , .............................................................. 2.0 
Natrosoi 250 MXR ........................................... 2.5 
NH,S,O , ............ .. .............................................. 1.8 
Abex EP-1 10 ....................................................... 3.6 
t-Butyi hydroperoxide-70 .................................. 0.1 

............. 2% Sodium formaldehyde sulfoxyiate 25.0 
Ammonium hydroxide ...................................... to pH 7.5 

Figure &A plot of Taber abrasion index ver- 
sus the empirical parameters p/H.se 1 
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to one million centipoise. Therefore, a control polymer Table 7-Ingredients of 6 mole% 3-Methacryloxypropyl- 

with 0% silane is not feasible. triisopropoxysilane Acrylic Latex 

Latex Polymer Contents Pads by Weight 
Correlation of Modulus, Friction, and Hardness - 

on Mar Resistance of Clearcoats Portion 1 
.................................................. Deionized water 479.4 

...................................................... ne abrasion tests show decreasing ~~b~~ abrasion Igepal CA-897 44.0 
....................................................... with increasing silane concentration. The contributions Butyl acn/late 55.0 

.......................................... Methyl methacrylate 120.8 
of modulus, coefficient of friction, and hardness to abra- Methacrylic acid .............................................. 2.8 

......... sion and mar resistance are presented individually in 3-Methacryloxypropyltriisopropoxysilane 41.8 
Figures 3-5, The plots illustrate that modulus and inden- 0.15% Ferrous sulfate ........................................... 6.0 

................... ................. tation hardness are inversely correlated with the rate of Potassium persuifate .. 3.0 

abrasion, whereas the coefficient of friction has a direct 
............... correlation with the rate of abrasion, By plotting the 2% Sodium formaldehyde sulfoxylate 12.0 

abrasion index against the empirical parameters F/H.(T.F, Portion 3 
....................................................... the consistency of the factors is further demonstrated in Butyl acrylate 65.0 

.......................................... Figure 6. Methyl methacrylate 121.4 ................................................. Methacrylic acid 2.8 
3-Methacryloxypropyltrimethoxysiiane ............. 27.8 

The Influence of Difunctional Silane Portion 4 
Ester on Clearcoats 2% Sodium formaldehyde sulfoxyiate ............... 12.0 

Siylated acrylic clearcoats containing 3-methacry- M 
.................................... ~oxypropy~met~y~~ime~oxys i~ane  (MPMDM) were syn- t-Butyl hydroperoxide-70 0.1 

thesized in the same manner. The free films were cured portion 6 
at 23°C and 50% RH for seven days. Comparisons on 2% Sodium formaldehyde sulfoxylate ............... 6.0 

tensile curves among 14% MPMDM/A-189 (A), 14% A- 
174/A-189 (B) and a blend of A/B at weight ratio of 20/ 
80 are depicted in Figure 7. The 
weathering resistance of these Table &Film Properties of Silylated Acrylic Latexes vs. Controls Without Silane 
clearcoats studied by QUV expo- 
sure over 2,000 hr is further de- Ingredient A B C D 
scribed in Table 4, and in Figures 8 
and 9. During this study, no crack Latex solids (wt%) ............................ 47 47 43 43 

Latex composition (mole%) 
formation was found and adhesion Butyl acrylate ............................. 26 26 32 32 
was actually improved. The mar Methyl methacrylate ................ 67 67 67 67 
resistance of these coatings was Methacrylic acid ........................ 2 2 2 2 

................. maintained after accelerated aging 3 - ~ ~ , " ~ , " , $ , " $ ~ ~ " , ~ 1  ,6 6 0 0 

QUV. were coated On catalysto ........................................ NO Yes NO Yes 
phosphate treated steel panels. The Film Properties 
T,s of free films containing difunc- Gloss (60") ........................................ 85 83 84 83 

................................ tional and trifunctional silanes are Pencil hardness F H B HB 
................................ reported in Tnble 5, ~h~ incorpora- Tape adhesion 5B 58 5B 58 

MEK double rubs ........................... >400 >400 10 30 
tion of a difunctional silane ester 
gives benefits in controlling the me- (a)Tyzorz 131 (5%) was used as the catalyst. Coatings were prepared from fresh mixiures of Tyzor catalyst and the 

chanical properties of the coatings, acrykc latexes Sa percent of dethylene glycol mcnobutyl ether acetate was added as coalescent Coatlngs were 
hoked at 250'F for 20 mln and further cured at 23OC and 50% RH for seven dan. 

Silanes in Waterborne Systems 

OFS may be incorporated in la- 
tex systems by copolymerization, 
grafting, physical addition, or com- 
binations. When levels rise much 
above 0.25% to 0.5% by weight of 
solids, premature crosslinking of- 
ten occurs, producing a poor qual- 
ity latex. Bourne et al? describes 
many attempts to prepare latexes 
containing 5 wt% and higher si- 
lane co-monomers. Masuda et al. 
reported using water insoluble tin 
catalyst in long-chain alkoxysilane 
silylated latexes." We report suc- 

Table 9-Film Properties of the Silylated Vinyl Acrylic Latexes vs. Controls Without Silane 

lnaredient A B C D 

............................ Latex solids (wt%) 53 
Latex composition (mole%) 

............................. Vinyl acetate 86 

............................. Butyl acrylate 10 
Vinyltris(isopropoxy)siiane .......... 4 

.......................................... Catalysta No 
Film Properties 
Gloss (60") ........................................ 87 

............................... Pencil hardness 38 
................................ Tape adhesion 5B 

MEK double rubs ............................. 17 

86 86 86 
10 14 14 
4 0 0 

Yes No Yes 

(a) Tyror 131 (5%) was used as the catalyst. The silylated vinyl acrylic latexes with 5%Tyzor 131 catalyst were stored 
at room temperature for four weeks. Coatings were baked at 250°F for 20 min and further cured at 23'C and 50% RH 
for seven davs. 
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Figure 7-The stress-strain curves of cast 
silylated acrylic clearcoats. (A) 14% MPMDM/ 
A- 189: (6) 14% A- 174/A- 789; and (C) A/B blend 
at wt ratio 20/80. 

Table IC-NMP Paint Adhesion Test Results of Vinyl Acrylic Latex 
Films Cast from Polymer Containing 1 .Ox-3-Methacryloxy- 
propyltriisobutoxysilane vs. Concentrations of Titanate 
Catalvstso 

NMP Paint Adhesionb (Minutes) 

Catalvst Concentration 

Catalyst 0.05% 0.5% I x 2% 

(a)The film thickness was 2 mlls. The values wereaveraae values taken out of . . 
three cootedstainiesssteel panels Coatings were baked at 121°C for 20 min, then 
further cured at 23°C and 5096 RH for seven days 

(b)The adhesion at the paint-metal interface was determined by the use of N- 
methyl pynol&done (NMP) heated at 60°C. In all cares, o 2 O cm'sample was 
immersed in NMP and the tlme for paint removal was noted 

i O L -  I 

0 500 loo0 1500 2000 
Time (hours) 

clearcoats under QUV againg process. (A) 
19% A- 174/A- 189; (B) 79% MPMDM/A- 774IA- 
789; and (C) 74% MPMDM/A- 189. 

cessful attempts to incorporate silanes at 10% and higher 
levels. 

The principles in our work involved the use of hin- 
dered, slow-to-hydrolyze alkoxy silanes, together with 
catalysts selected for good performance and for in-can 
stability. 

EXPERIMENTAL 

Preparation of Silylated Vinyl 
Acrylic Latexes 

The synthesis ingredients for silylated vinyl acrylic latex 
(9.4% silane) is shown in Table 6. The procedure is as 
follows: 

Deionized water, IGEPAL CA-897 and IGEPAL CA- 
630 surfactants (from RhGne-Poulenc), sodium bicarbon- 
ate and Natrosol250 MXR (from Aqualon) were charged 
to a reactor equipped with a condenser and a stirrer. The 
system was heated to 65°C with a heating mantle and 
purged withnitrogen. Ammonium persulfate and ABEX 
EP-110 (from Rh6ne-Poulenc) were added. Monomer 
feed was started. After the seeded latex was formed by 
adding the first 10% of the monomer blend and reacting 
for 15 min, the remaining monomer mixture was added 
over three hours at 75'C. In the presence of t-butyl hy- 
droperoxide-sodium formaldehyde sulfoxylate, reaction 
was continued for another hour to complete polymer- 
ization. Ammonium hydroxide was used to adjust the 
pH of the latex to 7.5 before straining. 

The synthesis ingredients for a silylated acrylic latex 
(19% silane) is shown in Table 7. The procedure is de- 
scribed as follows: 

Into a one-liter reaction vessel equipped with a 
stirrer, thermometer, dropping funnel, and nitrogen 
gas inlet were charged deionized water (479.4 g), 
IGEPAL CA-897 (44 g, from Rh6ne-Poulenc), butyl 
acrylate (55.0 g), methyl methacrylate (120.8 g), meth- 
acrylic acid (2.8 g), 3-methacryloxypropyltriiso- 
propoxysilane (41.8 g), aqueous 0.15% ferrous sulfate 
solution (6.0 g), and potassium persulfate (3.0 g) at 
ambient temperature. They were mixed for five min- 
utes. A two percent aqueous solution of sodium form- 
aldehyde sulfoxylate (12.0 g) was added. The exotherm 
increased the temperature from ambient to 60' to 
65°C. The mixture was cooled to 35°C. A second mix- 
ture of butyl acrylate (65.0 g), methyl methacrylate 
(121.4 g), methacrylic acid (2.8 g), and 3-methacryloxy- 
propyltriisopropoxysilane (27.8 g) was added to the 
reaction vessel. A second charge of a two percent 
aqueous solution of sodium formaldehyde sulfoxylate 
(12.0 g) was added to the reaction vessel. The mixture 
was allowed to heat up to a temperature of 60" to 
65"C, and then cooled to 50°C. Then t-butyl hydro- 
peroxide-70 (0.1 g) was slowly added to the reaction 
mixture followed by a two percent sodium formalde- 
hyde sulfoxylate solution (6.0 g). The reaction mix- 
ture was stirred and then cooled to room tempera- 
ture. Concentrated ammonium hydroxide solution 
was used to adjust the pH of the silylated polymer 
emulsion to 7.5. 
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RESULTS AND DISCUSSION 

Stable Silylated Acrylic and 
Vinyl Acrylic Latexes 

The alkoxy groups included selected hindered or long 
alkoxy chains, such as iso-propoxy, n-butoxy, i-butoxy, 
n-octoxy. Concentrations of silane co-monomers ranged 
from 0.2 to 24 wt%, or up to 8 mole%,. Stable, aqueous 
emulsion copolymers with alkoxysilane crosslinking 
functionality were prepared by emulsion polymeriza- 
tion. In order to balance the reactivity of co-monomers, 
the silylated vinyl acrylic latex was prepared by a semi- 
continuous batch process. The silylated acrylic latex was 
prepared by a two-staged batch process. These systems 
showed no seeding or viscosity increase after 12 months 
of room temperature storage. Solution 29Si NMR de- 
tected only the T" species at a seven-month room tem- 
perature storage. In contrast, latexes containing methoxy 
or ethoxy silanes at levels greater than five percent gel 
during preparation or with a few days of room tempera- 
ture storage. 

Performance Improvements of 
Silylated Emulsion Polymer Coatings 

Tables 8 and 9 show the performance improvement 
created by silane incorporation. The silylated acrylic la- 
texes demonstrate a self-curing system which may not 
require an organometallic catalyst. The methacrylic acid 
co-monomer, which may function as an acid catalyst at 
the film forming stage, may play an important role in 
this self-curing system. When the fugitive base evapo- 
rates and the system moves to acidic pH, the conditions 
favor the hydrolysis and condensation reactions of the 
hindered silanes. Alternatively, water soluble or dis- 
persible organotitanates and organotins are compatible 
with the silylated emulsion polymers in one-pack sys- 
tems. As shown in Tnble 9, the presence of the water- 
soluble chelated titanate catalyst, TyzoP 131, in the 
silylated vinyl acrylic system which contains no acid 
copolymer does accelerate the siloxane crosslinking and 
solvent resistance. 

Effects of Catalysts in the 
Silylated Vinyl Acrylic Systems 

Moving from a solvent system to a waterborne sys- 
tem, the choice of cure catalyst and its compatibility 
with latexes are crucial. Figure 10 depicts the effect of 
titanate concentration on the solvent resistance of the 
1.0% 3-methacryloxypropyltriisobutoxysilane silylated 
vinyl acrylic latex coating. The results show that con- 
trols without silane in the latexes do not show enhanced 
solvent resistance, even with catalyst. The NMP paint 
adhesionlo at the paint-metal interface was evaluated on 
the same latex in the presence of various concentrations 
of titanate catalysts (see Table 10). The adhesion at the 
paint-metal interface was enhanced by increasing the 
concentration of water-miscible titanate catalysts. 

Further studies on the catalytic effects and the stabil- 
ity of a one-pack system silylated latex containing a 

nme (hours) 

Figure 9-The mar resistance of silylated acrylic 
clearcoats under QUV againg process. (A) 
79% A- 174/A- 189; (B) 19% MPMDM/A- 174/A- 
189; and (C) 14% MPMDM/A- 189. 

0.0 0.5 1.0 1.5 

Tltanale Concentration (40 

Figure I@-The effect of titanate concentra- 
tion on the MEK resistance of silylated vinyl 
acrylic and control vinyl acrylic latex coat- 

Figure 1 1-The siloxane crosslinking of silylated 
vinyl acrylic films studied by solid state 2gSi 7 NMR 
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Table 11-Solvent Resistance of Films Cast from Vinyl Acrylic Latexes Containing 4 mole% of Silanes and 
5% Tyzor 131 vs. the Storage Time of the Admixturesa 

MEK Double Rub (times) 
Storage Time 

Siiane in Latexes with Tyzor 131 0 2 Weeks 4 Weeks 8 Weeks 15 Months 

3-Methacryloxypropyltriisopropoxysilone ............... 38 80 119 99 157 
3-Methacryloxypropyltriisobutoxysilane .................. 50 97 122 125 25 1 
3-Methacryloxypropyltrioctoxysilane ...................... 50 8 1 103 128 19 
Vinyltriisobutoxysilane ................................................ 38 74 100 97 255 
Vinyltri-t-butoxysilane ............................................ 29 47 75 67 8 

- 
(a)Tyzor 131 is a catalyst from DuPont. The silyloted vinyl acrylic latexes wilh 5%Tyzor 131 werestored at rwm temperature. At a determined time. portions of these ldexes 

were taken in preparing the films. No gei or seeding was noted MEK resistance of the coatlngs was conducted according to ASTM D 4752-87. The fiim thicknes was 2 miis. The 
values were determined by averaging three data points tested on the same steel panels. Coatings were baked at 121°C for 20 min and further cured at 23% and 50% RH for 
seven davs 

Table 12-Solvent Resistance of Films Cast from 4 mole' 3- 
Methacryloxypropyltrioctoxysilane Vinyl Acrylic Latex Film in 
the Presence of Various Organotin Catalysts, after Curing at 
Room Temperature and at 121 %0 

MEK Double Rubs (times) 

Catalyst RT Baked 

FomreZ UL-1 
FomreP UL-22 
FomreP UL-32 
No catalyst 

fa) Fomrer UL-I. UL-22 and UL-32 are oraanotin catalvsts from Wico CorD- 
oral on MFd ,er,sloncct ol the coatngr has cond-crea occoro ng '0 ASTV D 4752- 
87 Tne ' T 1n cdners was 2 rr s Ine \ a  .es *ere aere'm nea b, a.ercg nq 'nlee 
aala oonls lesteo on lne some rlee' pale8 2001 nGs here oclea a1 21C tar 20 
mln and/or cured at 23°C and 509b RH for seven days 

Table 13--Gel Contents of the Solid Films Made from Vinyl 
Acrylic Latexes Containing Various Silanes with and without a 
Titanate Catalvst 

Gel Content (YO) 

Type of Silane in Latex No Catalyst" With T'tanateb 

3-Methocryioxypropyi 
triisopropoxysiiane ....................... 13.1 25.4 

3-Methacryloxypropyl 
triisobutoxysilane ......................... 49.9 75.6 

3-Methacryloxypropyl 
trioctoxysilone .............................. 69.7 78.3 

Vinyltriisobutoxysilane .................... ... 23.8 53.1 
Vinyitris(t-butoxy)silane ....................... 0,9 0 

catalyst, have been carried out. Mixtures of various si- 
lane-modified silylated vinyl acrylic latexes with4 mole% 
silanes and 5 wt% TyzoP 131 were prepared. The sol- 
vent resistance represented by MEK double rub data for 
these films versus storage period (up to 15 months) is 
described in Tuble 11. Hindered silanes with isopropoxy 
or isobutoxy groups put considerable steric hinderance 
adjacent to the silicon atom generating hydrolytic stabil- 
ity. They work well in silylated polymer/catalyst one- 
pack systems. The bulky t-butoxy group hinders the 
silicon atom so severely it is hard to hydrolyze/cure 
even with a catalyst. The long chain silane with octoxy 
group performs well in a two-pack system due to its 
higher reactivity for hydrolysis. Water-stable tin cata- 
lysts are also effective (Table 12). 

Siloxane Crosslinkage of 
Silylated Vinyl Acrylic Films 

The siloxane crosslinking of vinyl acrylic films con- 
taining 10 wt% of various silanes were studied by solid 
state 29Si NMR. The percent of crosslinking, T4 TI, T2, 
and T b r e  presented in Figure 11. Solid powder pre- 
pared from a 10 wt% 3-methacryloxypropyltri- 
methoxysilane gel was also investigated for a compari- 
son. It is concluded that in the absence of a catalyst, the 
percent of siloxane crosslinks among the films increases 
according to the order: vinyltriisobutoxysilane < 3- 
methacryloxypropyltriisopropoxysilane < 3-methacry- 
loxypropyltriisobutoxysilane < 3-methacryloxpropyl- 
trioctoxysilane < 3-methacryloxypropyltrimethoxysilane. 

The gel contents of the coatings of vinyl acrylic la- 
texes containing various silanes with and without titan- 
ate catalysts are described in Table 13. In the presence of 
a titanate catalyst, the gel contents of the latexes were 
enhanced, except for the extremely unreactive vinyltris(t- 
butoxy)silane-containing latex. 

(a) The silylated vinyl acrylic copolymer films were cast from freshly made 
4 mole % silane-contomlna latexes wlthout catalvst The films were further cured at 

CONCLUSIONS 
arnblent conditions for 10ieeks. The ae  content is the amount (in wl%) of Dolvrner 
remaining after belng swollen In solvent (MEK). 

(b)The silyloted vlnyl ocryllc copolymer fllms were cast from 4 mole%sllone- 
By increasing the concentrations of silanes, the mar and 

containing iotexes with 5% T ~ o r  131. whtch were stored at ambient condlion for abrasion resistance properties of automotive clearcoats 
eight weeks The f~~ms were further cured at amb~ent condition for 10 days. are improved. The rate of abrasion correlated directly 

with coefficient of friction and inversely with hardness, 
modulus, and toughness. The crosslinking rate becomes 
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much slower after curing for 10 days. Silylated acrylic 
clearcoats cured at ambient conditions for one year af- 
ford approximately 75% of the total potential crosslinks. 

Stable, aqueous emulsion copolymers with hindered 
alkoxysilane crosslinking functionality were achieved. 
OFS serve as "latent crosslinking monomers," 
crosslinking the polymer upon subsequent complete dry- 
ing of the latex particles. The monomeric acid containing 
silylated acrylic latex provides a self-curing thermoset- 
ting latex that can be cured without added crosslinking 
agent. Mixtures of the silylated emulsion polymers with 
water miscible or dispersible organometaIlic catalysts 
did not seed or gel over a 15-month period of ambient 
storage. The compositions have improved properties in- 
cluding solvent resistance, adhesion, hardness, abrasion 
resistance, and mar resistance. 
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Corrosion Resistance and Dielectric 
Properties of an Iron Oxide Filled 
Epoxy Coating 

N. Kouloumbi, G.M. Tsangaris, C. Vourvahi, and F. Molnart-~ational Technical University* 

INTRODUCTION 

0 ne of the mechanisms by which protection 
against corrosion of steel surfaces is offered, 
involves the formation of a barrier coating against 

diffusion and penetration of corrosive agents such as 
water vapor, oxygen, and ions.14 

Typical examples of coatings possessing these prop- 
erties are composite coatings containing various pig- 
ments like glass, polyaramide or graphite fibers or flakes, 
talc, micaceous iron oxide, and aluminum flakes. Glass, 
polyaramide, graphite, and aluminum pigments pos- 
sess low permeability for water and corrosive species 
and low conductivity,4 and they can combat many of the 
more severe corrosive environments. Furthermore, they 
offer additional strength and improved abrasive resis- 
t a n ~ e . " ~  

Micaceous iron oxide paints have a well estab- 
lishedx-'"record for long-term corrosion protection of 
steel structures exposed to all kinds of environmental 
conditions. This performance is mainly attributed to a 
barrier effect exerted by this oxide when it is used at a 
required pigment volume concentration, forming part 
of a coating system of specified thickness. Additionally, 
this oxide as a special fbrm of haematite is slightly con- 
ductive, possesses chemical inertness, and exhibits gal- 
vanic potential versus a hydrogen electrode (-0.300 V) 
very close to that of the millscale on steel2 

Recently, it has been found that a barrier effect is also 
exerted by some particulate conductive composite coat- 
ings. These composite coatings with metallic fillers (Fe, 
Al, Ni, Cu) have found numerous important industrial 
 application^'^,'^ and though they can greatly alter con- 
ductivity and dielectric characteristics of the epoxy ma- 
t r i ~ ' ~ - ~ ~  they exhibit ~ i m i l a r ~ ~ , ~ ~  or slightly lowerz5 protec- 
tive properties than the unfilled epoxies. In such sys- 
tems, the evolution of corrosion products of the metallic 
filler throughout the film modifies the characteristics of 
the coating exerting a barrier effect which counterbal- 
ances the increase in conductivity. 

'Chemcol Engineering Dept , MateriaisSc~ence and Engineering Secton. 9, lroon 
Polyiechniou Str., 15780 Athens. Greece. 

'Unlverslty of Veszprem. Physical Chemistry Dept . H-8201 Veszprem, Egyetem u. 10 
POB 158. Hungary. 

Polymeric composites of a bisphenol-A-epoxy 
resin and iron oxidefiller (15% wlw) were depos- 
ited on pretreated steel specimens. The applied 
coatings had a thickness of 80 ,um and 220 pm. 
The modification of the anticorrosive and dielec- 
tric characteristics of these coatings, in a corro- 
sive environment (3.5% NaCl), were monitored 
by potentiodynamic polarization measurements, 
electrochemical impedance spectroscopy, and di- 
electric measurements. 

Corrosion resistance ofcomposite coatings was 
found to be somewhat higher than that of unfilled 
epoxy coatings. Coatings containing iron oxide 
exhibited capacitive behavior as revealed by di- 
electric and EIS measurements. This behavior is 
more pronounced in high thickness composite 
coatings. 

In this paper the effect of a low concentration mica- 
ceous iron oxide filler to the modification of the dielec- 
tric characteristics and the anticorrosive performance of 
composite epoxy coatings in an environment of 3.5 wt% 
NaCl solution is investigated. 

Potentiodynamic polarization, AC impedance, and 
dielectric measurements were performed. 

EXPERIMENTAL 

Materials 

The test specimens were circular steel disks (Diameter 
@=6 cm) with the following weight percent composi- 
tion: C 0.12, Mn 0.5, P 0.005, S 0.05, and balance Fe. The 
coating used was a bisphenol-A based epoxy resin with 
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Table 1: Composition of Micaceous Iron Oxide 

SiO, Fe203 FeO MgO AI,O, so3 S2- Mn P Cu 

2.22 90.30 1.93 0.56 0.90 0.27 0.48 0.08 0.02 traces 

Loss of ignition: 2.71 
Residue on 100 prn sieve: traces 
Residue on 63 yrn sieve: 5 -15% 
Bulk density (g/ cm3): 1.45 

epoxy equivalent 500-535 g/Ac9 (grams resin containing 
one epoxy equivalent), epoxy Index 1.95 A,,/kg (num- 
ber of epoxy equivalent in one kilo resin), density 1 - 1.02 
g/cm3 at 20°C, molecular weight about 1025 and viscos- 
ity 30 - 40 sec (DIN 53211,4mm, 20°C). The curing agent 
was a high viscosity polyaminoamide with amine value 
240-260 (DIN 16945) and density 0.95 - 0.97 g/ cm3 at 
20°C. The ratio resin/curing agent was 200/65 by weight. 

This system was used either in this formulation or 
filled with powdered micaceous iron oxide in a content 
of 15% by weight. The composition and the characteris- 
tics of the iron oxide according to the manufacturer's 
data sheet are given in Table 1. 

It was decided to study the previously mentioned 
content though it is lower than what is actually used in 
anticorrosive applications, because of the dielectric mea- 
surements where a high content would create undesir- 
able percolative conductivity effects. 

Sample Preparation 

The metallic substrate was cleaned by immersion in a 
strong solution of HCI with an organic corrosion inhibi- 
tor, washed with water, polished with emery paper (up 
to 000 grit), degreased for 10 min in boiling xylene, and 

Figure I-Potentiodynamic poladzation plots 
for different types of epoxy coated steel 
specimens just after immersion to 3.5% NaCI. 
A-epoxy, 220 pm; O-epoxy + iron oxide, 
220 pm; U-epoxy + iron oxide, 80 pm; and 
A-epoxy, 80pm. 

stored before coating in a desiccator containing silica 
gel, to avoid any influence of moisture. 

Each prepared mixture of epoxy and iron oxide was 
stirred thoroughly to avoid regions rich in hardener or 
epoxy with the consequent limitation to the extent of 
crossliiing. Then each mixture was deposited on the 
metal surface by a film applicator. According to the 
manufacturers' curing schedule, specimens were initially 
cured at ambient for 24 hr for the promotion and devel- 
opment of the three-dimensional network. Then, when 
the rate of the cure became low, a post-curing at 40°C for 
48 hr followed, to ensure that all of the epoxy groups 
had been consumed and the coatings had attained the 
optimum physical and mechanical proper tie^.^^ 

Thereafter, specimens with coatings having a dry film 
thickness 8@5 pm or 22@10 pm were chosen from a 
greater production number and exposed to 3.5% NaCl 
solution for predetermined time. Specimens coated only 
with epoxy resin were used as reference specimens. 

Test Instrumentation and Conditions 

The electrochemical cell for both AC impedance and 
polarization measurements consisted of a hollow Teflon 
cylinder, attached by a clamp to the surface of the metal 

for different types of epoxy coated steel 
specimens after 90 days of immersion to 3.5% 
NaCI. A-epoxy. 220pm; 0-epoxy + iron 
oxide, 220 pm; U-epoxy + iron oxide, 80 prn; 
and A-epoxy, 80pm. 
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substrate and creating by an O-ring seal the vessel for 
the electrolyte (3.5% NaCl). The working electrode was 
the coated specimen having an exposed surface area 
equal to 15.904 cm2. As reference and counter electrode, 
a silver circular disk was used which was connected in 
series with a 100 FF capacitor in order to exclude the 
input of the DC potential of the cell to the frequency 
analyzer. All measurements were carried out at ambient 
temperature with the electrolyte in contact with air. 

Before each measurement, the change in electrical 
potential was recorded, until the achievement of an al- 
most stable potential, referred to as the corrosion poten- 
tial, E,,,,. The potentiodynamic polarization measure- 
ments were performed on two separate specimens, one 
for the anodic and one for the cathodic polarization, 
using a Princeton Applied Research Model 331 

b 

1 
i 

0.00 -1  --- , , ~, , --~. , 7--7- 

O W  2 1x1 a.00 6 00 B w 
b11O ( H a  

- 
potentiostat/galvanostat. The scan rate was always 1 
mV/s. Each measurement at every exposure time tested 
was performed in triplicate. 

