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flow and leveling characteristics. It' 

a Henkel DSX Rheology Modifier. Ir 
-ddition to providing excellent flow an1 

leveling properties, improved hiding 
qualities and reduced roller sDatter are 

also achieved in latex coatings: 

Henkel's rheology modification technology i 
~roducing new compounds for wider applica 
In in the coatings market. Our new associatiw 

thickeners have overcome limitations found in 
latex coatings. We offer the most extensive line of 
dditives that help the paint and coatings indus- 

,,, manufacture better coatings of all kinds. 

With our worldwide network of research and de- 
velopment facilities, we are now developing new 

innovative additives for the future, when high solids 
and water-based products will be emphasized more. 

Our technical representatives, located near you, are 
ready to work with you. They are specialists in 

the coatings and inks industry. They can apply the:- 
expertise to help you seize the opportunities in your 

, marketplacs and solve any problems you may have. 
We are Henkel, Specialists in Applied Chemis- 

try. using our global strengths to work for you. 
A 

. , 
ikel Corporation , , 

uww Brookide Avenue 
Ambler, PA 19002 

d00-445-2207 
In Canada 416-542-7550 
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Revised and updated edition of this manual (previously titled "Exposure Standards Manual") has been
compiled in conjunction with the American Society for Testing and Materials, and includes definition,
description, and photographic standards for each of the following defects: Adhesion ; Blistering; Chalk
ing; Checking ; Cracking ; Erosion; Filiform Corrosion ; Flaking ; Mildew; Print: Rust ; Traffic Paint Abra
sion and Chipping.

Also included is reference information on supplementary standards, along with sample record sheets
for compiling exposure data.

Bound in handsome 10" x 11 '!z" x 1'!z" three-ring, vinyl-covered binder which readily accommodates
additional material as it is developed.

Complete manual . . . $100
Individual Standards . .. $3 each , plus $3 for each photograph

Record Sheets (pad of 100 sheets) ... $3.50

Please make all checks payable in U.S. funds.
' Pennsylvania residents add 6% sales tax.

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

Federation of Societies for Coatings Technology



F No compromise on claritv 

ACTIV-8 has always been one of the most cost 
effective ingredients for accelerating and stabiliz- 
ing the drying time of paints and finishes. 

Now, we have made it even better through 
our new distillation process. The result is a lighter, 
more pure product which allows for brighter, 
cleaner pigmented paints and clearer trans- 
parent finishes. 

New ACTIV-8 works well in water reducible, 
high solids and solvent-thinned coatings. It can 
be used with both manganese and cobalt, and is 
suitable for primers, finished coatings, air-dried 
or force-dried. 

For a sample and technical data contact 
R.T. Vanderbilt Company, Inc., Paint Dept., 
30 Winfield Street, P.O. Box 5150, Norwalk, 
CT 06856-5150. Tel: (203) 853-1400 Fax: (203) 
853-1452. 

@ R. T. Vanderbilt Company, Inc. 
INDUSTRIALMINERALS AND CHEMICALS 



i3 NUM BER 800 

Technical Articles 53 ~tfects of ~c id i c  Deposition on painted wood: A Revlew- 
R.S. Williams 

75 A Study of Thlxotroplc Flow Behavior of Alkyd Solutions-- 
A Kastanek and K. Hajek 

83 Use of Methyiolated Abietic Acid and ~oluene Diisocyanate in 
the Modification of Trigiyceride Oils-AZ Erciyes, O.S. 
Kabasakal, and FS. Erkal 

89 New Horizons in Coatings Technology: 1990-R.B. Seymour 

Federation News I6  ~ourth Edition of Infrared Atlas Published 
Rosemary Falvey Retires from Federation Staff 

26 1991 Annual Meeting Preliminary Program 
37 Current 1991 Paint Show Exhibitors 
42 Annual Meeting and Paint Show Highlights 
44 Paint Show Floor Plan 
49 Advance Registration Form 

Departments 
Comment 
Abstracts 

Spanish Abstracts 
Government & Industry 

Pacific Northwest 
Paintmaking 

Regulatory UPDATE 
Society Meetings 

People 
Obituary 

MeetingsIEducation 
Book Review 

CrossLin ks 
Literature 

Coming Events 
Humbug from Hillman 

Pride Goeth Before ?? 

Sam Donaidson and Robert Fulghum to Be Speakers at 
NPCA Annual Meeting 

Philadelphia Society's Carl Fuller Returns from ~rgentlnb 
Los Angeles Society Member Trevellyan Whittington 
Cleveland Society's 34th Technical Conference Held on June 6 
Radiation Curing of Polymeric Materials and Phthalocyanine 
Research and Applications 
Solution to August's Puzzle 

"Stress and Why Learn to Love It" 

VBPA ME. 
k i t  

se 
Sew 

Sul 
7 wu 

9 B l  by FEDERATION OF SOClmES FOR COATINGS TECHNOLOGY 
IOUMUAL OF COATlNGS ECHNOLOGY (ISN 0361-87733 b published rnonthv by the Federdlon of 
3ties for Coatings Technology, 492 Norristown Rd. Blue Bell. PA 19422 Phone: (215) 940-0777. 
cond class postage paid at Blue Bell PA ond d additional mailing offices POSTMASTER: 
I address changes to JOURNAL OF COATINGS TECHNOLOGY 492 Norristown ~d Blue PA 19422 
krlptions: U.S. and Canada--1 year, $30; 2 years $57: 3 ykrs  $82. Europe [Air Mail)-I year, $6d; 
1% $117; 3 years $172. Omer Countries--1 year, $45; 2 years $87; 3 years $127. 







When avail1 
OF COATING 
for current cal 

U.S. 
Can 

. . . . .  $3C 

. . . . .  S5i 

. . . . .  $8; 

DOZER 

Publlutlc 
THOMAS J M 

T T ~ I  I 

IUU P.L 
JR. P.R. G 
\U C. k 
I H. 
R L.1 

T. HOC 

IAL OF COATIN 
1 University Micl 

tion d Societies 
iity for the opin 

es of back issut 
Yare priced as i 
3s: $4.00 each fc 

SWf 

. . . . . . . . . . . . .  
. . . . . . . . . . . .  TE 

. . . . . . . . .  CONT 

. . . . . . . . . . . .  .A! 

ma Commitla, 
IRANDA. Chairn 

3s TECHNOLOC 
iented at the An1 
gional meetlngs 

IGS TECHNOLC 
'ofilms, a Xerox 

for Coatings Te 
ions expressed 

OGY is publish 
Inme Tarhnnlnm 

are: 

Other 
) Countrim 

$ 45.00 
$ 87.00 
$127.00 

?s of the JOURN 
lollows. $3.00 e i  
)r all other issue! 

MANAG 

ian 

;Y has first rights 
nuai Meeting of I 
01 the Federatio 

IGY is available 
Co., Ann Arbor. 

chnology assun 
by authors in t 

\ 
JOUR~RL 

FEDERATION OF SOCIETIES 

COFITIflG! 
FOR COATINGS TECHNOLOGY 

TECHflOb 
BOARD OF DIRECTORS 

1990-91 

492 Norristown Rd., Blue Bel 
PRESIDENT LOUIS F. HOLZKNECHT 

The JOURNAL OF COATINGS TECHNOL 'KURT F. WElTZ Devoe Coatings Co. 
mnthly by the Federation of Societies for Coat ...,, .--....,.-,, 30 Rogers Rd. Louisville. KY 
492 Norristown Rd.. Blue Bell, PA 19422-2350. Phone: (215) 9, Toronto. Ont.. M6E 1N7 
0777. FAX: (215) 940-0292 Canada NORMAN A. HON 

Annual dues for Act~ve and Associate Members of the Feder- Cook Paint & Varnish Co. 
ation of Societies for Coatings Technology is $20.00. 01 this PRESIDENT-ELECT 

'WILLIAM F. HOLMES 
Kansas City. MO 

amount. $13.50 is allocated to a rnembersh~p subscript~on to this 
publication. Membership In the Federation IS obtained through National Plgments & Chemicals. Inc. 
prlor affiliation with, and payment of dues to, oneot 11s 26 Constitu- 2913 Rldgedale JAMES E, HUSTED 

ent Societies. Nonmember subscr~ption rates Garland. TX 75041 Husted &Associates, Inc. 
High Polnt. NC 

and Europe 
lada (Air Mall 

TREASURER 
'COLIN D. PENNY 

ARTURO ITA 
j00 $ 60.00 Hampton Pa~nt Mfg. Co. 

BASF Pinturas B Tintas. S.A. 
.OO $117.00 P.O. Drawer E 

Mexim, D.F.. Mexim 
o n ~ a r a . . . . .  !.OO $172.00 Harnpton. VA 23669 GERALD IVANCIE 

acne, strly~a copi AL 
Pran & Lambert. Inc. 

S TECHNOLOG' e h  
'JOHN C. BALLARD Buffalo. NY 

endar year issue 
Burgess Pigment Co. 
Louisville, KY JAMES W. JUDLIN 

Devoe & Raynolds Co.. lnc. 
LARRY BRANDENBURGER Houston. TX 

. . . . .  ROBERT F. ZIEGLER . . . . . . .  .PUBLISHER Valspar Corp. 
PATRICIA D. VIOLA.. . . . . . . .  . . . . . . . . . .  EDITOR Minneapolis. MN BERGER JUSTEN 
THOMAS J. MIRANDA.. . . . . .  iCHNlCAL EDITOR Ribelin Sales. Inc. 
THOMAS A. KOCIS.. . . . . . . .  RlBUTlNG EDITOR THAD T. BROOME Tampa. FL 
SAMUEL M. AMICONE.. . . . .  3SOCIATE EDITOR J.M. Huber Co. 
KATHLEEN WIKIERA.. . . . . . .  SSISTANT EDITOR Macon. GA WAYNE KRAUS 

LORRAINE LEDFORD.. . . .  ADVERTIS!NGSERVlCES MANAGLO Aqualon Co. 

AUDREY E. B -  ---- ION FULFILLME JOHN DELMONICO Wilmington. DE 
Old Western Paint Co.. Inc. 
Denver. CO JOHN LANNING 

Counaulds Coatings. Inc. 
DAN DlXON Louisv~lle. KY 

TAKl ANAGNI THOMAS A. KO( 
Engelhard Corp. 
Gordon. GA MAUREEN M. LElN 

DARLENE BR PERCY E. PIER1 Dav~dson Rubber Co. 
PAUL R. GUE 'ATRICIA D. VIO TIMOTHY DONLIN Dover, NH 
LOREN W. HI1 )BERT F. ZIEGL Pac~fic Coast Chemical Co. 

Berkeley. CA 
WILLIAM W. PASSENO 

RWkW Bwrd Red Spot Westland. Inc. 

THOMAS J. MIRANDA. Chairman CARLOS DORRIS Westland. Mi 

T. ANAGNOS--' ' - ' . FLOYD J.V. KOLESnt Jones-Blair Co. 
Dallas. TX 

'DERYK R. PAWSEY 
R.F. BRADY.. IUEVIN. JR. H. LOWREY Rohm 8 Haas Canada. Inc. 
A.H. BRAND! IEGEDUS P.E. PIERCE 

T PROVDER JOHN FOLKERTS 
Vancouver. B.C., Canada 

D. BREZINSK E. HILL 
G.D CHEEVE N. HILL R RYNTZ Futura Coatings. Inc. 
R.A. DICKIE KSWENDER R. STANZIOLA Hazelwood. MO HORACE S. PHlLlPP 

G.D. EDWARDS 
Ottawa. Ont.. Canada 

'JOSEPH D. GIUSTO 

The JOURNAL OF COATIN( Lenmar. Inc. LLOYD J. REINDL 

the publicat~on of papers pres Baltimore. MD Engelwood. OH 

Federation and at local and re 
Constituent Societies. 

GERRY J. GOUGH FRED G. SCHWAB 
Holden Sulfa- Coatings Ltd. Coatings Research Group. Inc. 

The JOURb on 
B~rm~ngham, England Cleveland, OH 

microfilm from MI ARTHUR K. HAGOPIAN 
48106 ICI Paints. Inc. 

WILLIAM SHACKELFORD 

The Federa ies Concord. Ont., Canada Gaco-Western. Inc. 

fm responsib~ his Tukwila, WA 

publication. NOEL L. HARRISON 
Westem Automotive Finishes zg,",:z& UHLIG 
Grand Prairie, TX 

H by the Federatian of Sociefies for CoatlngsTechnolog All 'RICHARD M. HlLLE 'JAN P. VAN ZELM 

IFI.I.-. NO portton of th~s publication rnay,be reproduced or utlked Tru-Test Manufacturing Co. Byk-Chemie USA 
in any fomor by any means, electronic or mechanoal, lncludlng photocopy- Cary. IL Castaic. CA 
ing, recordmg, or by any lnformatlon storage or retrieval system wlthout 
permisson in wrltlngfrom the publssher Authorization to phatoco y items for 
onternal or personal use. or the ~nternal or personal use of speck cltents IS RICHARD J. HIMICS 'Executive Comminee Members 

g;;~",~~;~;:,e,[;p;;;;;;~~;~;~ ~ n k ~ ~ ~ ; , p h n o l o g ~  ransact~onal for Repon- users 
Daniel Products Co. 

ing Sewice provlded that the base tee of $1 W per cop plus .25 er page Jersey City. NJ EXECUTIVE VICE PRESIDENT 

4s pald dlrkctl to CCC, 27 Congress St. Salem. ML 01970 &r those ROBERT F. ZIEGLER 
organlzattms txat have been granted a photocopy lhcense b CCC, a sepa- JAMES A. HOECK FSCT Headquarters 
rate system of payment has been arran ed The fee cade for users of the 
Transact~on Repon~ng Servlce is 0032-3852186 $1 . W  + .25. 

Akzo Coatings. Inc. 492 Norristown Rd. 
Louisville. KY Blue Bell. PA 19422 

6 Journal of Coatings Technology 



f \ 

Pride Goeth Before ?? 

The ancient Greeks had a name for it-hubris-the sin of excessive pride. Punishment 
by the gods for this transgression was swift, destructive, and, usually, eternal. Centuries 
later, Christian theology named pride as the first of the seven "deadly" sins and warned of 
excruciating tortures to be endured in the afterlife by those guilty of committing this sin. 

Therefore, it is with extremely cautious modesty that we highlight some of the features 
of the JOURNAL OF COATINGS TECHNOLOGY. 

The JCT has built its reputation presenting technical papers which focus on various 
aspects of the development, manufacture, and use of protective and decorative coatings. 
The articles by Kastanek and Hajek (beginning on page 75) and Ercixes, et a]. (on page 83), 
illustrate the solid technical information wh~ch is categorized by the JCT Editorial Review 
Board as original research. To broaden its scope and offer greater benefits to a wider 
readership, the JCT also features papers from three additional categories. 

Review articles, exemplified by the paper authored by Sam Williams (page 53), organize 
and prepare data from numerous sources to provide new insights. Papers which show how 
advances from other fields can be applied to the coatings industry are also included in this 
category. 

The "how to" of coatings technology is the focus of papers presented in the "Back to 
Basics" section featured in some issues. These articles are designed to serve as useful 
guides to readers interested in such topics as process and production, paint manufacture, 
and calculations for coatings formulation. They benefit readers by re-examining and re- . 
evaluating some of the essential fundamentals of the industry. 

In the Open Forum section of the JCT, nontechnical papers are featured. Appropriate 
topics include the presentation of problems and their solutions, as well as other aspects of 
the industry approached in an informal manner. Papers in which proprietary products or 
processes are promoted for commercial purposes are not acceptable for publication in this, 
or any other, category. 