The AC impedance measurements were performed 

Figure 3- ode plots for different types of 
epoxy coated steel specimens exposed to 
3.5% NaCl for two days. #:-epoxy, 220pm; 
0-epoxy + iron oxide, 220pm; 0--epoxy + 
iron oxide, 80 pm; and A-epoxy, 80 pm. 

using sine wave signals of 15 mV, by means of a Video 
Bridge T-2100 of Electro-Scientific Industries Inc., in the 
frequency range of 20 H~ to 5 K H ~ ,  and by an imped- After three months of exposure to the corrosive envi- 
ance analyzer LF4192A of Hewlett Packard, in the fre- ronment, the corrosion current density of specimens 
quency range of 5 KHz to 13 MHz, Each value was the coated with epoxy resin containing ~ ~ C ~ C ~ O U S  iron OX- 
mean value of five measurements in a logarithmic sweep ide, regardless the coating thickness, is lower than that 
of the frequencies (20 points per logarithmic unit) of the unfilled epoxy. Micaceous iron oxide filled coat- 
was obtained from measurements on three samples at ings are resistant because the oxide particles present are 
every type of specimens. oriented parallel to the substrate producing layers of 

overlapping and interleaning flaky particles which in- measurements were performed k a three crease the path for water and corrosive permeation,8-15 guarded systemf constructed according to These types of coatings, for a thickness higher than about D 150-92. At predetermined immersion times, coated 
specimens were taken out of the corrosive environment, 150 pm, have proved to be very resistant to accelerated 

washed with acetone, dried in air, and placed in the weathering. l3 

three terminal dielectric cells. There they formed the 
dielectric element of the capacitor. Capacitance values Impedance Measurements 
and the loss factor (D) of the coating were measured in 
the frequency range 20 Hz-13 MHz using the previously plots, log I I and phase 

mentioned bridges, From these measurements the di- log I f  l l  specimens after two and 90 

electric permittivity and dielectric losses were calculated?' 

RESULTS AND DISCUSSION 
p.p....~Opp:-'-:* 

Corrosion Current Measurements 

The protective performance of the coating was evalu- 
ated by potentiodynamic polarization measurements. 
Representative results of anodic and cathodic scanning, 
which were always triplicated, are given in Figures 1 and 
2 at the beginning and after 90 days of immersion in the 
corrosive environment. Each plot represents a separate m w  . . ...' 
anodic and cathodic scan and is considered as the polar- 
ization plot of a separate metal specimen. 

ow ? W 4 W 6 W The resistance to corrosive conditions just after the lod0 (Hz) 
immersion to the corrosive environment is roughly the 
same for coatings with or without micaceous iron oxide 
in the epoxy matrix depending only on the thickness of - Figure 4-Phase angle plots for different types 
the coating. In all cases the corrosion current density 
exhibits very low values. This is attributed to the high 
impermeability of the epoxy matrix to wet and chemi- 
cally polluted  condition^?^ 

of epoxy coated steel specimens exposed to 
3.5% NaCl for two days. *-epoxy, 220pm: 0- 
epoxy + iron oxide, 220 pm; O-epoxy + iron 
oxide, 80 pm: and A-epoxy, 80 prn. 
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Table 2-Water Uptake Calculated from Ca~acity Measurements at 104 Hz. 

Tvve of Coatina 
-- 

Thickness: 80 pm Thickness: 220 pm 
Exposure Time 
(Days) EPOXY Epoxy t Iron Oxide EPOXY Epoxy t lion Oxide 

0 ...................................... 0.000 0.0000 0.0000 0.0000 
2 ...................................... 0.0253 0.0240 0.0371 0.0120 

days of immersion are presented in Figures 3-6. Data 
obtained by electrochemical impedance spectroscopy 
were processed bv suitable NLLS software, and the best 
fit is ihown in these figures (full lines) for the generally 
accepted equivalent circ~its~~-~O for barrier and non-bar- 
rier type coatings. 

At early exposure time and at the frequency range of 
measurements, the impedance plot shape of the high 
coating thickness samples (220 ym) shows a distinct 
capacitive behavior expressed by a kinetic scheme corre- 
sponding to one time constant throughout the frequency 
range. The phase angle, in that case, acquires almost 
stable values of about 90°, and the log l z l plots are 
straight lines having a slope close to -1. 

Bode responses are almost the same irrespective to 
the formulation of the coating. This can be attributed to 
the characteristics of a high thickness epoxy coating. It 
has been already mentioned that epoxy matrix possesses 
high intrinsic impermeability'Gnd as a consequence, it 
can show high resistance for a long exposure period; 
especially when the coating thickness is high. Imped- 
ance measurements, which are mainly influenced by 
water and aggressive ions penetration, cannot reveal the 
exact role of the filler in such a system. 

Bode plots of 80 ym thickness of coatings of the filled 
epoxy, at early exposure time, possibly suggest the exist- 
ence of two processes through the coatings. At the fre- 
quency range of the performed measurements, normally 

1 Figure %Bode plots for different types of 
epoxy coated steel specimens exposed to 
3.5% NaCl for 90 days. $-epoxy, 220pm; 0- 
epoxy + iron oxide, 220 pm; 0-epoxy + iron 
oxide, 80pm; and A-epoxy, 80pm. t 
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only the response of the organic coating is observed 
while the response of the corroded substrate is observed 
in a lower frequency range (10" - 10 Hz).30 The process at 
high frequencies (>lo4 Hz) is attributed to the bulk prop- 
erties of the epoxy matrix.31 At intermediate frequencies 
the response may be attributed to a transport process 
related to the interfaces created between epoxy matrix- 
iron oxide filler. Figures 3 and 4 demonstrate that this 
latter process does not exist in the unfilled coatings. 

After long-term immersion in the corrosive environ- 
ment, all types of specimens are characterized by one 
time constant, irrespective to the coating thickness. An 
indicative plot of this situation is presented in Figures 5 
and 6 for 90 days of exposure. Here the course common 
to all tested samples reveals a capacitive behavior. The 
high thickness coatings maintain this behavior in the 
wKole frequency range used, regardless of the exposure 
time, while for the low thickness coatings this frequency * ,  

range is broadened with immersion ti&. 

The suppression of the intermediate frequencies time 
constant of filled low thickness coatings seems to be 
related to the sorbed water by the epoxy matrix. The 
water uptake of these coatings increases with time, at 
least for the first 30 days of exposure to corrosion envi- 
ronment as shown by values obtained through the mea- 
surements of the capacity at lo4 Hz and Brasher's law32 
(Table 2). 

ID0 W - 
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- Figure &Phase angle plots for different types 
of epoxy coated steel specimens exposed to 
3.5% NaCl for 90 days. #:--epoxy, 220pm; 0- 
epoxy + iron oxide, 220 pm; 0-epoxy + lron 
oxide, 80pm: and A--epoxy, 80pm. 
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I Figure 7-Impedance vs. immersion time for 
different types of epoxy coated steel speci- 
mens. #-epoxy, 220 pm; &epoxy + iron 
oxide, 220pm; 0-epoxy + iron oxide. 80 
pm;and A-epoxy. 80prn. 

The water uptake of the iron oxide filled coating af- 
fects the impedance responses and the two time con- 
stants cannot be distinguished. The dominant process is 
the modification of the bulk epoxy matrix by the water 
capacitive characteristics which masks the transport pro- 
cess corresponding to the epoxy-iron oxide interfaces. 

In that case, the phase angle data shift towards higher 
frequencies indicating a decrease of the corrosion resis- 
tance and an increase of the corrosion area at the metal- 
coating interface.33 However, both z and phase angle 
values prove that the coatings are still resistant after 
three months of exposure, a result also shown by the 
potentiodynamic polarization measurements. 

Time dependence of impedance values is presented 
in Figure 7. 

Just after the immersion to the corrosive environ- 
ment, a short period of impedance decrease is observed 
first, followed by a plateau of higher impedance values. 
Just after the immersion, water penetrates easier into 
voids and microdefects of the coating resulting in a local 
increase of coating permittivity and consequently in a 
decrease of impedance values. Thereafter the sorbed 
water is diffused through the capillaries into the bulk of 
the coating at the surroundings of these voids and 
microdefects provoking a local swelling which reduces 
their dimensions. This assumption can explain the in- 
crease of the impedance values after the short period of 
decrease. 

After about 20 days of immersion, the coatings ex- 
hibit an almost steady state impedance value, which 
suggests the maintenance of their protective behavior. 
In high thickness coatings, steady-state impedance val- 
ues are about the same regardless of the presence or not 
of iron oxide in the coating (differences between them 
are lower than the scattering of the measurement). 

In filled coatings impedance values are influenced by 
the conductivity induced by iron oxide and the barrier 
effect that this filler exerts. In high thickness coatings 
containing micaceous iron oxide, the water sorbed is 

quency for high-thickness coatings before 
their exposure to corrosive environment. A- 
epoxy, 220 pm; and A-epoxy + iron oxide. 
220 urn. 

lower than that of pure epoxy coatings as a result of the 
non-absorbing trait of the micaceous iron oxide and the 
overlapping layers these flaky oxide particles produce 
in the polymeric matrix. At the same time, the presence 
of iron oxide increases the conductivity of the former 
coatings counteracting the effect of the lower water quan- 
tity (Table 2) and resulting in a situation which is almost 
the same regardless of the presence or not of iron oxide 
in the coating. 

In low thickness coatings, the water uptake values of 
filled and unfilled coatings are close (Table Z), so the 
increased conductivity of the filled coatings is due to the 
presence of the micaceous iron oxide. This could explain 
why impedance values of filled low thickness coatings 
are somewhat lower than those of the unfilled ones. 

Figure 9-Dielectric permiffivity vs. frequency 
for different types of epoxy coated steel 
specimens exposed to 3.5% NaCl for 15 and 
90 days. *--epoxy + iron oxide, 80 pm, 15 
days; A--epoxy + iron oxide, 220 pm, 15 days; 
A--epoxy, 220pm. 15 days; and &epoxy, 
220 pm, 90 days. 
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Figure 1C-Dielectric losses vs. frequency for 
high thickness coatings before their exposure 
to corrosive environment. A--epoxy, 220 pm: 
and A--epoxy + iron oxide, 220 pm. 

Dielectric Permittivity Measurements 

Figures 8 and 9 show the permittivity (E') versus fre- 
quency of the different types of coatings for various 
immersion times. Iron oxide, which has higher dielectric 
permittivity than the epoxy matrix, results in increased 
dielectric permittivity of the composite coating at early 
immersion time (Figure 8), as a consequence of the loga- 
rithmic law of mixtureP applied to the composite coat- 
ings. 

The increase of the immersion time (Figure 9) leads to 
a greater amount of water sorbed and, consequently, to 
higher dielectric permittivity values in all types of coat- 
ings. The interfaces generated due to the addition of iron 
oxide particles increase the interfacial polarization at 
low frequencies. 

Figure I 1-Dielectric losses vs, frequency for 
different types of epoxy coated steel speci- 
mens exposed to 3.5% NaCl for 15 and 90 
days. $:-epoxy + iron oxide, 80pm, 15 days; 
A-epoxy + iron oxide, 220 pm, 15 days; A- 
epoxy, 220pm,15 days: and 0-epoxy, 220 
pm. 90 days. 

In high thickness coatings, the quantity of both iron 
oxide and absorbed water is higher than that in low 
thickness coatings, despite the same concentration level 
of iron oxide in both coatings. The increased quantity of 
these species creates extended interfaces and high di- 
electric permittivity. The same consideration is applied 
on the coatings short of iron oxide. In the latter case, the 
governing factor is the quantity of the water absorbed. 

The dielectric losses (E") versus frequency of the pure 
epoxy coatings and of the coatings containing iron oxide 
are shown in Figures 10 and 11. In all cases as immersion 
time increases more water is absorbed by the polymeric 
matrix. Dielectric losses increase and move to higher 
frequencies. 

Coatings of 220 pm thickness acquire low values of 
dielectric losses for the major part of frequency range, 
thus revealing the capacitive behavior of these coatings 
both at the beginning of the exposure to the corrosive 
environment and for a longer immersion time. 

Iron oxide in low thickness coatings alters its capaci- 
tive characteristics generating conductive pathways as it 
can be deduced by the appearance of the straight line at 
low freq~encies?~ 

Ratings of Visible Damage - 
Visual examination of test specimens during the ex- 

posure revealed that at the end of the exposure time, no 
significant damage occurred in all cases, with respect to 
blistering (ASTM D 714-87) and rusting (ASTM D 610- 
85). After one month of exposure, green colored spots 
appeared. These spots are produced either by the chlo- 
ride ions attack on iron oxide filler and/or by the corro- 
sion of the steel substrate. In the latter case, during the 
formation process of iron oxide or oxyhydroxides, in 
chloride environment, green complexes are precipitated 
as intermediate products.36 These bulky corrosion prod- 
ucts can establish a barrier effect which explains the 
feature of the Bode plots at long immersion time. After 
three months of exposure, blistering ratings could be 
classified as No. 4 Few for coatings containing iron oxide 
having 220 pm and 80 pm thickness and as No. 4 Few 
and No. 6 Medium for unfilled coatings having 220 and 
80 pm thickness, respectively. The corresponding rating 
for rusting is No. 10 (no rusting) and No. 4 (10% of 
surface rusted) for filled coatings and No. 9 (0.03% of 
surface rusted) and No. 4 (10% of surface rusted) for 
unfilled coatings of 220 and 80 pm thickness, respec- 
tively. 

CONCLUSIONS 

The corrosion resistance of steel specimens with com- 
posite coatings composed of epoxy resin and iron oxide, 
after three months of exposure to NaCl3.5%, is some- 
what higher than that of unfilled epoxy coatings. This is 
valid for both low (80 pm) and high (220 pm) thickness 
coatings in spite of the low (15% by weight) concentra- 
tion level of iron oxide. 

EIS measurements possibly suggest, in low thickness 
coatings at early exposure time, the appearance of a 
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transport process related to the interfaces created be- 
tween epoxy matrix-iron oxide filler. At long-term expo- 
sure, all coatings possess a capacitive behavior. This is 
more distinct for high thickness coatings in good agree- 
ment with the results of the polarization measurements. 

The dielectric measurements reveal the modification 
of the dielectric characteristics of the coatings. Interfaces 
are created between the polymeric matrix and the oxide 
particles leading to increased interfacial polarization. 
Composite coatings of 220 km thickness proved again 
capacitive, while in lower thickness coatings conductive 
pathways are generated. 
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High Performance Coating Films 
Cured by Novel Penetrating Method: 
Anionic Resin Paints 

Yasuharu Nakayama-Kansai Paint Co., Ltd." I 
INTRODUCTION - 1  
A novel coating method shown in Figure 1 has 

been studied to cure industrial paint at ambient 
temperature. This method is based on the phe- 

nomenon that after a wet coating film becomes thermo- 
plastic in the first drying process, it is dipped in an 
aqueous solution of a crosslinker. The crosslinker then 
penetrates into the film which can be cured with the 
passage of dipping time. Herein a diacetone acrylamide 
copolymer was employed as the main resin and 
carbohydrazide as the film-penetrative crosslinker. Fol- 
lowing the dehydration, the reaction between the carbo- 
nyl group in the copolymer and the hydrazide group in 
the crosslinker occurs rapidly at ambient temperature, 
particularly under acidic condition.' 

H\ A 
I I I I I 

R 
-C= + N-N-C- + -C=N-N-C- + H,O 

In a previous paper: crosslinking rates were mea- 
sured under various conditions. The major conclusions 
were the following: (1) the penetrating rate was closely 
related to the film curing speed; (2) the rate was acceler- 
ated with an increase in the organic solvent content in 
the crosslinker solution, with an increase in the hydro- 
philic property of the resin and with rising dipping 
temperature; (3) the curing was sped up with acids in 
the reaction system; and (4) the curing front propagated 
from the film surface toward the substrate surface ac- 
cording to the penetration of the crosslinker. 

In this paper, the properties of anionic resin film (cat- 
ionic resin will be discussed in another paper) cured by 
the penetrating method have been studied in relation to 
the properties of the resins, the components of the 
crosslinker solutions, and the curing conditions. The 
properties of the film, for example, solvent resistance, 
water resistance, etc., were improved with crosslinking 
by the penetrative crosslinker. We have also attempted 
to compare the penetrating curing method with the two- 
component coating in order to characterize this method. 
The adhesion property of the cured films obtained by 
the former was much better than that of the latter be- 

'17-1, Hgashl Yawato 4-Chome, H~ratsuka-Shi, 254 Japan 

T h i s  study deals with a method of curing paint 
film at ambient temperature with afilm-penetra- 
tive crosslinker. The method is based on the phe- 
nomenon that, after a wet coating film becomes 
thermoplastic, it is dipped in an aqueous solution 
of crosslinker. The crosslinker then penetrates 
into thefilm, and thefilm can be cured with the 
passage of dipping time. 

Herein an anionic copolymer containing 
diacetone acrylamide was employed as the main 
resin and carbohydrazide as thefilm-penetrative 
crosslinker. Cured films can be prepared with a 
short dipping time using this method. Excellent 
films were obtained when they were dipped in a 
suitable crosslinker solution containing the proper 
organic solvents (accelerator of penetration rate) 
and an appropriate acid (promoter of the reac- 
tion). In particular, the adhesion after the water 
resistance test was excellent compared with that 
of the coatingfilm obtained by the two-compo- 
nent coating method. 

cause of the different curing mechanisms. Excellent coat- 
ing films were obtained by dipping for 5-10 minutes at 
40°C. 

EXPERIMENTAL 

Preparation 

PREPARATION OF RESINS: Ordinary laboratory equip- 
ment and preparation methods were used for the syn- 
thesis of the resins. All the materials used were commer- 

Vol. 69, No. 870, July 1997 

6' I 



Y. Nakayama 

Solution 
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Condil ion 

F i l l  
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F i l l  F i l l  

'i Figure /-Process and film condition of novel 
coating method. 

Figure 2-Chemical 
structure of diacetone 
acrylamide (DAAm). 

cia1 grade and were not purified further. Diacetone 
acrylamide (DAAm) shown in Figure 2 was used as the 
monomer containing a carbonyl group. The copolymer- 
ization was performed by the dropwise addition of a 
mixture of the monomers and an initiator 
(azobisisobutyronitrile) into heated propylene glycol 
monomethyl ether (PGME) at llO°C. The copolymers 
used in this study are systematically classified in Figure 
3. The copolymers were neutralized with triethylamine, 
diluted by the addition of isopropanol and then dis- 
persed mechanically in water. The emulsions obtained 
were distilled under reduced pressure to eliminate the 
isopropanol. 

PREPARATION OF AQUEOUS CROSSLINKER SOLUTION: After 
carbohydrazide (CH) shown in Figure 4 was dissolved in 
deionized water, propylene glycol monopropyl ether 
(PGPE), propylene glycol monomethyl ether (PGME), 
and an acid were added. As shown in the previous 
paper, PGPE which could swell the resin was the pro- 
moter for penetration of the crosslinker, and PGME was 
a hydrophilicity donor to make the former solvent com- 
patible with water. Acetic acid or phosphoric acid was 
added in order to promote the crosslinking reaction. 
Table 1 shows the compositions of aqueous crosslinker 
solutions which were used in this study. 

PREPARATION OF TEST PANELS FOR PENETRATING METHOD: 
Paint coatings were developed with a bar coater on the 
surface of zinc-phosphated and non-treated cold-rolled 
steel panel and then dried for 10 min at 80°C. 

PREPARATION OF CROSSLINKING FILMS BY PENETRATING 
METHOD: The test panels covered with thermoplastic 

NO-187 

n-BA 14.4 P.S .  0.23 
n-BHL 10.7 
p:60/3.58. 618.0 

1 3::: 2 3iL: 1 
l SHh 46.0 N . V .  49.4% 

DAAm 30.0 Hn 17861 
SHh 30.0 N . V .  48.6% - ' DAAm down lst  22.2 pH 9.061 
n-BA 15.6 P . S .  0.34 
q:60/8.5. 6/28.4 

DAAo 40.0 Hn 30990 
SHA 30.0 N . V .  43.0% 

n-BA 14.2 P . S .  0.22 
q:60/20.6, 6/203 

OAAn 30.0 Hn 20180 OAAm 30.0 Hn 14202 
HHA 22.8 N.V. 39.6% 

S t  11.3 DH 
HHA 11.3 P . S .  0.45 
n-BA 16.0 ~:60/80.6, 6/417 
n:60/2.7, 618.2 

Figure 3-Comp 
measured by Brookfield viscometer with 60 round/min.. 6 round/min.: N. V.: non-volatile component %; AAc: 
acrylic acid; SMA: stearylmethacrylate: St: styrene; n-BA : n-Butyl acrylate; nBMA : n-butyl rnethacrylate; and 
MMA: methyl methacrylate. 
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resin film were dipped in the crosslinker solutions for a 
fixed time, followed by washing with water as shown in 
Figure 5. After that, the test panels were dried for 10 min 
at 80°C. 

PREPARATION OF CROSSLINKING FILMS BY TWO-COMPO- 
NENT METHOD: Aqueous DH solution (10% by weight) 
was added to the emulsions. After various induction 
times, the mixture was coated with a bar coater on the 
surface of zinc-phosphated and non-treated cold-rolled 
steel panel at room temperature. 

Measurement 

SOLVENT RESISTANCE: TWO drops (about 0.05 cc) of 
acetone were placed on a cured film. Solvent resistance 
was estimated by the appearance of the test film after 
evaporation of the acetone. The results were classified 
into four categories, bad (dissolution), poor (dense with 
fine wrinkles), fair (few large wrinkles) and good (no 
change). 

PENCIL HARDNESS: A pencil scratch test was done ac- 
cording to JIS (Japan Industrial Standard) K5400 8.22 
(1990). Breaking of the coating film was the basis of the 
evaluation. 

ERICHSEN VALUE: A breaking distance method that 
involved pressing a steel ball into the coating until crack- 
ing and peeling were generated was used. The steel ball 
was pushed out from the back of the coated panel using 
an Erichsen tester. The pushing distance until cracking 
or peeling occurred, was measured. When no cracking 
and no peeling occurred even with a pushing distance of 
7 mm, the notation was "7<." The procedure was done 
according to JIS K500 8.2 (1990). 

IMPACT STRENGTH: A DuPont impact tester was used. 
The falling weight was 1 kg. The radius of the top sphere 
of the shock mold was 1/2 in. The test was done by 
changing the falling height on the coated side of the 
panel. The notation indicates the maximum height that 
did not damage the paint film. When no damage oc- 
curred with a height of 50 cm, the notation was "50<." 
The procedure was done according to JIS K5400 8.3.2 
(1990). 

ADHESION TEST: A cross-cut test was used. Eleven inci- 
sions at 1 mm intervals were made vertically and hori- 
zontally on the film. One hundred pieces measuring 
1 mm x 1 mm square were obtained. The adhesion was 
indicated by the number of pieces which were not peeled 
off by adhesive tape. The procedure was done according 
to JIS K5400. 

WATER RESISTANCE: The coating panel was immersed 
in deionized water for a fixed time. Thereafter, the film 
condition was evaluated. 

RESULTS AND DISCUSSION 

Curing by the Penetrating Method 

The changes in properties of the coating film with dip- 
ping time were believed to be caused by the crosslinking 

H 0 

\ II /H 
N-N-C-N-N 

I I \  
H H H H  

Figure 4-Chemical structure of 
carboh ydrazide (CH). 

saiinxinr resin f i l s  

I D ipp ing  tine (minutes) I 
Figure &Pencil hardness as a function of dip- 
ping time with different crosslinker solution. 

Dipping temperature: 40°C 
Resin: No. 182 
Substrate:zinc-phosphatedcold-roiiedsteei 
Film thickness: 30-35um 
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Figure 7-Solvent resistance as a function of 
dipping time with different crosslinker solution. 
Test conditions are the same as Figure 6. 

I Dipping t i n e  (minutes) I 
Figure 9-Solvent resistance as a function of 
dipping time at different dipping tempera- 
ture. Test conditions are the same as Figure 8. 

reaction, that is, the reaction between the carbonyl group 
of the resin in the film and the hydrazide group of the 
crosslinker from the aqueous crosslinker solution. 

EFFECT OF ACIDIC COMPONENT: Figures 6 and 7 show the 
pencil hardness and the solvent resistance as a function 
of dipping time, which represent information on the 
progress of the crosslinking. Three crosslinker solutions 
were chosen with widely different acidic components: 
No. 44 was a basic type without acid, No. 46 was an 
acidic type with acetic acid (organic acid), and No. 48 
was an acidic type with phosphoric acid (inorganic acid). 
Although the acid was an essential component for the 
crosslinking reaction as a promoter, the inner portion of 
the anionic resin film could be crosslinked with the basic 

solution No. 44 containing no acid, because the anionic 
resin itself contained a carboxyl group to promote the 
crosslinking reaction. As the result, we could not ob- 
serve a clear difference among these crosslinker solu- 
tions from these two figures. However, the part of the 
film surface contacting the basic crosslinker solution 
could not be crosslinked because of the surrounding 
basic condition. In the case of the basic crosslinker solu- 
tion, the gloss of the film was lost due to dissolution or 
excessive swelling of the surface resin. On the contrary, 
glossy coating films were obtained by dipping in the 
two other acidic crosslinker solutions, No. 46 and No. 
48, at an earlier dipping time. When the dipping time 
became longer, wrinkled films were often obtained. The 
reason for this behavior is not clear, but it may be caused 

Dipping t ime (n inu tes)  

ping time at different dipping temperature. 
Resin: No. 192 
Crosslinker solution: No. 48 
Substrate:zinc-phosphatedcold-roiledsteel 
Film thickness: 25-30~m. 

0 1 2  3 4  5 6  7 8 9  10 

Oipping t i l e  (minutes) 

Resin 

- :N0.187 
...,.. :No. 182 
- - -  :N0.192 

Figure ICLSolvent resistance as a function of 
dipping time. 

Dipping temperature: 40°C 
Crosslinker solution: No. 48 
Substrate:zinc-phosphatedcoid-rolledsteel 
Film thickness: 25-35 pm. 
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Resin 

- :N0.187 
....... :NO. 182 
--. :N0.192 

0 1 2  3 4  5 6  7 8 9  10 

Resin 

Dipping time (minutes) 

Figure 1 I-Pencil hardness as a function of 
dipping time. Test conditions are the same as dipping time. Test conditions are the same as 
in Figure 10. Figure 10. 

by excessive swelling of weakly crosslinked film at ear- 
lier dipping time and violent shrinkage due to dense 
crosslinking in the subsequent dipping time. 

When a coating panel of non-treated cold-rolled steel 
was dipped in solution No. 46 containing acetic acid, 
brown rust developed during the dipping time. On the 
other hand, we did not observe such a phenomenon in 
the case of solution No. 48 containing phosphoric acid. 
This result is explained by the difference in the acid 
contained in these crosslinker solutions. This is to say, 
acetic acid having good compatibility with the organic 
resin film can penetrate the substrate surface through 
the organic coating film, but phosphoric acid cannot 
penetrate into it due to its poor compatibility. Concen- 
tration of the acid did not influence this behavior. 

EFFECT OF RESIN COMPOSITION: Three resins that con- 
tained different amounts of DAAm were used for the 
examination of the crosslinking behavior. The DAAm 
contents of resins No. 189,182, and 192 were 20% 30% 
and 40%, respectively. As shown in a later section, it is 
evident from the measurement of the various film prop- 
erties that the crosslinking rate was closely related to the 
content of DAAm in the resins. 

We mentioned previously that the films of No. 182 
wrinkled during a long dipping time. However, glossy 
coating films were obtained with resin No. 192. Faster 

Table 1--Com~ositions and Properties of Crosslinker Solutions 

crosslinking of this resin than that of resin No. 182 seems 
to prevent the excessive film swelling and the wrinkling. 
In this case of resin No. 187, a similar wrinkle observed 
with resin No. 182 at a later dipping time was also 
observed to some extent at an intermediate dipping time. 
Such a wrinkle was commonly noticed in the resins 
containing methylmethacrylate (MMA), such as resins 
No. 193 and 178. This wrinkle was also observed in some 
other resins which were not reported in this paper. This 
result can also be explained by excessively fast swelling 
relative to the crosslinking rates. Namely, copolymers of 
MMA exhibited significantly faster swelling rates than 
that of hydrophobic monomers, as was reported in the 
previous paper.2 In particular, when the most 
hydrophiolic resin, No. 178, was applied, holes could be 
seen in the curing film surface. On the contrary, the film 
made from resin No. 202 which was prepared by copoly- 
merization with more hydrophobic monomers such as 
styrene (St) and stearylmethacrylate (SMA) had a good 
appearance throughout the entire process of this pen- 
etrating method. A certain balance between swelling 
and crosslinking would be necessary in order to obtain 
good appearance. 

EFFECT OF DIPPING TEMPERATURE: Increased tempera- 
ture sped up property changes such as the pencil hard- 
ness and solvent resistance as shown in Figures 8 and 9. 
There were two possible explanations for this behavior. 

Deionized Acid 
Crosslinker Carbohydrazide Water Compound 
Solution No. pH (Z by wi.) (%by wi.) (4b by wt.) 

No. 22 ..................... 5.02 10.0 57.0 Phosphoric acid 3.0 
No. 44 ..................... 9.41 10.0 60.0 - 
No. 46 ..................... 5.80 10.0 59.5 Acetic acid 0.5 
No. 48 ................... A 7 4  10.0 59.9 Phosphonic acid 0.1 

Swelling 
Solvent 

(%by wi.) 

- 

PGPE 20.0 
PGPE 20.0 
PGPE 20.0 

Hydrophilic 
Solvent 

(% by wi.) 

MMB 30 
PGME 10.0 
PGME 10.0 
PGME 10.0 

MMB. 3-Methyl-2-rnetho~butanol. 
PGPE Propylene glycol rnonopropyl ether. 
PGME: Proovlene alvcol monomethvl ether 
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Table &Properties of Resin No. 187 Films Cured with Two-Component Method 

Table 2-Properties of Resins No. 182 Films Cured with Two-Component Method 

Hydrazidel 
Carbonyl Induction Water Resistance 

Hydraidel 
Carbonyl 
(mole ratio) 

(mole ratio) 

0.8 

0.5 

Induction 
Substrate Time' 

5 rnin 

1 day 
2 days 
5 days 

Appearance 

Good 
Good 
Good 

Fair (crack) 
Bad (crack) 
Bad (peel) 

A: Non-treated cold-rolled steel, B: Zinc-phosphated cold-roiled steel. 
Film thickness. 30 pm. 
'Time alter mixlng but prior to application. 

Substrate 

A 

B 

A 

B 

Water Resistonce 
Adhesion 7 Days 

Poor (blister, white) 
Poor (biister) 
Poor (blister) 
Poor (blister) 
Poor (biister) 

- 

Time' 

5 rnin 
30 rnin 

3 hr 
6 hr 
12 hr 

5 min 
30 min 

3 hr 
6 hr 
12 hr 

5 rnin 
30 rnin 

3 hr 
6 hr 
12 hr 

5 rnin 
30 rnin 

3 hr 
6 hr 
12 hr 

5 rnin 
4 hr 
12 hr 
1 day 

2 days 
5 days 

Good 
Good 
Good 
Good 

Fair (crack) 
Bad (peel) 

Appearance 

fair (fog) 
Good 
Good 

Fair (crack) 
Bad (crack) 

Poor (fog) 
Good 
Good 

Fair (crack) 
Bad (crack 

Good 
Good 
Good 

Fair (crack) 
Fair (crack) 

Good 
Good 
Good 

Fair (crack) 
Poor (crack) 

Poor (blister) 
Poor (blister) 
Poor (blister) 
Poor (blister) 
Poor (blister) 

- 

Adhesion 

100 
60 
100 
100 
- 

100 
95 
100 
100 
- 

100 
100 
100 
100 
100 

100 
100 
100 
100 
100 

Good 
Good 
Good 
Good 
Good 

Fair (crack) 

7 Days 

Poor (blister, white) 
Poor (blister) 
Poor (blister) 
Poor (blister) 

- 

Poor (blister, white) 
Poor (blister) 
Poor (blister) 
Poor (blister) 

- 

Good 
Fair (blister) 
Fair (blister) 

Good 
Poor (Blister) 

Good 
Fair (blister) 
Fair (biister) 

Good 
Poor (blister) 

0.5 
Good 
Good 
Good 
Good 
Good 
Good 

Fair (blister, white) 
Good 

Fair (blister) 
Poor (blister, rust) 
Poor (biister, rust) 
Bad (blister, rust) 

A 

B 

Fair (blister, white) 
Fair (biister) 
Poor (biister) 
Poor (blister) 
Poor (blister) 

Bad (biister. rust) 

5 rnin 
4 hr 
12 hr 
1 day 

2 days 
5 days 

5 rnin 
4 hr 
12 hr 
1 day 

2 days 
5 days 

A: Non-treated cold-roiled steel. B: Zinc-phosphated cold-rolled steel. 
Film thickness: 30 prn. 
'Time after mixing but prior to application. 
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Resin 

- :No. 178 
....... :NO. 193 
- - -  :No.182 

:No. 282 

Dipping time ( ~ i n u t e s )  

Figure 13-Pencil hardness as a function of 
dipping time. Test conditions are the same as 
Figure 10. 

Resin 

- :No.178 
...... :No. 193 

- - -  :No.182 
:No.202 

The first was based on the increasing penetration rate 
and the second was based on the increasing reaction 
rate. However, we could not distinguish the two effects. 
The same tendencies were observed in other properties 
such as impact resistance and water resistance. 

Properties of Coating Film Cured by 
Penetrating Method 

I Oipoing time (minutes) I 

SOLVENT RESISTANCE: The crosslinking reaction pro- 
ceeds from the outer surface to the inner according to the 
penetration of the crosslinker (CH) as shown in a previ- 
ous paper.2 At an earlier stage of the dipping time, only a 
thin surface layer of the film became crosslinked, and 
the inner layer remained unaltered. When acetone was 
placed on such a film, it caused swelling of the crosslinked 
layer and dissolution of the non-crosslinked layer. As a 
result, the swelling film was inevitably located on a very 
loose dissolving film. This situation was responsible for 
the film wrinkling during the solvent resistance test. The 
wavelength of the wrinkle became longer with a thicker 
crosslinked layer, and a fully crosslinked film on the 
substrate surface did not wrinkle. The solvent resistance 
measured with acetone indicated the progress of the 
crosslinking. The results of solvent resistance tests for 
the three resins cured under the same conditions, dip- 
ping in crosslinker solution No. 48 at 40°C, are summa- 
rized in Figure 10. The extent of crosslinking increased 
with dipping time and DAAm content. 

I 

PENCIL HARDNESS AND IMPACT STRENGTH: Figures 11 
and 12 show the pencil hardness and the impact strength 
as a function of dipping time. Both properties were si- 
multaneously improved with the dipping time and the 
extent of the improvement was roughly related with the 
DAAm content. In particular, the impact resistance of 
the films of resin No. 192 containing the largest amount 
of DAAm was excellent when the films were dipped for 
a rather long time in spite of the weakness of the starting 
resin. 

Figure 14-Impact strength as a function of 
dipping time. Test conditions are the same as 
Figure 10. 

In another paper? we reported that the hydrophilic 
property of resin tended to increase the penetrating 
rate of CH. Figures 13 and 14 summarize the pencil 
hardness and the impact strength for four resins hav- 
ing different polarities and the same DAAm content, 
in which they are plotted versus dipping time. Figure 
14 illustrates the faster curing rate of a hydrophilic 
resin film than that of a hydrophobic one. However, 
we cannot discern a clear tendency from Figure 13 

I Dipping t ime (minutes) I 
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Figure 15-Water resistance as a function of 
dipping time. 

Crosslinker solution: No. 48 
Dipping temperature: 40°C 
Substrate:Zinc-phosphatedcold-roiledsteel 
Film thickness: 2535pm 
Test time: 7 days 
Evaluation: bad = deep white and non- 

glossy; poor = deep white; fair = light white; 
and good = no change. 

bad 
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Table 4-Pro~erties of Resin No. 192 Films Cured with Two-Com~onent Method 

Hydrazidel 
Carbonyl 
(mole ratio) 

Induction 
Subttrate Appearance 

Good 
5 hr Poor (crack) 

5 min Good 
1 hr Good 1 5hr Poor (crack) 

Water Resistance 
Adhesion 7 Davs 

Poor (blister, white) 
0 Poor (blister) 

100 
loo I Bad (blister) 

85 Bad (blister) 
60 Bad (blister) 
100 Bad (blister) 

5 min 
A 1 hr 1 5hr Poor (crack) 

0 Poor (blister) 
0 Fair(blister) 

98 Bad (blister) 

1 5min Good 99 Poor (blister) 
1 hr Good 99 Poor (blister) 
5 hr Poor (crack) 100 Bad (blister) 

A: Non-treated cold-rolled steel. 0: Zinc-phosphated cold-rolled steel 
Film thickness: 25pm. 
'Time after mixina but Drior to ODDlication. 

due to the difference in starting resin pencil hard- 
ness. 

ERICHSEN VALUE: Erichsen values of the curing films 
were also measured. This value was easily increased 
beyond 7 mm even with a very short dipping time, 
because the crosslinking of the shallow top surface layer 
could protect the film from cracking caused by slow 
deformation. The stepwise improvement with dipping 
time was confirmed only by dipping in crosslinker solu- 
tion No. 22, which was much less effective because of the 
absence of a hydrophobic organic solvent. 

ADHESION AND WATER RESISTANCE: Adhesion was good 
in all cases and water resistance was excellent when the 
films were dipped for a rather long time as shown in 

Resin No. 

' - :No. 187 
...... :No. 182 

- - -  :No. 192 

0 1 2  3 4  5 6  7 8 9  10 

D i ~ p i n g  t i n e  (minutes) I 
Figure lbWater resistance as a function of 
dipping time. 

Substrate: non-treated cold-rolled steel 
Other test conditions are the same as Figure 1 15. 

Figures 15 and 16. It was quite remarkable that the films 
coated on non-treated cold-rolled steel maintained a per- 
fect appearance, without any whitening and blistering 
after a one week water resistance test. Blisters did not 
appear in all cases. The reason will be discussed in the 
next section. 

Comparison Between Penetrating and 
Two-Component Method 

In order to characterize the penetrating method, we 
have attempted to compare the penetrating method with 
the two-component method. 

CROSSLINKING MECHANISM: Crosslinkers in the two- 
component method are found uniformly dispersed in 
the coating film as shown in Figure 17, and crosslinking 
reactions occur uniformly throughout the whole film. In 
this case, the internal stress produced by the curing 

Tw~-to#ponent lelhod Penetrating nethod 

* * * 
* * .  

. * t t  Coating 
Crosslinker * * * file 

. * I .  

Figure 17-Schemeofcrosslinkingmechanisms 
of both methods. 
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weakens the adhesion force between coating film and 
substrate. On the other hand, the crosslinking in the 
penetrating method is carried out stepwise from the 
outer to the inner surface. Therefore, the development of 
internal stress may be reduced due to film heterogene- 
ity, even when the crosslinking spreads over the whole 
film. Further crosslinking after complete disappearance 
of the non-crosslinked resin naturally produces the in- 
ternal stress. 

WATER RESISTANCE AND ADHESION: The results for resin 
No. 182 are given in Table 2. One of the most remarkable 
differences between the two coating methods could be 
detected in the film appearance after the water resis- 
tance test. The films cured by the penetrating method 
changed from transparent to white during the water 
resistance test, if curing was not sufficient. On the other 
hand, the films obtained by the two-component method 
tended to develop blisters. In the former case, non- 
crosslinked resin remaining under the crosslinked layer 
caused whitening, and in the latter case, the internal 
stress produced by the crosslinking reaction was re- 
sponsible for this blistering, because the adhesion force 
between the coating film and the substrate was weak- 
ened by the internal stress. The film cured sufficiently by 
the penetrating method posseses excellent water resis- 
tance, because the crosslinking in the penetrating method 
can be done without accumulation of internal stress. 

Poor adhesion of the two-component coating film 
was also observed in the cross-cut test as shown in Table 
2. It tended to appear at a high concentration of the 
crosslinker and at a particular induction time after mix- 
ing. It is not clear why the time does complicatedly 
influence the adhesion, but this phenomenon is observed 
not only in this table but also in the following two tables. 
Table 3 shows the results for resin No. 187 containing a 
smaller amount of DAAm (20%). In this case, the per- 
missible time prior to application was naturally pro- 
longed, and the pencil hardness was low compared with 
that of resin No. 182 because of the low content of the 
crosslinkable group. However, the tendency of blister- 
ing detected in the water resistance test was also recog- 
nized in this table, and the adhesion measured by the 
cross-cut test was weak at a particular induction time. 
The same tendency is strongly shown in Table 4, where 
resin No. 192 containing the largest amount of 
crosslinkable group was used. This table shows weak 
adhesion not only on the non-treated cold-rolled steel 

panel but also on the zinc-phosphated cold-rolled steel 
in the scotch-cut test. Blisters recognized in the water 
resistance test were larger and denser than those of the 
other two resins. The excellent water resistances ob- 
served for the penetrating method as shown in Figures 
15 and 16 are quite surprising in contrast to the results. 

OTHER PROPERTIES: Solvent resistance in the two-com- 
ponent method was good in all cases due to the homoge- 
neous network spreading over the entire film. Pencil 
hardness and impact strength are more moderate com- 
pared to that in the penetrating method, apparently for 
the same reason. 

CONCLUSIONS 

Crosslinking films were prepared using this penetrative 
method during short dipping time. The curing front 
propagates from the film surface towards the substrate 
surface in the proportion to the penetration of the 
crosslinker. Excellent coating films are obtained when 
they are dipped in a suitable crosslinker solution con- 
taining organic solvents and acid. In particular, its adhe- 
sion after the water resistance test is much better than 
that of the coating film obtained by the two-component 
coating. 

A more detailed study of the difference between the 
penetrating method and the two-component coating will 
provide insight concerning the ideal network structure 
in the cured film. 
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The Use of Spherical Extenders in 
VOC Compliant Coatings 
Ben J. Carlozzo-DCA Coatings* 

Introduction 

N aturally occurring extenders 
with approximately spherical 
shapes have been used for 

many years to maintain usable viscosi- 
ties in paints, coatings, and sealants. 
While a certain amount of extender pig- 
ment is needed as a spacing particle to 
optimize hiding in titanium dioxide 
(Ti0,)'z2 and colored pigments, the vast 
majority of extenders are used to lower 
costs in these products. Nodular extend- 
ers with relatively low oil absorption 
(below 35) are preferred for their effi- 
ciency. Examples of these nodular ex- 
tenders include calcium carbonates, 
Blanc-Fixe (synthetic barium sulphate), 
and co-precipitatedbarium sulfate-zinc 
sulfide, known as lithopone. The major 
benefit of a calcium carbonate is derived 
from its lower oil absorption compared 
to clays and talcs, which permits higher 
loadings without exceeding critical pig- 
ment volume concentrations (CPVC). 
This is extremely important in maintain- 
ing the performance properties of most 
types of organic  coating^.^ This is also a 
benefit with barytes and lithopone, 
which also have lower oil absorption. In 
addition, lithopone can contribute to hid- 
ing due to its high refractive index. 

Film properties, especially those 
which relate to durability and weather- 
ing, will also be improved if the CPVC 
can be raised by the substitution of a 
low absorbing extender pigment for an 
equal volume of a high oil absorbing 
pigment. This is similar to blending equal 
PVC paints made with two different par- 
ticle sizes of the same pigment which 
optimizes pigment packing. A paper 
published by the Cleveland Society for 
Coatings Technology gives a good over- 
view of this phenomena and the associ- 
ated performance enhancements due to 
lowering the reduced CPVC, A (the ra- 
tio of PVC/CPVC)." A is also important 
when the corrosion resistance of a film 
is a dominant performance concern. 

'33517 Lisa Lane. Solon. OH 44139 

Skerry and co-workers found that 
whether or not the coating was formu- 
lated above or below a A of 1.0 could 
greatly influence the outcome of corro- 
sion testing as measured by AC imped- 
ance and electrochemical noise tech- 
niques, particularly when the amount 
and type of inhibitive pigment ~ a r i e d . ~  

As one might expect, if nodular ex- 
tenders like those previously mentioned 
can improve the performance proper- 
ties of a coating, a perfectly spherical 
particle of roughly the same size as these 
extender pigments, that is substituted at 
an equal volume for that extender, will 
have even lower oil demand. This would 
permit higher loadings which could con- 
trol cost, as well as further improve the 
film properties as previously described. 
Several of these types of extender pig- 
ments are, in fact, commercially avail- 
able and will be the major focus of this 
paper. 

Synthetically produced microscopic 
svherical extenders 
(lkown as microspheres 
for short) have been 
available for many years. 
They are produced as 
both solid and hollow 
spheres and those which 
have the smoothest sur- 
face (lowest oil demand) 
are the glass and ceramic 
types. Several manufac- 
turers supply a number 
of different versions 
varying in particle size 
and end use. 

Organic versions are 
also available but are 
mainly used for latex 
coatings. Acrylic opaque 
polymer beads, as well 
as polyester based ve- 
siculated beads are 
known, but these cannot 
be used in solvent con- 
taining paints. They are 
supplied in aqueous 
slurries and are added to 
contribute to dry hiding 

due to the air voids which they intro- 
duce to the dried film. The opaque poly- 
mers do have low oil demand and are in 
fact usually considered as part of the 
resin component in PVC calculations of 
the finished paint. No further discus- 
sion of these organic/plastic 
microspheres will be given here, but the 
ramification of their use is discussed in 
another Cleveland Society Technical 
Committee paper.6 

There are advantages and disadvan- 
tages to each type of glass or ceramic 
microsphere. The following discussion 
will briefly describe the various types 
and delineate some of these issues. 

Solid Glass Spheres: Solid glass 
spheres have been around for at least 60 
or 70 years. Production of glass 
microspheres has involved recycling of 
glass by crushing to size and fire polish- 
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Figure I-Viscosity as a function of loading 
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I Table 2-2.8 VOC White Acrylic Polyurethane Topcoatoot 

Table 1-White Semi-Gloss Interior Enamel Formula 

Microsphere ModWication 

Control' Equal NW, VOC Equal Stonner Visc. 

Ingredient 

Ingredient Pounds Gallon 

Highsolids alkyd resinsa 238.09 29.04 
Mineral spirits, Rule 66 ... 35.93 5.55 
Anti-settling agentb ...... 3.59 0.42 
Titanium dioxideC .......... 215.59 6.47 

Calcium carbonated .... 395.24 17.53 
Microspherese ............... - - 

Biocidef .......................... 4.90 0.33 
High solids alkyd resino . 157.14 19.16 
Cobalt driers .................. 2.99 0.41 
Auxiliary drier" .............., 8.98 1.09 
Drier acceleratoV .......... 0.71 0.09 
Anti-skinning agenti ...... 3.59 0.47 
Mineral spirits, Rule 66 ... 125.75 19.44 

Microsphere Modification 

Control' Equal NW, VOC Equal Stonner Visc. 

Pounds Gallon I Pounds Gallon I Pounds Gallon 

Component i 
Acrylic-polyester poiyolo.. . 359.40 
Adhesion promoteP ......... 19.01 
Titanium dioxidec ........... .... 327.00 

Totals ......................... 1192.51 100.00 958.17 100.00 987.85 100.00 

'Reichhold. Inc. suggested formuiotion. 

(a) BeckosoF 10539. Reichhold. inc. (0 Nopcocide* N-96. Henkel Corp. 
(b) ThixatroPST. Rheox. inc. (g) 6% Co Cheme250. OMG. Inc. 
(c) Ti-Purg R-XU. E.I. Dupont de Nemoun & Co. (h) NeoCheme250. OMG, inc. 
(d) OmyoCarba6. Omyo. Inc. (I) Dryma$, OMG. lnc. 
(e) SpherlceP 110P8. Potters lndustnes inc. 0) ExkinaNo. 2. Huis Americo. Inc. 

Pounds Gallon 

238.09 29.04 
35.93 5.55 
3.59 0.42 

215.59 6.47 

- - 

160.90 17.53 

4.90 0.33 
157.14 19.16 

2.99 0.41 
8.98 1.09 
0.71 0.09 
3.59 0.47 

125.75 19.44 

Ground quartz! .............. .... 11 1.56 
Microspherese .................... - 

Pounds Gallon 

261.22 31.86 
39.42 6.09 
3.94 0.46 

236.54 7.10 

- - 
175.95 19.23 

5.38 0.36 
172.41 21.03 

3.28 0.45 
9.85 1.20 
0.78 0.10 
3.94 0.52 

75.15 11.61 

Thixatrope ' .......................... 31.55 
HALs UV absorbeQ ............ 4.44 
Wetting agenth .................. 1.43 
DefoameP .......................... 7.08 
Ester solveng ....................... 127.43 
Methyl amyl ketone .......... 22.53 

Component il 
Isocyanate resink ............... 145.62 15.01 1 145.62 15.01 1 156.26 16.07 

I Totals ................................. 1 157.05 
I I 

100.00 1091.78 100.00 1118.35 100.00 

I *Bayer Corp, suggested formdotion R91-2212 

(a) Desmophenm A LS-2945. Bayer Corp. (g) TinwinC292, Ciba-Geigy, Inc. 
(b) CospoP 5W7. CasChem. inc. (h) Anti-Terra" U, BYK Chemie USA 
(c) TI-PuremR-960. E.I. Dupont de Nemoun & Co. (i) DP--56 (]%in Errote630). Dow Corning Corp. 
(d) Novocitee L-207. Molvem Minerals 0) ExxateaKO. Exxon Chemicals 

I (e) Sphericel 110P8. Potters Industries inc. (W DesmoduPN-33W. saver Con, I (0 lrcogei@W6. Lubrizol Corp 
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ing, as well as the use of batch processes 
which blend sand, soda ash, dolomite, 
and feldspar in a melting tank which is 
then heated at 2,400°F. The molten glass 
flows through an orifice as a free falling 
stream. Through impinging with air, or 
the use of paddles or splattering against 
a surface, the stream is broken into small 
droplets which are cooled in air to form 
spheres. These processes give relatively 
large spheres with top ends that ap- 
proach the size of marbles. Glass 
microspheres from these processes are 
in the range of 325 to 20 mesh, or 30 to 
750 Km. At this size they are usually 
used in the thermoplastic industry, es- 
pecially as additives to improve the flow 
of fiber reinforced plastic (FRF) lami- 
nates and molded compounds. Solid 
glass spheres used for FRF laminates 
are generally coated with various silanes 
to improve wet out in the particular resin 
system employed. 

A newer process uses fly ash from 
coal burning power plants. The recov- 
ered glass spheres are much smaller in 
sue, giving microspheres in the range of 
0.3 to -30 pm. These smaller spheres are 
used in paints and coatings.? 

Solid Ceramic Microspheres: There 
is only one current supplier of solid ce- 
ramic microspheres and the product was 
still in the pilot plant stages as of this 
writing8 Commercial introduction was 
slated for May 1996. In general, ceram- 
ics are both more costly and harder to 
process. This new series of products is 

based on a unique process which is 
patent pending. They are white due to 
the nature of the ceramic alloy. How- 
ever, their refractive index is only 1.55 
which means they will contribute little 
to the hiding in a film. Like other spheri- 
cal extenders, they wiU allow for high 
loading levels, and due to their small 
particle sue can be of benefit in all types 
of coatings including gloss latex and sol- 
vent-borne enamels. Like other similar 
particles, they do lower viscosities when 
substituted for acicular or platy extend- 
ers (see Figure 1). Another benefit might 
be their ability to improve the fire 
retardancy of coatings due to their ce- 
ramic composition and their increased 
thermal reflectance. 

General Comments: Solid micro- 
spheres are used to improve tensile 
strength, flexural modulus, hardness, 
and abrasion resistance. They generally 
have very good compressive strengths 
and can improve heat deflection tem- 
peratures during the molding process. 
With their lower oil demand, they can 
be used to improve film integrity lead- 
ing to better water resistance, corrosion 
resistance, flame retardancy, and frac- 
ture toughness. In the processing of FRP 
laminates, they improve the dispersion 
of other materials, especially chopped 
glass fiber. Their low oil demand can 
lead to another improvement when used 
in gunable grades of caulks and seal- 
ants, i.e., reduced film shrinkage. In high- 
temperature processes, their high heat 

capacity and uniform shape can lead to 
more uniform cooling which will lessen 
warpage. 

The advent of the fly ash process in 
solid glass microsphere production also 
led to the discovery of a unique by-prod- 
uct, namely, hollow glass microspheres. 
Usually called floaters, these materials 
were skimmed off the surface of fly ash 
ponds, and were found to have a void or 
cavity in the center of the sphere. Since 
this discovery, and due to the fact that 
floaters represent only one to three per- 
cent of the fly ash waste,newer methods 
which involve the use of blowing agents 
were evolved. The blowing agents ex- 
pand in the molten gas when small 
crushed particles are passed through a 
hot zone. The expanded particles are 
cooled in air and the walls solidify be- 
fore the internal gas pressure is reduced. 
This same basic process is used to make 
hollow spheres regardless of the com- 
position. 

The benefits of solid microspheres are 
also obtained with hollow microspheres 
with some specific benefits directly at- 
tributable to the void space? 

Hollow Glass Microspheres: The 
most recognizable use of hollow glass 
microspheres can be seen in the produc- 
tion of lightweight caulks and spackling 
compounds. Large, space filling, hollow 
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Table 3--White Epoxy-Polyamide Topcoat 

Microsphere Mod'iricalion 

Control Equal NW, VOC Equal Storrner Visc. 

Pounds Gallon 

377.25 42.13 
3.87 0.13 

188.62 5.53 
75.45 3.42 
- - 

26.80 2.93 

63.61 8.34 
16.84 1.85 
1.04 0.11 

24.97 3.74 

157.71 19.74 
53.54 6.99 
34.34 5.09 

Ingredient Pounds Gallon 

Component I 
Epoxy resino ........................ 366.43 40.92 
Pigment dispersantb .......... 3.76 0.13 
Titanium dioxideC ............... 183.21 5.37 
Talcd .................................... 73.29 3.32 

Calcium carbonatee ........ 64.1 2 2.84 
Microspheresf ................... .. - - 

Glycol etherQ ...................... 61.79 8.10 
Dlbasic estersh .................... 16.35 1.80 
Flow and leveling agen? .. 1 .O1 0.1 1 
Methyl ethyl ketone .......... 43.42 6.50 

Component I i  
Epoxy curing agenti .......... 153.19 19.17 
Glycol ethers ...................... 52.00 6.79 
n-Butyl alcohol ................... 33.35 4.95 

Totals ................................ 1051.92 100.00 1013.83 100.00 1024.04 100.00 

(a) Epone IWI. Shell Chemical Co. (0 Sphericel l lOP8. Potters Industries inc. 
(b) IAF Compound X228O. Ciba-Geigy Corp. (g) Arcosol@ PM. Arco Chemical Co. 
(c) n-Pure* R-9M. E.I. Dupont de Nemours & Co. (h) D.B.E. Diboslc Estersa. E.I. Dupont de Nemours & Co. 
(d) M P  12-50 Talc. Wizer Corp. (I) BYtP346, BYK-Chemie USA 
(e) Duramitee. E.C.C. America. Inc. (j) Epl-Curem8515. Shell Chemical Co. 

Pounds Gallon 

366.43 40.92 
3.76 0.13 

183.21 5.37 
73.29 3.32 

- - 

26.03 2.84 

61.79 8.10 
16.35 1.80 
1.01 0.11 

43.42 6.50 

153.19 19.17 
52.03 6.79 
33.35 4.95 
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Table 4-Physical Properties 

A) White Semi-Gloss Interior Enamel 

Control 

Physical Properties 
PVC, 90" ...................................... 36.31 
NVW, ..................................... 82.09 
NW,  %" ...................................... 67.22 
VOC, g/i" ................................... 256.00 
Storrner, KUb ............................... 92 
ICi, Poisee ................................... 3.6 
Sag resistancec .......................... 6 
Levelingd .................................... 6 

Equal NW, VOC Equal Stormer Virc. 