All papers submitted to the JOURNAL for publication consideration are subject to review 
by selected members of the Editorial Review Board. This highly qualified 22-member 
committee carefully considers the merits of each submission and ranks the papers in 10 
specific areas. The category of the paper is then designated and a final decision regarding 
publication is made by the JCT Technical Editor. 

It is through this process that the JCT continues to meet the needs of its readeahip by 
providing the most up-to-date, practical and technical information. At the risk of eternal 
retribution, it is a process in which we take great pride! 

~L%LeLu&z/& 
Patricia D. Viola, 

Editor 
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EFFECTS OF ACIDIC DEPOSITION ON PAINTED WOOD: 
A REVIEW-R.S. Williams 
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la1 of Coatings Technology, 63, No. 800. 53 (Sept. 1991) 

ic deposition has captured the attention of many 
researchers during the last decade and considerable 
knowledge has been gained in many disciplines including 
forestry, limnology, atmospheric sciences, and materials 
science.The study of the degradation of materials by acid- 
ic deposition has included the effects on wood, paint, and 

ted wood. The literature,pertinent to the effects of 
c deposition and its precursors on these materials is 
;ally reviewed. The subjects include transport proper- 
of paints and polymers, the reactions of acids with 

,-... 1 components, and the degradation of wood. The re- 
search on acidic effects on paint degradation leaves many 
questions unanswered and the review forms the basis of 
future research recommendations. 

A STUDY OF THlXOTROPlC FLOW BEHAVIOR OF 
ALKYD SOLUTIONS--A. KaStdnek and K. Hdjek 

Journal of Coatings Technology, 63, No. 800.75 (Sept. 1991) 

The thixotropic flow behavior of alkyl solutions was investi- 
gated with a Model RV 100 Haake Rotovisco viscometer 
equipped with a coaxial cylinder sensor system. The vari- 
ation of shear stress and viscosity with changes in shear 
rate was studied. The thixotropic structure of 60% solids 
alkyc 
of st 
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USE OF METHYLOLATED ABlETlC ACID AND TO- 
LUENE DIISOCYANATE IN THE MODIFICATION OF 
TRIGLYCERIDE OILS--A.T. Erciyes, O.S. Kabasakal, 
and F.S. Erkal 

Journal of Coatings Technology, 63, No. 800,83 (Sept. 1991) 

In this study, methylolated abietic acid and toluene diiso- 
cyanate were used together in the modification of some 
triglyceride oils, such as poppy seed oil, tobacco seed oil, 
sunflower oil, and linseed oil. For this purpose, preformed 
partial glyceride mixtures of each oil were, initially, partly 
esterified with methylolated abietic acid. Subsequently, the 
remaining hydroxyl groups were combined with toluene 
diisocyanate. In addition, toluene diisocyanate and abietic 
acid were reacted separately with the partial glyceride mix- 
tures of each oil and the resulting products were used as 
control samples for the comparison of film properties. An- 
other comparative sample was also prepared by reacting 
ester gum with linseed oil. An investigation of the film 
properties indicated that methylolated abietic acid could be 
utilized together with toluene diisocyanate as a modifier for 
binders based on drying and semi-drying oils. 

NEW HORIZONS IN COATINGS TECHNOLOGY: 1990- 
R.B. Seymour 

Journal of Coatings Technology, 63, No. 800.89 (Sept. 1991) 

The worldwide coatings sales in 1990 exceeded $55 billion. 
U.S. coatings firms accounted for almost 40% of this market 
which was divided almost equally between architectural and 
product finishes. The U.S. tonnage of powder coatings in- 
creased to over 65,000 tons with a dollar volume of $13.5 
million. Sherwin-Williams continues to be the dominant paint 
producer in the U.S. The worldwide trend towards the in- 
creased use of waterborne coatings continues and trends 
toward reduced volume of solvents is being enhanced by the 
use of blends of carbon dioxide and organic solvents. 

Jour nal of Coatings Technology 



NOBODY PUTS MORE $I 
SILICONE EXPERIENCE 
INTO EVERY BOTTLE. 
No company has dedicated 

more resources to understanding 
the benefits of silicone than Dow 
Corning. 

As a result, our silicone and silane a 
additives bring numerous benefits 
to paints, inks, coatings and 
adhesives. 

They improve adhesion and flow- 
out, increase mar resistance and 
reduce foaming better than organic 
substances. Our additives are also 
extremely effective in low concen- 
trations, so their benefit-to-cost 
ratios are attractive. 

And using Dow Corning sili- 
cones is as simple as identifying you 
goal. They can add a performance 
advantage as easily as eliminate a 

Find out how Dow Corning 
ilicones can improve your produ 

. information on obtaining 
Ive samples, call 1-800-637-5 

FOAM CONTROL - a 



EFECTOS DE LA v t r v a l ~ A C I O N  AClDA EN MADERA 
PINTADA: UNA REVISION-R.S. Williams 

Journal of Coatings Technology, 63. No. 800, 53 (Sept. 1991) 

La depositacion de Acida ha llamado la atenci6n de I I IUL I ILJ~  

investigadores durante la ultima decada y se ha ganado un 
conocimiento considerable en muchas disciplinas, incluyendo 
la Silvicultura, y las ciencias Atmosfericas y de materiales. El 
estudio de la degradacion de materiales debido a la depositacion 
de Acida torno en consideracion 10s efectos en madera, pintura 
y madera pintada. Se reviso profundamente la literatura enfocada 
a 10s efectos de la depositacion Acida y sus antecedentes 
sobre estos materiales. Los temas incluyen propiedades de 
transporte de pintura y polimeros. Las reacciones de 10s acidos 
con 10s componentes de las pinturas, y la degradacion de la 
madera. La investigacibn de 10s efectos del acido en la 
degradacion de la pintura dejo muchas preguntas sin respuesta 
y la revision creo la bases para recomendaciones de 
i n l r n r + : n  acion futura 

ESTUO 
TIXOTF 
Kastdnc 

I10 DEL COMPORTAMIENTO DEL FLUJO 
3OPICO DE SOLUCIONES ALQUIDALICAS-A. 
ak and K. Hdjek 

Journal of Coatings Technology, 63, No. 800, 75 (Sept. 1991) 

Se investigo el comportamiento de flujo tixotropico de sol 
alauidalicas con un viscosimetro Modelo Rv 100 
~otovisco, equipado con un sistema sensor de cilindro 
Se estudiaron las variaciones de la viscosidad y del esfu 
corte con 10s cambios en la velocidad de corte. 

La estructura tixotropica de las soluciones alquidali~ 
60% de solidos estuvo marcadamente afectada en un 

cas con 
amplio 

Spanish translation of abstracts wc 
rovided by Mexico Society Member, In! 
:ustavo Sanchez, Technical Chief, Institul, 
lexicano de Tkcnicos en Pinturas Tintas, 
lexico 

rango de velocidades de corte, incluyendo velocidades de corte 
bajas. La estructura tixotropica se recupero usualmente despues 
de 5 horas en reposo. 

US0 DEL ACID0 ABlETlCO METILOLADO Y DE TO1 
DlSOClANATO EN LA MODlFlCAClON DE ACE1 
TRIGLICERIDOS--A.T. Erciyes, O.S. Kabasakal, and 
Erkal 

Journal of Coatings Technology, 63, No. 800, 83 (Sept. 1991) 

modificantc 
ites y secar 

.VEN 
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En este estudio, el acido abietico metilolado y el tc 
disocianato fueron usados juntos en la modification de alg 
aceites, tales como el aceite de semilla de adormidera, aceite 
de semilla de tabaco, aceite de girasol y aceite de linaza. Para 
este proposito, primer0 se esterificaron parcialmente, mezclas 
de gliceridos formadas previamente de cada aceite, con acido 
abietico metilonado. Posteriormente, se combinaron 10s grllnnc 
hidroxilo remanentes con tolven disocianato. En adicic 
tolven disocianato y el acido abietico se hicieron reacc 
separadamente con las mezclas parciales de gliceridos de 
aceite y 10s productos resultantes se usaron como muestri 
control para la comparacion de propiedades de pelicula. tue 
tambien preparada otra muestra comparativa por la reaccion 
de "ester gum" con aceite de linaza. Las investigaciones de las 
propiedades de pelicula indicaron que el acido abietico 
metilolado puede ser usado junto con el tolven disocianato 

? para ligantes basados en aceites 
ttes. 

NUEVOS HORIZONTES EN LA TECNOLOGIA DE 
RECUBRIMIENTOS: 1990-R.B. Seymour 

Journal of Coatings Technology, 63. No. 800, 89 (Sept. 1991) 

Las ventas mundiales de recubrimientos en 1990, sobrepasaron 
10s $55 billones de dofares. Las firmas de recubrimientos de 
U.S.A. contaron, por lo menos, para el 40°h de este mercado, el 
cual se dividio, casi en partes iguales, entre 10s recubrimientos 
arquitectonicos y 10s productos para acabado. La cantidad en 
toneladas para 10s recubrimientos en polvo en U.S.A. se 
increment6 a cerca de 65,000 ton. con un volumen ed dolares 
de $1 3.5 millones. Sherwin-Williams continua siendo el productor 
de pinturas dominante en U.S.A. La tendencia mundial se 
encamina al uso de recubrimientos base agua e igualmente 
continua la tendencia de reducir el volumen de solventes, lo 
que ha venido a acrecentar el uso de mezclas de dioxido de 
carbon0 y solventes organicos. 

10 Journal of Coatings Technology 



Guesswhich surfactant line reflects ' g 
you want in purwater-based inks an*@. 

S ~ o r  surbctants' 
What do you want from your surfac- 
tant? Coverage over difficult to wet 
surfaces? Rapid wetting and color 
development? Defoaming? Low water 
sensitivity and viscosity? All of the 
above? 

Then all you really want is one of our 
Surfjkol surfactants. Surfjaol is the 
most broad-based surfactant line for 
high performance water-based inks 
and coatings. Each of the more than 
two dozen S+ol surfactants is multi- 
functional, so you're never forced to 
choose one desired property at the 
expense of another. 

Somewhere in the S w o l  line 
you'll find a surfactant that provides 
precisely the combination of benefits 

you're looking for, including superb 
dynamic wetting, excellent coverage 
on contaminated surfaces, stable pig- 
ment dispersions, reduced riskaf 
water sensitivity problems-and, 
of course, foam control. 

Just as importantly, Air Products can 
offer you the technical expertise to 
make our quality surfactants work for 
you. Take the guesswork out. Use a 
Sur@nol surfactant. For a free sample, 
caIl(800) 345-3148 or (215) 481-6799. 
In Europe, call 31-30-511828. Or for 
more information, send in this coupon 
to Air Products and Chemicals, Inc., 
Chemicals Customer Service, 7201 
Hamilton Boulevard, Allentown, PA 
18195-1501. 

Ar Productsand Chem~calslnc , 
Chemicals Customer S e ~ c e .  
7201 HamiltonBoule~rd, 
Allentown PA 18195.1501. 
Yes. I'dlidmore information 
on Surf~nolsurfactants. 
Please send to: 
Name 

I 
Address 1 

I ctty s t a t e z i p  I 
I 'Rlephone I 
I DesmdApphcation 
I 
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I 
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Government and lndustq 

Sam Donaldson and Robert Fulghum to Be Speakers 
At NPCA Annual Meeting, in San Francisco, on Oct. 21 -23 

Sam Donaldson, co-anchor of ABC 
News' "PrimeTime Live," will be the Key- 
note Speaker at the Opening Session of the 
National Paint and Coatings Association's 
(NPCA) 104th Annual Meeting, on October 
21, at the San Francisco Hilton, San Fran- 
cisco, CA. 

Mr. Donaldson was ABC's chief White 
House correspondent from 1977 to 1989. 
He reported on the administrations and 
policies of Presidents Jimmy Caner and 
Ronald Reagan, covering Presidential ac- 
tivity at the White House and on domestic 
and foreign trips. 

He has covered every national political 
convention since 1964, as well as such na- 
tional and international crises as the Viet- 
nam War, Watergate, the Iran hostage cri- 
sis, the assassination attempt on President 
Reagan, and the recent Operation Desert 
Storm in the Persian Gulf. 

Washington Journalism Review named 
him "best television White House corre- 
spondent" in 1984, and "best television cor- 
respondent" in 1985.1986, 1987, and 1988. 

In addition to his "PrimeTime Live" as- 
signment as co-anchor with correspondent 
Diane Sawyer. Mr. Donaldson is an inter- 
viewer and roundtable participant on "This 
Week with David Brinkley." 

He began his television career at KRLD- 
TV in Dallas in 1959, and joined WTOP- 
TV in Washington, D.C. two years later. 

Mr. Donaldson's early years and his ca- 
reer as a Washington and White House cor- 

Amoco Co. to Expand 
lsophthalic Acid Line 

Amoco Chemical Company, Chicago. 
IL, plans to expand and improve its 
isophthalic acid product line through an in- 
crease in capacity and the conversion of its 
worldwide production to a purified grade of 
isophthalic acid. 

The plant modification and expansion 
work is scheduled for completion in the 
second quarter of 1992 at Amoco's Joliet, 
IL facility, and in the fourth quarter of 1992 
at the company's Geel, Belgium plant. 

The expansion in capacity will use 
Amoco's proprietary oxidation, purification, 
and environmental technologies, and will 
increase the company's isophthalic acid 
production capabilities by about 60%. 

respondent are described in his best-selling 
autobiography, Hold On. Mr. President. 

Author Robert Fulghum will be the fea- 
tured speaker at the Final Breakfast session 
of NPCA's 1991 Annual Meeting, on Octo- 
ber 23. 

The author's first book, All IReally Need 
to Know I Learned in Kindergarten, topped 
the New York Times bestseller list for over 
90 weeks. Mr. Fulghum's second book is 
entitled It Was on Fire When I Lay Down on 
It. 

While he first attracted worldwide at- 
tention through his books, Mr. Fulghum is 
more than an author. In his time, he has 
been a newsboy, ditch-digger, singing cow- 
boy, rodeo rider, IBM salesman, musician 
and artist. bartender. teacher, and ordained 
minister. 

Most of all. Mr. Fulghum is a philoso- 
pher who sweetens his existential philoso- 
phy with anecdotes and leavens it with hu- 
mor. 

He tells stories of people who experi- 
ence victory when they expected defeat, 
stories of people whose unstructured lives 
turn out perfectly well, and stories of truly 
humane actions. 

Mr. Fulghum says he has no "canned 
speech.'' Rather, he sees every appearance 
as "living an hour or two of my life with a 
large group of people, but it's real life, not a 
repeating." 

According to the author, Kindergarten 
was not originally meant to be a book, but 
grew out of excerpts from his journals and 
newsletters that, as a part-time Unitarian 
minister, he distributed to his congregation. 
Mr. Fulghum's material came to the atten- 
tion of his publisher, Random House, 
through what he terms a kind of "under- 
ground press-you send it to your Mom 
who sends it to a friend who sticks it on the 
refrigerator." 

Mr. Fulghum's third book, entitled Uh- 
Oh, is scheduled to appear this fall. 

NPCA Announces Forum Sessions and Speakers 
For 104th Annual Meeting, in San Francisco, CA 

The National Paint and Coatings Asso- 
ciation (NPCA), Washington, D.C.. has an- 
nounced that forum sessions on topics of 
major concern to the paint industry will be 
held during its 104th Annual Meeting in 
San Francisco, CA, on October 21-23. 

Forum topics will include such subjects 
as improved waste management, competing 
in a global market, environmental labeling, 
analysis of emerging coatings technologies, 
the work of NPCA's state paint councils, 
and the pros and cons of proactive commu- 
nication with the media and the public. 