B) Whle Acrylic Polyurethane Topcwl 

Control Equal NW, VOC Equal Stonner Visc. 

Physical Properties 
PVC.%O ...................................... 27.33 27.33 27.33 
NVW, %O ..................................... 75.96 74.54 78.10 
NW. %" ...................................... 61.67 61.67 66.15 
VOC. g/i" ................................... 333 333 294 
Storrner, KUb ............................... 72 66 72 
Sag resistancec .......................... 4 4.5 5 
Levelingd .................................... 6.5 6 6 

C) White Epoxy/Polyamide Topcoat 

Control 

Physical Properties 
PVC. %" ...................................... 18.75 
NVW.%" ..................................... 73.90 
NW. %" ...................................... 61.40 
VOC, g/la ................................... 360.00 
Stormer. KUb ............................... 96 
Sag resistancec .......................... 15 

.................................... Levelingd 4 

(a) This does not assume additives are lW% volatile. 
(b) ASTM D 562. 
(C) ASTM D MW. 
(d) ASTM D 4C42. 
(e) ASTM D 4287. 

Equal NW, VOC Equal Stormer Visc. 

microspheres, commonly known as mi- 
cro-balloons, are used. These types have 
very thin walls. Incorporation of these 
micro-balloons can be problematic, re- 
quiring care to prevent crushing of the 
product. The crush-strength of these 
types of products is in the 100 to 300 
pounds per square inch (psi) range. The 
basic use of these materials is to extend 
resin and increase volume solids, yield- 
ing a lower weight finished product. Be- 
sides yielding very lightweight materi- 
als, glass spheres of this type sand very 
well and are incorporated into sanding 
sealers and automotive repair "body fill- 
ers." 

The pH of these types of materials is 
usually very high (approximately 9.5) 
and can limit their use to alkaline stabi- 
lized latex products or other systems in- 
sensitive to high pH. The variability in 
the volume associated with very small 
changes in density can be a disadvan- 
tage with these types of microspheres. A 
variation of .02 g/cc, which is a typical 
specification range for 0.22 g/cc density 
microspheres will yield a +lo% differ- 

ence in volume. This is not an insignifi- 
cant difference and would require manu- 
facturers to modify the weight of 
microspheres added to maintain batch- 
to-batch volumes. As these products are 
still sold by the pound, the cost of their 
use would have to be averaged over all 
the batches made in a given time period 
to get an accurate figure. Most produc- 
tion facilities do not like modifying batch 
tickets to account for this variability due 
to the chance of error. 

A more useful product for the paint 
formulator, and the one used in the ex- 
perimental data which follows, is a 1.1 
g/cc density microsphere, with insig- 
nificant color (this type of glass is totally 
transparent to visible light) and excep- 
tional crush strength (greater than 3,000 
psi showing only negligible volume 
los~) . '~  In fact, even at 10,000 psi, vol- 
ume loss due to crushed spheres was 
measured at only 13%?'The particle size 
of this product allows for five to six 
Hegman grinds to be achieved, and this 
crush strength is more than sufficient to 
allow these materials to be incorporated 

in the dispersion with other pigments 
and extenders in high speed Cowlesm 
type dispersers. Additionally, hiding can 
be improved by the addition of voids 
into anotherwise tight resin matrix. This 
can offset the high cost of this product 
due to the removal of a portion of TiO,. 
The high cost can also be offset by re- 
placing a portion of the corrosion inhibi- 
tive pigments at equal or better perfor- 
mance. 

Hollow Ceramic Spheres: One of the 
major benefits of hollow ceramic spheres 
is the fact that the wall thickness is such 
that these spheres have tremendous 
crush strength. This is also one of the 
disadvantages in that this makes their 
densities quite high. At 2.3 g/cc to 2.6 
g/cc, this is on the order of calcium car- 
bonates. Even though these micro- 
spheres are relatively inexpensive at 
$0.40/pound, this higher cost makes 
their substitution unattractive for cal- 
cium carbonates, unless the benefits in 
viscosity reduction are over-riding. Their 
other disadvantage is their color. The 
basic ceramic used is gray and leads to a 
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gray product whenever these materials 
are mixed with TiO,. The lighter color 
versions of these materials are also very 
expensive, with the lightest versions be- 
ing the most expensive (approximately 
$2.70 per pound). 

Versions made with ceramic fly ash 
are usually lower in density, and ap- 
proach the low end density of 0.22 g/cc 
which is similar to hollow glass micro- 
balloons. Their size is also in the same 
range with particle diameters approach- 
ing a mean of 75 pm. Low end size is 
approximately 30 pm and top ends can 
reach as high as 200 pm. Of course, as 
density goes down, wall thickness de- 
creases and the crush strength goes way 
down. This is usually controlled by pro- 
ducing spheres that are within tight 
specification in regards to particle diam- 
eter/wall thickness ratios. This is im- 
portant as smaller sized, hollow 
microspheres are produced. 

Intermediate versions with interme- 
diate particle size and densities in the 
vicinity of 0.7 g/cc are beneficial with 
their 1,500 psi crush strengths. The lower 
densities allow for higher loading and 
replacement of extender pigments and 
the high compressive strengths make 
high-speed dispersability possible. Due 
to the better consistency of the product, 
a problem associated with the use of 
thin walled, lower density spheres is 
eliminated, namely, the variability in the 
volume associated with very small 
changes in density. 

As with hollow glass microspheres, 
a variation of .02 g/cc in the density 
of the 0.22 g/cc ceramic microspheres 
will also yield a large difference in 
volume. That same difference of 0.02 
g/cc in a 0.7 g/cc material translates 
into a more manageable k3% varia- 
tion. These intermediate products are 
very useful in high viscosity applica- 
tions such as mastics and sealants, 
where high pigment and extender 1 
loadings are common. 

For the current study, data will be 
presented which will illustrate just how 
the 1.1 g/cc density material, composed 
of a boro-silicate glass, is used as a spe- 
cialty extender and can be incorporated 
into various traditionally solvent-rich 
coatings to help maintain or achieve com- 
pliance with government volatile organic 
content (VOC) legislation. Additional 
performance benefits, such as improve 
ments in hiding and corrosion resistance, 
will also be illustrated. 

Experimental 

To investigate the effects that incorpora- 
tion of hollow glass 1.1 g/cc micro- 
spheres would have on the physical I 

Table 5--Dry Film Properties: Equal Volume Substitution (Equal NW, VOC) 

White Semi-Gloss Interior Enamel 

property Control Microspheres 

Contrast ratio. % ..................................................... 97.9 98.4 
Y-Reflectance. % .................................................. 87.3 89.3 
Yellowness index0 ................................................... 2.7 2.5 
20" gloss, sealed ..................................................... 12.6 12.0 
60" gloss, sealed .................................................... 50.4 45.3 
85" sheen, sealed ................................................... 80.2 79.5 
K&N inkb ................... .. ....................................... 2.9 1.5 
Scrub resistancec. liters .......................................... 138.0 58.0 
Falling sand abrasion resistanced, scrubs ............ 1313 885 

(a) ASTM E 313. 
(b) ASTM D 3258. Y-reflectance loss. 
(C) ASTM D 4213. 
(d) ASTM D 968. 

Table &Dry Film Properties: Equal Volume Substiiution (Equal NW, VOC) 

2,8 VOC White Acrylic Polyurethane Topcoat 

Property Control Microspheres 

Contrast ratio, % ..................................................... 98.1 97.8 
Y-Reflectance, % ................................................... 91.5 93.5 
Yellowness indexD 1.8 1.6 
20" gloss, sealed ..................................................... 83.2 58.9 
60" gloss, sealed ..................................................... 95.1 88.6 
85" sheen, sealed ................................................... 86.3 82.7 
20" gloss, unsealed ................................................. 77.5 55.5 
60" gloss, unsealed ............................................. 94.6 87.4 
85" sheen, unsealed .......................................... 87.8 85.6 
K&N inkb ................................................................... 2.9 2.5 
Tabor abrasion, rng lostc ........................................ 58.1 77.7 

(a) ASTM E 313. 
(b) ASTM D 3258. Y-reflectance loss 
(C) ASTM D 40M). 1.m g weight. 1 . 0  cycles. CS17 wheel. 

Table 7-Dry Film Properties: Equal Volume Substitution (Equal NW, VOC) 

White Epoxy-Polyamide Topcoat 

Property Control Microspheres 

Contrast ratio. % ................................................. 94.3 95.2 
Y-Reflectance, % .................................................... 89.6 89.7 
Yellowness indexD ................................................... 4.3 4.2 
20" gloss, sealed .................................................... 65.6 66.1 
60" gloss, sealed ..................................................... 93.1 93.3 
85" sheen, sealed ................................................... 86.3 86.5 
20" gloss, unsealed ................................................. 64.2 65.4 
60" gloss, unsealed ................................................ 93.1 93.3 
85" sheen, unsealed ........................................... 86.0 86.5 
K&N inkb ................................................................... 2.9 1.8 
Taber abrasion, rng losF ........................................ 83.6 50.1 

(a) ASTM E 313. 
(b) ASTM 03258 Y-reflectance loss. 
(c) ASTM D Ml40. 1.C00 g wetght. 1 . 0  cycles. CS-17 wheel. 
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Table &Brookfield Viscosity ASTM D 2196 

System Vlrcwity O 10 RPM Viscosity 8 20 RPM 1.1. 

Epoxy 
Control ................... ............ 1900 cps 1925 cps .W 
Equal NW ......................... 1750 cps 1763 cps .W 
Equal stormer .................... 2150 cps 2175 cps .99 

Polyurethane 
Control ............................... 400 cps 400 cps 1 .00 
Equal NW ......................... 350 cps 350 cps 1 .OO 
Equal storrner .................... 550 cps 550 cps 1 .KJ 

RVF instrument. #3 spindel, measured at  10 and 20 RPM and thioxtropic index 
calculated. 

Alkyd ICI Virc. 

Control .................... ... ...... 3.60 
Equal NW ............................. 1.80 
Equal stormer ........................ 4.50 

Table IO-QUV Testing ASTM G 53 

A = Confrd; B = Microspheres; C = Modified Mlcrospheres 

Gloss 

Sample - Y.I. 20" M I o  80" 

AlQd A 
Before QUV ................. 88.09 5.02 12.6 50.4 80.2 
AfterQUV .................... 83.44 14.12 1.6 2.5 30.4 

AlQd 8 
Before QUV ................. 87.49 4.73 12.0 45.3 79.5 
After QUV .................... 84.99 12.89 1.6 3.5 14.7 

AlQd C 
Before QUV ................. 87.16 4.06 8.9 39.2 77.0 
After QUV .................... 85.34 12.00 1.7 3.6 13.8 

Urethane A 
Before QUV ................. 92.87 1.99 90.1 97.9 98.5 
After QUV .................... 91 .60 3.28 87.4 95.2 104.8 

Urethane B 
Before QUV ................. 91.89 -.I4 70.1 93.9 96.8 
After QUV .................... 91.32 .47 61.4 93.8 103.9 

Epoxy A 
Before QUV ................. 89.85 3.25 47.4 84.0 95.7 
AfterQUV .................... 81.12 26.83 1.6 2.5 53.2 

Epoxy 8 
Before QUV ................. 87.80 1.18 55.4 87.3 95.3 
After QUV .................... 81.60 21.92 1.6 2.5 44.5 

properties of various coatings, three dif- 
ferent coating systems were chosen. The 
systems included a white high-solids 
semi-gloss alkyd; a white, two-compo- 
nent acrylic urethane topcoat; and a 
white, two-component polyamide cured 
epoxy. In most cases the standard for- 
mulation was used as supplied by the 
resin manufacturer and substitutions 
were made on a volume basis to main- 
tain pigment volume concentration 
(PVC). This would insure that changes 
in performance would be due primarily 
to the pigment geometries (a smooth 
spherical shape versus an irregular or 
highly porous surface). 

One of the major advantages possible 
with a low density, very low oil absorp- 
tion extender pigment is the ability to 
lower the solvent demand of a system 
and its effect on the viscosity obtained. 
This enhancement is even greater when 
the extender is a spherical particle. The 
benefit of using this type of extender to 
replace all or a portion of a higher oil 
absorption extender is the ability to in- 
crease the solids of the coating while 
maintaining the viscosity at a usable 
level. 

Therefore, in order to assess the ben- 
efits of microspheres, an equal viscosity 
sample would be prepared to give a di- 
rect measurement of the solids possible 
without altering the composition of the 
dry film. In addition, comparison of the 
wet film properties of all three samples 
(standard and both high and low solids 
beaded versions) would give some in- 
sight into the formulation latitude pos- 
sible with this product, especially the 
effects on sag and leveling. 

Discussion and Results 

The results of this study are given in the 
tables that follow. Each result will be 
discussed in detail, however, a brief re- 
cap of some of the highlights follows. 

General Obsmations: In general, the 
suspected benefits of microsphere addi- 
tions were confirmed. A tighter film was 
obtained as confirmed by the K&N Ink 
study (Tables 5-7). While not particularly 
critical in a high-gloss or semi-gloss for- 
mulation, this advantage would be very 
important in a heavily extended flat for- 
mulation. Higher PVCs, below the CPVC 
would be possible. As previously dis- 
cussed, film durability, especially on ex- 
terior exposure, depends heavily on 
staying below the CPVC. 

When an equal volume substitution 
of microspheres is made for extender 
pigment, the resulting film gives excep- 
tionally good results in salt fog corro- 
sion testing. In all cases, microsphere 
replacement resulted in improved film 
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appearance with less rusting through- 
out as well as fewer and smaller blisters 
at the scribe. 

The suppliers of microspheres usu- 
ally offer both treated and untreated ver- 
sions. Silane treatments have been used 
for years in the FW markets to help 
incorporate glass microspheres into vari- 
ous resin systems and can be tailored to 
the resin used. In the alkyd system, both 
treated and untreated microspheres were 
tried because of earlier investigations 
which showed that microspheres had a 
tendency to float in an alkyd system. 
The largest amount of microsphere 
floatation was usually seen when the 
microspheres were added after the let- 
down stage of manufacture. 

It was discovered, as a result of the 
current study, that microsphere floata- 
tion is more a dispersion issue than one 
of resin incompatibility. A stabilized pig- 
ment dispersion which contains 
microspheres is unlikely to have float- 
ers. Conversely, an unstable dispersion, 
which would be prone to hard settling 
with typical mineral extenders such as 
clays, talcs, or calcium carbonates, would 
also show the tendency for microsphere 
floatation. In subsequent alkyd, ure- 
thane, and epoxy studies, only untreated 
microspheres were used as microsphere 
floatation was no longer an issue. 

The current alkyd study also em- 
ployed a resin designed for high solids 
use. The formulation of the standard was 
again based on the supplier's suggested 
formulation. A comparison of the ex- 
perimental and standard formulations 
is given in Table 1. 

The acrylic urethane coating formu- 
lation was obtained from Bayer and was 
used without modification as the stan- 
dard composition. In this particular for- 
mulation, the use of a hard, low oil ab- 
sorbing silica is optimal. White VOCs 
can be lowered sigruficantly by using 
microspheres, the differences in hard- 
ness can detract from the coatings' per- 
formance. Most differences were minor 
and the savings in VOC would still make 
this a justifiable substitution. The acrylic 
urethane formulations are given in 
Table 2. 

The two-component epoxy-polya- 
mide system is a typical floor coating 
formulation. The improvement in Taber 
abrasion resistance using microspheres 
is substantial in this formulation. 

The increased contrast ratio, although 
it appears as a relatively small amount, 
is actually quite substantial and would 
indicate that a sizable amount of Ti02 
could be removed. This agreed with simi- 
lar results seen in earlier studies. The 
epoxy formula variations are given in 
Table 3. 
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Figure 2-tint strength as a function of percentspheri- 
cal extender modification: equal tint strength 
matches for modified vs. unmodified alkyd semi- 
gloss formulations. 
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for modified vs. unmodified acrylic-urethane formu- 
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Figure 4-tint strength as a function ofpercentspheri- 
cal extender modification: equal tint strength match 
for modified vs, unmodified two-component ep- 
oxy/polyamide formulations. 
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Table 1 I-Spreading Rate ASTM 2805 

Spreading Rate 
System (Sq. FtIGal) 

Alkyd 
Control ............................................................... 398 
Equal NW (microsphere) ................................ 580 
Equal NW (modified microspheres) .............. 483 

Epoxy 
Control ............................................................... 21 1 
Equal NW microspheres .................................. 222 

Polyurethane 
Control ............................................................... 458 
Equval N W  microspheres ................................ 538 

Table 12-Hardness (Pencil, Sward) ASTM D 2134(a) and ASTM D3363(b) 

Sward Hardness Pencil Hardness 
System (a) (b) 

Alkyd 
........................................................ Control 34 Pass 48 

Equal NW microspheres ........................... 44 Pass 48 
Equal NW (silane modified) ..................... 34 Pass 48 

Epoxy 
........................................................ Control 74 Pass F 

Equal NW microspheres ........................... 76 Pass F 
Polyurethane 

Control ................... .... ....................... 88 Pass HB 
Equal NW microspheres ........................... 66 Pass B 
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Table lj--Chemical and Stain Resistance ASTM 1308 

A = Confml; B = Microspheres; C = Modified Microspheres 

Alkyd 

Chemical/Solvent A B C 

1) Ammonium dichromate .................... .. - - - 
2) Ammonium hydroxide .......................... s l  s2 sl 
3) Sodium hydroxide 20% ......................... sd sd3 sd2 
4) Bleach - - - .................................................... 
5) Hydrochloric acid 10% ......................... s - - 
6) Acetic acid 4% ...................................... - - - 

7) Ethyl acetate ......................................... sf sf sf 
8) Methyl ethyl ketone .............................. rf rf rf 
9) Xyiene .................................................... sf sf sf 

10) Methanol ........................................... rf rf rf 
11) Mineral spirits ......................................... - - 
12) Gasoline ................................................. - - - 
13) Acetone ................................................. sf sf sf 
14) Dimethyl sulfoxide ................................. bf bf bf 
15) Ethanol 50% ......................................... rf rf rf 

Stain Resistance (5 Stains) ASTM D 1308 

1) Red ink ................................................... s s s 
2) Merthiolate ........................................ s s s 
3) Coffee .................................................... sls sk sis 
4) Shoe polish ........................................... s s s 
5) Mustard .................................................. s s s 

Key 
- : Nostain or effect. 
sx': Stains films to varying degrees ( 1 4 4 ) .  
sd': Stoning and film degrades (lc2<3). 
rf: Removes llm. 
S: Stains film. 
sls: Slight stain. 
sf: Softens film. 
bf: Blstersfilm. 

EPOXY 

A B 

- - 
- - 
- - 
- 
- - 
s - 
s s 
- - 
- - 
- 
- - 
- - 
- - 
s s 
- - 

s s - - 
- - 
- - 
s s 

Urethane 

A B 

- - 
- - 
- - 
- - 
s s 
- - 
sf sf 
rf rf 
sf sf 
sf sf 
- - 
- - 
rf rf 
bf bf 
- - 

s s - - 
- - 
- - 
s s 
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The physical properties of the previ- 
ously listed formulations are given in 
Table 4. Dry film properties for the for- 
mulations follow in Tables 5-7. 

Physical Testing 

Grind (Hegman)-ASTM D 1210: Ini- 
tial Hegrnan grinds were very good for 
all products. In the epoxy and polyure- 
thane systems, Hegman grinds of 7/6 
were obtained. Similar results were seen 
in the alkyd, even with the treated 
microsvheres. After sitting, the standard 
microsphere formulatioi remained the 
same, but the treated microsphere in the 
alkyd began to develop some grittiness. 

Brookfield Viscosity-ASTMD 2196: 
The urethane and epoxy formulations 
were tested for the viscdsity benefits by 
running Brookfield viscosities on both 
the standard and modified formulations. 
The lower viscosity found with 
microsphere substitutions was enough 
to allow several percent solvent removal, 
thus lowering VOCs while maintaining 
usable viscosity (see Table 8). 

1C1 Viscosity-ASTM D 4287: The 
epoxy and urethane formulations are not 
usually brushed. Therefore, ICI viscos- 
ity is not normally run. Both systems 
intrinsically have very high ICIs (higher 
than 10). The use of microspheres did 
lower ICI viscosity (8.0-9.0), but not into 
a usable brushing range (1.0-5.0) (see 
Table 9). 

Salt Fog Resistance-ASTM B 117: 
Panels were prepared for all three sys- 
tems on 1/32 in. cold-rolled steel and 
also on blasted hot-rolled steel for the 
urethane and the epoxy coatings. Dry 
film build was 3-4 mils for the alkyd and 
the urethane systems and 6-7 mils for 
the epoxy. After 500 hr, the panels were 
evaluated for degree of rusting. All pan- 
els which incorporated microspheres 
performed better than those which did 
not. In particular, large degrees of im- 
provement were seen for the hot-rolled 
steel urethane samples as well as for the 
cold rolled alkyd samples. (Specific grav- 
ity of salt = 1.035; pH = 6.8; collection 
rate = 1.3 ml/hr; chamber temperature 
= 96°F). 

Scrub ResistancelFalling SandAbra- 
sion Resistance (Alkyd Only)-ASTM 
D 4213 and ASTM D 968: Scrub resis- 
tance tests are generally run to deter- 
mine the durability of interior trade sales 
coatings, and falling sand abrasion is 
used to test the wearability of floor coat- 
ings. Alkyds are generally used in these 
applications and as such, both tests were 
run on the alkyd system. The results of 
these tests on the alkyd system are given 
in Table 5. These results are somewhat 

Table 14-Equal Tint Strength Formula 

White Semi-Gloss Inferior EnamekModified with Microspheres 

Ingredient Pounds Gallon 

...................................... High solids alkyd resina 238.09 29.04 
............................................ Rule 66 mineral spirits 35.93 5.55 

Anti-settling agentb ............................................... 3.59 0.42 
Titanium dioxideC ................................................... 208.76 6.27 
Calcium carbonated ............................................ - - 

Microspherese ........................................................ 162.75 17.74 
Biocidei ................................................................... 4.90 0.33 

.......................................... High-solids alkyd resino 157.14 19.16 
.......................................................... Cobalt drier0 2.99 0.41 

Auxiliary drierh ....................................................... 8.98 1.09 
.................................................. Drier accelerator' 0.71 0.09 

Anti-skinning agenti ............................................... 3.59 0.47 
Rule 66 mineral spirits .......................................... 125.75 19.44 

953.18 100.00 

(a) Beckosol 10-539. Reichhold. lnc. 
(b) Thixatroi ST. Rheox. lnc. 
(c) TI-Pure R~9W. E I. Dupont de Nemoun & Co. 
(d) OmyaCarb 6. Omyo. lnc. 
(e) Sphericel 110p8. Potten lndustriesinc. 
(0 Nopcocide N-96. Henkel Corp. 
(g) 6% Co Chem 250. OMG. lnc 
(h) NeoChem 250. OMG. lnc. 
(1) Dtymox OMG. lnc. 
(j) Exkin No. 2. HDls America. lnc. 

disappointing, but not totally unex- 
pected. A spherical extender may not be 
bound to the substrate as tightly as an 
irregularly shaped extender or an ex- 
tender with a porous surface profile. Fall- 
ing sand impinging at an angle would 
be more likely to dislodge a spherical 
extender. The same would be true for 
the action of the bristles of a brush in the 
scrub resistance test. However, if this 
were true, one would expect that silane 
modification, which would allow the 
resin to bind to the surface of the 
microsphere, would improve the results. 
Siane modified microspheres were ac- 
tually somewhat poorer than unmodi- 
fied microspheres in the falling sand test 
(47 liters of sand vs. 58 liters), and essen- 
tially the same in scrub resistance (888 
scrubs vs. 885 scrubs). The answer may 
lie in the fact that a hard crystalline silica 
impinging on a boro-silicate glass sphere 
has enough energy to break that sphere 
and initiate the catastrophic failure of 
the film. 

While valid for an alkyd coat- 
ing, these tests would be totally 
inappropriate for either urethane 
or epoxy systems. Both of these 
systems are used in heavy indus- 
trial environments where their su- 
perior abrasion resistance can 
stand up to vehicular traffic. See 
the Taber abrasion section for a 
discussion of these systems and 
Tables 6 and 7 for the results of 
testing. 

QUV Testing-ASTM G 53: 
The paints were drawn down on 

aluminum panels and placed in a QUV 
instrument using UVA bulbs. The pan- 
els were originally tested for reflectance 
(Y), yellowness index (Y.I.), and 20°, 60°, 
and 80" gloss. The test was run for 431 
hr. 

One interesting result of the QUV test- 
ing is the fact that the microsphere modi- 
figd samples in all cases had a better 
yellowness index than the unmodified 
samples. It also should be noted that all 
microsphere modified materials showed 
less yellowing on exposure. Even though 
the microsphere samples generally had 
lower reflectance values than the con- 
trols, they retained higher values after 
QUV exposure (see Table 10). 

Spreading Rate-ASTM D 2805: The 
spreading rate is normally a function of 
the ease of brushing and relates directly 
to ICI viscosity. As such, this property is 
not normally run for coatings such as 
epoxies and urethanes. We decided to 

Table 15-Equal Tint Strength Formula 

White Semi-Gloss Interior Enamel--Modified 
with Microspheres 

Physical Properties 

.................................................. PVC,% 36.31 
NVW, % ................................................. 77.71 

................................................. NW. % 67.22 
VOC, g/i ............................................... 256.00 

Storrner, KU .......................................... 75 
ICI, Poise ............................................... 2.3 
Sag resistance ..................................... 5 

................................................ Leveling 8 
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Table IbTint Strength Match Formulation 

2.8 VOC White Acrylic Polyurethane Topcoat 

Mkrosphere Modtied Formulation 

Ingredient Pounds Gallon 

Component I 
Acrylic-polyester polyola ......................... 359.40 41.50 
Adhesion promotoP ............................... 19.01 2.36 
Titanium dioxidec .................................. 306.04 9.48 

Ground quamd ........................................ - - 
Microspherese ......................................... 52.14 5.70 

Thixatropef ................................................ 3 1.55 3.41 
HALS UV absorbers .................................. 4.44 0.54 
Wetting agent" ........................................ 1.43 0.18 
Defoamer ................................................ 7.08 0.97 
Ester soivenl ......................................... 127.43 17.53 
Methyl amyl ketone ................................ 22.531 3.31 

Component I 1  
Isocyanate resink ..................................... 145.62 15.01 

Totals ...................................................... 1077.03 100.00 

(a) Desmophen ALS2945. Bayer Corp. 
(b) Caspol SW7. CasChem lnc 
(c) Ti-Pure R-983. E.I. Dupont de Nemoun & Co. 
(d) Novacite L-207. Maivern Minerals. 
(e) Sphericel 110P8. Poiten Industires Inc. 
(0 lrcogei 906. Lubrizol Corp. 
(9) Tinuvin 292. Ciba-Geigy. h c  
(h) Anti-Tena U, BYKChemie, USA, 
(1) DC-55 (1% in ExxatSBMX)). Dow Coming Corp. 
ti) Emte  MX), Exxon Chemicals 
(k) DesmodurN-33W. Bayer Corp. 

run this property since the need to touch- 
up coatings could be encountered. The 
effects of the microspheres are dramatic 
especially in the alkyd and urethane sys- 
tem. The spreading rate is used in hid- 
ing power calculations as defined in 
ASTM D 2805, Hiding Power of Paints 
by Reflectometry (see Table 11). 

Hardness (Pencil, SwardtASTM D 
2134(a) and ASTM D 3363(b): These re- 
sults dramatically show the effects of 
substituting a softer pigment for a harder 
one and vice versa. This explains several 
of the shortcomings that the 
microspheres showed in the polyure- 
thane system since a hard extender 
(Novacite L 207) was revlaced bv a some 
what softer one in the kicros{here (see 
Table 12). 

Chemical, Solvent (15 Chemicals) 
and stain ~es i s tance  (5 Stains)-ASTM 
D 1308: The chemical and solvent resis- 
tance of the coatings were checked ac- 
cording to the procedures outlined in 
ASTM D 1308. Essentially, the paints 
are cast on clean glass (this magnifies 
adhesion problems), and after two 
weeks cure, the films are spotted with 
various chemicals and each area is cov- 
ered with a watch glass to minimize 
evaporation. After 15 min, the films are 
checked for any effects from the chemi- 
cal of interest. 

As the results of this test show, the 
presence or absence of microspheres 
does not seem to affect the outcome to 
any great extent. If a coating is prone to 
staining, the microspheres will not 
change the results. 

The same appears to be true with re- 
sults of the chemical resistance testing. 
In most cases, the same degree of resis- 
tance is seen regardless of whether or 
not microspheres are present. In the ep- 
oxy, for instance, better resistance is seen 
only in four percent acetic acid for the 
microsphere modified sample compared 
to the unmodified sample (see Table 13). 

Tint Strength-ASTM D 2745: Tint 
strength is run by adding 1/2 ounce of 
black colorant (in this case, ,Hiils 
Colortrend 888 line, lampblack) to one 
gallon of coating, making drawdowns 
using a 7-mil casting knife and measur- 
ing the reflectance of each and deter- 
mining if there are any differences be- 
tween standard and control. Tint 
strength studies were done to determine 
potential TiO, substitutions with 
microspheres, where a sample of the 
modified and the unmodified was taken 
and tinted with the black colorant. The 
"Y" tristimulus values were then re- 
corded for each blend over a sealed, 
white, drawdown chart. Tint strength 
was calculated as follows: 

T.S. = { [ (1 - R- )' / (2*R-)]c,co3/[(1- 

Rm)2 / Rm)lrnicrospherej 100 

where 
T.S. = tint strength 
R- = reflectance of tinted paint 

as infinite film thickness 
("Y" reflectance at complete 
hiding) 

Using this method on the alkyd paint 
system, it was determined that the tint 
strength with microspheres replacing the 
calcium carbonate in the formula, was 
approximately 14% better than the un- 
modified paint. 

Tabor Abrasion Resistance-ASTM 
D 4060: The Taber Abraser is used to 
check the durability of very tough high 
performance coatings. The test involves 
taking a 1,000 g weight and placing it on 
an arm holding two abrasive wheels 
which can be changed depending on the 
type of coating used and to best discern 
differences between coatings. The test is 
run for a minimum of 1,000 cycles (revo- 
lutions of the coating applied to a sub- 
strate and spun on a spindle) or until the 
coating is abraded through to the sub- 
strate. The weight loss, in milligrams, is 
reported. For the urethane and epoxy 
systemsused in this study, CS17 Wheels 
(one of the most abrasive types of wheels 
available) was used. 

The results of testing are given in Table 
6 for the urethane coating and Table 7 for 
the epoxy coating. These results tend to 
confirm the falling sand and scrub resis- 
tanceresults,i.e., when a harder extender 
is replaced by the miaospheres, the abra- 
sion results are poorer, as in the ure- 
thane coating, but, when the softer ex- 
tender, like calcium carbonate is replaced 
by the glass microspheres, the results 
are better than the standard, as in the 
epoxy coating. However, this should be 
taken only as a general guide, since each 
coating had a different PVC of extender 
which was substituted for by 
microspheres. Regardless of this, the 
overall PVC was low enough in each of 
these systems that this would probably 
not be an over-riding factor for film in- 
tegrity and subsequent abrasion resis- 
tance. 

Additional Investigations 

As a result of the tint strength study 
showed, there was a theoretical basis for 
removing some of the TiO, feplacing it 
with microspheres and obtauung equal 
hiding. This would also offset some of 
the additional cost incurred in using the 
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microspheres. To further explore this 
result and see if the same were true 
for all three white coatings investi- 
gated, the alkyd, urethane, and epoxy 
coatings were tested by comparing 
blends of microsphere modified and 
unmodified paints and determining 
the tint strength match to the stan- 
dard. Those results were graphed and 
appear as Figures 2-4. The equal tint 
strength formulations and the physi- 
cal properties of these formulas are 
given in Tables 14 and 19. 

The following discusses each coating 
separately. 

White Alkyd Semi-Gloss Interior 
Enamel: Briefly, an alkyd interior enamel 
was prepared based on a suggested for- 
mulation from Reichhold Chemical, Inc. 
As before, microspheres were substi- 
tuted for the extender pigment, in this 
case OmyaCarb 6. A third formulation 
was prepared which replaced the ex- 
tender plus 20% of the titanium dioxide 
(TiO,) with an equal volume of 
microspheres. Samples of all three coat- 
ings were then tinted using a black tint- 
ing paste, at a level of 1/2 ounce of tint 
per gallon of coating. 

The microsphere formulations were 
then blended in increments of 10% by 
volume yielding 11 paints with varying 
titanium substitution levels. The stan- 
dard and these test blends were then 
measured for Y values on a Macbeth 
colorirneter. The Y values were graphed 
versus % microsphere substitution. A 
straight line was calculated by linear re- 
gression, and the blend which matched 
the unmodified paint was determined 
along that straight l i e .  For the alkyd, 
percent of substitution which gives a 
match was 15.92%, this translates into a 
replacement of 3.2% of the volume of 
TiO, in the formulation. For this formula, 
that level is approximately seven pounds 
of TiO, per 100 gallons. 

White Urethane Acy l i c  Topcoat: 
As with the white alkyd enamel, a 
standard formulation was prepared 
from a Bayer, Inc. suggested formula- 
tion. A modified formulation was then 
prepared where the entire extender, 
in this case a fine particle crystalline 
silica, was replaced with 
microspheres. A third coating was also 
formulated which had extender and 
20% of the TiO, replaced by 
microspheres. Other than the fact that 
this was a catalyzed system, similar 
blends were made after adding the 
second component and the resulting 
films were also measured for Y value. 
This material was tinted using 112 oz 
of colorant per gallon of catalyzed 
coating. As in the previous section, 
the resulting Y values were graphed 

Table 17-Tint Strength Match Formulation 

2.8 VOC White Acrylic Polyurefhane Topcoat 

Physical Properties 

........................................... PVC,% 27.33 
NVW, % .......................................... 74.54 

.......................................... NW,  % 61.67 
voc, g/I ........................................ 333.00 

................................... Stormer, KU 66 
.............................. Sag resistance 4.5 

......................................... Leveling 6 

Table l&Tint Strength Match Formulation 

Whife Epoxy-Polyamide Topcoat 

Microsphere ModMed Formulation 

Ingredient Pounds Gallon 

Component I 
Epoxy resino ......................................... 366.43 40.92 
Pigment dispersantb ............................... 3.76 0.13 
Titanium dioxidec ................................ 178.54 5.23 

......................................................... Talc* 73.29 3.32 
Calcium carbonatee ............................. - 
Microspheresf ......................................... 27.29 2.98 
Glycol etherQ ........................................... 61.79 8.10 
Dibasic estersh ......................................... 16.35 1.80 

.................... Flow and leveling agen? ... 1 .O1 0.11 
Methyl ethyl ketone ............................... 43.42 6.50 

Component I I  
Epoxy curing agent) ............................... 153.19 19.17 

............................................ Glycol ether 52.00 6.79 
n-Butyl alcohol ........................................ 33.35 4.95 

Totals ..................................................... 1010.42 1OO.M) 

(a) Epon lW1. Shell Chemical Co. 
(b) IAF Compound X2280. Ciba-Geiw Corp. 
(c) Ti-Pure R-902, E.I. Dupont de Nemoun & Co. 
(d) MP 12-SOTalc. Pfizer Corp. 
(e) Duramfie, E.C.C. America. inc. 
(0 Spherlcel 1 lOP8, Potters Industries. Inc. 
(g) Arcosolve PM. Arco Chemical Co. 
(h) D.B.E. Diboric Esters. E.I. Dupont de Nemoun & Co. 
(I) BYK 346. BYKChemle USA 
(i) Epi-Cure 8515. Shell Chemical Co. 

Table 19-Tint Strength Match Formulation 

Whife Epoxy-Polyamide Modified with 
Microspheres 

Physical Properties 

........................................... PVC,% 18.75 
.......................................... NVW, % 70.44 
.......................................... NW, % 61.40 

VOC, g/l ........................................ 360 
................................... Stormer, KU 87 

.............................. Sag resistance 17 
Leveling ......................................... 6 
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Figure +Salt fog test panels showing results of 1,000 
hours testing for a standard red iron oxide primer 
formulation vs, a microsphere modified formulation 
at equal PVC and a high loading modified 
microsphere formulation. 

and the tint strength match deter- 
mined. 

White Epoxy-Polyamide Topcoat: 
Following the same procedure as the 
other catalyzed system, this two-com- 
ponent epoxy-difference polyamide 
coating was prepared from as the ear- 
lier standard coatings. A calcium car- 
bonate extender was replaced by 
microspheres in the second formulation 
and extender and 20% of the TiO, was 
replaced in the third. 

A corrosion study of a red oxide primer 
was conducted to explore the benefits 
seen in earlier testing. For this study, a 
red oxide primer with no microspheres 
was prepared as a standard, as well as 
the original modified primer. Also pre- 
pared was a primer which used high 
levels of microspheres to extend the en- 
tire formulation. This primer was 
blended with the original microsphere 
modified primer to give a ladder of 0, 
33, 66, and 100% level of microsphere 
addition. See Table 20 for the standard 
and modified formulas. Their dry film 
properties are given in Table 21. 

Duplicate panels of each coating and 
the blends were run in a standard salt 
fog chamber for 1,000 hr. The panels 
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Table 20-Red lron Oxide Two-Component Epoxy/Polyarnide Primer 

Standard Sphericel I* Sphedcel2" 
Formula Modification Modification 

Material Name Pounds Gallons 

Pafi A 
Epoxy resino ......................... 412.14 45.41 
Flow control agenP ............ 10.85 1.29 
Anti-flood/floatc .................. 4.34 0.15 
Anti-settlingd ........................ 10.67 1.45 
Red irox oxidee .................... 86.77 2.45 
Micaf .................................... 4.34 0.18 
Calcium carbonates .......... 86.77 3.84 
Talch ...................................... 86.77 3.79 

Zinc phosphatei .................... 300.34 11.64 
Microsphereu ......................... - - 

Foam control agentk ............ 0.04 0.01 
Xylenel .................................... 1 10.03 15.16 
MEKm ..................................... 29.31 4.38 

Part B 
Curing agent" ................... .. 86.19 10.26 

Totals .................................... 1228.55 100.00 1169.75 100.00 1121.52 100.00 

Mlcrospheres added to replace a portion of zinc phosphate. 
" Microspheres added to extend entire formulation. 

(a) Epi-Re? 2036. Shell 011 Co. (i) Zinc Phosphate 222. Wayne Pigment Corp. 
(b) Modiflo@, Monsanto Co. 0) SphericeP I IOPB. Potters Industries. Inc. 
(c) IAF Compoun&X2280. Clba-Geigy Cop. (k) Point Add~tive 17. Dow ComingSCorp. 
(d) MPAe2WOX. Rheox, Inc. (I) Xyiene. Commericol Solvents Corp. 
(e) DenoP Iron Oxide. E&B. Inc. (m) Methyl Ethyl Ketone. Commericoi Solvents 
(0 Mica 325. Smithko, lnc. Corp. 
(g) XI0 White. Georgia Marbie Co. (n) CA-16. Cycloaliphatic Arnine. Moscon 
(h) VanTalce6H. R.1 Vanderbilt Co., lnc Williams. 

Pounds Gallons 

412.14 46.05 
10.85 1.29 
4.34 0.15 

10.67 1.47 
87.77 2.48 
4.34 0.19 

87.77 3.91 
87.77 3.84 

202.34 7.58 
36.32 3.96 

0.04 0.01 
1 10.03 15.37 
29.31 4.44 

86.19 10.40 

Pounds Gallons 

342.60 37.75 
9.02 1.07 
3.61 0.12 
8.87 1.21 

72.12 2.03 
0.15 0.25 

72.12 3.19 
72.12 3.15 

165.86 6.43 
184.07 20.12 

0.03 0.01 
91.47 12.60 
24.36 3.64 

71.65 8.53 
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were also run in a Prohesione cabinet 
using the recommended one hour on/ 
one hour off cycle, as well as the weaker 
electrolyte solution recommended by the 
manufacturer. It should be noted that 
the average film build of these primers 
was approximately 2 mils and that they 
were run without topcoats for 1,000 hr. 

The salt fog results confirmed the ben- 
efits a tighter film can make, even when 
zinc phosphate is removed. When addi- 
tional microspheres are used to extend 
the formulation, the results tend to dete- 
riorate as the PVC increases. However, 
the results were substantially better than 
the standard without microspheres (see 
Figure 5). The Prohesion cabinet results 
all appeared about equal after 1,000 hr 
of exposure. This test is not as aggres- 
sive with the recommended electrolyte 
solution as salt fog testing and requires 
longer exposure to see differences. 

The following discussion gives an 
overview of the testing. 

A standard primer was developed for 
this study which incorporated several 
types of extenders including talc, mica, 
and calcium carbonate, as well as a typi- 
cal amount of corrosion inhibitive pig- 
ment. From this formulation a modified 
formulation was derived which substi- 
tuted a large part of the zinc phosphate 
in the formulation with microspheres. 
Earlier testing had shown this formula- 
tion to out-perform the standard due in 
large part to the tighter film possible 
with microsphere substitution. This 
modified primer formulation was then 
further modified by extending the en- 
tire formulation by the addition of 
microspheres. This essentially raised the 
PVC and the subsequent viscosity, but 
tended to lower the overall cost and the 
VOC of the formulation. Both of the 
modified formulations were prepared in 
sufficient quantity to use in the blend 
study. The unmodified primer formula- 
tion was also prepared to use as a test 
standard in the salt fog and Prohesion 
cabinet testing. The two modified for- 
mulations were then blended to give a 
range of microscope substitutions (four 
in all). All six coatings were than ap- 
plied to 1/16 in. thick, sand-blasted, hot- 
rolled steel panels and placed under test 
for 1,000 hr in a standard salt fog cham- 
ber and a standard Prohesion cabinet. 
Each coating blend was run in duplicate. 

The results of the salt fog testing 
showed that an appreciable amount of 
zinc phosphate could be removed from 
the standard primer formulation, con- 
firming the results obtained in other 
studies. The best results, showing little 
or no rusting on the face of the panels, 
were obtained from the standard 
microsphere modified coating, which 
replaced a third of the zinc phosphate 

Table 21-Red Iron Oxide Two-Component Epoxy/Polyamide Primer 

Physical Properties 

Control Equal NW, VOC High Modification 

PVC .............................................. 40.78 40.78 57.45 
Volume solids .............................. 53.85 53.85 61.06 
Lbs/gal ......................................... 12.49 1 1 .80 11.22 

....................................... Cost/gal 12.67 11.72 14.16 
Weight solids ................................ 71.23 69.54 73.73 
VOC (g/L) .................................... 304.97 300.75 249.99 

Levels with Additives; 
V.S ............................................ 64.83 64.83 71.01 

............................................... WS 79.63 78.43 81.40 

.......................... Stormer viscosity 95 KU 91KU 105 KU 
Gloss, 60" ...................................... 29.5116.7 29,5118.9 20.1/11.0 

.......................................... Pot life 12 hr 12 hr 12 hr 
........................................ Dry time 5 hr 5 hr 5 hr 

by volume with microspheres. When 
additional microspheres were added to 
that coating, raising the PVC, the results 
were all poorer, but even at the highest 
level of modification, the results were 
better than the standard primer. 

In the more realistic weathering of 
the Prohesion cabinet, the high modi- 
fied formulation was still quite service- 
able showing only a small amount of 
surface rust. These were excellent results 
considering the degree to which resin 
binder had been decreased in this coat- 
ing. 

The formulation with the highest level 
of microsphere modification, which had 
the lowest VOC, was not usable without 
some concession to application methods. 
Brushmg was quite hard with a very 
high ICI viscosity. This level of modifi- 
cation was probably the upper limit pos- 
sible, without using an epoxy diluent to 
lower the viscosity. Spray application 
would have also required some dilution 
at the job site. This, however, would not 
have been that unusual for an epoxy 

coating. Dilution was not used in our 
application of these coatings to the test 
panels, and it is possible that this appli- 
cation difficulty contributed to the some- 
what poorer results seen in the salt fog 
testing. 

Conclusion 

The results of this study clearly show 
that definite advantages exist with us- 
ing hollow light density spheres to re- 
place an extender on an equal volume 
basis. There are additional monetary ben- 
efits to replacing TiO, as seen by the 
results of the tint strength study. The 
corrosion study was probably the most 
convincing display of the benefits of hol- 
low spheres. Almost one-third of the in- 
hibitive pigment was removed while 
achieving better corrosion resistance at 
equal volume solids and PVC. 

The ability to lower VOCs was dem- 
onstrated by the equal Stormer viscosity 
matches possible by removing solvent 
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in the modified formulations. Addition 
of microspheres alone, which reduced 
VOCs faster, was not always practical 
due to the higher PVCs obtained. 

The overall results show large ben- 
efits attributable to the use of spherical 
extenders which are well worth the in- 
vestigation. 
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Fundamentals of Adhesion 
Jamil A. Baghdachi-Innovative Techical Systems Corp." 

ADHESION THEORIES AND 
MECHANISMS 

A dhesion occurs when two bodies are held together by 
intimate interfacial molecular contact in such a way 
that a unit is formed. Adhesion is a complex phenom- 

enon related to physical effects and chemical reactions in the 
"interface." Multiplicity of interfaces in a typical industrial 
coating system is shown in Figure 1. Since each identifiable 
surface usually will have several layers of adsorbed or chemi- 
sorbed molecules associated with it, the number of actual in- 
terfaces is unknown. The question is where to draw the line 
between two surfaces and where actually the adhesion takes 
place. 

Adhesive forces are set up as the coating is applied to the 
substrate and during curing or drying. The magnitude of these 
forces will depend on the nature of the surface and the binder 
(resin, polymer, vehicle). These forces may be broadly catego- 
rized as one of two types, primary valency forces and second- 
ary valency forces (Table 1). Chemical bonds are examples of 
the primary valency forces and provide much higher adhesion 
values than do the secondary forces. Secondary valency bond- 
ing is based on much weaker physical forces typified by hy- 
drogen bonds. These forces are more likely to be found in 
materials having polar groups such as carboxylic acid 
functionalities than on nonpolar surfaces such as polyethyl- 
ene. 

The actualmechanism of coating attachment is not yet fully 
understood. However, the forces holding the two bodies to- 
gether (the paint and the substrate) may be of mechanical 
interlocking, by way of paint diffusion, electrostatic attraction 
or true chemical bonding between coating and the substrate. 
Depending on the chemistry and physics of both substrate 
surface and the coating used, one or a combination of these 
postulated mechanisms may be involved. Some of the theories 
suggested are discussed below. 

1. MECHANICAL THEORY: This mechanism of coating action 
occurs when the substrate surface upon which the coating is 
spread contains pores, holes, crevices, and voids into which 
the coating solidifies. In this manner the coating, much like a 
nail in a wood assembly, acts as a mechanical anchor. If the 
substrate has undercut areas that are filled with cured coat- 
ing, a mechanical component makes removal of the coating 
even more difficult, analogous to holding two dovetailed 
pieces of wood together. Many instrumental analyses and 
mapping (profile) of various surfaces indicate that the coating 
can indeed penetrate to complex tunnel shaped undercuts 
and cracks where, upon curing to a hard mass, it provides 
mechanical attachment. Adhesion of coatings and various 
paints to old and weathered coatings as well as adhesion to 
sand blasted substrates are examples of this type of adhesion 
mechanism. Iron or zinc phosphate tend to provide larger 

Thisoriicle Is token. In port, from Boghdochi. J.A.. "Adhesion Aspects of Polymeric 
Coatings " Federation Serles on Cootlngs Technology. published by the Federation of 
Soc~etiesfor CoatngsTechnoiogy. Blue Bell. PA. 1996. 

'37434 Medowhi Dr. Northville. MI 48167 

contact area for coatings and thus enhance adhesion and 
corrosion resistance. Figlive 2 illustrates a hypothetical profile 
of a substrate surface and a coating penetration. 

Surface roughness affects the interfacial area between the 
coating and the substrate. Because the forces required to re- 
move coatings are related to the geometric surface area, whereas 
the forces holding the coating on to the substrate are related to 
the actual interfacial contact area, the difficulty of removing a 
coating can be increased by increasing the surface area. This 
usually can be accomplished by surface roughening by various 
mechanical abrasion methods. Comparison of surface cross 
section of geometric area and the actual interfacial area is 
given in Figtrre 3. The actual interfacial contact area is generally 
several times larger than the geometric area. The increase in 
adhesion as a result of an increase in surface area by sanding is 
illustrated in Figure 4. Obviously due to many other factors, 
the adhesion will not increase in the same proportion, but 
noticeable increases are usually observed. 

Greater surface roughness is only advantageous if the coat- 
ing penetrates completely into all irregularities of the surface. 
Failure to completely penetrate can lead to less coating to 
interface contact than the corresponding geometric area and 
will leave voids between the coating and the substrate. Trapped 
air bubbles in voids allow accumulation of moisture and even- 
tually loss of adhesion will result. 

Quite often intercoat adhesion (particularly in automotive 
coatings) can be improved by scuff sanding the previous cured 
coating. Especially in the case of basecoat/clearcoat systems 
where the clearcoat is designed to be smooth, glossy, and with 
low surface tension, adhesion of the second coat takes place 
with some difficulties. The problem is even more severe when 
such a cured coating is baked at considerably higher tempera- 
tures than the intended original bake and/or its cure time is 
extended. In both of these cases, light sanding of the immedi- 
ate surface has been shown to dramatically improve the adhe- 
sion. Although surface roughening generally improves the 
adhesion, care must be taken to avoid deep and sharp profiles. 
Deep hills generated by roughening may cause telegraphing 
(read through) which in some cases may not be desirable. In 
addition, sharp and deep hills allow the formation of non- 
uniform films which act as stress points that tend to reduce the 
coating durability by weakening the adhesion. As long as the 
films are somewhat fluid, the shrinkage, uneven depths, and 
three-dimensional changes introduce little unrelieved stress. 
As viscosity and film stiffness increase and as film adhesion to 
the substrate develops, substantial stresses are accumulated 

Table 1-Bonding Forces and Binding Energies 

Example 
Force Type Energy kcal/mole 

Covalent ............... Primary 15-170 Most organics 
Hydrogen bond ... Secondary <I2 Water 
Dispersion ............ Secondary <10 Most molecules 
Dipole ................... Secondary <5 Polar organics 
Induction .............. Secondary <0.5 Non-polar organics 
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mechanical adhesion 

and retained in the dry film. Obviously under the fixed appli- 
cation parameters (wet and dry film thickness) the film thick- 
ness on top of hills will be less than the valleys, affording 
variable physical properties. The resultant non-uniform film 
with high levels of internal stress will enter the service envi- 
ronment where it will be further subjected to solvent attack 
from repair coatings or weathering, occasionally pushing such 
films beyond their capacity for stress. Cracking or delamina- 
tion or other evidence of lost film integrity will be the result. 

The adhesion of metal platings to polypropylene and ABS 
plastics has been shown to arise from mechanical interlock- 
ing. '~~ The metal plating process involves first treating the 
plastic surface to produce numerous cavities capable of me- 
chanical interlocking, sensitizing with stannous chloride solu- 
tion, activating by depositing Pdo from Pd2+ solution, deposit- 
ing electroless nickel and then electroplating the desired metal, 
such as chromium.l Strong adhesion of the metal plating to the 
plastics is obtained only when the plastics have been pre- 
treated to produce interlocking cavities.'."arious metal pre- 
treatments'may not only change the surface chemical compo- 
sitions, but also produce interlocking surface sites. Mechanical 
interlocking contributes greatly, if not critically, to adhesion to 
such surfaces. Figure 5 shows the surface topography of an 
original and phosphate treated cold-rolled steel. The original 
surface is relatively featureless and smooth. After phosphat- 
ing, numerous intermeshing platelets of iron phosphate crys- 
tals can be seen on the surface. The interplatelet spaces provide 
numerous interlocking sites. 

2. CHEMICAL BONDING THEORY: The formation of covalent 
chemical bonds across the interface is possible and very likely 
takes place in thermoset coatings. This type of bonding is 
expected to be the strongest and most durable. It does how- 
ever, require that there be mutually reactive chemical groups 
tightly bound on the substrate surface and in the coating. 
Chemical bonding at the interface is difficult to detect, mostly 
because of the thinness of the interface. However, as will be 
discussed, interfacial bonding has been shown to occur, and 
greatly contributes to the adhesion strength. Some surfaces, 
such as previously coated surfaces, wood, composites and 
some plastics, contain various chemical functional groups 
which, under appropriate condition, can produce chemical 
bonds with the coating material. Some functional groups ca- 
pable of forming chemical interactions are shown in Figure 6. 

Organosilanes are widely used as primers on glass fibers to 
promote the adhesion between the resin and the glass in fiber- 
glass-reinforced  plastic^.^,^ They are also used as primers or 
integral blends to promote adhesion of resins to minerals, 

Substrate f 

(a) 
Figure 3-Surface cross-section compari- 

son of (a) geometric area and (b) 
actual interfacial coating area 

metals, and plastics. Essentially, during application, silanol 
groups are produced which then react with the silanol groups 
on the glass surface or possibly with other metal oxide groups 
to form strong ether linkages. Figure 7 illustrates this type of 
chemical bonding which may take place between a silane func- 
tional coating and metal hydroxide on the surface of glass, 
ceramics, and some metallic substrates. 

Coatings containing reactive functional groups such as hy- 
droxyl or carboxyl moieties tend to adhere more tenaciously to 
substrates containing similar groups. One example of the exist- 
ence of such a mechanism is the superior adhesion of melamine 
cured acrylic topcoats over melamine cured polyester primers. 
One possible explanation is that the residual unreacted hy- 
droxyl functional groups on the surface of the (cured) primer 
react with melamine curing agents in the topcoat, essentially 
tying the topcoat to the primer layer. When such a primer is 
overbaked (longer times and/or higher bake situations), adhe- 
sion of topcoat becomes noticeably weak and occasionally 
nonexistent. The evidence for a possible contribution from the 
residual hydroxyl come from the fact that the IR spectra of the 
standard baked primer is rich in hydroxyl groups, (spectrum 
a) while the overbaked primer (spectrum b) contains very 
little, if any, hydroxyl functional groups (Figure 8). The sche- 
matic presentation of the surface chemistry of a standard and 
overbaked primer and the effect on topcoat adhesion is shown 
in Figure 9. 

Chemical bonding also may occur when a substrate con- 
tains reactive hydroxyl groups which under an appropriate 
condition, may react with isocyanate groups from the incom- 
ing coating in thermoset polyurethane coatings 

Most likely 
chemical bonding 
accounts for the 
strong adhesion 
between an epoxy ,,, 
coating and a sub- '"' 
strate with a cellu- A A A A A A A A A  

A A A A A A A A A  
lose interface. Ob- A A A A A A A A A  
viously epoxy A A A A A A A A A  

groups of an ep- (b) A A A A A A A A A 
oxy resin react 
with the hydroxyl 
groups of a cellu- 
lose at the inter- (c) 
face, as evidenced Figure 4-Surface roughness and 

IR ?Jectros- increase n actual contact area by 
copy. The chem- means of sand~ng 
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establish the entangled network as shown 
\-, . . 

Figure &Surface topography of an (a) untreated and (b) phosphate treated in Figure 

cold rolledsteel. (Henkel Corp., ParkerAmchem. Madison Heights, MI) Dissimilar polymers are usually incom- 
patible because of their long chain nature 

cal reaction causes the OH stretching band at 3350 cm-'and the 
C-0 stretching bands at 1100-1500 cm-I of the cellulose to 
diminish, and the epoxide band at 915 cm-' and the anti-sym- 
metric 0-bridge stretching band at 1160 cm-' of epoxy resin to 
di~appear.~A representative reaction of cellulose molecule with 
an epoxy functionality is shown in Figure 10. 