Scheduled forums and featured speak- 
ers include: 

"Profit from Waste"-participants will 
present several actual case examples of paint 
and coatings firms that have achieved dra- 
matic profit improvement through waste 
management methods. Specific improve- 
ment actions will be discussed; 

"Coatings in the 1990s and Beyond: 
Identifying Prime Technology, Raw Mate- 
rials, and Formulated Coatings Opportuni- 
ties"-Howard Ellerhorst and Phil Phillips, 
of Chemark Consulting Group, Inc.; 

"Partnering and Global Technology; 
Prescription for ProgressT'-Adolph 

Posnick, retired, Ferro, Inc.; and Ernest S. 
Micek, of The Corn Milling Division, 
Cargill, Inc., and the Coca-Cola Company; 

"World Class Marketing: Competing in 
Today's Global MarketplaceM-Thomas 
Billesbach, of the University of Nebraska1 
Omaha; and Thomas Daly, of the Packag- 
ing Products Division, The Dexter Corpo- 
ration; 

"Communications-The Forgotten 
Management Tool?"-panel discussion 
featuring: Jim Lovejoy, of Gerber Products 
Company: Jeff Raimundo. of Townsend & 
Company; Timothy Harker, of The Harker 
Firm; and Bernice Bolek. of The Glidden 
Company; 

"Impacting through State Coalitions"- 
panel discussion featuring chairmen of ex- 
isting state paint councils: Marvin Wager, 
of California: Peter Tepperman. of New 
Jersey; James O'Conner, of Illinois; Van 
Stogner, of Massachusetts; and David Lloyd, 
of NPCA; and 

"Environmental Labeling Here and 
A b r o a M h r i s  Harris, of ICI; and Denis 
Hayes, of Green Seal. 
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The most effective urethane blocking 
agents for low temperature cure 

are on our team. 
Whether in powder coatings or liquid urethane systems, oximes allow you to develop coating technology for lower 
temperature cure. This improves your customers' manufacturing efficiency and also enhances the ability to coat 
temperature sensitive materials as diverse as plastics, specialty metals, wood and textiles. Oxime blocked urethane 
coatings also offer the unique opportunity to coat fully assembled parts where cure temperature is of concern. 

Oximes let you develop urethane crosslinkers which can be formulated into polyester and acrylic powder coatings 
that can be cured as low as 260 "F. In liquid systems, oximes enable you to develop blocked urethane prepolymers 
which can be formulated into higher solids, one-package latent heat curable coatings. 

At Allied-Signal we not only manufacture oxime blocking agents, we also have an experienced project team to 
offer you effective technical service and new product development to help you develop solutions to many of 
your coating technology challenges. Call us for more information. Contact Frank Briden (201) 455-5191 or write 
Allied-Signal Inc., P.O. Box 1053, Morristown, NJ 07962. 

Oximes. The Simple Solution. 

m o m  
&lied 

Signal 



F.W. Dodge Reports Midyear Construction Contracting Decline 
A 4% decline of construction contract- 

ing was experienced in June according to a 
report compiled by the F.W. Dodge Division 
of McGraw-Hill. New York, NY. 

June's decline followed an earlier set- 
back in May, and took some strength out of 
the recent recovery of the building sector. 

Construction contracting for new con- 
struction of all kinds increased an average 
of 2% during the second quarter of 1991 as 
compared to the same period of one year 
ago. This recent increase in construction 
contracting reversed a six-quarter slide 
which began in 1989. 

In June, declines in contracting for non- 
residential buildings and for "nonbuilding 
construction" (public works and utilities) 
more than offset a small but encouraging 
improvement in homebuilding. 

According to officials at Dodge, because 
June's setback was limited to nonresidential 
construction, the results for construction 
contracting for the month should not be 
viewed as threatening. It was stated that 
housing construction is where recovery takes 
hold first. Officials predicted that a rev~val 
of nonresidential building is at least one 
year away. 

The value of newly started residential 
units advanced another 2 6  (seasonally ad- 
justed) in June, extending the unintermpted 
improvement which began in February. 
Since January's low point, residential 
building value has risen by nearly 20%. 

In June, the gain in residential buildings 
was confined to one-family homes. At mid- 

Ethyl Petroleum Division 
To Relocate to Richmond 

Ethyl Corporation, Richmond, VA, bas 
announced that it will relocate its Petroleum 
Additives Division headquarters from St. 
Louis, MO, to Richmond. 

The move is scheduled to take place in 
July 1992 and is expected to involve ap- 
proximately 100 administrative employees. 

The division's engine-testing facility will 
remain in St. Louis. Any expansion of the 
division's research facilities most likely will 
be constructed in Richmond. A final deci- 
sion has not been made recardine relocation c c~ 

of any of the employees now in the St. 
Louis laboratory to anew laboratory. A new 
facility is expected to take two to three years 
tO COllStNCt. 

Representatives from Ethyl stated that 
the relocation will result in a further con- 
solidation of administrative and support 
functions at its corporate headquarters. 

According to officials at Ethyl, the com- 
pany will take a $3 million after-tax charge 
(three cents per share) against its second- 
quarter I991 earnings tocoverthe estimated 
costs of the move. 

year, starts of apartments and condos were in 1991's first half, down 21%. The North- 
below their already depressed January rate. east was down IS%, the North Central was 

Contracting for nonresidential buildings down 17%,and the South Atlantic was down 
declined 6% in June, as starts of commer- 16%. all very close to the national average. 
cia1 and industrial projects sank to the low- The South Central declined only 3 6 .  
est rate since the 1982 re- 
cession. However, a small 
gain was reported for insti- 
tutional buildings. 

A sharp decline of util- Ig01 I 
ity projects was responsible 
largely forJune's I I % drop 
in nonbuilding construction 
contracting. Public works 
construction, buoyed by 
continuing strength in 
highway and bridge 
projects, but lacking the 
support of sewer and waste 
treatment facilities, slipped 
3% in June. 

At midyear, 1991's un- 
adjusted value of total 
newly started construction 
reached $108 billion, 1 6 6  
less than in the first half of 
1990. The year-to-date 
comparison, which stood at 
-19% at the end of the first 
quarter, narrowed during JFMAMJJASONDJFMAMJJASONDJFMAMJJ 
the second quarter. 1 8 9  1 90 1 91 1 

By region. the West 
showed the biggest decline The Dodge Index (1982=100) of construction contract value 

Plastics Resins Production Figures 
For April and May Released by SPI 

The production of plastics resins totaled The production year-to-date totaled 2 1.6 
more than 4.3 billion oounds in A ~ r i l  and billion ~ounds .  down 1.8% from the same 
nearly 4.5 billion pounds in May, according 
to final statistics released by The Society of 
the Plastics Indushy (SPI), Washington, D.C. 

The April 1991 totals were down 5.7% 
from the same month in 1990, while the 
May 1991 totals decreased less than 1% 
from May of 1990. 

SCM's Australian Operations 
Gains IS0 Accreditation 

SCM Chemicals in Australia has 
achieved accreditation under the Interna- 
tional Quality Standard IS0  9002-1 987. The 
accreditation covers the T~ONA@ brand of 
titanium dioxide. 

The accreditation of SCM's Australian 
operation marks the third site approved un- 
der IS0 9002 for SCM Chemicals world- 
wide. The United Kingdom and Baltimore. 
MD, locations have already achieved ap- 
proval. 

IS0  9902 is the internationally recog- 
nized standard for quality management. 

period in 1990. 
Sales and captive (internal) use of plas- 

tics resins in April and May exceeded 4.6 
billion pounds, respectively. As of May, 
sales and captive use year-to-date are run- 
ning 3.6% below the same time period in 
1990. 

The April and May 1991 figures are 
based on final data on selected major plas- 
tics materials ascomp~led by Emst & Young 
for SPI's Committee on Resin Statistics. 

Convention Centre 
Toronto, Ontario. Canada 
November 4-5-6. 1991 
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Quantum to Shut Down Production Units; 
Tuscola, IL, and Port Arthur, TX, Plants Affected 

The US1 Division of Quantum Chemi- 
cal Corporation, New York. NY, has an- 
nounced that it will close, either perma- 
nently or temporarily, threeof its production 
units. 

The company will shut down some of its 
less efficient units at Tuscola. IL, and Port 
Arthur. TX. These units include ethylene 
and polyethylene manufacturing facilities. 

The 400 million-pound ethylene unit at 
Tuscola will be closed permanently. The 
facility began production in 1952 and is one 
of the oldest in the U.S. The olant's ethvl- 

The company also w ~ l l  shut down per- 
manently two reactors with an aggregate 
100 million pounds of high density polyeth- 
ylene capacity at its Port Arthur plant. These 
two reactors came on stream in the early 
1960s. 

Quantum will suspend temporarily op- 
eration of one of its 300 million pound per 
year linear low density polyethylene units 

at Morris. The unit will remain closed down 
until there is significant improvement in the 
linear low density polyethylene supplylde- 
mand balance. 

The shut down of production units by 
Quantum is expected to result in the reduc- 
tion of approximately 300 employees. pri- 
marily at the Tuscola facility. 

enc requirements ulll be supplied by ;he 
commn\ '\ Morr~s. IL, eth\ lene ~ l a n t .  \ l a  a . . . . 
pipeline. Quantum will continue to produce 
ethyl alcohol. ethyl ether, vinyl acetate-eth- 
ylene copolymers, and powdered polyethyl- 
ene at the Tuscola facility. 

Dow to Convert Sarnia Plant 
To Produce Acrylic Latexes 

The Dow Chemical Company. Midland. 
MI, will convert its latex facility in Sarnia. 
Ont., Canada to produce acrylic latexes. 

The conversion, which will change the 
plant from styrene butadiene production to 
exclusive acrylic latex production, is sched- 
uled to be completed in early 1993. 

When the conversion is complete, the 
dedicated acrylic facility will produce acrylic 
latexes for architectural and industrial coat- 
ings, paper coatings, adhesives. and tex- 
tiles. The conversion also will incorporate 
new process equipment, raw material storage 
facilities, and environmental controls. 

During the changeover, acrylic latexes 
will be produced at Dow's Midland plant. 
Current customers for the company's sty- 
rene butadiene latexes produced at the Samia 
facility will be supplied from Dow plants in 
Varennes, Que., Canada: Midland; or other 
existing latex facilities. 

Synergistic Performance Corp. 
Acquires Harcros Assets 

Synergistic Performance Corporation 
(SPC), Emeryville, CA, has acquired the 
assets of four Harcros Chemicals Company 
locations, including: Tustin, CA: Emeryville, 
CA; Portland. OR; and Seattle, WA. 

All four of the acquisitions were former 
Harrisons & Crosfield locations. 

Leon Persson will serve as President of 
the newly acquired sites. Mr. Persson has 
over 30 years of experience in the industry. 

According to officials at SPC, all former 
Harcros employees were retained. Addi- 
tional sales personnel have been added to 
the staff. 
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Federation News 

Fourth Edition of Infrared Atlas for the Coatings Industry 
Published by Federation of Societies for Coatings Technology 

The Federation of Societies for Coatings coatings industry. All spectra have been complete bibliography published in this type 
Technology is pleased to announce the pub- generated on high resolution Fourier Trans- of text. It is organized into sections, such as 
lication the newly revised and expanded form spectrophotometers with recorded theory, general information, reviews, in- 
fourth edition of "An Infrared Spectroscopy spectral ranges covering the 
Atlas for the Coatings Industry." The use of regionbetween 4,000 and 400 
infrared spectroscopy has experienced a re- cm -I .  
naissance in technology in its use in coat- Authored by experts in the 
ings analysis since the third edition was field of coatings infrared 
published by the Federation in 1980. Com- analysis, the 1024-page text 
pletely new coatings systems have evolved. consists of eight fundamental 
These new frontiers within the industry and and comprehensive chapters, 
in the field of analytical chemistry firmly including theory, instrumen- 
established the need to replace the previous tation, IR instrumentation ac- 
Atlas with a more current reference source cessories, sample preparation. 
for the coatings industry. and qualitative and quantita- 

The newly published two-volume set tive analysis. 
contains a compilation of more than 2.500 A fully indexed literature 
spectra of materials commonly used in the survey represents the most 

Rosemary Falvey Retires from Federation Staff; 
Victoria Graves Promoted to Director of Meetings 

Rosemary Falvey. Director of Meet~ngs as Treasurer of the group for three years 
and Conventions for the Federation, has re- and, most recently, was its Secretary. She 
tired from the FSCT staff, as of July 31. was named "Meeting Planner of the Year" 

Assuming the posi- by that Chapter in 1990. 
tion of Director is A graduate of the College of St. Eliza- 
Victoria (Tori) beth inMorristown, NJ, Mrs. Falvey resides 
Graves, who had in the Philadelphia suburb of Lafayette Hill, 
been Meetings and PA. 
Conventions Coor- Tori Graves, who joined the Federation 
dinator. staff in 1984 as Assistant Editor of publica- 

Mrs. Falvey tions, has been promoted to succeed Mrs. 
joined the Federa- Falvey. She will work with hotels and in- 
tion staff in 1959 as dustry regarding FSCT meeting arrange- 
SecretaryIRecep- ments. Ms. Graves has served as Meetings 
tionist and moved Coordinator since 1987. In her additional 
into the Publications function as Director of Membership Ser- 

Department in 1960 as Associate Editor of vices, she will coor- 
the, then, Oficial DIGEST. In 1974, she was dinate production of 
promoted to Managing Editor of the JOURNAL the FSCT Year. 
OF PAINT TECHNOLOGY. Book ,  as well as 

Mrs. Falvey was named Director of Ad- serve as liaison with 
ministration in 1977. Her subsequent pro- the Constituent So- 
motion to the concurrent positions of Direc- cieties of the FSCT 
tor of Meetings and Conventions and Direc- for member services 
tor of Membership Services, as well as Edi- as well as promotion 
tor of the FSCT Membership Directory (Year of membership. 
Book), brought her into contact with many A graduate of 
FSCT members and industry personnel. In Millersvil le State 
addition, she served as Office Manager of College, with a degree in Business Admin- 
the FSCT staff. istration. Ms. Graves is a member of the 

An active member of the Philadelphia Delaware Valley Society of Association Ex- 
Chapter of Meetings Planners International, ecutives and serves on the Board of Direc- 
Mrs. Falvey has served on their Board of tors of the Philadelphia Chapter of Meeting 
Directors for the past 10 years. She served Planners International. 

strumentation, experimental techniques, 
compilation of spectra, quantitative analy- 
sis. 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 de- 
veloped by the Nicolet Instrument Corp., in 
cooperation with the Federation. The Nicolet 
Coatings Technology Database is available 
at addit~onal cost from Nicolet to assist in 
computer searching during quantitative in- 
frared analysis. 

Development of the current Atlas was 
under the overall direction of the Federa- 
tion Infrared Spectroscopy Atlas Advisory 
Committee consisting of Darlene R. 
Brezinski. Glen P. Cunningham, Loren W. 
Hill, Joseph V. Koleske, Stan LeSota, Percy 
E. Pierce. and Harold D. Swafford. Samples 
were prepared and spectra were generated 
by a five-member "Working Committee," 
headed by James M. lulian. consisting of 
Dennis G. Anderson, Alan H. Brandau, John 
R. McGinn, and Anne M. Millon. Darlene 
Brezinski edited the text for the edition. 

The cost of the Atlas is $150 for Federa- 
tion members and $200 for non-members. 

To order copies, contact Meryl Cohen. 
FSCT, 492 Norristown Rd., Blue Bell. PA 
19422.2350. telephone: 215-940-0777. 

For additional information regarding the 
Nicolet Coatings Technology Database. call 
1-800-232-1472. or write Nicolet Instru- 
ments Corporation. 5225.1 Verona Rd., 
Madison. WI 5371 1-0508. 

16 Journal of Coatings Technology 



Volume 1, No. 3--September, 1991 

f 

THE BROAD WORLD OF SURFACE COATINGS 

All of us, at various times, are exposed to a variety of types of paints or 
surface coatings. From very early days with finger paints, to touching up 
rust spots on our first car, to painting our homes and possibly refinishing 
antique furniture, we have learned some of the more common uses of 
paints. These applications of paint are in the everyday public eye and 
usually represent consumers' first impressions of our industry. 

Not all paints are so obvious, however, in their use, and many offer 
some very unique properties for specific enduses. Paints can be formulated 
to offer extreme ranges in performance. Examples present themselves 
everyday in our kitchens. Teflon is a coating applied to cooking utensils 
for non-stick purposes. Most of our food and beverage cans have a painted 
liner to prevent discoloration, rusting and tainting by metal contact. Also, 
the exterior of beverage containers has a painted surface. 

Industrial applications for specialty coatings range from coatings able 
to withstand 600°C temperatures on a continuous basis, to coatings 
which change colors at different temperatures to indicate temperature 
change. Paints can be formulated to adhere tenaciously to such substrates, 
for example, as tank liners and pipe coatings. There are also strippable 
coatings which are used as base coats in areas such as paint spray booths 
for easy removal of subsequent layers of paint. Coatings can range from 
very high "slip" or lubricity to very low slip for safety flooring around 
hazardous machinery. 

Some applications for paint require extremely low electrical conductiv- 
ity. Examples are insulating varnishes for motor windings and protective 
coatings for circuit boards. Other uses require high electrical conductivity 
such as satellite dish coatings and coatings which convey electrical 
conductivity to non-conductive materials to permit electrostatic ground- 
ing. 

Other unique applications are intumescent or fire retardant coatings 
which swell up to many times their original thickness on exposure to fire. 
This forms a non-flammable insulating barrier over the substrate to retard 
the spread of flames. In some areas of the world, roof coatings play a major 
role in reflecting heat and reducing energy costs of air conditioning. Other 
tropical areas use their roofs to collect drinking water, so these coatings 
must be completely non-toxic as well as weather resistant. 

Coatings are used to control biological growth in a variety of applica- 
tions. Examples are wood preservative coatings for the lumber industry 
and anti-fouling coatings for application to ships and underwater struc- 
tures to prevent marine growth. 

These examples represent but a very few of the many traried and unique 
products our industry produces. We certainly don't have to look very hard 
to find examples! 

-Stuart Eaton, 
Cloverdale Paint 

/ 



PRINCIPLES OF MIXING 

The art of mixing is a subject in the chemical processing industry that is often 
misunderstood and misapplied. An understanding of the mechanics and techniques 
can mean the difference between a success or a failure. A basic definition of rx+ing is 
the attempt to incorporate Merent components into a homogeneous blend w t h  the 
correct physical and chemical properties for that product; the correct grind, viscosity, 
color, and consistency. 

To reach the find homogeneous product there are a number of factors that affect 
the production of a good product, including but not limited to: 

Mixer Design-Is it correct for the application? 
Mixer Repair-Is it capable of operating at its designed level? 
Operator Training-Does the operator understand what is required of him? 
Mixing BladesAre the mixing blades applicable to the process and are they worn? 
Batch Formulation-Are the correct raw materials being used and are they being 

added to the process in the correct order? 
Raw Materials-Is the quality of the raw materials correct and consistent from 

batch to batch? 
All those factors must be taken into account when producing a finished product. 

If one of the factors is incorrect the end result will be a poor quality batch or excessive 
batch time. 

If we make some basic assumptions like the mixer is designed correctly, the 
machine is in good repair, and the formulation is correct, we are left with the operator 
as one of the most important links. If the operator does not understand the proper 
techniques of mixing then he cannot be expected to compound a consistent batch. 

The area that the operators must control and understand are: 
-Blade Speed-If the blade is operating too slowly then the batch will take much 

longer to reach its finished stage and may not have the correct viscosity, color, or grind. 
If the blade is operating too fast there is a risk that the batch will be over mixed or 
sheared and become too hot. Running the mixer too fast consumes extra electricity 
and puts undue strain on the power transmission components. 

-Batch Vortex--The creation of avortexin the batch is critical to the success of the 
batch. If the operator is not running the mixer properly and a vortex has not been 
created there will be dead spots in the flow that will create inconsistencies in the final 
product. Without a proper vortex, incorporating powders into the batch will take too 
long. 

-The operator can inspect the blade for wear. Fifty percent of the fins on the bLade 
should be left. Anything less than 50% indicates that a blade change is in order. 

-Powder being added to the batch and dispersed should be added at a slow even rate. 
If the powders are added too quickly lumps of unmixed powders may form. Large 
lumps of unmixed powders are a merent density than the mixed product; as the 
mixing blade hits these pockets it can cause considerable shock load in the power 
transmission components. 

-The operator should follow the batch formula as prepared. Failure to follow the 
formula makes it difficult to determine if  the formula is correct when poor quality 
control results are detected. It is very difficult to determine if the formula or the 
operator is at fault. 

-The operator should be aware of any inconsistencies in the raw materials that he 
is using. If the operator feels that something is not correct he should report the findings 
to his supervisor. 

The key to producing a good finished product is understanding the process and the 
dynamics in thebatch itself. That understandingmakes the jobof the formulator easier 
because it reduces the variables. A batch that passes the QC test is cornpounded in an 
acceptable amount of time represents profits for the company. 

--Clinton Van Zyverden, 
Hockmeyer Equipment Corporation 

Hockrneyer has a travelling road show that they will take to any production 
facility to teach operators the fine points of mixing technology. The show which 
consists of a film, slides, and a lecture is approximately two hours long. 

If you would like further details, please contact: Clinton Van Zyverden, 
Hockmeyer Equipment Corporation, (201) 482-0225. 
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THE ROLE OF SOLVENTS IN COATINGS 

A wide variety of solvents are used in coatings manufacture either to 
dissolve the binder or to dilute the paint and make it more flowable prior to 
its use. The amount of solvent in the paint depends o n  the method of 
application. For example, a spray-gun needs a thinner solvent than a brush or 
roller. In fact, the paint has to be sufficiently thin to be pushed through the 
spray-gun nozzle. 

Solvents also play a role in the film formation, the consistency of the film, 
the way the paint levels out, and the drying time. This is why a paint often 
contains several solvents mixed together in a "solvent blend." Selection of the 
solvent blend components is a critical part of paint formulation. Each 
component in a blend has a special function, for example, a "true solvent" 
dissolves the binder (film forming material] and keeps it in solution. The term 
"solvency" is often used as a measure of dissolving by the true solvent. The 
higher the solvency, the less solvent is needed to dissolve the same amount 
of binder material. Other components in the solvent blend can be diluent, 
latent solvent, and thinner. None of these components can dissolve the 
binder. However, diluent and latent solvent can increase a binder's solubility 
in the true solvent. The "thinner" is used to control paint "thickness" or 
flowability. It can be a pure or mixed solvent. 

Most oil based paints and varnishes can be thinned with mineral spirits 
made from petroleum distillates. Many of the alkyds can also be thinned with 
mineral spirts. Shellac is thinned with alcohol (ethyl or methyl alcohol). 
Thinners other than alcohol will damage the shellac. 

Improper thinning is a major cause of inferior or unsatisfactory product. 
This is because painting materials are delicately balanced formulations 
designed to produce correct hiding, luster, color retention, drying, and dura- 
bility. Incorrect or excessive thinning upsets the balance of a formula causing 
a poor paint job. The right solvent combination in a blend can compensate for 
local conditions such as temperature, humidity, application and curing, 
equipment design, line speed, etc. 

The most important solvent properties to be considered are evaporation 
rate, viscosity, and safety. Evaporation rate refers to the volatility of the 
solvent. The right choice of a solvent depends on the curing schedule. If oven 
bake is required, the solvent blend should contain a "tail-end solvent" with 
an evaporation rate that leaves the paint slowly during the baking cycle. Rapid 
loss of solvent during baking can cause blistering. The oven cured paints also 
contain the "middle solvent," which evaporates from the paint gradually 
during the oven warm-up cycle. A small percentage of "front-end solvent" is 
also present. The term refers to a solvent which will evaporate from the paint 
as soon as coating is applied onto the surface. Under certain conditions, a very 
heavy solvent (retarder) is needed to prolong paint drying time. It is often used 
to prevent blushing or orange peel. The viscosity of solvents affects paint flow 
properties and atomization ability. It is therefore an important factor for 
solvent selection. For example, if two solvents have very similar evaporation 
rates but different viscosities, the lower viscosity solvent would be the right 
choice for spray-gun paint application. 

Solvent toxicity and flowability are also very important selection criteria. 
Naphtha-like solvents are quite flammable and chlorinated hydrocarbons so 
toxic that extreme care must be exercised in their use. All chemicals may 
affect your health 'if you breathe their vapors, get them on your skin, or ingest 
them. 

Safe handling of chemicals of any kind is necessary and important for 
prevention of ill effects. Specific health and safety information about each 
chemical used in paint is available from the paint or solvent manufacturer. 

-Olga Puzic, 
Esso Chemical 

"Success in life is to never let 
your ego outstrip your talent." 

-Don Shebib 
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TITANIUM DIOXIDE-THE PRIME PIGMENT 

Titanium dioxide is the most important white pigment currently pro- 
duced commercially; world production being in the region of 2.9 mt/year. It 
is used in a wide range of applications including paint, inks, plastics, rubber, 
paper, textiles, food, and pharmaceuticals. It is the most widely used prime 
pigment in the paint industry (95% of all white pigment sold) due to its 
outstanding opacifying ability, high whiteness, high durability, and low 
toxicity. 

The photographs'below illustrate that while china clay, zinc oxide, and 
titanium dioxide are all white powders, when included in a paint, it is only 
titanium dioxide that has high opacity and tinting strength. 

Pigment Grades 

Commercial grades of titanium dioxide are made in two crystal forms: 
anatase and rutile. While "pure" anatase pigments were first developed in the 
early 1920s, they have been steadily replaced in paint applications by rutile 
grades, due to the latter's improved opacity and durability. Today about 85% 
of the total titanium dioxide pigments sold are of the rutile type. 

In addition to changing the form, it is possible to apply various chemical 
treatments to the pigment. This has resulted in specialized grades being 
developed for some of their many applications. In the paint industry, three 
basic types are common. 

Enamel Grades-These lightly coated grades are suitable for use both in 
gloss and flat paints. They are readily dispersible using a high speed mixer, 
give good gloss development, and can be used in interiorlexterior finishes. 

Superdurable Grades-These are moderately coated grades where the 
coating has been applied to reduce photoactivity and prolong the exterior 
performance of the paint. Such grades are used in paints which require the 
maximum possible durability such as automotive applications and coil 
coatings. 

Flat Grades-Such grades are moderately to heavily coated and designed 
for use in flat paints, particularly interior latex paints. The coating level is 
designed to maximize "dry hiding" and give the highest opacity possible. 

Pigment Dispersion 

Without a doubt, the level of pigment dispersion has a significant effect on 
the properties of any paint. Studies in our laboratories have demonstrated its 
influence on opacity, tinting strength, gloss, durability, metal marking, and 
rheology. 

In relative terms, titanium dioxide pigments are easily dispersed, and as a 
result of their surface treatment, can be processed using a wide variety of 
modem machinery provided correct millbase formulating procedures have 

(Continued on next page.) 
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been followed. However, it should not be assumed that apparently similar 
pigments can automatically be substituted in existing millbase formulations. 
Despite the efforts of the pigment manufacturer, differences in binder demand 
may occur and caution is advised if efficient milling conditions are to be 
consistently obtained. Once an acceptable fineness of grind is achieved, care 
must be taken during the millbase let down. A stabilization step is often 
useful; where the millbase is reduced from a high concentration to a more 
moderate level before being let down to the final paint. When millbases are 
prepared using high speed impeller mills, stabilization can be easily con- 
trolled. However, when sandmilling is used, it is more difficult and the 
millbase has to be designed with enough pigment, resin, and solvent to give 
adequate stability, as well as an efficient grinding action. Reagglomeration of 
pigment, known as colloidal or pigment shock, is liable to occur if a relatively 
concentrated resin is added to a millbase low in resin solids. Even if shock does 
not occur, flocculation may result which has a detrimental effect on impor- 
tant optical properties like opacity, tinting strength, and gloss. 

We have seen many cases where the presence of too many additives can 
cause problems. These situations occur when paint formulations are devel- 
oped over a period of years, often with input from numerous sources. In paints 
where flooding/floatation, sedimentation, poor gloss or opacity development 
occur, it is often a good idea to remove all of the existing additives and begin 
again. We once saw an alkyd paint formulation which contained 11 additives, 
many of which had conflicting properties, so one had been added to offset the 
other. An expensive way of producing an unsatisfactory paint. 

Pigment Manufacture 

Two methods are currently used for the commercial manufacture of 
titanium dioxide: the sulphate process and the chloride process. At the 
moment, it is the sulphate process which predominates globally, but moving 
towards a 50150 split by about 1995. 

Environmental considerations have resulted in significant expenditures by 
both sulphate and chloride producers to meet legislative requirements. 

-John Hall, 
Tioxide Canada 

MANUFACTURING ITEM 

Use Powers of Obsewation 

When paintmaking, try to make use of your powers of observation. A strong 
odor, a different shade of pigment, skin on a drum of resin, any little thing you 
might notice different from the usual could be a warning sign of a problem in 
the finished product. 

Familiarize yourself with how the products you use and make should look, 
smell, and handle. When you notice a change you can draw your supervisor's 
attention to it and.record what you notice on the formulation card. This will 
help save a lot of time and money investigating if a batch develops problems. 

-Valerie Braund. 
General Paint Ltd. 

"Every story has three sides, 
yours, mine, and the facts." 

-Rene Fumoleau 
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SAFETY ITEMS 

Cowles Blades Safety 

Always be certain that the dispersion blade is securely attached to the 
shaft before you use it. If the blade requires a support plate, be certain it also is 
in place. Never use a bent or warped blade, as it creates an off balance vibration 
putting the shaft out of alignment and creating the potential for serious accident 
or injury. 

Never leave the dispersion unit in the raised position with the blade 
exposed, someone could hit the exposed blade with their head and injure 
themselves. 

-Ross West, 
Preservative Paint Company 

When lifting, carrying, or moving objects, remem- 
ber these rules: 

-Only lift, carry, or move what you can manage 
safely. 

-Use the correct techni 
you have to move heavy objects. 

-Take a firm grip be- 
fore lifting. 

-Make sure you can 
see where you are going. 

-If mechanical aids are 
provided, use them. 

Use your brain and save 
your back! 

Rules and Fools 

-Know the rules which apply to you. 
-Always follow them. 
-Be prepared to advise others i f  you think they are 

doing wrong. 

f \ 
The Pacific Northwest Paintmaking (PNP] is intended for the exchange of 

ideas on safety and manufacturing. First published and distributed indepen- 
dently by the Manufacturing Committee of the Pacific Northwest Society for 
Coatings Technology, the newsletter will be published periodically in the JCT. 
The editors would like your participation. Send your comments, ideas, safety 
or manufacturing tips, and articles to: PNP Editor, Valerie Braund, General 
Paint, 950 Raymur Ave., Vancouver, B.C., Canada V6A 3L5. 