Some polymers adhere weakly to crosslinked polymeric 
surfaces, failing interfacially. Incorporation of a small amount 
of certain nitrogen-containing groups has been claimed to 
greatly enhance the adhesion?' An example is the strong ad- 
hesion of an amino polymer to a crosslinked alkyd resin, due 
to interfacial amine-ester interchange reaction between the 
two phases to form amide bonds. 

R,NH, + RCOOR, + RCONHR, 

and their low diffision coefficients. consequenay, diffusion of 
an entire macromolecule across the interface is unlikely. How- 
ever, both theory and experimental data show that local seg- 
mental interdiffusion can occur readily forming a diffuse inter- 
facial layer 10-1000W between two polymers. Indirect evidence 
of diffusion of coatings includes the effect of contact time, cure 
temperature, pressure, and molecular structure (molecular 
weight, chain flexibility, side group, polarity, double bond, 
and physical compatibility). Direct evidence includes the mea- 
surement of diffusion c~efficient'~," and observation of inter- 
facial structure by electron microscopy,'* radiothermo- 
luminiscence techniques, and optical microscopy. Obviously, 
this type of diffusion can best take place in polymeric sub- 
strates such as engineering plastics, where the free volume 
between molecules is large and molecules are much farther 
apart from each other as compared with metallic substrates. 

Polymer Crosslinked Amide bonds 
bound amine alkyd resin from amine- 
functionality functionality ester reaction MECHANICS OF ADHESION 
The amine-ester interchange reaction can r e a d  be seen by DEVELOPMENT 

using butylamine as a mod$cornpound for the amino 
mer. When this amine is added to a toluene solution of an 
uncured alkyd resin, it readily reacts with the latter at room 
temperature to form dibutyl phthalamide, which crystallizes 
and precipitates out. 

A mixture of an amino polymer and an uncured alkyd resin 
was examined by FTIR spectroscopy. After baking the mix- 
ture, the amino absorption band decreases with concurrent 
appearance of the amide absorption band, suggesting that 
amin-ester interchange reaction can indeed occur at the inter- 
face. 

3. ELECTROSTATIC THEORY: It is conceivable that electro- 
static forces in the form of an electrical double layer are 
formed at the coating-surface interface. Both coatings and 
surfaces contain residual electrical charges dispersed through- 
out the system. Interaction between these charges could ac- 
count for some adhesion. Electrostatic forces are primarily 
dispersion forces, and forces arising from the interaction of 
permanent dipoles. One important attractive force between 
molecules of a substance that possesses a permanent dipole 
moment is the dipole-dipole attraction between the positively 
polarized region of one molecule and the negatively polar- 
ized region of the other. Induced dipole-induced dipole at- 
tractions, called London forces, or dispersion forces which are 
one type of van der Waals force, also contribute to adhesion. 
For certain substrate/coating systems, these forces provide 
much of the attraction between the coating and surface. It 
should be noted that such interactions are only operational on 
a very short range and their effectiveness decreases with the 
sixth or seventh power of the distance of separation. Because 

When two dissimilar materials are brought into "intimate" 
contact, a new interface is formed at the expense of two free 
surfaces in air. The nature of the interaction of the interface 
determines the strength of the bond which forms between the 
coating and the substrate. The extent of these interactions is 
greatly determined by the wettability of one phase by the 
other. In the case of coatings that are applied in liquid state, 
mobility of the coating phase is also of great help. Wetting, 
therefore, may be viewed as intimate contact between a coat- 
ing and a substrate. Schematic representation of compete and 

Sudace Coatlng Products 

COOR. 

CHO CH=NR 

Figure &Possible relationships of surface 
functlonaiitles with amine and epoxy-containing 

coatings 
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Figure 8-Comparison infrared spectra of (a) standard baked 
(cured) and (b) overbaked primer coat 
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Figure 7C-Partial chemical structure of cellulose molecule and 
its representative reaction with epoxy functionality 
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Figure 73-The degree to which a liquid coating wets a solid 
surface is measured by the contact angle 0 
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incomplete wetting is shown in Figirre 12. In addition to initial 
wetting, in order for adhesion to remain between substrate 
and the coating it is important that intimate wetting and bonds 
remain intact after the coating has solidified. 

Coatings solidify as a result of: 
(a) cooling to below the melting temperature (glass transi- 

tion temperature, T,), or 
(b)a chemical crosslinking reaction, or 
(c) evaporation of solvents and diluents. 
An example of a type (a) coating is the thermoplastic pow- 

der coating or the melt extrusion lamination of polymers to 
metals and to other polymers. Type (b) coatings include one- 
and two-part crosslinkable epoxy, polyurethane, or melamine 
cured acrylic systems. Printing inks and lacquer paints are 
examples of type (c) coatings where the pigment binders may 
also have some crosslinking ability on drying. The wetting of 
substrates by coatings is, therefore, central to bond formation 
and, hence, to adhesion. 

1. WETTABILITY AND SURFACE ENERGETICS: Wetting is a neces- 
sary criteria for adhesion. Mechanisms of adhesion previously 
discussed are only operational if, and only if, effective wetting 
is present between the coating and the substrates. The wetting 
of a surface can be described in thermodynamic terms. The 
surface tension of the coating in its liquid state and the surface 
energetics of both the substrate and the solid coating are im- 
portant parameters which can influence the strength of the 
interfacial bond and adhesion development. 

The molecules or atoms at the surface of a homogeneous 
solid or liquid are in a different environment from those in the 
interior. In the interior, each molecule is surrounded by similar 
ones, and the average distance between them is governed by 
the trade-off between attractive forces pulling the molecules 
together and strong repulsive forces that prevent different 
molecules from occupying the same space. Molecules at the 
surface, however, are no longer attracted equally in all direc- 
tions. They interact somewhat with the substance, normally 
air, lying above the surface, while they are attracted inwards 
by the molecules lying below the surface. The attraction of the 
underlying molecules tends to p d l  them inwards, minimizing 
the number of molecules at the surface, and hence, the surface 
area. This attraction gives rise to the surface tension of liquids 
and accounts for a liquid droplet behaving as though it were 
covered by an elastic skin. In addition, the surface molecules 
are generally at a greater intermolecular spacing than in the 
bulk and are therefore in a state of higher energy. Work must 
be supplied to move molecules from the interior to the surface. 
The increase in the Helmholtz free energy accompanying a 
unit increase in the surface area of a liquid is, by definition, the 
surface tension. 

2. INTERFACIAL THERMODYNAMICS: The degree to which a liq- 
uid coating wets a solid surface is measured by the contact 
angle (0) as illustrated in Filprrre 13. When 0 = 0, the liquid 
spreads freely over the surface and is said to completely wet it. 
Complete wetting occurs when the molecular attraction be- 
tween the liquid and solid molecules is greater than that be- 
tween similar liquid  molecule^.'^ The surface tensions are re- 
lated to the contact angle by an expression from equilibrium 
consideration.I4 

Where y, is solid/vapor surface tension; y,, is solid/liquid 
surface tension; and y,, is liquid/vapor surface tension. The 
surface tension y,, of a solid that has absorbed a layer of vapor 
is generally less than that of the solid in vaczro y, and this 
reduction is termed the spreading pressure xs 

Figure 14-Typical contact angle meter and (b) interfacial 
tensiometer. (Kruss USA, Chorloffe, NC) 

However, the liquid surface tension is little affected by the 
vapor phase, so that y,,= y,. Whether or not a given coating will 
wet a solid surface depends on the surface tension of both 
substances. The ability of a liquid to wet and spread on a solid 
is often described by the spreading coefficient S,,, which is 
related to the surface tension: 

A large positive S,, implies that a liquid will spontaneously 
wet and spread on the solid. A negative Ssl implies lack of 
wetting and spreading by the liquid and the existence of a 
finite contact angle, 0 > 0. 

3. CONTACT ANGLE AND CRITICAL SURFACE TENSION: A widely- 
used method for determining the surface tension of a solid has 
been developed using contact angle measurements. The calcu- 

Surface tension (mN/m) 

Figure 15--Critical surface tension by Zisman plot for a particu- 
lar solid surface and a homologous series of liquids 
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Table 2-Surface Tensions of Typical Solvents 
Used in Coatings 

Surface Tension 
Solvent dyneslcm 

o-Xylene ......................... ... ...................... 30.0 
Toluene ............ 28.4 
n-Butyl acetate 25.2 
nButanol ......... 24.6 
Mineral spirits ............................................... 24.0 
Methyl isobutyl ketone .............................. 23.6 
Me 23.6 
VM ........................................... 22.0 
n-Octane ......................................................... 21.8 

30 40 50 60 70 

Sulface tension (rnN1m) 

Figure 16--Comparison of Zisman plots of H-bonding and 
non-H-bonding liquids on polystyrene. (Data taken from 

reference 25) 

Table 3-Surface Tensions of Typical Polymers 
and Additives Used in Coatings 

Polymer Surface Tension 
dyneslcm 

Melamine resin .............................................. 57.6 
Polyvinyl butyral ....................................... 53.6 
Benzoguanamine resin ................................. 52 
Poly(hexamethylene adipamide) ............... 46.5 
Epon 828" ................... .. .............................. 46 
Urea resin ...................... ... .................... 45 
Polyester melamine film ..................... ......... 44.9 
Polyethylene oxide diol Mw 6,000 ............. 42.9 
Polystyre~ 42.6 
Polyvinyl 41.9 
Polymethyl methacrylate ............................ 41 
65% Soya FA alkyd ..................................... 38 
Polyvinyl acetate ................... .. ............... 36.5 
Polybutyl methacrylate ................................ 34.6 
Poly(n-butyl acrylate) Mn 32,000 ............... 33.7 
Modaflo@ ................................................ 32 
Polytetrafluoroethylene Mw 1,088 ............. 21.5 

lation of surface free energy from contact angle measurements 
has been the subject of much controversy. This subject still 
remains unresolved because the surface free energy of a solid 
cannot be measured directly. However, it is not the intention 
of this monograph to debate all the different issues, but to 
provide a sound guide for the practitioner through the array of 
conflicting ideas so that the reader can make a first step in 
estimating thermodynamic parameters of surfaces. 

Approximate and apparent contact angle can be measured 
by contact angle meters available from various test equipment 
suppliers. One such device is depicted in Fipre 14. In this 
method a drop of several different kinds of liquids is put on 
the desired surface and the angle is measured. One measure of 
the quality of a surface is the critical surface tension, y,. This 
surface energy is determined by measuring the contact angle 
of a series of liquids on the surface, plotting the cosines of the 
angles versus the surface tension of the respective liquids, and 
extrapolating to cos 0 = 1 (0 = 0°), as in Figure 15. The extrapo- 
lated surface tension is called the critical surface tension of the 
surface. For example, following the above procedure, the criti- 
cal surface tension polyethylene is determined to be 31 dynes/ 
cm. All liquids with surface tensions equal to, or less than, the 
critical surface tension will spontaneously spread on the sur- 
face if applied as a drop. Therefore, an epoxy resin which 
exhibits a surface tension of 47 dynes/cm will not wet the 
polyethylene surface. On the other hand, a silicone mold re- 
lease agent with a surface tension of 24 dynes/cm will spread 
on the surface. 

The development of this concept is due to Z i ~ m a n ? ~ . ' ~  The 
critical surface tension y, has therefore been taken as an ap- 
proximate measure of the surface free energy yS of the solid. It 
should be noted, however, that the precise value of y, is gener- 
ally dependent on the particular series of liquids used to deter- 
mine the contact angle. 

The critical surface tension concept would seem to indicate 
that a paint with surface tension less than the critical surface 
tension would be necessary to achieve good substrate wetting. 
In practice, it is found that good wetting and adhesion can 
occur with contact angles above 0". In general, a low paint 
surface tension and, therefore, a low contact angle is desirable. 
Part of the problem with the critical surface tension concept is 
that different series of test liquids can extrapolate to different 
critical surface tensions for the same surface. A series of polar 
hydrogen bonding liquids such as alcohols give a lowery, than 
simple hydrocarbons, which interact less strongly with the 
same surface (Figure 16).17 

Polyolefins and fluorocarbon polymers have low values of y, 
and are said to have low energy surfaces; these materials are 
difficult to wet and paint. Metals, ceramics, and polar poly- 
mers have high value of y, (high energy surfaces), can be 
readily wet by many paints, and exhibit good adhesion. Data 
on surface tensions of some typical solvents commonly used in 
coatings are shown in Tnblr 2. In Tnble 3 are the surface tensions 
of some resins and additives used in coating formulations. 

A dramatic example of the importance of wetting is pro- 
vided by experiments with an epoxy resin and polyethylene.I8 
The adhesion is low (if any) when uncured epoxy is poured 
onto a polyethylene surface and then allowed to cure; how- 
ever, if the polyethylene is melted and then applied to a sur- 
face of cured epoxy, the adhesion is much stronger. In the first 
case, a high surface energy liquid, e.g., epoxy, will not wet a 
low surface energy solid, e.g., polyethylene, with low critical 
surface tension. In the second case, wetting is favored because 
the liquid polyethylene is of lower surface energy than the 
solid epoxy. This demonstration is particularly significant be- 
cause molten polyethylene hasa highviscosity, typically about 
lo3 Pas, compared to liquid epoxy, which has a viscosity of 
about 1 Pas. Apparently, viscosity is not important in this 

-- - - 
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instance when sufficient time is allowed for good wetting to 
take place. 

Zisman plots are not without other drawbacks. Wu l9 and 
others have pointed out that critical surface tensions often are 
low compared to surface tensions determined by extrapolation 
of melt or solution polymer data. Methods to treat contact 
angle data which are especially suitable for coatings and adhe- 
sives have been developed. In the Ownsz0 procedure, the con- 
tact angles of at least two pure liquids, typically water and 
methylene iodide, are determined on the surface of interest. 
The surface tension is regarded as being composed of two 
contributions, dispersion and polar, such that 

where y, is the surface tension and y,d and y,P are its dispersion 
and polar components, respectively. The contact angle is re- 
lated to the surface tension by the equation. 

y (1 + cos 8)/2 = (y,dy,d)'J2+ (y,~y2p)'/2 

Where y, is the surface tension of the liquid and y2 is the 
surface tension of the solid. The results, using this equation, 
are generally in reasonable agreement with results obtained by 
other methods. In addition to contact angle measurements, 
standard wettability tests which are quick, robust, and easy to 
interpret have been developed. 
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Color Guide 
BYK-GARDNER USA 

BYK-Gardner USA has introduced 
the color guide. Atrue spectrometer, 
the color guide features patented 
technology that reportedly mobilizes 
and secures color control. In addi- 
tion, this product obtains 10,000 mea- 
surements per battery set and saves 
up to 200 standards with tolerances 
and 999 samples to evaluate color. 
For further analysis, the measure- 
ment results can be directly trans- 
ferred to Windows'" applications. 

Circle No. 53 on Reader Service Card 

Paint-Master" 
X-RITE, INCORPORATED 

Paint-Master" paint color matching 1 
system is a Windowsm-based color 
formulation system. Available from 
X-Rite, Incorporated, this product 
includes the SP88, a 31 data point, 
sphere geometry, portable spectro- 
photometer. Included in a Paint- 
Master color matching system is the 
QA-Master'", a quality assurance 
software package and ColorMailU, a 
communication software package 
that transmits spectral data. 

Circle No. 54 on Reader Service Card 

OOlColor 
OCEAN OPTICS, INC. 

OOIColor software is a Microsoft@Excel worksheet template that 
enables users to access data from the Ocean Optics, Inc.'s line of 
miniature fiber optic spectrometers. Coupled with the appro- 
priate fiber optics probes, this worksheet-andspectrometer com- 
bination can measure reflective or emissive color. OOIColor re- 
ports color space values numerically and XYZ and L*a*b* val- 
ues are available graphically. Other features include user level 
control of data acquisition and processing parameters such as 
integration, signal-averaging, and illuminant type; and a color 
measurement tutorial. 
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EasyMatch" 
HUNTERLAB 

Color formulation software de- 
signed by HunterLab enables the 
user to formulate new colors, refor- 
mulate existing colors, make batch 
corrections, and work off waste. Fea- 
turing point and click simplicity, this 
color formulation system can be 
used as a quality control tool for 
tasks like strength determination of 
raw materials and pass/fail inspec- 
tion of final product. EasyMatch"' is 
compatible with HunterLab's family 
of spectrophotometers. 

Circle No. 56 on Reader Service Card 

Color Formulation 
DSA CONSULTING, INC. 

DSA Consulting Inc. has introduced its revised Desk Top Labo- 
ratory software. Designed for any computer platform and oper- 
ating system, these programs begin with a color formulation 
program that calculates accurate matches for transparent, 
opaque, and hiding films along with calculations of contrast ra- 
tions and PVC for match. 

Circle No. 57 on Reader Service Card 

Color-Eye@ 7000A 
GretagMacbeth 

Adual beam bench-top spectrometer 
designed for dedicated color analy- 
sis is available from GretagMacbeth. 
The Color-Eye 7000A features a 
motorized adjustable UV control that 
stores up to three settings. In addi- 
tion, a motorized specular insert al- 
lows the user to measure color shifts 
asa result of gloss or texture. A touch 
screen display lets the user view in- 
strument status at a glance. 

Circle No. 58 on Reader Service Card 

I Color Tolerance System I 
COLOR COMMUNICATIONS, INC. 

Color Communications Inc. has introduced a color tolerance 
system that reportedly eliminates differences in color, gloss, or 
texture. In addition, the system features an upgrade to the color 
standards on the charts. These standards are 50% larger and are 
mounted flush to the left or right edge of the color chart. 

Circle No. 59 on Reader Service Card 

CS- 1000 
MINOLTA CORF! 

The CS-1000 spectroradiometer by 
Minolta Corp. measures spectral 
disribution, luminance, color, and 
correlated color temuerature of 
CRTs/LCDs and I ~ ~ ~ ~ / L E D S .  The 
spectroradiometer measuring range 
is 0.01 to 80,000 cd/m3 and the unit 
includes both a standard and macro 

over a range of 380 to 780 nm with a 
measuring angle of lo. 

Circle No. 60 on Reader Service Card 

1 SpectroCube 300 I I DATACOLOR INTERNATIONAL I 
The SpectroCube 300, a color measurement spectrophotometer 
designed for OEM use features a self-contained color measur- 
ing device to fit many OEM housings. This product features flex- 
ible mounting configurations to accommodate rack, panel, or 
cabinet. SpectroCube is based on diffuse/B0 measuring geom- 
etry and uses pulsed xenon illumination. 
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FSCT Publications Order Form 
Buyer Information Orders 

Non- 
I series Member Mem. Quantity 

YOUR COMPANY: Check the one block which applies most specifically to the $15 $25 Ordered 
company or organization with which you are affiliated: (Less 10% for Fun Series Purchase) 

A 0 Manufacturers of Paints, Varnishes, Lacquers, Printing Inks, 0 0 
Sealants, etc. 

B 0 Manufacturers of Raw Materials 
C 0 Manufacturers of Equipment and Containers 

Radiation Cured Coatings 

Introduction to Polymers and Resins 0 
D 0 Sales Agents for Raw Materials and Equipment 
E 0 Government Agency I 

F 0 Research/Testing/Consulting 
G 0 Educational Institution/Library 
H 0 Paint Consumer/Applicator 
J 0 Other 

please specify 1 
YOUR POSITION: Check the one block which best describes your position in 
your company or organization: 

A 0 ManagementIAdministration 
B 0 Manufacturing and Engineering 
C 0 Quality Control 
D 0 Research and Development 
E 0 Technical SalesIService 
F 0 Sales and Marketing 
G o Consultant I 
H O EducatorIStudent 
1 n Other , 

Coil Coatings 0 0 
COIIOS~O~ Protection by Coatings 0  0 - 
Mechanical Properties of Coatings 0  0  - 
Automotive Coatings 0 0 -  
Coating Film Defects 0 0 -  
Application of Paints and Coatings 0 0 - ' 

Organic Pigments, Second Edition 0 0 
Inorganic Primer Pigments - I 0 0 -  
Marine Coatings 0 0 -  
Sealants and Caulks 0  0 -  
Aerospace and Aircraft Coatings 0 0 - 
Introduction to Coatings Technology 0 0 - 

please specify Cationic Radiation Curing 0  0 -  
Billing Address Rheology 

Powder Coatings 
0 FSCT Member 0 Non-Member 0 0 -  
Name 0 0 -  
Title Painting of Plastics 0 0 -  

Company Metal Surface Characteristics 

Address Affecting Organic Coatings 0  0 -  
City & State Color and Appearance 0  0 -  
Country Postal Code White Pigments 

Phone FAX Methodologies for Predicting 

the Service Lives of Coatings Systems 0  0 - 
Shipping Address (if different) 

Silicones 0 0 
Name Finishing Exterior Wood 
Title Coatings 0 0 - 
Company - -  

Address (spectfy no. of yrr.) (annual subscrip, lncluded wlFSCTmembenhip) 
U.S. & Europe Other 

City & State Canada (As Mail) Countries 
1 Year q 160 0 $90 0 $75 

Country Postal Code 2 Years O $ ~ I O  n$170 n $140 
3 Years 0$17O 05260 0 $220 

Coatings 
Encyclopedic o soft Cover 0 $80 0 $105 - 

Dictionary* 0 Hard Cover 0  $105 0  $135- 

Glossary of Color Terms 0 $6 (one price) - 
Infrared Speft10S~0py Atlas 0  $150 0 $200- 

Phone FAX 

Method of Payment 
Please check one: 
0 Charge to the following card: 

0 MC 0 VISA 

0 Check # 

(checks must be payable in 

0 AMEX 0 DISCOVER 

Exp. Date: 

U.S. Funds on U.S. Bank) Pictorial Standards 0 $100 (one price) - 

0 P.O. # SciQuest 0  $750 0 $800- 

JCT Buyers' Guide 0 $SO (one price) 

Credit Card Number: , * Volume discount on five or more. 

Name Federation of Societies for Coatings Technology 
(print cardholder's name) I 492 No~rislown Rd,, Blue Bell, PA 19422 Phone: (610) 940.0777 Fax: (610) 940-0292 

Signature Web Address: http:/iwww.coatingstech.org 

Total Amount Due: FSCTPublications are also available at: 
Add $5.00 for shipping and handling. PA residents, please add 6% sales tax 1 Marino Estbvez, ANAPAPYT, Gabriel Mancera 309, 

Col. Del Valle, 03100 Mexico, D.F., Mexico 



CLEVELAND-APRIL 

"High Gloss Emulsion Brushing 
Enamels" 

President Richard A. Mikol, of 
Tremco Inc., presented the following 
1997-98 officers: President-James 
Currie, of Jamestown Paint Co.; Presi- 
dent-Elect-Lamar Brooks, of Coatings 
Research Group Inc.; Secretary-Patricia 
Wagle, of The Flood Co.; Treasurer- 
Sara Rodts, of The Sherwin-Williams Co.; 
Assistant Treasurer-Tom Pyzoha, of 
Maroon Chemical; Member-at-Large- 
Phil Haagensen, of Chem-Materials Co., 
Inc.; and Society Representative- 
Brenda Carr, of Coatings Development 
Co. 

Bob Toth, of the Ohio Paint Council, 
reported that the comment period for 
the particulate matter is over and it does 
not appear that the coatings industry 
will get support from Congress to have 
the EPA negotiate on the proposed regu- 
lations. 

The evening's speaker, Freidun 
Anwari, of The BFGoodrich Co., pre- 
sented "HIGH GLOSS EMULSION BRUSHING 
ENAMELS. " 

Mr. Anwari stated that water-based 
products should be available since they 
are low in toxicity and flammability, 
meet VOC regulations, and are consumer 
friendly. Then, the speaker compared 
the properties of solvent-based alkyds 
to traditional and new emulsions. He 
noted that there are many fallacies re- 
garding emulsion technology: (1) poly- 
mers are brittle and require high coales- 
cent levels; and (2) emulsions have poor 
corrosion and chemical resistance. 

Mr. Anwari reviewed the three types 
of brushing enamels and described the 
conditions of maintenance, architectural, 
and factory spot repair. 

The speaker also discussed minimum 
film formation temperature (MFFT) vs. 
hardness, MFFT vs. block resistance, 
gloss, wet adhesion, corrosion resistance, 
weatherability, stain resistance, and f i -  
gerprinting. He also provided test re- 
sults that demonstrated these properties 
in comparison to the traditional technol- 
ogy. 

Mr. Anwari focused his discussion 
on formulation considerations. The first 
system discussed was the coalescent/ 
cosolvent system. It includes a combina- 
tion of slow and fast cosolvents. Hydro- 
philic or hydrophobic coalescents can 
be used; however, all hydrophilic 

coalescents reduce thickener efficiency. 
Aggressive cosolvents can increase wet 
adhesion. 

The second system discussed was the 
thickener system. Usually when formu- 
lating one would use a two-thickener 
system: one having a high KU with a 
low ICI efficiency and another with a 
KU with a high ICI efficiency. The 
speaker described the commonly used 
types of thickeners as well. 

Mr. Anwari concluded by stating that 
with proper selection, new technology 
emulsions can approach the performance 1 of alkyds. MFFT, hardness, flexibility, 

' and block resistance can be indepen- 
dently varied for new technology emul- 
sions. Proper formulation is critical for 
maximum performance. However, new 
technology emulsions allow for much 
greater latitude. 

Q. Which coalescent is the best? 
A. Four parts DM with one part PPH. 

When applying to metals, it is best to 
stay away from glycols. 
JENNIFER RUMBERG-VAN SCOTER, Secretary 

Awards Night 

Three LASCT members were pre- 
sented with 50-Year Service Awards. 
Honored at this meeting were Hugh J. 
Miles, of H.J. Resins Co., Inc.; Dan 
Heisler, retired; and Joe King, retired. In 
addition, 25-Year Service Awards were 
presented to Brian Bradstock, of S-W 
Diversified Brands; John Boeheim, re- 
tired; Harry Benetatos, of Waymire 
Drum Co., Inc.; Harry Esqueda, of 
Tnemec Co. Inc.; Benita KO, retired; Bill 
Pompeo, of Behr Process Corp; and John 
Warner, retired. 

The Outstanding Service Award was 
given to Dane Jones, of Cal Poly State 
University, San Luis Obispo. Dave 
Muggee, of E.T. Horn Co. received the 
Honorary Member Award. Also, Max 
Wills, of Cal Poly State University, San 
Luis Obispo was recognized for his re- 
search on VOC and his presentation on 
behalf of the LASCT and the university 
at the 1996 FSCT Annual Meeting in Chi- 
cago. 

Nominating Committee Chair Henry 
Kirsch, of Trans Western Chemicals, an- 
nounced that the Committee has found 
a candidate for the office of Secretary. 

Darin Everhart, of Behr Process Corp., 
has met the qualifications for the posi- 1 tion. 

Environmental Committee Chair 
Dave Muggee, of E.T. Horn Co., reported 
that nine new chemicals have been 

, added to the Proposition 65 list of car- 
cinogens or reproductive toxins. Of the 
nine chemicals, nitromethane may be of 
interest to the industry. 

In addition, Mr. Muggee stated the 
EPA has not issued paperwork for the 
TRI form R reporting but still expects 
the data to be turned in by July 1,1997. 

Also, Mr. Muggee reported that re- 
authorization of a hazardous materials 
law proposed to Congress would allow 
DOT inspectors to open and examine 
materials labeled as hazardous or a pack- 
age believed to contain a hazardous ma- 
terial. The Supreme Court has ruled that 
closely regulated industries are subject 
to warrantless searches as long as they 
are reasonable. 

Steve Seneker, of ARC0 Chemical 
Co., discussed "A NEW CLASS OF POLYPRO- 
PYLENE GLYCOLS." 

These products are made with a 
unique catalyst system leading to a nar- 
row molecular weight distribution with 
low "Monol" content. Mr. Seneker de- 
scribed making polyurethane pre-poly- 
mers from these polypropylene glycols 
and how they were subsequently con- 
verted to urethane dispersions. 