The PNP is made available as a service to FSCT members. Although all 
reasonable steps have been taken to ensure the reliability of the PNP, the FSCT 
cannot guarantee its completeness or accuracy. 

L 
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Regulatory September I 99 I 

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

Lead--On August I, the Senate Environment and Public 
Works Committee favorably reported S. 391 ,The Lead Expo- 
sure Reduction Act. The bill restricts the use of lead in a 
variety of products, and includes a ban on its use in virtually 
all paints and coatings by limiting the allowable amount to 
0.06 percent dry weight. 

One of several amendments adopted by the Committee 
allows a renewable exemption for electrocoat and elec- 
trodeposition primers that are applied by original equipment 
manufacturers to motor vehicle pans. At the end of a five year 
period, the Administrator of the Environmental Protection 
Agency (EPA) will re-evaluate the health and environmental 
effectsof theleadcontent level in thoseproducts.The bill also 
requires the EPA to develop a model lead paint abatement 
accreditation plan for state use. 

Republican panel members used a procedural tactic to try 
to stop the markup of S. 391, arguing that the bill would 
devastate the lead-mining industry. Senator Symms (R-ID), a 
leading opponent of the legislation, expressed deep concern 
over the future of the domestic lead industry, especially the 
loss ofjobs. He also argued that the legislation would. "put a 
strangleholdonbusiness by restrictingdevelopment and forcing 
industries offshore." Senator Dave Durenberger (R-MN), 
also objecting tocontinuation. said he wanted more Republi- 
cans present when he offered a provision to delete pans of the 
bill that would ban the sale of leaded gasoline in urban areas. 
The delay only lasted 24 hours, and the Committee ultimately 
agreed to the Durenberger amendment by a vote of 9 to 7. 

Committee members also approved an amendment that 
requires the labeling of certain lead-containing products (ex- 
cluding those with incidental levels below 100 p.p.m.). and 
one that requires data on new uses of lead to be submitted to 
EPA prior to production. The full Senate is expected to debate 
the legislation in September. 

Environmental  Crimes--An amendment to the Senate 
Crime bill, which passed the Senate in midJuly contains 
language that would give thecourts broad authority to require 
companies convicted of environmental crimes to develop 
pollution prevention measures in addition to paying fines. 

The amendment, sponsored by Senator Harris Wofford 
(D-PA), would require any "organization found guilty of a 
felony environmental crime to hire an independent auditor to 
evaluate the criminal damage, suggest solutions, and recom- 

mend further steps to prevent future harm to the environment. 
The audit report would then be submitted to the court, and the 
judge could require the defendant to comply with the sugges- 
tions of the auditor. 

Environmental groups joined Senate Majority Leader 
George Mitchell (D-ME) and Judiciary Committee Chairman 
Joseph Biden (D-DE) in supporting the measure. However, 
industry groups have raised serious concerns regarding costs 
and judicial authority. A frequently mentioned concern is a 
section of the bill that is so vague, it is unclear as to whether 
the audit requirement covers all facilities owned by a com- 
pany or just the offending facility. 

The House is still undecidedon whetherit willconsiderthe 
Wofford Amendment in its deliberations of the crime bill, 
scheduled to begin after Labor Day. 

Toxic Release Inventory ReportincjRepresenta- 
tive Gerry Sikorski (D-MN) has introduced legislation that 
would expand chemical use reporting requirements under the 
Toxic Release Inventory Program (TRI). H.R. 2880. The 
Community-Right-to-Know-More Act of 1991, would not 
only require companies to report chemicals they release, but 
also to report the toxics they use and produce. 

Currently, under the Emergency Planning and Commu- 
nity-Right-to-Know Act (EPCRA), federally operated sites, 
mines, electric utilities and incinerators are exempt from 
reporting requirements. The new legislation would expand 
the requirements to cover those facilities. The bill would also 
broaden the list of substances under section 313 (SARA) to 
includechemicals already deemed hazardous under theclean 
Air Act, the Solid Waste Disposal Act, theFederal Insecticide, 
Fungicide, and Rodenticide Act, and the Safe Drinking Water 
Act. 

H.R. 2880 also changes the thresholds for off-site waste 
transfers. Companies would have to report to EPA wastes that 
are transferred to offsite waste management facilities in 
amounts that exceed 100 pounds per year for metals and 2000 
pounds per year for chemicals. According to Rep. Sikonki, 
the new threshold would assist in the collecting of data from 
incinerators and utilities that produce large amounts of toxic 
emissions, but manufacture few chemicals. Additionally, the 
bill connects the TRI data base (chemical emissions) with the 
RCRA Inventory data base (hazardous waste stream genera- 
tion) in an effort to discourage businesses from cutting their 

The Regulatory Update 4s made available as a SeNlce to FSCT members to arrlst them ~n maklng Independent lnqulrles about matters 
of pamcular Interest to them Although all reasonable steps have been taken to ensure the rellab#llh/ of the Regulatory Update the 
FSCT cannot guarantee ~ts completeness or accuracy I 
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TRI emissions by adding extensively to their waste stream 
generation. 

Although not formally introduced, the Senate has been 
circulating a similar draft. 

Resource Conservation a n d  Recovery Act-Leg- 
islation that would attempt toexpand themarket for recycling 
by placing a moratorium on new incinerators and require the 
separation of certain hazardousmaterials has been introduced 
in the House. 

The Pollution Prevention. Community Recycling and In- 
cinerator Control Act of 1991 (H.R. 3253). sponsored by 
Representative Pete Kostmeyer (D-PA) requires hazardous 
materials that produce toxic emissions (batteries, household 
hazardous wastes, plastics and yard waste) to be separated 
from the waste stream before incineration. The bill is a 
complement to Rep. Sikorksi's Community-Right-to-Know- 
More Act. 

The legislation provides that incinerator ash beconsidered 
hazardousunderRCRA SubtitleC. Fly Ashandcombinedash 
would be tested to determine whether it is toxic or contains 
dangerous chemical constituents. The bill also mandates an 
eight-year moratorium on the construction of new incinera- 
tors, reportedly to "allow for the development of recycling 
markets." Kostmeyer's bill has 14 co-sponsors and is sup- 
ported by several major national environmental organiza- 
tions. 

Activity also continues on the development of a compre- 
hensive RCRA reauthorization bill by the House Energy and 
Commerce Transportation and Hazardous Materials Sub- 
committee. To date. the committee. chaired by Rep. Al Swift 
(D-WA), has reached a general agreement on interstate waste 
transport and underground storage tank issues. but has failed 
to agree on municipal recycling. 

Rcp. Swift has set a deadline of July 31 for the committee 
members and staff to prepare a concept paper outlining the 
preferred options for a reauthorization bill. At press time, the 
paper had not been released. Hearings on the proposed legis- 
lation are scheduled to begin September 23. 

Indoor  Air Quality--The Indoor Air Act of 1991 ap- 
pears to be on a fast track in the Senate as it passed the 
Superfund. Ocean and Water Protection Subcommittee on 
July 29. and the full Environment and Public WorksCommit- 
tee on August I. However, the companion legislation in the 
House (H.R. 1066) ran into trouble in the House Science 
Committee. 

Both bills would create an interagency council on indoor 
air quality. and would establish aresearch office for indoorair 
at the Environmental Protection Agency (EPA). The Indoor 
Air Quality Council would take the lead in developing a 
federal plan to reduce indoor air pollution. Also included in 
the legislation is a provision to establish grant programs for 
state agencies, and a requirement for EPA to issue health 
advisories on listed indoor air contaminants. Lead is among 
the listed contaminants. 

The House version also contains a provision for a research 
program todetermine thecauses of lead poisoning in children. 
The program includes studies on theeffect of lead-based paint 
and paint dust. 

The House Science Committee sent its bill back to the 
Environment Subcommittee for re-drafting after a bi-partisan 
group of members raised a number of objections. Some 
members were concerned about the language being so vague 
that federal agencies could misinterpret the intent of the bill. 
Othermembers felt that the bill should focusonly on scientific 
research, and not involve enforcement activities. 

Occupational  Safety a n d  Health--Legislation that 
would broaden the scope of the Occupational Safety and 
Health Act was introduced in both Houses of Congress on 
August I .TheComprehensiveOccupational Safety andHealth 
Reform Act (S. I622 and H.R. 3 160) is sponsored by Senators 
Edward Kennedy (D-MA), Howard Metzenbaum (D-OH), 
Representative William Ford (D-MI), and Representative 
Joseph Gaydos (D-PA). 

The new package shifts the focus of the current act to 
encourage employers and employees to play an active part in 
identifying hazards in the workplace before an injury or 
illness can occur. Provisions in the bill include a requirement 
for employers to develop and maintain health and safety 
programs to "reduce oreliminate hazards and prevent injuries 
and illnesstoemployees. Employers with I I ormoreemploy- 
ees would also be required toestablish joint committees with 
an equal number of employees and employer representatives. 
The committee would be authorized to review the company's 
health and safety program, conduct inspections, and make 
advisory recommendations to the employer. The employees 
would also be protected from employer "discharge or retalia- 
tion"should theemployee report an unsafe condition or refuse 
to perform a specific task because he fears a health or safety 
risk. 

The legislation would also require OSHA to target "high- 
risk" industries and operations: require employers to report 
work-related deaths immediately, and accidents resulting in 
hospitalization within 24 hours: require employers to take 
immediate corrective action if OSHA determines an "immi- 
nent danger of death or serious harm: and protects from 
discrimination employees who refuse to perform work that 
might expose them to danger. 

The bill also incorporateslanguage from S.445, the OSHA 
Criminal Penalties Act, and H.R. 1 190, the High Risk Occu- 
pational Disease Notification and Prevention Act. No further 
action has been scheduled. 

Environmental  Protection Agency  
July 22, 1991-56 FR 33490 
Hazardous  WasteTrea tment ,  Storage,  a n d  Disposal 

Facilities, Organic  Air Emission S tandards  for  
Tanks, Surface Impoundments,  a n d  Containers 

Action: Proposed rule 
Under a regulation proposed by the U.S. Environmental 

Protection Agency (EPA). over 2000 new and existing facili- 
ties operating under Resource Conservation and Recovery 
Act permits would have to substantially reduce emissions of 
volatile organic compounds (VOCs). Within two years after 
the date of final promulgation, hazardous waste treatment, 
storage. and disposal facilities would be required to install 
new equipment that would reportedly reduce VOC emissions 
by 90% from tanks, surface impoundments, and containers. 

The proposal is the secondofa three phase implementation 
plan. The first phase regulated process vents and equipment 
leaks by an EPA final ruleannounced in 1990. During the third 
phase, EPA will determine whether there is a need for further 
regulation.The Agency estimated that becausethisrulecovers 
a significantly larger percentage of emissions than the first 
phase, i t  is expected that the nationwide reduction of VOC 
emissions will be at least seven percent. 

According to EPA, in addition to the S360million per year 
in labor, maintenance, and capitol costs, industry would need 
to make a capitol investment of approximately $960 million. 

Written comments will be accepted by EPA until Septem- 
ber 20. Comments should be sent to the Docket Clerk (OS- 
305). U.S. Environmental Protection Agency, 401 M Street, 
Washington, DC20460. Referto Docket numberF-91-CESP- 
FFFF. Air Emission Standards for Organics Control. 
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For further information. contact the RCRA Hotline (800) 
424-9346. For specific information on the regulatory aspects 
of the proposal, contact Ms. Gail Lacy at (919)541-5261. For 
technical information on the industry and control technology. 
contact Ms. Michele Aston (919) 541-2363. 

Depar tment  of Transportat ion 
Research a n d  Special Programs Administrat ion 

(RSPAJ 
A u g u s t  1, 1991-56 FR 36922 
A m e n d m e n t s  to t h e  Hazardous  Materials Program 

Procedures 
Action: Notice 

The Hazardous Materials Transportation Act of 1975 
(HMTA) was amended in November, 1990, by the enactment 
of the Hazardous Materials Transportation Uniform Safety 
Act of 1990 (HMTUSA). Section 105 of the HMTA was 
amended by section4oftheHMTUSA toreflect theestablish- 
ment of a new preemption standard for state and political 
subdivision requirements. 

The Research and Special Programs Administration 
(RSPA) has requested comments on recommendations for the 
definition of the new standard. Additionally, RSPA has pro- 
posed to"streamline the preemptiondeterminationand waiver 
of preemption processes." 

Comments will be accepted until September 3,1991. and 
should be sent, if possible, in quintuplicate. Address com- 
ments to the Docket Unit. Research and Special Programs 
Administration. U.S. Department ofTransportation.400 Sev- 
enth Street. SW, Washington, DC 20590. (Docket No. HM- 
207A: Notice No. 91-21, For further information, contact 
Mary Crouter. Hazardous Materials Safety and Research and 
Technology Division, Office of the Chief Counsel, RSPA. 
(202) 366-4400. 

Environmental  Protection Agency  
Augus t  16, 1991-56 FR 40948 
National  Pollution Discharge Elimination System 

(NPDESJ General  Permit a n d  Reporting Require- 
m e n t s  for  Storm W a t e r  Discharges Associated 
w i t h  Industrial Activity. 

Action: Proposed rule a n d  Notice of d ra f t  g e n e r a l  
NPDES permits f o r  Storm W a t e r  Discharges Asso- 
ciated wi th  Industrial Activity. 
On November 16. 1990. the U.S. Environmental Protec- 

tion Agency published a final rule that established permit 

application requirements for storm water discharges associ- 
ated with industrial activity. The term "storm water discharge 
associated with industrial activity" was comprehensively de- 
fined by EPA to cover a wide variety of facilities. Under the 
definition, the number of industrial facilities required to 
comply with the NPDESprogram wassignificantly expanded. 

EPA has to implement apermitting strategy that will cover 
the large number of industrial storm water discharges, and is 
now requesting comments on proposed regulatory changes to 
existing minimum requirements for NPDES permits with 
regard to annual monitoring reports. Comments are also being 
requested on changes to the current minimum requirements 
for filing notices of intent for authorization to discharge under 
NPDES general permits. 

Additionally. EPA is accepting comments on separate 
general permits for industrial storm water discharges in 12 
states (MA, ME, NH, FL. LA,TX,OK, NM,SD, AZ.AK,ID) 
and 6 territories (District of Columbia. Puerto Rico. Guam, 
American Samoa, theCommonwealthoftheNonhern Mariana 
Islands, and the Trust Territory of the Pacific Islands). Those 
who wish toaddress factors or issues which are specific toone 
or several permits (i.e. specific requirements for the general 
permit in Idaho) should clearly indicate that the comment 
applies to that particular state. 

Comments on the proposed rule and permits must be 
received on or before October 15. 1991. Two copies of 
comments addressing any aspect of this notice should be sent 
to Kevin Weiss, Permits Division (EN-336). Environmental 
Protection Agency. 401 M Street, SW. Washington. DC 
20460. 

The public hearing schedule todiscuss specific state general 
permits(forthe state in which the hearing is held) is asfollows: 

September 23. 199 1. Dallas. TX 
September 20, 1991, Oklahoma City, OK 
September 24, 1991. Baton Rouge, LA 
September 25. 1991, Albuquerque, NM 
September 26, 1991, Seattle, WA 
September 16, 1991. Boise. ID 
September 19,1991, Juneau, AK 
September 30, 1991, Pierre, SD 
September 18. 1991. Phoenix. AZ 
September 10. 1991, Orlando, FL 
September 12, 1991. Tallahassee. FL 
September 25, 1991, Augusta, ME 
September 24, 1991, Boston, MA 
September 26, 1991. Manchester, NH 

States Proposed Legislation and Regulations 

California 

Lead--CA S. 240 (Torres) requires the State Department 
of Health Services to establish and maintain an occupational 
lead poisoning prevention program: authorizes the Depart- 
ment to adopt implementing regulations: requires a fee to be 
paid by those employers involved in industries which present 
apotential sourceof occupational lead poisoning: requires the 
fee to be paid annually to the State Board of Equalization: 
provides that the cost of the program shall not exceed the 
amount of revenue collected. (Note-paint manufacturers 
would be among the 63 SIC #'s affected, with the minimum 
"employer-paid" fee being $175.00 The California Paint 
Council will continue to monitor this legislation). 

Solid Waste-<A A. 1475 (Tanner) requires that a person 
recycling the recyclable materials excluded from the hazard- 
ous waste control law provide specified information to the 
local health officer or public officer by July 1, 1992 and 
annually thereafter. (Note-the California Paint Council is 
monitoring this legislation). 

CA. A.2178 (Brulte) defines the term recyclable latex 
paint and generally prohibits any person from disposing of 
latex paint, unlessauthorized. Allowsrecyclable latex paint to 
be accepted at any location if specified requirements are met 
concerning the management of that paint. Exempts a person 
transporting recyclable latex paint from the manifest and 
hazardous waste hauler requirements, but requires the trans- 
porter to use a specified bill of lading. (Note-the California 
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Paint Council was successful in getting legislators to adopt 
amendments that make this bill acceptable to the industry). 

Household Hazardous Waste--€A A. 2092 (Sher) ex- 
tends the dates when the source reduction and recycling 
element is required to be prepared and adopted to July I, 1992, 
in the case of a city element, and January 1,1992, in the case 
of a county element. Extends the date when the city and the 
county household hazardous waste element is required to be 
prepared toJanuary I, 1992. Specifies related duties if the city 
or county determines it is unable to comply with the deadline 
and requirements of the Act. (Note-the California Paint 
Council is monitoring this legislation). 

CA A.304 (Wright) imposes additional eligibility require- 
ments on small quantity waste generators participating in a 
household hazardous waste program. Requires compliance 
with specified federal regulations. Deletes a limitation on 
acceptance of halogenated organiccompoundsand revises the 
definition of small quantity commercial sources. Specifies a 
lower facility pennit fee for a variance with no significant 
changes and exempts from fee variances granted as specified. 
(Note-the California Paint Council is monitoring this legis- 
lation). 

GrafJiti-CA A.446 (Boland) provides that any person 
who writes, sprays, scratches, or otherwise affixes graffiti on 
any real or personal property not hisher own is guilty of an 
infraction punishable by a fine not to exceed a specified 
amount ofmoney if the amount of thedefa~ement~damage, or 
destruction is less than the specified amount. Authorizes the 
coun to require the defendant to provide the labor necessary 
to clean, repair, or replace the damaged propeny only at the 
victim's option. 

CA S.224 (Watson) permits any territory, whether incor- 
porated, contiguous, or whether within one or more counties, 
or not, to be included in a graffiti abatement district. Includes 
graffiti abatement as a specified purpose and enacts proce- 
dures for establishing graffiti abatement districts with speci- 
fied powers. Requires a district to include the territory of an 
entire city plus some other incorporated or unincorporated 
territory and defines abatement. Allows the levying of a tax 
against marking instruments. 

Hazardous Waste (Tar)--CA S. 194 (Torres) includes the 
collection of fees and taxes related to the handling of hazard- 
ous waste and substances within the Hazardous Substances 
Tax Law; defines the term "feepayer" for purposes of this law 
and makes various changes concerning statutory references. 
Imposes the fee on a business concern which conducts activi- 
ties related tohazardous material and hazardous waste, thereby 
imposing a tax forpurposes of Article XIlIA of the California 
Constitution. ( N o t e t h e  California Paint Council opposes 
this bill in its present form). 

CA A.1122 (Sher) makes a statement of legislative intent 
and creates the California Environmental Protection Agency. 
Includes within thatagency theStateAirResourcesBoard,the 
California Integrated Waste Management Board, the State 
Energy Resources Conservation and Development Commis- 
sion, the State Water Resources Control Board, each Califor- 
nia regional water quality control board, and the Department 
of Toxic Substances Control, created by this bill. 

Air Quality--CA A. 158 (Roybal-Allard) would authorize 
an air pollution control officer to review a permit applicant's 
history of compliance with air pollution laws and regulations 
and would authorize the officer to deny or refuse to renew'a 
permit if the applicant has a history of violating air pollution 
control laws. The bill also pertains to the issuance of hazard- 
ous waste facility permits. ( N o t e t h e  California Paint Coun- 
cil is monitoring this bill). 

CA A.157 (Roybal-Allard) authorizes an air pollution 
control officer to require specified information from a sup- 
plier, wholesaler, distributor, or manufacturer of volatile 
organic compounds or chemical substances, and would re- 
quire the supplier, wholesaler, distributor, or manufacturer to 
disclose that information to the district. Imposes a state- 
mandated local program by creating anew crime since failure 
to comply would be a misdemeanor. Prohibits disclosure of 
trade secrets, except as specified. 

Illinois 
Hazardous Waste-IL S.388 (Karpiel) amends the En- 

vironmental Protection Act; requires the same kind of mani- 
fests for shipment of nonhazardous special waste as is re- 
quired for hazardous waste. 

Solid Waste-IL H.2253 (Kulas et al) amends Solid Waste 
Planning and Recycling Act; includes encouragement of 
source reduction among the purposes of the act. 

IL S.1296 (Macdonald) amends various acts regarding 
solid waste; standardizes definition of certain terms; bans sale 
of certain plastic containers that are not coded recycling; other 
changes. 

Louisiana 
Air Quality-LA S.875 (Crain and Thompson) relates to 

the comprehensive toxic air pollutant emission control pro- 
gram; provides for consistency with federal standards. 

EnvironmentalIssues-LA S.825 (Fields) relates toenvi- 
ronmental quality; provides for a moratorium on new incin- 
erators; provides for powers of the secretary of the Depan- 
ment of Environmental Quality; provides for permits for 
incineration facilities; provides for rules; provides for notifi- 
cation to legislators. 

Environmental Issues--CA S.51 (Torres) enacts the Pol- 
lution Prevention Act of 1991. Creates the California Envi- 

Massachusetts 

ronmental Protection Agency and will transfer the State Air Pac!qinffMA H.5202 (Mass PIRG) proposes a gradual 
Resources Board, the California Integrated Waste Manage- packaging ban on various "non-recyclable" containers. 
ment Board, the State Water Resources Control Board, and 
the California regional water quality control boards to the Minnesota 
agency. (Note-the California Paint Council has reservations 
about this legislation). 

ToxicsinPackoging-MN H.303 (Wageniuset al.)relates 
to waste management; amended to include reduction of toxics 

CA A.144 (Sher) (''Environmental Truth in Labelling") in packaging and a prohibition on the use of lead, mercury, 
provides that it is unlawful for any person to represent that any and hexavalent chromium in all paints (except 
consumer good, or any part, ingredient, or packaging of a artists) by July 1, 1994. 
consumer good, which he or she manufactures or distributes 
is describable by certain terms unless it meets definitions 
established in regulations which have the full force and effect Missouri 
of law adopted by the Environmental Protection Agency for Air Quality-The Department of Natural ResourcesIAir 
specified purposes. Conservation Commission adopted a regulation (3735) on 
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July 1 that specifies the air quality standards, definitions, 
sampling and reference methods, and air pollution control 
regulations forthe state. The rule becameeffectiveon July 11. 
For further information contact, Roger D. Randolph, Staff 
Director, Air Pollution Control Program, Division of Envi- 
ronmental Quality, Department of Natural Resources, P.O. 
Box 176, Jefferson City, MO 65102 (3 14) 75 1-4817. 

New Jersey 
Hazardous Substances-NJ S.2220 (Dalton) establishes a 

regulatory program in the Department of Environmental Pro- 
tection designed to prevent pollution through the reduction in 
the use and discharge of hazardous substances. Establishes as 
a statewide goal a 50% reduction over five years in the use of 
hazardous substances, in the discharge of hazardous sub- 
stances into the air and water and in the generation of hazard- 
ous waste. Requires owners and operators of certain facilities 
to inventory the substances that they use or discharge. 

New York 
Aerosols-NY A.3620 (Weprin) Companionto S.B. 2369. 

Authorizes the NYC Departments of Consumer Affairs, Sani- 
tation, Environmental Protection and Transportation and the 
NYC Police Department to issue summons for violations 
involving the sale of aerosol spray paint cans and broad tipped 
indelible markers. 

NY S. 2369 (Padavan et al.) Companion to A.B. 3620. 
Authorizes the New York City Departments of Consumer 
Affairs, Sanitation, Environmental Protection and Transpor- 
tation and the NYC Police Department to issue summons for 
violations involving the sale of aerosol spray paint cans and 
broad tipped indelible markers. 

Packaging (ToxicfiNY A.8887 (Committee on Rules) 
provides a two to four-year delay in implementation of reduc- 
tion of toxics-in-packaging requirements relative to "tin cans" 
used to contain paint and chemicals and nonfood products 
with lead components. 

North Carolina 
Environmental Crimes-NC S.51 (Daniel) improves the 

investigation and enforcement of crimes against the environ- 
ment, declares unlawful discharges to be crimes and estab- 

lishes a three-year statute of limitation for the collection of 
certain environmental civil penalties. 

Air Quality--The Department of Environment, Health 
and Natural Resources/Environmental Management Com- 
mission adopted a rule (1464) on July 15 that establishes new 
source performance standards for hazardous air pollutants; 
requires compliance with the standards by automobile and 
light-duty truck manufacturers,coatingsoperationsandincin- 
erators; sets forth rules for the control of the emissions of air 
pollutants from incinerators; requires owners/operators of 
incinerators to test equipment for emission compliance. For 
further information, contact Thomas C. Allen, Division of 
Environmental Management, P.O. Box 27687, Raleigh, NC 
2761 1-76867, (919) 733-3340. 

Pennsylvania 
Air Quality--On August 2, the Environmental Quality 

Board adopted an amendment (1664) to the Environmental 
Quality Board Air Resources Regulations pertaining to Vola- 
tile Organic Compounds (VOCs). The amendment defines 
regional boundaries; extends the applicability of emission 
limitations: surface coating and pneumatic rubber tire manu- 
facturer; revises leak check requirements for synthetic or- 
ganic chemical and polymer manufacturing and clarifies 
emission control system efficiency requirements for surface 
active agent manufacturing facilities. Clarifies that "clean- 
up" solvent use is to be considered in determining applicahil- 
ity of graphic arts regulatory requirements. Adds a 
recordkeeping requirement for regulated sources of VOCs. 
Brings Environmental Quality Control Board regulations in 
conformance with EPA requirements. For further informa- 
tion, contact Gary L. Triplett, Chief, Division of Air Re- 
sources Management, Boardof AirQuality Control, P.O. Box 
2357, Harrisburg, PA 17120, (717) 787-4310. 

Wisconsin 
Aerosols-The Department of Natural Resources Adopted 

a regulation (6259) on July 31 that pertains to the establish- 
ment of an emission limitation for certain sources of volatile 
organic compounds (aerosol can filling operations). The ef- 
fective date is September 1, 1991. For further information, 
contact DonaldTheiler, Bureauof AirManagement, P.O. Box 
7921, Madison, WI 53707. 

Issues Recap 

Arizona 
The Arizona legislation adjourned at the end of April. 

Existing bills will not carry into the next session. 
AZ S. 1259-would have provided that interior finish and 

trim products and structural members could not be used until 
it was tested for combustion toxicity. Introduced in February, 
no further action. 

AZ S. 1379-would have added a wide-ranging general- 
purpose "pollution prevention" chapter to the Environment 
Code. Referred to Environment Committee in February, no 
further action. 

AZ H. 2401-pertains to hazardous products tax (replaced 
by S. 1170 which repealed the 8.5% hazardous waste surtax 

and implements in its place, a flat $12.00 per establishment 
retailer fee. Signed by the Governor on June 3, 1991. 

California 
CA A. 1609--enacts the Heavy Metal Packaging Waste 

Act of 1991. No further action. 
CA S. 428-requires any business which sells or delivers 

any hazardous material to accept back the empty container 
used to transfer that material. Passed Senate on June 10. Sent 
to Assembly Committee on Environmental Safety and Toxic 
Materials on June 13. Note-the California Paint Council is 
working to amend or defeat this bill. 
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CA A. 1565-imposes a tax on paint (to be deposited in the 
Lead Based Paint Fund). No further action to report. Note- 
the California Paint Council is working to defeat this bill. 

Florida 
The Florida legislation adjourned in May. Existing bills 

will not be cany into the next session. 
FL H. 1827-would have imposed restrictions on aerosol 

spray paint cans and broad-tipped markers. I n d u c e d  on 
March 1 I with no further action. 

Georgia 
TheGeogia legislationadjourned inMay. Allexistingbills 

will carry over into the next session. 
GE H. 124-pmvides for the regulation of toxic heavy 

metals in packaging. Reported with substrate from House 
Committee on Natural Resources and Environment on Feb- 
ruary 2 I .  No further action. 

Illinois 
The Illinois legislature adjourned at the end of June. All 

existing bills will cany over into the next session. 
IL H. 4 6 3 i m p o s e s  a 15 cent per pound fee on certain 

toxic emissions. 
IL H. 21%--prohibits the sale of spray paint. Remains 

dormant. No action since innoduction. The Illinois Paint 
Council successfully lobbied against this bill. 

IL H. 2451-pertains to toxic automobile paint and haz- 
ardous waste identification numbers. Subsequent amend- 
ments modified the bill to narrow its focus. 

IL H. 1852+reates the Lead Poisoning and Lead Abate- 
ment Act. Author agreed to withdraw the bill in exchange for 
co-sponsorship of IL H. 2295. 

IL H. 2 2 9 5 a m e n d s  the Lead Poisoning Prevention Act. 
Wssed the Senate on June 27. 

Maine 
The Maine legislature adjourned in mid-June. All existing 

bills will carry over into the next session. 
ME H. 13 17-would implement an educational program 

regarding disposal of household hazardous products: estab- 
lish collection center. The bill would have imposed a 4.25 tax 
on certain household hazardous products, including paint. but 
it died in the Joint Committee on Taxation. 

Maryland 
The Maryland legislature adjourned in mid-April. Exist- 

ing bills will not carry over into the next session. 

Massachusetts 
MA H. 1 9 8 2 4 d u c e s  heavy metals in packaging. Re- 

ported from Join Committee on Natural Resources and Ag- 
riculture on May 13. No further action. 

MA H. 4864--provides for a paint recycling program. 
Reported from Joint Committee on Commerce and Labor on 
June 12. No further action. 

New Jersey 
NJ A. 2916 and S. 2261-penains to toxic substances and 

packaging. Amended to delay impact on paint industry sup- 
pliers. No action since April. 

New York 
NY A. 5818-would require statewide lockup of aerosol 

paint cans and broad-tipped markers. No action since inno- 
duction in March. (Sponsor has indicated no interest in mov- 
ing this bill.) 

Oregon 
The Oregon legislature adjourned at the end of June. 

Existing bill will not cany over. 
OR H. 3431-would have prohibited the sale of toxic 

packaging or packing components. 
OR S. 1108-would have prohibited the sale of toxic 

packaging or their components. 

Pennsylvania 
PA H. 81--provides for the establishment of a Lead 

Poisoning Pmgram in the Department of Health; imposes a 
tax on saleluse of paint. A public hearing was held on June 6. 
No further action. 