JOE REILLY, Secretary 

PACIFIC NORTH 
VANCOUVER SECTK 

"Rheology Testing" 

Environmental Committee Chair Paul 
Andreassen, of Consolidated Coatings 
Corp., extended an invitation of behalf 
of the Environmental Managers Asso- 
ciation to attend their upcoming meet- 
ing. 

Tom Fairley, of Calcoast Labs Canada 
Inc., appealed to the members for appli- 
cations for the Bill Biddle Scholarship. 
There is $1,400 available for a member 
to attend a Cal Poly course. 

Scott Krane, of Haake Instruments, 
presented "RHEOLOGY TESTING FOR THE 

PAINT INDUSTRY." 
KELVIN J. HUGET, Secretary 
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An Infrared Spectroscopy Atlas 
for the Coatings Industry 

Two Volumes-1024 Pages, Over 2500 Spectra 

This revised and expanded two-volume, 
fourth edition contains a compilation of more 
than 2,500 spectra. fully indexed, of materials 
commonly used in the coatings industry. All 
spectra have been generated on high resolu- 
tion Fourier Transform spectrophotometers with 
recorded spectral ranges covering the region 
between 4,000 and 400 cm -1. 

Authored by experts in the field of coatings 
infrared analysis, the 1024-page text consists of 
eight fundamental and comprehensive chap- 
ters, including theory, instrumentation, IR instru- 
mentation accessories, sample preparation, 
and qualitative and quantitative analysis. 

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

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

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

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

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

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

(61 0) 940-0777 Fax: (61 0) 940-0292 
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M. Draving 

Mitchell Draving 
has joined ECC In- 
t e r n a t i o n a l ,  
Roswell, GA, as 
Technical Market- 
ing Leader for the 
company's Perfor- 
mance Minerals 
Group. A member 
of the Dallas Soci- 
ety, Mr. Draving 
will be responsible 
for technical ser- 

vice, product development, and prod- 
uct training for calcium carbonate and 
kaolin clays for the paint and coatings, 
adhesives, caulks, and sealants indus- 
tries. 

Georgia Marble, Kennesaw, GA, has pro- 
moted Brian Mills to Vice President of 
Sales for its Industrial and Consumer 
Divisions. Mr. Mills joined the company 
in 1996 as Director of Industrial Sales. 
He is a member of the Southern Soci- 
ety-Atlanta Section. 

Elizabeth Armstrong has been ap- 
pointed General Manager Resins (World- 
wide) for Zeneca Resins, Waalwijk, The 
Netherlands. Dr. Armstrong, who suc- 
ceeds Stuart Palmer, joined the company 
in 1996. 

Brian Quinn has been appointed Busi- 
ness Director of the European operations 
of Fabricolor, Inc., Paterson, N]. Mr. 
Quinn will be responsible for creating a 
technically based sales and distribution 
organization covering the European Eco- 
nomic Community and the Middle East. 

Karen Winkowski has joined Hiils 
America Inc. as a Scientist for its Indus- 
trial Biocides business group. Dr. 
Winkowski's work will include the re- 
search and development of microbioloai- 
cal test methods fbr industrial preser&- 
tives, fungicides, and algaecides. 

Richard H. Trampenau has been ap- 
pointed Vice President for Commercial- 
ization for International Specialty Prod- 
ucts (ISP), Wayne, NJ. Mr. Trampenau 
will work with all of ISP's business units 
on technology licensing, marketing alli- 
ances, acquisitions, and selected com- 
mercial development opportunities. 

lnternational Specialty Products (ISP), 
Wayne, NJ, has elected Andrew G. 
Mueller to the position of Executive Vice 
President, Operations. Mr. Mueller will 
report to Peter R. Heinze, President and 
Chief Operating Officer of ISP. 

Akzo Nobel Bestows Stephanie M. Gleason 
with 10th Annual Hanna Award 

I I Stenhanie M. Gleason. of Miami View Middle School. South Charleston, OH. I I 
recGived the 10th Annual Hanna Award in chemical 
Coatings for the Best Project at Ohio Science Day. Ms. 
Gleason's project, "Rust Buster 2-The Alternative Use 
for Tobacco," explored the corrosion-inhibiting proper- 
ties of certain chemical constituents of the tobacco plant. 
The Hama Award, consisting of $500 and an engraved 
plaque, is given by Akzo  el Coatings Inc., folum- 
bus, OH. 

Elf-Atochem North America, Inc., Phila- 
delohia. PA, has aooointed Wavne 
~ k i ' l t o n  as staff ~ i c h n i c i a n  at 'the ' S.M. Gleason 
company's fluoropolymer research and 
development facility in King of Prussia, The Inter-Society Color Council (ISCC), 
PA, this position M ~ ,  skilton will es- Reston, VA, has selected Ann Campbell 
tablish maintain a prop. Laidlaw as the recipient of its Nickerson 
erty database for all experimental grades Service Award. Ms. Laidlaw, Manager 
of K ~ ~ ~ ~ o  polyvinylidene fluoride of Applications at SheLyn, Inc., Greens- 
(PVDF) resin. boro, NC, has served on ISCC's Board of 

1 Directors. This award recognizes out- 
standing long-term contribut~ons toward 

David F. Tompkins, Vice President of ISCC and its aims and purposes, 
Loos & Dilworth. Inc.. Bristol. CT, has 

Brawn M~xer, Inc , Holland, MI, has an- 
nounced the add~tlon of Paul Malik to 
~ t s  staff as Manager of Marketing and 
Sales Mi- Mal~k's wlll develop the 
company's rep organlzatlon 

D.F. Tompkins 

kins will be re- 
sponsible for the 
strategic direction 
of the company's 
polybutene line for 
the adhesives, 
sealants, coatings, 
lubricants. and 

Joyce Bellefeuille has joined the staff of 
United States Filter Corp., Lowell, MA, 
as CDI"' Systems Product Manager. Ms. 
Bellefeuille will be responsible for prod- 
uct support and management of the 
company's proprietary continuous 
deionization systems. 

rubber markets. He is a member of the 
Philadelphia Society. 

Thesociety of the Plastics Industry (SPI), 
Washington, D.C., presented the Mid- 
west Section Founders Award to 
Maureen Steinwall, of Steinwall, Inc., 
Coon Rapids, MN. Ms. Steinwall is the 
first woman to be recognized with this 
award, which recognizes exceptional ser- 
vice to the plastics industry and SPI. 

Geoff Holton has been named Techni- 
cal Sales Specialist for Harcros Organ- 
ics. Mr. Holton will provide technical 
sales support for the company's branch 
offices in the southeastern United States. 

Janet R. Katz was named Manager, In- 
side Sales & Technical Support for The 
M.F. Cachat Co., Cleveland, OH. Ms. 
Katz will be responsible for selected key 
accounts and coordination of technical 
support for seven Midwestern states. 

f \ 
The American Chemical Society's 
Division of Polymeric Materials: 
Science and Engineering (PMSE) 
will present the 1997 Tess Award 
in Coatings to Werner J. Blank, of 
King Industries, Inc., Norwalk, CT. 
Mr. Blank delivered the Mattiello 
Lecture during the 1981 FSCT An- 
nual Meet- 
ing. In addi- 
tion, he has 
au-thored 25 
technical pa- 
pers and 10 
text book 
chapters. Mr. 
Blank has 
been granted 
30 U.S. pat- 
ents as well. 

W.J. Blank 
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D.L. Blankenship 

Witco Corp., Greenwich, CT, has elected 
two new members to the company's 
Board of Directors. The new directors 
are Nicholas Pappas, recently retired 
Vice Chairman of the Board of Rollins 
Environmental Services, Inc. and Don 
L. Blankenship, Chairman, President, 
and Chief Executive Officer of A.T. 
Massey Coal Co. 

Roy F. Weston, Inc., West Chester, PA, 
has named Executive Vice President 
Patrick G. McCann to the position of 
Chief Operating Officer. Mr. McCann 
brings more than 20 years of experience 
to this position. 

Michael Camso has been named Senior 
Sales Engineer for CSM Environmental 
Systems, Inc., Mountainside, NJ. Mr. 
Caruso will be responsible for the world- 
wide sales of the company's air pollu- 
tion control products and services. 

Reichhold Chemicals Inc., Research Tri- 
angle Park, NC, has appointed Patrick 
A. Jones to the position of Business Man- 
ager, Epoxy Products. In this capacity, 
Mr. Jones will develop and implement a 
corporate strategy for the company's 
epoxy resins business throughout North 
America, South America, and Europe. 

Ocean Optics, Inc., Dunedin, FL, has an- 
nounced several appointments to the 
company's staff. Taking on new respon- 
sibilities and titles are the following: I 
Charles Neel has been named Manufac- 
turing Manager; Brian Grabbe was ap- 

Donald L. Washabaueh has ioined the 1 

pointed to the position of Materials Man- 
ager; Brenda Winans and Brian Rogers 
accepted positions as Electro-Optic Tech- 
nicians; Donna Salamida was named 
Optical-Mechanical Technician; and Jef- 
frey Milyard has joined the staff as Tech- 
nical Service Representative. 

Technical Sales Staff ovf ~ h e ~ a r ~ o  lnc., 1 
Greenville, SC. Mr. Washabau~h brinas I 

, 

" " 
experience in the coatings industry in 
technical, quality control, sales, and pro- 
duction management to his new posi- 
tion. 

Computational Systems, Inc., (CSI), 
Knoxville, TN, has announced four re- 
cent senior management appointments. 
Kevin Carey has been named Vice Presi- 
dent of Acquisitions and Mergers. 

David Lambacher has joined CSI as 
Vice President of North American Sales 
and Marketing. 

Bob Wilson has been named Gen- 
eral Manager of Paragon Field Services. 

Grahame Fogel has been named 
General Manager of Paragon Training. 

Henri Dyner has been promoted to the 
position of President and Chief Operat- 
ing Officer for Sun Chemical Corp., Fort 
Lee, NJ. Mr. Dyner will continue to over- 
see Sun Chemicals' European operations. 

David A. Lamoureux Jr. has joined the 
Process Development Group at R.T. 
Vanderbilt Co., Inc., Nonvalk, CT. Prior 
to his new position, Mr. Lamoureux 
served as Plant Manager for ChemDe- 
sign Corp. 

Waterborne and Solvent-Based Epoxies and 
Their End-User Applications 

Edited by: 
P.K.T. Oldring 
P.K.H. Lam 

Published by: 
SlTA Technology Ltd. 
3 Ridgeway Gardens 
Wimbledon 
London SW19 4SZ England 
1996, xii + 490 pages, $130 

98 Journal of Coatings Technology 

Reviewed by: Robert F. Brady, Jr., 
Washington, D.C. 

More than 30 years ago environmental 
and worker safety considerations began 
to transform the life of the coatings for- 
mulator. The coatings industry re- 
sponded with many clever chemistries 
which used well-established resins in 
new and environmentally benign ways. 
This book focuses on the epoxy resins 
used in coatings and describes the mod- 
ern technologies now available for ep- 
oxies, arguably the most versatile of res- 
ins for coatings. 

This volume contains the efforts of 
eight authors, skillfully blended by the 
editors, P. Oldring and P. Lam, who 
wrote about 60% of the book himself. It 
begins with a brief introductory chap- 
ter which contains information on the 
toxicity of epoxy resins and the concern 
that bisphenol A might function as a 
mimic of estrogen. This information is a 
part of the daily life of the coatings 
chemist nowadays, and the authors are 
to be complimented for making this 
knowledge readily accessible. The fol- 
lowing three chapters comprise the ma- 
jority of the book and thoroughly cover 
the chemistry of epoxy and modified 
epoxy resins, curing agents, catalysts, 
and the chemistry of curing reactions. 
Waterborne, solvent-borne, and 
unsolvated resins are covered, and the 
chemistries of ambient and elevated- 

temperature cures are described. These 
chapters are extensively referenced, but 
the references were not prepared with 
care. Patent numbers and assignees are 
given, but authors and dates are not. 

fiere are six chapters on industrial, 
automotive, heavy-duty, and metal deco- 
rating coatings, coil coatings, and coat- 
ings for protection of concrete and metal. 
Within these chapters are contained dis- 
cussions on resins starting point for- 
mulations for a range of powder, radia- 
tion-cure, electrospray, electrodeposition, 
water-soluble, and water-dispersible 
coatings. Because much of this technol- 
ogy is proprietary, very few references 
are given. Unfortunately, many of the 
formulations specify ingredients only as 
"epoxy resins," "glycol ether," and "acid 
catalyst." This will not be a barrier to an 
experienced formulator who knows raw 
materials and their properties, but it does 
reduce the value of the formulations to 
thenovice. 

The book contains many tables, fig- 
ures, and molecular formulae, all clearly 
drawn. It is sturdily bound and contains 
an extensive subject index. Its few flaws 
do not diminish its value as a reference 
for today's epoxy formulator, and this 
book will take its proper place among 
the few reference texts which deal with 
modem epoxy coatings. 



Twist Mount Mixers 
Designed for mixing production finishes 
and coatings in bulk containers, the 
Cleveland Twist Mount Mixer features a 
sealed tank flange with impeller shaft 
and special quick connect coupling 
welded as an assembly to the tank. Avail- 
able from EM1 Inc., the six models are 
equipped with either air or TEFC elec- 
tronic motors ranging from 1 /3  to 1 HP. 
Explosion proof models are optional. 

Circle No. 30 on Reader Service Card 

Perl Mill 
Drais Mannheim has introduced the 
newly developed double cylinder 
Couette Perl Mill Cosmom. This product 
features two ring-cylindrical gap-shaped 
chambers, which are formed between a 
smooth hollow cylinder rotor and two 
smooth cylindrical working surfaces of 
the stator housing. Some preferred ap- 
plications include dispersing of  
thermosensitive products, pharmaceuti- 
cals, and cosmetics. 

Circle No. 31 on Reoder Service Card 

Inert Atmosphere Oven 
The No. 799 Grieve oven is an electrically 
heated inert atmosphere cabinet oven 
used to process ceramic components. 
This oven has a maximum operating 
temperature of 750°C (1,38Z°F) and 
workspace dimensions of 38 in. by 38 in. 
by 50 in. A 60KW heat input has been in- 
stalled in an alloy wire high-temperature 
plug heater. In addition, a 3,000 CFM, 3 
HP alloy recirculating blower provides 
horizontal airflow across the workload 
inside 12 in. insulated walls. 

Circle No. 32 on Reoder Service Card 

Fiberglass Mini-Sump 
Containment Technologies' new fiber- 
glass mini-sump enables the user to ret- 
rofit submersible pumps and associated 
piping for EPA compliance. The mini- 
sump is 20 in. tall and mounts to the top 
of the pump riser with a flange adapter. 
The bolt-down gasketed lid prevents 
water entry. 

Circle No. 33 on Reader Service Card 

DCF Filters 
Ronningen-Petter offers steam or water 
jackets for DCF Series Clean-In-Place Fil- 
ters. These jackets help maintain tem- 
peratures for heat sensitive materials. 
Designed for highly viscous streams and 

potentially hazardous contaminants, 
DCF filters feature permanent media 
which replaces disposable media. 

Circle No. 34 on Reader Service Card 

1 A high pressure homogenizer/ filter/ex- 
truder, Em~lsiFlex'~-C5, reaches a capac- 
ity of 3-5L/h, with a minimum sample 
volume of 7 mL. Available from Avestin, 
Inc., this product features stainless steel 
wetted parts that are autoclavable. In 
addition, the entire instrument can be 
made autoclavable. 

Circle No. 35 on Reader Service Card 

Oven Tracker 

Infrared Microscopes 
Spectra-Tech, Inc., has introduced the 
ATR Objective for use exclusively on 
Nicolet and Spectra-Tech microscopes. 
This objective features single reflection 
and micro-ATR geometry. The objective 
is offered with a zinc selenide crystal; 
however several optional crystals, such 
as diamond, silicon, and germanium, are 
available. This product 7s designed for 
analyzing contaminants, glass fiber, coat- 
ings, and materials on hard substrates. 

Datapaq has introduced the Oven I Circle No. 37 on Reader Service Cord 

Tracker XL, which features an enhanced 
version of Dataoacl's WindowsTv soft- 1 Lab Dveina Machine 
ware. The prod;ct's'~atalogger, half the 
size of the previous logger, reportedly 
records more than eight times the read- 
ings (50,000), is three times more accu- 
rate (+/- 0.5"C) and the readings inter- 
vals, with time or temperature triggers, 
are programmable. Four, six, or eight 
channel dataloggers are available. 

Circle No. 36 on Reader Service Card 

, - 
A laboratory dyeing unit that provides 
sample dyeing on all fiber types has been 
developed by Datacolor International. 
The AHIBAEasyDyeBcan handle liquid 
ratios down to 1:3 with man-made fibers 
and 1:5 with natural fibers. This product 
is directed by a one-program controller. 

Circle No. 38 on Reoder Service Card 

Circle No. 295 on Reader Service Card 
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UV Platform 
Fusion UV Systems, lnc., has introduced 
a Versatile Irradiance Platform with in- 
terchangeable bulbs in the 308,535, and 
350 nm ranges. The new system, named 
VIP, features an Irradiator platform de- 
signed so that all new bulbs will be 
useable in a common bulb cavity. This 
feature will reportedly allow manufac- 
turers to customize their UV-curing re- 
quirements to the particular spectral out- 
put of the chemistry being used. 

Circle No. 39 on Reader Service Card 

Precision Color 
Raabe Corp. offers touch-up paint in 
acrylic lacquer, acrylic enamel, and a 3.5 
pounds per gallon high-solids enamel 
paint system. Precision Color1\' paint 
systems can be color matched to a cus- 
tomer-provided color standard. These 
paints are available in aerosols, brush-in- 
cap bottles, paint pens, and a variety of 
liquid containers. Private labeling, for- 
mula development, and specialty pack- 
aging services are also available. 

Circle No. 40 on Reader Service Card 

Odor-Free Paint 
Duron Paints and Wallcoverings has cre- 
ated a new interior latex paint that re- 
portedly emits no detectable odor. Gen- 
esis Odor-Free is produced without sol- 
vents; therefore, the product gives off 
very little odor and contains no VOCs. 

Circle No. 41 on Reader Service Card 

Electroless Nickel Coating 
Illumi-LayerT\', developed by Surface 
Technology, Inc., is a composite electro- 
less nickel coating containing phospho- 
rescent, light emitting particles. Under 
normal incandescent or fluorescent light, 
the coatings are silvery-gray in color. 
Various colors are available devendinrr " 
on the particles chosen for incorporation 
into the coating. 

Circle No. 42 on Reader Service Card 

Diffuse Coating Service 
Optoblackr\l diffuse coating for use over 
the 0.25 to 16Em wavelength is available 
from Labsphere. The coating reportedly 
displays high lambertian characteristics 
and light absorption properties necessary 
for stray light control, thermal control, 
visual target cues, and calibration. 
Optoblack is a water-based, spray-ap- 
plied coating. 

Light Stabilizers 
A book published by Vincentz Verlag 
discusses the advantages of light stabi- 
lizer blends, as well as measures that can 1 be taken to prevent undesirable side ef- 
fects. Written by Andreas Valet, Li'y11t Sfn-  
hilizersfor Pniiits describes UV absorbers, 
antioxidants, HALS, quenchers, etc., with 1 comments on their mode of action. In- 
formation on the practical aspects of light I stabilikrs, whether in automotive paints 

I or wood finishes is also included. 
I 

1 Circle No. 44 on Reader Service Card 

1 Corrosion 
NACE International has published the 1 following four books on corrosion. Cor- 
rasiorl Testirrg Made Ens!/: Microbiolo,yicoll!/ 
Irifllrenced Corrr~siori addresses microbio- 

1 logically influenced corrosion in various 
operating systems. Forrns o f  Corrosion- 
Reccgrlitiorr nrld Prezleritior~ features 180 
new case histories of corrosion failures 

1 in various industries. Rc;krencr Electrodes 
focuses on experimental aspects of ref- 
erence electrodes. Prncticnl G~lirielitips for 1 Corrosiori Protectioif iii tlre Mirririg nrid 

, Metnllrry1/ Irldllsfr~/ presents a practical 
outline of some of tlie problems~encoun- 
tered with corrosion in the mining and 
metallurgy industry. 

Circle No. 45 on Reader Service Card 

Polymer Technology 
A product list entitled "A World of Paint 

A new booklet available from Excel Part- I nership, Inc., provides answers to ques- 
tions about the IS0 14000 series of envi- 1 ronmental management system stan- 
dards. This publication provides basic 

I information about the IS0 14000 series 
1 and describes whoneeds IS0 14000, how 

to implement and register for IS0 14000, 1 and the benefits to business. 

/ Circle No. 48 on Reader Service Card 

Carbon Blacks 
1 Raven-carbon blacks for paint and coat- 

ings applications are detailed in a bro- 
( chure from Columbian Chemicals Co. 

The 20-page brochure provides informa- 
l tion on 27 different Raven grades and 

discusses the properties, advantages, and 
applications range for these products. 

1 Circle No. 49 on Reader Service Card 

1 Circulation Attritors 
A brochure profiles the HQ Series High 

1 Speed Circulation Attritor. Published by 
Union Process, this brochure discusses 
the circulation grinding process and the 1 general advantages of utilizing circula- 
tion grinding. A schematic drawing of ' the HQ Attritor illustrates the vertical 
grinding process. An engineering data 
chart lists specifications for three differ- 
ent models. 

Circle No. 50 on Reader Service Card 

an.d Coating Polymer Technology" is Spill Response Kits 
available from Nacan Products Ltd., 
Resin Division, This four-page guide fea- W"er~roofl emergency 'pill re- 

sponse kits are available from Greenstuff 
''Ires a listing of Nacan's poly- Absorbent Products, Inc, This kit features mer product offerings in chart form. Each 
product listing is accompanied by prod- 1 GreenStufP absorbent which reportedly 
uct and suggested applica- Ihe to absorb paint, related 
tions, as well as information on polymer products, and virtually any chemical UP 

type and physical properties. to 15 times its own weight. Standard kits ' are available with socks. vads. ~illows. . ,  . l  

Circle No. 46 on Reader Service Card 1 and protective Rear, 

1 Rheometer Catalog 
Circle No. 51 on Reader Service Card 

A new 40-page Brookfield Catalog de- plastic Drums Video 
I scribes the company's line of process and 

laboratory viscometers, rheometers, and / A video produced by The Society of the 

accessories. This catalog includes new Plastlc Industry, Inc.'s (SPI) Plastic Drum 
I programmable viscometers and rheom- , Institute, describes the plastic drum's 

etersand highshearviscometersl,sed for competitiveness with other industrial 

I Qc and RkD applications, The, ,,is- containers in product protection, perfor- 

cometers are used to measure liquids, / mance, and environmental The 

I slurries, pastes, creams, gels, chemicals, 30-minute video presents the findings of 

foods, printing inks, paints, oils, cosmet- the comprehensive research pro- 
gram on the environmental attributes of 

I ics, etc. plastic drums, as well as the performance 
Circle No.47 on Reader Service Card , of drums made with recycled content. 

Circle No. 43 on Reader Service Card Circle No. 52 on Reader Service Card 
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I' information on, and mail it-postage paid! 
I1 

1; Reader Service Card 
11 July 1997 Issue 
I 1, Your Company 
I (Check One Block) ( h4 1 Manufac+uren of Points. 

Varnishes. Lacquers. Printing 11 Ink, Sedants Adhesives 
I BB U Manufacturers of Raw 1, Materiab 

1, CC J Manufacturers of Equipment 
and Containers 

I DD J Soles Agents for Raw II Materials and Equipment I l  EE 1 Government Agency 
FF 1 Research/Testing/Consuiting 

11 GG 3 Educational Institution1 
11 Library 11 HH 3 Paint Consumer 
, JJ 1 Other 

1 Your Posiion 
I (Check One lock) 
'I KK 1 MonagementlAdm, 

LL n Mfg. &Engineering I' MM 1 Quolty Control 
1' NN 1 Research & Deveio~ment 

Name 
Company 

'I PP 1 lechnical sales ~er,~ce Address 
1 QQ 1 Soles & Morketing I RR 1 Consulant City State-Zip - 1' SS 1 Educator/Student/Librorian 
I r( 1 Other 
I1 

Phone FAX 

I8 

1; 
Circle the numbers of the items you would like more 

I1 information on, and mail it-postage paid! 

I 

I' Reader Service Card I' July 1997 lssue 
II 
I Your Company 1 (Check One Block) 1, AA J Manufacturers of Paints. 

Varnishes. Lacquers. Printing 
Inks, Sealants, Adhesives I/ 98 2 Manufacturersof Row 
Materials I' CC 7 Manufacturers of Equipment 
and Container! I; DD O Sales Agentsfor Row 
Materials and Equipment I) EE 1 Government Agency 

FF 3 Research/Testing/ConsuIting 
GG 1 Educational lnstlution, 

Library I: HH n Paint Consumer 

I l  JJ 
1 Other 

1: Your Posiiion 
(Check One lock) I KK 1 MonagementlAdm. 
LL 1 Mfg. & Engineering 1, MM 7 Quality Control ' NN 1 Research & Development 

(I PP 1 Technical Sales Serv~ce 

RR 1 ConsuRont 

Name 
Company 
Address 
City State-Zip - 
Phone FAX 



BUSINESS REPLY MAlL 
FIRST CLASS PERMIT NO. 12522 CHICAGO, ILLINOIS 

POSTAGE WlLL BE PAlD BY ADDRESSEE 

Journal of Coatings Technology 
Reader Service Center 
650 S, Clark St, 
Chicago, 11 60605-9960 

NO POSTAGE 
NECESSARY 

IF MAILED 
IN THE 

BUSINESS REPLY MAlL 
I FIRST CLASS PERMIT NO. 12522 CHICAGO, ILLINOIS I 
I I 

POSTAGE WlLL BE PAlD BY ADDRESSEE 

NO POSTAGE 
NECESSARY 

IF MAILED 
IN THE 

UNITED STATES 

Journal of Coatings Technology 
Reader Service Center 
650 S, Clark St, 
Chicago, 11 60605-9960 



Your C2reer 
The Federation's Series on Coatings Technology 

Has the Facts to Make You Succeed 
The Federation of Societies for Coatings Technology gives you the tools you need to enhance your career 

with its Series on Coatings Technology, an innovative series of booklets on various phases of coatings technology 
and manufacturing. Each booklet is authored by a coatings expert, and thousands of copies have been sold 

to coatings manufacturers, chemists, suppliers and students worldwide. 

From the Introduction to Coatings Technology and Film Formation to Corrosion Protection and Coatings 
Film Defects, each booklet in the ever-expanding series provides an authoritative and comprehensive insight 

into an important industry subject - information vital to you in today's changing environment. 
For coatings professionals, the Series on Coatings Technology is just a phone call away. 

A Must for Every Reference Library, Perfect for Educating Sales Representatives 
Complete sets of the Series can be used as reference tools for any laboratory or library. 

Many are also useful for sales representatives - teaching them more about various 
aspects of the industry and its products. 

Make Your Move - Start Building Your Career One Volume at a Time 
To order single booklets or the complete Series, call today to place your order. 

(610) 940-0777 
All Federation members receive special member discount pricing! 

I 

Federation of Societies for 
Coatings Technology 

492 Norristown Road, Blue Bell, PA, 19422-2350 
(610) 940-0777, Fax (610) 940-0292 

Circle No. 10 on the Reader Sewice Card 
t E 



rbl:; 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) 

940-0292. Web sife: hffp://www.coatingstech.org 

(Nov. 3-5)-ICE '97-FSCT Annual Meeting and International Coat- 
ings Expo and Technology Conference (Formerly Annual Meeting and 
Paint Industries' Show). Georgia World Congress Center, Atlanta, GA. 

1998 
(Oct. 14-16)-ICE '98-FSCT Annual Meeting and International 

Coatings Expo and Technology Conference (Formerly Annual Meet- 
ing and Paint Industries' Show). Ernest N. Morial Convention Center, 
New Orleans, LA. 

(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). 