Vermont 
The Vermont legislature adjourned in mid-May. All exist- 

ing bills will carry over. 
VT H. 39--pmhibits landfilling of paint, paint thinners. 

paint remover. stains. and varnishes, with an exemption for 
"solidified water-based paint in quantities of less than one 
gallon": for purposes of transportation, paint, paint thinner, 
and paint removerwill not beconsidered hazardous waste. but 
will be handled as solid waste. Require the Agency of Natural 
Resources, in cooperation the paint and coatings manufactur- 
ers and wholesalers. and in consultation with the Technical 
Advisory Committee on Solid Waste to develop and irnple- 
ment a plant that wouldcover the collection. recycling. reuse. 
treatment. of disposal of unused paint and coatings products. 
including thinners and strippers. Signed by the Governor on 
June 26. 

Notice 
NPCA invites all members interested in participating in 

negotiations on the Vermont household hazardous waste 
program to call Matt Dustin in the State Affairs Division. 
NPCA is currently meeting every two weeks with Vermont 
officials to develop a program by January 1, 1992. as man- 
dated by state law. 

The law, passed thissummer.requiresthestate'sSecretary 
of Natural Resources, in consultation with manufacturers and 
distributors in the state, to develop a comprehensive system 
for the collection, recovery. recycling. reuse, treatment or 
disposal of used paints and coatings and their containers. 
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Preliminary Program 

"The International Coatings Environment: 
Today's Opportunity, Tomorrow's Challenge" 

MONDAY, NOVEMBER 4 

OPENING SESSION 
(8:30) 

Sixty-Ninth Annual Meeting of the Federation of Societies 
for Coatings Technology opened by President Kurt F. Weitz 

Invocation and In Memoriam 
Welcome: Gerry Parsons, President of Toronto Society 

for Coatings Technology and Chairman of the 
Program Committee 
Larry Ham, Chairman of the Host Committee 
Kenneth R. Hyde, Chairman of the Paint In- 
dustries' Show Committee 

Introduction of Distinguished Guests 

Europe '92-World Economy-Peter C. Newman, 
Canadian Journalist and Political Correspondent 

WORLD CLASS QUALITY- 
A FRAMEWORK FOR ACTION 

(2:OO-4:30) 

Moderator-John A. Lanning, Product Quality Manager, 
Porter Paints Div., Courtaulds Coatings, Inc., Louisville, 
KY 

Overview of a Meaningful Total Quality Management 
Program with Emphasis on Total Improvement-Dr. Peter 
J. Hunt, President, Productivity Management Consultants, 
Clearwater, FL 

How to Start a Quality Program-Focus on Top Manage- 
ment and Total Employee Involvement-R. Edward Bish, 
Manager, Training and Regulatory Affairs, Jamestown Paint 
& Varnish Co., Jamestown, PA 

The Cadillac Quality Story-Stephen J. Seaton, Director, 
Dealer Service Development, Cadillac Motor Car Div., 
General Motors Corp., Detroit, MI 

Standardization in Manufacturing Procedures-Heinz 
Newman, Operations Manager, Polymers and Resins North 
America, Rohm and Haas Co., Philadelphia, PA 

Safety and Total Quality Management-A.H. Schultz, 
Safety, Health & Environmental Manager, E.I. du Pont de 
Nemours & Co., Inc., Wilmington, DE 

PROFESSIONAL DEVELOPMENT COMMITTEE 
SYMPOSIUM 

ON ADVANCED TOPICS IN COATINGS 
RESEARCH 
(2:OO-4:OO) 

Moderators: Dr. Rose A. Ryntz, Technical Director, Plas- 
tics and Industrial Finishes, Coatings Div., Akzo Coatings, 
Inc., Troy, MI and Dr. Clifford K. Schoff, Scientist, Head of 
Physical Chemistry Group, PPG Industries, Inc., Allison 
Park, PA 

Outlook for Self-Assembling Polymers as Coatings Bind- 
ers-Dr. Frank N. Jones, Director, National Science Foun- 
dation Industry/University Cooperative Research Center, 
Eastern Michigan University. Ypsilanti, MI 

Starburst Dendrimers: Molecular Level Control of Size, 
Shape, Surface Chemistry, Topology, and Flexibility from 
Atoms to Macroscopic Matter-Donald A. Tomalia, 
Michigan Molecular Institute, Midland, MI 

New Developments in Coating with Waterbase and Pow- 
der Paints-Prof. Ion I. Inculet, Applied Electrostatics Re- 
search Centre, Faculty of Engineering Science, The Uni- 
versity of Western Ontario, London, Ontario, Canada 

Advances in Zinc Phosphate Pretreatmeuts--Dr. Thomas 
Cape, CM Surface Treatment, Inc., Southfield, MI 
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JACK SWEET 
MANAGER. 
TECHNICALSERVICE 

Ashland Chemical. Because there's more to paint-n solvents. 
When it comes to coatings ingredients, assistance with reformulation, health and safety " across North America, Ashland Chemical is information, or environmental regulations. 

"The Source." We can probablysimplify your buying, lower 
Our systems approach means a complete your inventory costs, and deliver whenever and 

range of performance chemicals and ingredi- wherever you need. With more service, and 
.h ents, from resins and primary pigments to support, than anyone. Call your local repre- 

' specialty additives. Solvents, too. And you can sentative, or write: Industrial Chemicals & 
call on industry experts like Jack Sweet and our Solvents Division, Dept. 468, PO. Box 2219, 
staff of technical specialists when you need Columbus OH 43216. L 

Ashland Chemical - 
The Source Ashland Sutsldlaty Chem~cal. OI Ashland Inc 011. Inc 



SOCIETY PAPERS--I 
(2:OO-4:30) 

Moderator: Patricia A. Shaw, Technical Director, Davlin 
Coatings, Inc., Berkeley, CA 

Changes in Hiding During Latex Film Formation. Pan IV. 
Effect of Film Thickness and Toning4leveland Society for 
Coatings Technology. Presented by Freidun Anwari, Coat- 
ings Research Group, Inc., Cleveland, OH 

Clear Liquid Separation in Latex Paints Containing Cellu- 
losic/Associative Thickener Systems-Cleveland Society 
for Coatings Technology. Presented by Ben J. Carlozzo, 
Tremco, Inc., Cleveland, OH 

Effect of Siloxane Modification on the Physical Attributes 
of an Automotive Coating-Detroit Society for Coatings 
Technology 

Coatings for Automotive Plastics--Toronto and Montreal 
Societies for Coatings Technology and the Vancouver Sec- 
tion of the Pacific Northwest Society for Coatings Tech- 
nology. Presented by Gordon E. Major, Bethco Consult- 
ants, Bramlea, Ontario, Canada 

Sparkle Paint-Using Recycled Ground Glass as Pigment- 
Golden Gate Society for Coatings Technology. Presented 
by Gregg Lindblom, Chemistry Dept., California Poly- 
technic State University, San Luis Obispo, CA 

POLYMERS: ADVANCED TECHNOLOGY 
(2:OO-4:30) 

Moderator: Mary G. Brodie, Strongsville, OH 

Polyester Oligomers of Narrowed Molecular Weight Dis- 
tribution-David Rogemoser, Roy C. Williams, and Rich- 
ard M. Benton, Coatings, Polymers, and Resins Div., 
Reichhold Chemicals, lnc., Buffalo, NY 

Ultrasonically Initiated Free Radical Catalyzed Polymer- 
izations-Dr. James 0. Stoffer, O.C. Sitton, and Hwei-Ling 
Kao, Chemistry Dept., University of Missouri-Rolla, Rolla, 
MO 

Novel Flexible Epoxy Resins for Waterborne Coating Ap- 
plications-David S. Sheih and Duane S. Treybig, Coat- 
ings, Adhesives, and Sealants Application Laboratory, The 
Dow Chemical Co., Freeport, TX 

A Comparison of the Formability of Coatings from Epoxy 
Resins, Epoxy Phosphate Ester Resins, and h-Situ Ad- 
vancement Epoxy Resins-T.L. Massingill, Jr. and R.C. 
Whiteside, Jr., Coatings, Adhesives, and Sealants Applica- 
tion Laboratory, The Dow Chemical Co., Freeport, TX 

Stmcture/Property Relationships Among Epoxy Resins 
Used in Industrial Protective Coatings-D.L. Steele, 
Coatings, Adhesives, and Sealants Application Laboratory, 
The Dow Chemical Co., Freeport, TX 

TUESDAY, NOVEMBER 5 

ROON AWARDS COMPETITION PAPERS1 
(9:OO-11 :OO) 

Moderator: Peter A. Hiscocks, Senior Group Chemist, 
Ashland Chemicals, Mississauga, Ontario, Canada 

Latex Film Formation at the Molecular Level: The Effect 
of Coalescing Aids on Polymer Diffusion-Dr. Mitchell A. 
Winnik and Yongcai Wang, Department of Chemistry, 
University of Toronto, Toronto, Ontario, Canada, and Frank 
Haley, ICI Canada, Toronto, Ontario, Canada 

Possible Reaction Pathways for Self-condensation of 
Melamine Resins: Reversibility of Methylene Bridge For- 

mation-Dr. Frank N. Jones and Upasiri Samaraweera, 
Eastern Michigan University, Ypsilanti, MI 

A Novel Design Strategy for Blocked Isocyanates to En- 
hance Their Reactivity with Alcohols. Oxime Blocking 
Agents which Undergo Intramolecular Cyclization-1. 
Wells Carter, Union Carbide Corp., Bound Brook, NJ, and 
Dr. S. Peter Pappas, Polymers and Coatings Department, 
North Dakota State University, Fargo, ND 

Tg-Temperature Property (T,TP) Diagram for Thermoset- 
ting Systems: Anomalous Behavior of Physical Properties 
vs Extent of Cure-Xiaorong Wang and John K. Gillham, 
Polymer Materials Program, Department of Chemical En- 
gineering, Princeton University, Princeton, NJ 

f i  73 
Registration Hours 

Sunday, November 3 ..................................... 8:OO a.m.-7:30 p.m. 
Monday, November 4 .................................... 7:00 a.m.-5:30 p.m. 
Tuesday, November 5 .................................... 7:00 a.m.-5:30 p.m. 
Wednesday, November 6 ............................ 7:00 a.m.- 12:OO noon 
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Paint Show Hours 

Monday, November 4 ........................................ 10:OO a.m.-5:30 p.m. 
Tuesday, November 5 ................................................. 0 0  a.m.-5:30 p.m. 
Wednesday, November 6 ........................................ 8 0  a.m.-12:OO noon 
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MANUFACTURING COMMllTEE SEMINAR 
ON WASTE MINIMlZATlONlPRODUCTlON 

OPTIMIZATION 
(9:OO-12:OO) 

Moderator: Anne M. Probizanski, Ampro Technologies, 
Riverside, CA 

Introduction: Dr. Charles Rooney, President, Orr & Boss, 
New York, NY 

The Rationale for Change-Samuel J. Bright, Plant Man- 
ager, E.I. du Pont de Nemours & Co., Inc., Toledo, OH 

Quality Productivity Improvement-Alvin A. Crego, Plant 
Manager, The Glidden Co., Oakwood, GA 

Summary/Closing Comments: Dr. Rooney 

Moderator and speakers will assemble as a panel for an 
open discussion period to conclude the seminar. 

Presentation of the 1991 Morehouse Golden Impeller Award 
for outstanding achievement in dispersion technology will 
be made at this session. 

SOCIETY PAPERS-II 
(9:OO-11 :OO) 

Moderator: Robert D. Athey, rr., Athey Technologies, El 
Cerrito, CA 

Suitability of ASTM Test Method for High Solids VOC 
Determination-Philadelphia Society for Coatings Tech- 
nology 

Selection of Corrosion Test Methods Based on Mechanism 
Principles-Northwestern Society for Coat in~s Technol- 
ogy 

Flash Rust Testing and Inhibitor Evaluation Through a 
New Spectrophotometric Integration Technique-St. 
Louis Society for Coatings Technology. Presented by 
Michael R. Van De Mark, Chemistry Department, Univer- 
sity of Missouri-Rolla, Rolla, MO 

Variable Characteristics of Titanium Dioxide Pigments 
Using SEM and Paaicle Size Analyses-Houston Society for 
Coatings Technology. Presented by David Siller, Kenrich 
Petrochem Inc., Sugarland, TX 

GENERAL PAPERS ON COATINGS TECHNOLOGY 
(9:OO-11:30) 

Moderator: Robert S. Deruiter, Laboratory Manager, 
Reichhold Ltd., Weston, Ontario, Canada 

Propylene Glycol Ethers as Coalescing Aids in Waterborne 
Acrylic Emulsions-James R. Bodwell, David C. Dehm, 
roseph Junker, and Michael P. Law, ARC0 Chemical Co., 
Newtown Square, PA 

The Adhesion of Ice to Coatings and the Performance of 
Ice Release Coatings-V.K. Crouch and R.A. Hartley, 
ORTECH International, Mississauga, Ontario, Canada 

Spheroidal Iron Oxide Yellows: A New Generation of Pig- 
ments for Paints and Colorants-Axel Wilms, Manager, 
Technical Senrlce, Applications Department, Mobay Corp., 
Pittsburgh, PA 

Powder Coating Chemistry and Properties-Vipul Joshi, 
Senior Chemist, CIBA-GEIGY Corp., Ardsley, NY 

Improvement of Corrosion Properties of Coatings Using 
Wetting and Dispersing Additives-lanos Hajas, Byk- 
Chemie GmbH, Wesel, Germany 

ROON AWARDS COMPETITION PAPERS-II 
(2:OO-4:OO) 

Moderator: Dr. Richard J. Himics, President, Daniel Prod- 
ucts Co., rersey City, NJ 

Pigment Stabilization Through Mixed Associative Thick- 
ener Interactions-Dr. David 1. Lundberg, Senior Coating 
Chemist, 3M Co., St. Paul, MN, and Dr. r. Edward Glass, 
Polymers & Coatings Dept., North Dakota State Univer- 
sity, Fargo, ND 

Use of a Mathematical Model to Predict the Effects of 
Extenders on Pigment Dispersion in Paint Films-J. 
Temperley, M.J. Westwood, M.R. Hornby, and L.A. 
Simpson, Tioxide Group PLC, Central Laboratories, 
Stockton-on-Tees, Cleveland, England 

Electrostatic Painting of Plastics I: Electrical Properties of 
Plastics and Primers-Dr. David P. Garner, Staff Research 
Scientist, Polymers Department, and Dr. Alaa A. Elmoursi, 
Staff Research Engineer, Electrical and Electronics Engi- 
neering Department, General Motors Research Laborato- 
ries, Warren, MI 
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If You Think You 
Need To Sacrifice 

To comply with lower VOC 
requirements, more and more 
formulators are turning to Joncryl 
acrylic polymers for high solids, 
2-Pak urethane coatings. Like our 
innovative Joncryl906 acrylic polyol 
for high performance maintenance, 
transportation and factory OEM 
coatings, offering lower VOCs and 
performance that's similar to con- 
ventional solids urethane finishes. 

Compared to other low VOC 
acrylics, Joncryl906 provides 

superior gloss retention and 
exterior durability at a 
VOC level of 3.2 Ibs./gal. Not to 
mention excellent chemical and 
solvent resistance, fast dry times 
and a practical pot life. And with 
an equivalent weight of 600, Joncryl 
906 reduces isocyanate demand and 
lowers formulated coating costs. 

Don't let tightening VOC 
regulations hurt your performance. 
Switch to Joncryl high solids acrylic 
polyols-the only ones produced 

with our patented SGO technology. 
For more information on Joncryl 
906 or our entire line, write to SC 
Johnson Wax, Specialty Chemicals, 
Racine, WI 53403. Or call 
1-414-631-3920. 