. , , 

f r o m  S a r t o m e r  

1 M-Cure" Resins 1 ~ 
Upgrade the performance properties of 

two-part Adhesives. Sealants, and Coatings 

SARTOMER 

11-Cure resins are acvlate-hased monomers 
\vhicli :Ire used as hoth reactive diluents :and 
modifiers hr two-part amine-cured coatings. 
adhesives, and sealants. Conventional amine 
curntives re:tct \\.it11 the acvlate monomers 
via 1lichael addition to niiord tough, cross- 
linked thernioset polymers. \\'hen ,\I-Cure 
resins are hletided \\.it11 conventional epoxy 
resins such as I)ikl!.cidyl Ether of Bisphenol .\. 
the iolloring pnbpcrties are obtained: 

*Viscosity reduction \vithout a loss in 
reacti\-ity 

*Lea temperature curing with reduced 
amine hlttsh 

*Improved \vettint :~nd npid tack-free 
cure of thin films 

Tq 11-Cure resins in your application. 

Call for s:tmples or teclitiicnl assistance. 
1-800-S.\RTO>IER (1.800-i?i-$663) 
0 1991SIRTOMER Company k a member olToIa1 group 
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(Feb. 18-20)-25th Annual International Waterborne, High-Sol- I 

ids, and Powder Coatings Symposium. Sponsored by the Southern 
Society and The University of Southern Mississippi (USM). New 
Orleans, LA. (Robson F. Storey or Shelby F. Thames, Co-Organizers, 
WHS&PC Symposium, Dept. of Polymer Science, USM, Box 10076, 
Hattiesburg, MS 39406-0076). 

(May 11-14)-Eastem 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). 

OTHER ORGANIZATIONS 

1997-North America 

(Aug. 11-13)-"International Symposium on Polymer Analysis 
and Characterization (ISPAC-10)." (Stephen T. Balke, Dept. of Chemi- 
cal Engineering and Applied Chemistry, University of Toronto, 
Toronto, Ontario, Canada M5S 1A4). 

(Aug. 1 I-15)-AVS National Short Course Program. Sponsored by 
American Vacuum Society (AVS). Chdteau Laurier Hotel, Ottawa, 
Canada. (AVS, 120 Wall St., 32nd FI., New York, NY 10005). 

(Aug. 7-8)-"Spectroscopy Instru- 

(Sept. 2-4)-"Correctly Applying SPC Tools in Laboratory and 
Continuous Flow & Batch Processes." Sponsored by Oklahoma State 
University Engineering Extension. Tulsa, OK. (George Collington, 
Oklahoma State University Engineering Extension, 512 Engineering 
North, Stillwater, OK 74078). 

Y 

(Sept. 4-5)-"Engineering and Construction Contracting Confer- 
ence." Sponsored by the American Institute of Chemical Engineers 
(AIChE). Sheraton Harbor Island, San Diego, CA. (AIChE, 345 E. 47th 
St., New York, NY 10017). 

mentation and Application Seminars." 
Sponsored by Labsphere, Inc. North 
Sutton, NH. (Labsphere, Inc., P.O. Box 70, Shaker St., North Sutton, 
NH 03260). 

(Sept. 8-12)-"BasicComposition of Coatings." Short course spon- 
sored by University of Missouri-Rolla (UMR), Rolla, MO. (UMR Coat- 
ings Institute, 236 Schrenk Hall, 1870 Miner Circle, Rolla, MO 65409). 

(Sept. 9-11)-"Industry-On-CampusTour." Sponsored by The Ad- 
hesive and Sealant Council, Inc. Virginia Tech, Blacksburg, VA. (The 
Adhesive and Sealant Council, Inc., 1627 K St., N.W., Ste. 1000, Wash- 
ington, D.C. 20006). 

(Sept. 10-11)-Sixth Annual Advanced Radiation (UV/EB) Cur- 
ing MarketingITechnology Seminar. Sponsored by Armbruster As- 
sociates, Inc. Marriott Hotel, Newark Airport, Newark, NJ. (David C. 
Armbruster, Armbruster Associates Inc., 43 Stockton Rd., Summit, NJ 
07901). 

(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). 

(Sept.14-15)-Inter-Society Color Council (ISCC) Annual Meeting. 
Marriott Inner Harbor, Baltimore, MD. (Robert T. Marcus, ISCC 
Publicity Chairman, D&S Plastics International, 100 S. Mitchell Rd., 
Mansfield, TX 76063). 

(Sept. 14-18)-Third Annual ASM Surface Engineering Sympo- 
sium. Sponsored by The Materials Information Society. Indianapolis, 
IN. (ASM Member Services Center, Materials Park, OH 44073-0002). 

(Sept. 14-19)-"A Systems Approach to Service Life Prediction of 
Organic Coatings." The Village at Breckenridge, Breckenridge, CO. 
(Jonathan W. Martin, NIST, Bldg. 226, Rm. 8350, Gaithersburg, MD 
20899). 

(Sept. 15-17)-"Fine Powder Processing." Sponsored by The Par- 
ticulate Materials Center of The Pennsylvania State University in 



cooperation with Hosokawa Micron Powder Systems. Pem State 
Scanticon Hotel and Conference Center, State College, PA. (Particu- 
late Materials Center, 147 Research Bldg. W., University Park, PA 
16802-6809). 

(Sept. 22-25)-"Safety in Ammonia Plants and Related Facilities." 
Sponsored by the American Institute of Chemical Engineers (AIChE). 
Fairmont Hotel, San Francisco, CA. (AIChE, 345 E. 47th St., New 
York, NY 10017). 

(Sept. 22-26)-"Introduction to Paint Formulation." Short course 
sponsored by University of Missouri-Rolla (UMR), Rolla, MO. (UMR 
Coatings Institute, 1870 Miner Circle, Rolla, MO 65409). 

(Sept. 23-25)-"Greensboro '97 Advanced Productivity Exposi- 
tion." Sponsored by Society of Manufacturing Engineers (SME). 
Greensboro Coliseum Complex, Greensboro, NC. (SME, One SME 
Dr., P.O. Box 930, Dearborn, MI 48121-0930). 

(Sept. 29-Oct. I)-"Fundamentals of Corrosion and Its Control." 
Sponsored by LaQue Corrosion Services, Wrightsville Beach, NC. 
(Sherree Darden, LaQue Center for Corrosion Technology, Inc., P.O. 
Box 656, Wrightsville Beach, NC 28480). 

(Oct. 7-9)-"ISATech/97."Sponsored by InternationalSociety for 
Measurement and Control. Anaheim, CA. (ISA, 67 Alexander Dr., 
P.O. Box 12277, Research Triangle Park, NC 27709). 

(Oct. 7-9)-Powder Coating '97. Sponsored by The Powder Coat- 
ing Institute. Charlotte Convention Center, Charlotte, NC. (Vicki 
Thatcher, Conference Coordinator, P.O. Box 54464, Cincinnati, OH 
45254). 

(Oct. 14-16)-17th Aerospace Testing Seminar. Sponsored by the 
Institute of Environmental Sciences and The Aerospace Corp. Los 
Angeles, CA. (Institute of Environmental Sciences, 940 E. Northwest 
Hwy., Mount Prospect, IL 60056). 

(Oct. 16-17)-"Spectroscopy Instrumentation and Application 
Seminars." Sponsored by Labsphere, Inc. North Sutton, NH. 
(Labsphere, Inc., P.O. Box 70, Shaker St., North Sutton, NH 03260). 

(Oct. 21-23)-"Cleveland '97 Advanced Productivity Exposition 
(APEX)." Sponsored by Society for Manufacturing Engineers (SME). 
I-X Center, Cleveland, OH. (SME, One SME Dr., P.O. Box 930, 
Dearbom, MI 48121-0930). 

(Oct. 22-24)-"Spray Finishing Technology Workshop." Sponsored 
by Bowling Green State University and ITW DeVilbiss. ITW DeVilbis 
Training Center, Maurnee, OH. (Richard A. Kruppa, Dept. of Tech- 
nology Systems, College of Technology, Bowling Green, OH 43403- 
0301). 

(Oct. 24-25)-"Fall Decor '97: Paint & Decorating Show." Spon- 
sored by the National Decorating Products Association (NDPA). 
Cervantes Convention Center, St. Louis, MO. (Teri Flotron, NDPA, 
1050 N. Lindbergh Blvd., St. Louis, MO 63132-2994). 

(Oct. 26-29)-Fall Convention. Sponsored by The Adhesive and 
Sealant Council, Inc. Hyatt Regency Dearborn, Dearbom, MI. (The 
Adhesive and Sealant Council, Inc., 1627 K St., N.W., Ste. 1000, Wash- 
ington, D.C. 20006). 

(Oct. 26-29)-"Adhesive Short Course IL" Sponsored by The Ad- 
hesive and Sealant Council, Inc. Hyatt Regency Dearborn, Dearbom, 
MI. (The Adhesive and Sealant Council, Inc., 1627 K St., N.W., Ste. 
1000, Washington, D.C. 20006). 

(Oct. 26-29)-"End Use Applications Short Course." Sponsored by 
The Adhesive and Sealant Council, Inc. Hyatt Regency Dearborn, 
Dearbom, MI. (The Adhesive and Sealant Council, Inc., 1627 K St., 
N.W., Ste. 1000, Washington, D.C. 20006). 

(Nov. 2-4)-110th Annual Meeting and Industry Leadership Con- 
ference of the National Paint and Coatings Association (NPCA). At- 
lanta Hilton and Towers, Atlanta, GA. (NPCA, 1500 Rhode Island 
Ave., N.W., Washington, D.C. 20005-5597; (202) 462-6272). 

(Nov. 3-5)-ICE '97-FSCT Annual Meeting and International 
Coatings Expo and Technology Conference (Formerly Annual Meet- 
ing and Paint Industries' Show). Georgia World Congress Center, 
Atlanta, GA. (Federation of Societies for Coatings Technology, 492 
Norristown Rd., Blue Bell, PA 19422 (610) 940-0777, FAX: (610) 940- 
0292. Web site: http://www.coatingstech.org). 

(Nov. 6-8)-Second North American Research Conference on Emul- 
sion Polymers/Polymer Colloids. Sponsored by the State University 

of New York. Hilton Head Island, SC. (Angelos V. Patsis, Institute of 
Materials Science, State University of New York, New Paltz, NY 
12561). 

(Nov. 12)-"Effects of Surface Finish on Corrosion Testing." Spon- 
sored by the American Society for Testing and Materials (ASTM). San 
Diego, CA. (ASTM, 100 Barr Harbor Dr., West Conshohocken, PA 
19428-2959). 

(Nov. 15-17)-1997 Fluid Controls Institute Annual Meeting. 
LeMeridien, Boston, MA. (Fluid Controls Institute, Inc., 1300 Sumner 
Ave., Cleveland, OH 44115-2851). 

(Nov. 17-20)-ICALEO '97. Sponsored by The Laser Institute of 
America. Catamaran Resort Hotel, San Diego, CA. (Laser Institute of 
America, 12424 Research Pkwy., Ste. 125, Orlando, FL 32826). 

(Dec. 8-10)-Electroless Nickel '97. Sponsored by Products Finish- 
ing Magazine. Hyatt Regency, Cincinnati, OH. (Cindy Goodridge, 
Gardner Management Services, 6915 Valley Ave., Cincinnati, OH 
45244-30291. 

1998-North America 
(Jan 13)-PC1 TechnicalSubcommittee on Test Methods and ASTM 

D01.51 on Powder Coatings. Sponsored by the American Society for 
Testing and Materials. Sheraton Harbor Island Hotel, San Diego, CA. 
(Jeffrey Hagerlin, O'Brien Powder Products, 9800 Genard Rd., Hous- 
ton, TX 77041). 

(Jan. 14-17)-"Winter Leadership Conference." Sponsored by The 
Adhesive and Sealant Council, Inc. The Registry, Naples, FL. (The 
Adhesive and Sealant Council, Inc., 1627 KSt., N.W., Ste. 1000, Wash- 
ington, D.C. 20006). 

(Jan. 20-23)-"EnvironmentaIly Compliant Coatings." Course spon- 
sored by The Department of Polymers and Coatings, North Dakota 
State University. Crowne Plaza Resort, HiltonHead Island, SC. (Debbie 
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Shasky, Program Coordinator, North Dakota State University, Dept. 
of Polymers and Coatings, 54 Dunbar Hall, Fargo, ND 58105). 

(Feb. 22-24)-"Color and Design: 21st Century Technology and 
Creativity." Williamsburg Conference sponsored by the Inter-Society 
Color Council. Williamsburg, VA. (Robert T. Marcus, ISCC Publicity 
Chairman, D&S Plastics International, 100 S. Mitchell Rd., Mansfield, 
TX 76063). 

(Feb. 23-25)-"Basic Coatings for Sales, Marketing, and General 
Personnel." Short course sponsored by University of Missouri-Rolla 
(UMR), Rolla, MO. (UMR Coatings Institute, 236 Schrenk Hall, 1870 
Miner Circle, Rolla, MO 65409). 

(Mar. 8-12)-AIChE Spring National MeetingIPetrochem and 
Technochem '98." Sponsored by the American Institute of Chemical 
Engineers (AIChE). Sheraton New Orleans, New Orleans, LA. (AIChE, 
345 E. 47th St., New York, NY 10017). 

(Mar. 22-25)-Spring Convention. Sponsored by The Adhesive 
and Sealant Council, lnc. Buena VistaPalace, Orlando, FL. (The Adhe- 
sive and Sealant Council, Inc., 1627 K St., N.W., Ste. 1000, Washing- 
ton, D.C. 20006). 

(Mar. 23-27)-"Basic Composition of Coatings." Short course spon- 
sored by University of Missouri-Rolla (UMR), Rolla, MO. (UMRCoat- 
ings Institute, 236 Schrenk Hall, 1870 Miner Circle, Rolla, MO 65409). 

(Mar. 24-26)-"Silicone in Coatings 11." Sponsored by The Paint 
Research Association. Disney World Village, Orlando, FL. (Dip 
Dasgupta, Paint Research Association, 8 Waldegrave Rd., Teddington, 
Middlesex TWll8LD United Kingdom). 

(Apr. 20-24)-"Introduction to Paint Formulation." Short course 
sponsored by University of Missouri-Rolla (UMR), Rolla, MO. (UMR 
Coatings Institute, 1870 Miner Circle, Rolla, MO 65409). 

(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). 

(May 17-20)-1998 Fluid Controls Institute Annual Meeting. The 
Cloister, Sea Island, GA. (Fluid Controls Institute, Inc., 1300 Summer 
Ave., Cleveland, OH 44115-2851). 

... ... (Oct. 22-24)-"New Develop- 'Cl('! ments in Colour Material Sci- 
'., ,. .. ence and Technology." 70th 

Anniversary Conference on 
Colour Materials Tokyo sponsored 
by the Japan Society of Colour Mate- 
rial. 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). 

(Nov. 35)--Chinacoat '97. Sponsored by Paint & Coatings Chemi- 
cal Industry Research Institute of the Ministry of Chemical Industry 
and Paint & Coatings Industry General Information Station of the 
Ministry of Chemical Industry. Shanghai International Exhibition 
Centre, Shanghai, PR. China. (Sinostar International Ltd., Unit 1501, 
Connaught Commercial Bldg., 185 Wanchai Rd., Wanchai, Hong 
Kong). 

(Nov. 27-29)-Second International Paint, Varnish, Ink and Auxil- 
iary Products Industry Conference and Exhibit. Sponsored by Union 
of Chambers of Turkish Engineers and Architects (UCTEA). Istanbul 
Convention and Exhibition Center, Istanbul, Turkey. (Dr. Mehmet 
Konuray, Ferit Tek Sok. No:20/5, Moda 81010 Kadikoy/Istanbul). 

1998-Africa 
.,,. (Mar. 6-8)-"Coatings for Af- 

rlca '98." Sponsored by The :.p:i 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). 

.,.".,.. (July 29-Aug. 1)-"Coatings 
for the Future." Second Trans '(El: Tasman Surface Coatings 

Conference. Co-sponsored by Surface 
Coatings Association, New Zealand, 
Inc., and Surface Coatings Associa- 
tion, Australia, Inc. The Carlton Ho- 
tel, Auckland, New Zealand. (98 Transtas Conference, P.O. Box 5192, 
Wellesley St., Auckland, New Zealand). 

(Aug. 18-22)-"Advances in 
Emulsion Polymerization and Latex 
Technology." Short course co-spon- 
sored by the Emulsion Polymers In- 
stitute, Lehigh University and Geor- 
gia Institute of Technology. Berghotel 
Schatzalp, Davos, Switzerland. (F. Joseph Schork, School of Chemical 
Engineering, Georgia Institute of Technology, Atlanta, GA 30332- 
0100). 

(Sept.15-17)-"PP '97." Sponsored by Maack Business Services. 
Zurich, Switzerland. (Maack Business Services, Moosacherstrasse 14, 
CH-8804 AUIZurich, Switzerland). 

(Sept. 17-19)-"Crystal Growth of Organic Materials." Sponsored 
by University of Bremen. Bremen, Germany. (Dr. J. Ulrich, University 
of Bremen, VerfahrenstechniklFB4, Postfach 330440, D-28334 Bremen, 
Germany). 

(Sept. 23-25)-"Eurocoat '97" Organized by the Union of Associa- 
tions. Parc des Expositions, Lyons-Eurexpo. (AFTPVA, 5, Rue Etex- 
75018 Paris, France). 

(Sept. 23-25)-"High Temperature Surface Engineering." Confer- 
ence sponsored by The Institute of Materials. Edinburgh Conference 
Centre, Edinburgh, Scotland. (Lisa Davies (C712), The Conference 
Dept., The Institute of Materials, 1 Carlton House Terrace, London, 
SWlY 5DB, United Kingdom). 

(Oct. 13-14)-"Co-Mold '97." Sponsored by Maack Business Ser- 
vices. Zurich, Switzerland. (Maack Business Services, Moosacherstrasse 
14, CH-8804 AUIZurich, Switzerland). 

(Oct. 16-18)-"Polveri '97."Sponsored by ANVER (National Coat- 
ing Association). Veronafiere, World Trade Center, Verona, Italy. 
(ANVER Palazzo Larice, Edifico M, Via Torri Bianche, 3, 20059 
Vimercate MI). 

(Oct. 27-29)-"Coating, Inks, and Adhesives for Plastics and Elas- 
tomers." Sponsored by The Paint Research Association. Milan, Italy. 
(Dip Dasgupta, Paint Research Association, 8 Waldegrave Rd., 
Teddington, Middlesex TWll8LD United Kingdom). 

(Nov. 3-5)-"PET '97." Sponsored by Maack Business Services. 
Zurich, Switzerland. (Maack Business Services, Moosacherstrasse 14, 
CH-8804 AUIZurich, Switzerland). 

(Dec. 1-3)-"SP '97." Sponsored by Maack Business Services. 
Zurich, Switzerland. (Maack Business Services, Moosacherstrasse 14, 
CH-8804 AUIZurich, Switzerland). 

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 Convenq3es do Anhembi, SBo 
Paulo, Brazil. (Congress Organization 
Secretariat, Especifica SIC Ltda., Rua Augusta, 2516-2' andar-cj. 22, 
01412-100-S2o Paulo, SP-Brazil). 

(Oct. 6-9FLatin-American Interfinish." Hotel Transamerica's 
Convention Center, Slo Paulo, Brazil. (Associa~lo 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 COATINGSTECHNOLOGY, 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. Box numbers available. Replies forwarded by 
ordinary mail at no extra charge. Copy will be set as submitted. Not subject to agency commission. 

Surplus laboratory and plant equipment. 
One item or the whole lab or plant. 

Call us or fax your list. 
Turn those idle assets into cash! 

WESTERN EQUIPMENT CO. 
981 66th Avenue 

Oakland, CA 94621 
(51 0) 638-2774 Fax: (51 0) 632-5928 

Dispersers, Media Mills, Mixers, Ribbon Blenders, 
Ball & Pebble Mills, Reactors, Fillers & Labelers, 

Stainless Steel Storage & Batch Tanks 

Call with your list of Surplus Equipment! 

SOUTHWEST PROCESS EQUIPMENT, INC. 

Phone: (71 3) 223-1 238 Fax: (71 3) 225-1 942 

Senior Coatings Chemist 
Small high technology venture in the San 
Francisco Bay area is seeking a chemist 
to take the lead role in formulating and 
testing specializedarchitectural coatings. 
Thorough understanding of the chemis- 
try of coatings and paints, and afamiliar- 
ity with polymer chemistry and physics, 
dispersion science, and the chemical 
physics of bonding and stresses in films 
are required. The successful candidate 
will likely have five or more years of 
proven experience. Send resume to 
Lightstream Photocatalytic, I31 1 Harbor 
Bay Parkway, Ste. 1000, Alameda, CA 
94502; Attn: Project Manager. 

Reprints 
Reprints of articles appearing 
in the JCT are available in 
quantities of 100 to 25,000. 

To order reprints, call the 
Reprint Depo~rnent at (61 0) 
940-0777. 
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hank you, Carl Rabinowitz, for your warm 
and encouraging letter which included a copy 
of the column, "Some Truths About Getting 
Old Are Only Too Self Evident" which op- 

peared in the April 27th edition of the New York Times. I'm 
sure that a number of readers have seen it but it is worth 
another look. Here are some excerpts. 

"Some of the ways that people cope with that experi- 
ence (getting old] were on display recently when the 
American Association of Retired Persons invited visitors to 
its American On-line site to take part in an electronic 
bulletin board discussion called, "I Knew I Was Old 
When ..... " .  

Robert W. Stock 

-I knew I was growing old when I stopped wearing a 
girdle and high heeled shoes because I realized no one 
was looking any more. 

-An old friend said, "Gee, you're looking good." I 
realized there are three stages of life: Youth, Middle Age, 

1 and You're Looking Good." 

-When I saw a sign on the freeway which said, 
"Forgive and forget: It will odd years to your life." I said to 
my spouse, "I'm getting so good at the forgetting part I 
may live forever." 

1 -Everything I have either started leaking or dried up. 

-I he1 ed an old lady across a busy intersection and ~ she turnefout to be my wife, 

-Knew I was getting old when I started getting some 
urges and couldn't remember what they were for." 

1 -When the older I get, the better I was. 

. . . . .  
-I knew I was old when I couldn't find anyone who 

knew about Burma Shave signs. (We known that's 
not so, don't we, June Katzer.) 

ob Athey asks if you noted this in the Chemical 
and Engineering News? 

Selected Questions & Answers from Courtrooms -' 

Q. I show you exhibit 3 and ask if you recognize that 
picture? 

A. That's me. 
Q. Were you present when the picture was taken? 

0 0 v.v.O 0 0 

W erner Schmeisky translated the following from 
a German magazine and sent it to us from 
Ontario. 

- "A farmer bought a Mercedes. When he 
was presented with the bill, he became quite upset when 
he noted thot it contained a long list of standard compo- 
nents and their separate prices, as well as a few extra high 
priced accessories. 

By coincidence, a member of the Mercedes Board of 
I Directors lived on a neighboring farm and came to the 
I farmer to bu a cow. When the deal was concluded, the 

farmer's bill l a d  a familiar list. 
' 

One cow standard edition ............................ 6,800.00 
Two-tone special styling (black & white] ............. 300.00 
Genuine leather cowhide covers ....................... 600.00 
Four built-in spigots for standard or 

automatic operation .................................. 150.00 
Two durable, weather resistant bumpers 

fine horn quality ...................................... 600.00 
Fly swatter, semi-automatic ............................... 125.00 
Dual fertilizer dispensers ............................... 350.00 
Multi-tone signal system ............................... 250.00 
Multichoice fuel operation ............................ 2.500.00 

Total cow with accessories .......................... 1 1,675.00 
Price does not include delivery and dealer preparation. 

nd Mawin Schnall is responsible for sending 
me another set of "actual events." This time it's 
an insurance accident report: 

-Coming home I drove into the wrong house and 
collided with a tree I don't have. 

-The other car collided with mine without giving warn- 
ing of its intentions. 

The Salt lake Tribune claims that these have come from -A truck backed through my windshield into my wife's 
official court records nationwide: face. 

Q. Was that the same nose you broke as a child? T h e  pedestrian had no idea which way to run, so I 

Q. Were you alone or by yourself? ran over him. 

Q. How long have you been a French Canadian? -The guy was all over the road. I had to swerve a 1 number of times before l hit him. 

A. Yes. 
Q. And these stairs, did they go up also? 1 -I was thrown from the car as it left the road. I was 

later found in a ditch by some stray cows. 
Q. Have you lived in this town all your life? 

Q. Now, Mrs. Johnson, how was your first marriage 
' 

A. Not yet. 

Q. Do you have any children or anything of that kind? 

terminated? 
A. By death. 

Q. You say that the stairs went down to the basement? 

-Herb Hillman, Humbug's Nest, 
P.O. Box 135, Whitingham, VT 0536 1. 

-I though my window was down but I found out thot it 
was up when I put my head through it. 

-I saw a slow moving, sad faced old man as he 
bounced off the roof of my car. 

1 . - 
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SER-AD" \DDITIVES FOR WATERBORNES 

1 Recommended for Leading Formulators and 
Environmentally Concerned Companies 

SER-ADTM coatings additives were developed to be 
nature-friendly, much as the waterborne coatings 
in which they're used. When you formulate wih 
these SER-AD products, you will improve finish 
qualiiy and address issues such as odor, VOCs 
and harmful compounds. 

, SER-AD FA 379 i s  the nitrite-free solution to 
flash rusting. This anti-corrosive additive forms a 
monomolecular barrier to protect the metal surface 
from water and improve coating adhesion. 
Effective during manufacturing, storage and 

, application, SER-AD FA 379 permanently inhibits 

corrosion, long after the coating has dried. 

SER-AD FX 1070, a VOC-free, unique PUR 
thickener, increases high-shear viscosiv to provide 
improved brushing characteristics and higher film 
build for a better coating appearance. 

SER-AD FX 51 1, a low-odor coalescing agent 
that promotes h e  formation of continuous films in 
a broad range of water-reducible resins, stays in 
h e  coating longer to help prevent cracking. 

SER-AD Additives for Waterborne Formulations. 
Think of them as Mother Nature's assistants for 
your toughest formulation problems. 

H ~ ~ L S  AMERICA INC 

Coatings Raw Materials 
220 Davidson Ave. 
Somerset, New Jersey 08873 
(800) FOR-HULS (367-4857) 
Fax (732) 560-6355 

In Canada: (905) 451 -381 0 \ In Mexico: (52-5) 536-4646 

For other countries: 
SERVO-DELDEN B.V. 
+31 (0) 74 377 5343 

H ~ ~ L S  AMERICA INC. 
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Crosslinked cures for the common coating 
So, you've got a coating that's Explore our world of problem- fail. So, call for technical 
under the wea.~er. Or need a cure solving crosslinkable products and information or assistance. 

\ &  

for low temperatures. You want a additives-from acrylic monomers Sartomer and Gray Valley . - .  
stronger grip on metal, plastic, and oligomers to hydrocarbon (our European-based 
wood, glass, rubber, or concret'e resins and W photoinitiators. sister company) can 
substrates. Or abrasion resistance For instance, have you considered support you worldwide. 
has got you down. If so, we've got thermal cure crosslinked coatings? 
the new cure technologies for Or low-temperature, two-part 
the broadest formulation latitude, epoxy/amine cures? Or fast perox- 

Voun FREE 1 "New Technologies 
ide cures? Or instant UV/EB cures? That Reduce VOCs" 

3 I 

Our low-VOC two-part epoxylamine, 
'! peroxide and W/EB cure technolo- You can use our products in these -. 

gies allow you to enhance coatings new low-VOC technologies to cure Call 1-800SARTOMER 
for a wide range of substrates and coating problems where water- 502 Thomas Jones Way 
conditions. borne and solvent-based systems Exton, PA 19341 

care a 

A Publlc Comrn~tment 
Saltomer Co Inc -Member, Chern~cal Manutacfurers Assoclatlon 

SARTOMER t 
Our name means tailor-made - 

R ~ ~ p ~ l b l e  Care and hands loge are reglsletered trademarks of the Cnemlcal Manufaduren Assadat40 01997 Sanamer Company, Inc., a member of Tam1 gmup 

I 
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