Specialty 
Chemicals 

.lonen.l isa trademark E 1111111 SC .lohnron R Son. Inc., Ranne. WI 51Jll:I 



Electrostatic Painting of Plastics 11: Electric Field Effects- 
Dr. Alaa A. Elmoursi, Staff Research Engineer, Electrical 
and Electronics Engineering Department, and Dr. David P. 
Gamer, Staff Research Scientist, Polymers Department, 
General Motors Research Laboratories, Warren, MI 

RESEARCH PAPERS: INTERNATIONAL SOURCES 
(2:OO-4:OO) 

Moderator: George R. Pilcher, Technical Director, Akzo 
Coatings, Inc., Columbus, OH 

Electrochemical Impedance Spectroscopy in the Study of 
Metal Pretreatment and Protecting Coating-Dr. Prof. P.L. 
Bonora, Head, Laboratory of Electrochemistry, Department 
of Materials Engineering, University of Trento, Trento, 
Italy. [Presented on behalf of FATIPEC: Federation of As- 
sociations of Technicians in the Paint, Varnish, Lacquer, 
and Printing Ink Industries of Continental Europe] 

Introduction of a Newly Developed Coating Technology 
to Protect Submerged Structures Against Fouling-Iwao 
Momiyama, Kiyoshi Nanishi, and Masato Kishihara, Kansai 
Paint Co., Ltd., Kanagawa, Japan. [Presented on behalf of 
JSCM: Japan Society of Colour Material] 

Simultaneous Assessment of Influence on Hiding Power 
by Several Compositional Factors: Taguchi Approach-V.S. 
Vaidya and V.M. Natu, Asian Paints (India] Ltd., Bombay, 
India 

Micro Titanium Dioxide-Properties and Applications- 
Dr. Brian J. Meldrum, Tioxide Chemicals, Central Labora- 
tories, Stockton-on-Tees, Cleveland, England 

CORROSION COMMITTEE SYMPOSIUM 
ON COATINGS FOR CORROSION CONTROL 

OF NONFERROUS SUBSTRATES 
(2:OO-4:30) 

Moderator: Horace Philipp, Supply & Services Canada, 
Hull, Ontario, Canada 

Filiform Corrosion on Aluminium Auto Body Sheet- 
Gregory Courval, H. Lagace, and J. Allin, Kingston Re- 
search and Development Centre, Alcan International Ltd., 
Kingston, Ontario, Canada 

State-of-the-Art Finishes for Copper and Its Alloys-Saul 
Spindel, President, D/L Laboratories, New York, NY 

Manufacturing Processes for Metallic Coated Slieet Steels-- 
R. James Shaffer, Director of Marketing, Advanced Coat- 
ings Technologies, Inc., Southfield, MI 

Organic Coatings for the Protection of Imide-Based Com- 
posites-Dr. Charles R. Hegedus, Materials Engineer, 
Aerospace Materials Div., Naval Air Development Center, 
Warminster, PA 

Presentation of the 1991 Corrosion Committee Publica- 
tion Award for best corrosion-related paper published in 
the JOURNAL OF C O A ~ N G S  TECHNOLOGY will be made at this 
session. 

WEDNESDAY, NOVEMBER 6 

COATINGS: GLOBAL PERSPECTIVES Outstanding Service . . . Society Speaker . . . Society 
(9:OO-10:30) Secretaries. 

Installation of Officers, 1991-92. 
Moderator: John E. Hall, Technical Service Manager, 
Tioxide, Inc., St. Laurent, Quebec, Canada 

The New Zealand Coatings Market: Opportunities and 
Drawbacks-Don MacDonald, Chief Executive, Protec 
Creative Coatings Ltd., Aukland, New Zealand (Presented 
on behalf of OCCA-NZ: Oil and Colour Chemists' Asso- 
c~ation-New Zealand] 

Powder Coatings: Global Perspective-Gregory J. Bocchi, 
Executive Director, The Powder Coating Institute, Alex- 
andria, VA 

UV and Electron Beam Curing: A Global Perspective-Tony 
Berejka, President, RadTech International, Huntingdon, 
NY 

r /  
I MAlTIELLO MEMORIAL LECTURE 

(10:30-11:30) 

Introductory comments by John Vandeberg, DSM 
Desotech, Inc., Des Plaines, IL, Chairman of the 
Joseph J. Mattiello Memorial Lecture Committee. 

Structure/Property Relationships of Thermoset 
Coatings-Dr. Loren W. Hill, Senior Fellow, Surface 
Coatings Group, Monsanto Chemical Co., Indian 
Orchard, MA : 

< 
ANNUAL BUSINESS MEETING 

(9:OO-10:OO) 
AWARDS LUNCHEON 

(1 1 :45) 

Annual Business Meeting of the Federation. Presentation of these awards: George Bauah Heckel 
Paint Show . . . Roon Foundation . . y ~ n i o n ~ a r b i d e .  

Presentation of these awards: A.F. Voss/Arnerican Paint d 
Coatings Iournal . . . Southern Society A.L. Hendry . . . Featured Speaker: Michael Broome, Humorous Motivator. 

32 Journal of Coatings Technology 



We're turning UD the heat 
on our h@-perforiance resins. - 
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HOTEL ROOM AND SUITE RATES* 
Suites 

Map 
Key Hotel Singles Doublesflwins 1 BR 2 BR 

1 Sheraton Centre $140 $155 $300-412 $360-700 

Towers 152 183 

2 Royal York 140 155 425-875 565-1,425 

3 Westin Harbour Castle 140 160 250 375 

4 Marriott Eaton Centre 139 149 

5 Hilton International 140 155 324 446-900 

6 Holiday Inn 99 109 
Downtown City Hall 

7 Bond Place 89 89 

8 King Edward 165 165 360-485 525-650 

*The rates are quoted in Canadian funds. At the present time the U.S. dollar is worth $1.13 Canadian. (To determine 
the rates in U.S. dollars multiply by 237). The rates are subject to Provincial and Goods and Services Tax and other applicable 
taxes. 

--- 
LAKE ONTARIO 

SHUTTLE BUS SERVICE 

Shuttle bus service will be provided 
between the cooperating hotels and the 

Metro Toronto Convention Centre 
beginning Sunday, November 3 



1991 FSCT ANNUAL MEETING AND PAINT ~JDUSTRIES' SHOW 
METRO TORONTO CONVEN~ON CENTRE 
MONDAY, TUESDAY, AND WEDNESDAY, NOVEMBER 4, 5, 6 

APPLICATION FOR HOTEL ACCOMMODATIONS 

P.O. Box 1 2 6  
207 Queen's Quay West 

By 10/4/91 Toronto, Ont., M5J 1A7 
Canada 
Fax: 416-367-9088 

Please indicate below the type of accommodations desired and choice of hotels. (Refer to hotel map and rates on 
opposite page). All reservations will be processed by the FSCT Housing Bureau. Hotel assignments will be made in 
accordance with prevailing availability. You will receive an acknowledgment from the Housing Bureau. This is not 
the hotel confirmation. That will come directly to you from the hotel to which you have been assigned. Prior to October 
4, all changes must be made, in writing, through the Housing Bureau. After October 4, all modifications should be 
made directly with the hotel. 

A one-nights' deposit MUST accompany each housing request. Checks or credit cards may be used. Checks must 
be made out to FSCT Housing Bureau. 

TYPE OF ACCOMMODATION NUMBER RATE CHOICE OF HOTEL 

Single (1 person, 1 bed) (1) 
Twin (2 people, 2 beds) (2) 
Double (2 people, 1 bed) (3) 
Suite (parlor and 1 bedroom) (4) 
Suite (parlor and 2 bedrooms) 

NAMES OF ROOM OCCUPANTS AND DATES OF ARFWAL/DEPARTURE 

Type of Dates 
Room Name Arrive Depart 
I I I I 

Please Type Additional Reservations on a Separate Sheet and Attach to This Form 

SEND CONFIRMATION FOR ALL RESERVATIONS TO: 

Name Telephone 

company FAX 
Address 
City, State, Zip 
County 
Name of Credit Card Signature - 
Credit Card Number Exp. Date - 

Note: Requests for accommodations at either the Sheraton Centre or the Royal York will be limited to 10 rooms per 
company. A parlor counts as one room. 



s 56th pa,. 1991 Annual Meeting 
Paint Industries' Show 

Featured Presentations 

- 

Keynote Address 
Monday, November 4 

"Europe '92- World Economy" 
Peter Newman 

As a journalist and political correspondent, Peter Newman, is known for his behind- 
the-scenespoliticalreporting, featuredin the Canadian weekly, Maclean's. Mr. Newman 
is currently working on Merchant Princes, the final volume of his history of the 
Hudson's Bay Company. His extensive writing credits include a two-volume examina- 
tion of the Canadian establishment; a book on the Bronfman dynasty, the story of the 
Montreal family behind the Seagram empire; and a profile of Conrad Black, an obscure 
Toronto businessman, who is now rapidly building an international press empire. 

Mattiello Lecture 
Wednesday, November 6 

"Structure Property Relationships 
of Thermoset Coatings" 

Dr. Loren W. Hill 

Dr. Loren Hill is Senior Fellow, Surface Coatings Group, at Monsanto Chemical Co., 
Indian Orchard, MA. Although his career began at North Dakota State University, Dr. 
Hill is recognized for achievements in both academia and industry. His research has 
focused on rheology of high solids coatings, and has expanded to include structure 
property relationships of crosslinked coatings. Dr. Hill has examined the use of dynamic 
mechanical anavsis to determine crosslink densitv and to suDDort the design of resin 
structures to obiain optimized combinations of physical prope;;ies. An invited lecturer 

at many seminars and conferences, he is recognized for his extensive publishing and teaching 
credits. Dr. Hill has sought to support the pioneering work of Joseph J. Mattiello in expanding 
the application of basic sciences to solving problems in the decorative and protective coatings 
field. 

FSCT Luncheon 
Wednesday, November 6 

Michael Broome 

During the past ten years, Mr. Broome has addressed over 2,000 audiences throughout 
the nation. He is able to adapt hls humorous and motivational presentation to virtually 
any type of audience. While addressing topics of goal setting, people management, stress 
avoidance, America and the family, Mr. Broome emphasizes that achieving a balance in 
living is the ultimate barrier of success. If Mr. Broome's talks begin with that rare 
commodity-laughter-they end even more unconventionally in grateful applause and 
real inspiration. 
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FEDERATION MEETINGS AND OTHER EVENTS 

Sunday, November 3 
Board of Directors Meeting (9:00 a.m.) ....................................................................................................... Sheraton, Dominion 
Women in Coatings Reception (5:30 p.m.) ................................................................................................. Sheraton, Dominion 
Paint Show Exhibitors Reception (6:30 p.m.) Convention Centre, Reception Hall 

Monday, November 4 
Speakers Breakfast (7:30 a.m.) ............................................................................................... Convention Centre, Room 202D 
Opening Session (8:30 a.m.) .......................................................................................................... Convention Centre, Theatre 
Paint Show Opens (10:OO a.m.) ................................................................................................. Convention Centre, Upper Hall 
Spouses Welcome Reception (2:OO p.m.) Convention Centre, Reception Hall 
Gallows Bird Reception (5:OO-7:00 p.m.) ............................................................................................................. Sheraton, Kent 

Tuesday, November 5 
Speakers Breakfast (7:30 a.m.) Convention Centre, Room 202D 
Spouses Continental Breakfast (7:30 a.m.) ................................................................................................. Sheraton, Dominion 
Spouses Tour (8:45 a.m.) .............................................................................................. Sheraton, Richmond Street Entrance 
Canadian Luncheon (12:OO noon) ................................................................... Convent ion  Centre, Constitution Ballroom 
International Visitors Reception (6:30 p.m.) .......................................................................................... Royal York, Tudor 7-9 

Wednesday, November 6 
Spealzers Breakfast (7:30 a.m.) C o n v e n t i o n  Centre, Room 202D 
Annual Business Meeting (9:OO a.m.) ................................................................................................. Convention Centre, 206F 
Annual Luncheon (12:OO noon) ........................................................................... Convention Centre, Constitution Ballroom 
President's Reception (6:30 p.m.) .......................... ............. ......................................................................... Sheraton, Dominion 
Past-Presidents' Dinner (7:30 p.m.) ....................... ... ..................................................................................... Sheraton, Elgin 
Past-Presidents' Wives' Dinner (7:30 p.m.) ...................................................................................................... Sheraton, Kenora 

SPOUSES ACTIVITIES 

Monday, November 4 
The Spouses Program of Activities will begin with the traditional get-acquainted Wine and Cheese Social in the Metro 
Toronto Convention Centre Reception Hall. There will be a raffling of door prizes contributed by suppliers to the Paint 
Industry. 

Tuesday, November 5 
Continental Breakfast will be served in the Dominion Ballroom of the Sheraton Centre Hotel. 

Luxury coaches will depart from the Sheraton for a spectacular guided tour of the city. The tour highlights such famous 
landmarks as the award-winning City Hall, Osgoode Hall, the spectacular Eaton Centre, quaint old St. Lawrence Market,the 
Harbourfront and Queen's Quay, the SkyDome, Casa Loma-Canada's only castle-and the magnificent Royal Ontario 
Museum. The Museum offers visitors a unique combination of earth and life sciences, fine art and archaeology. The 
internationally acclaimed collections include Egyptian mummies, Chinese artifacts, a Ming Tomb, and even twelve 
complete dinosaur skeletons. Following the tour of the museum the spouses may either shop in the chic boutiques of 
Hazelton Lanes or return by motorcoach to the hotel. 

An elegant three-course luncheon will be served at Ed's Warehouse. Located in the theatre district, the decor features a large 
collection of antiques blended with a theatrical motif. 

Wednesday, November 6 
The Annual Luncheon will be held in the Constitution Ballroom of the Convention Centre. 

Several Federation awards will be presented. The featured speaker will be Michael Broome, motivational humorist. 

The spouses registration fee ($50.00 in advance, $60.00 in Toronto1 includes the Wine and Cheese Soclal, the Continental 
Breakfast, and the tour andluncheon. Tickets forthe Wednesday Annual Luncheon areavailable for $25.00in theregistration 
area of the Convention Centre. 



VESTANAT" isophorone diisocyanate from Huls 
To make sure we're there when 

you need us, Huls will manufacture 
isophorone diisocyanate in the United 
States. Combined with our expanded 
capacity in Germany, it represents a 
significant increase in worldwide 
availability. 

That means you can get 
VESTANAT IPDl from Hiils faster 
and more reliably than ever. 

VESTANAT IPDl is typically 99.8OI0 
pure and has been successfully used 
in many polyurethane coatings appli- 
cations requiring durability, weather- 
ability and gloss retention. The 
difference in reactivity of its isocyan- 
ate groups can be capitalized on by 
manufacturing low viscosity interme- 
diates for VOC compliant coating 
systems. 

0 1991 Huls Amer~ca Inc. 

is now yours HUIS can also provide unsur- 
for the asking, passed technical support, based on 

25 vears of iso~horone ex~ertise. All 
yo; have to do'is ask. 

' 

Call today to order your supply of 
VESTANAT IPDI. Huls America Inc., 
P.O. Box 456,80 Centennial Ave., 
Piscataway, NJ 08855-0456. Tel. 
(908) 980-6929, Fax (908) 980-6970 
Attn: CRM Dept. In Canada: Huls 
Canada Inc., 235 Orenda Rd., 
Brampton, Ontario L6T 1 E6 Tel. 
(416) 451-3810, Fax (416) 451-4469. 

HULS AMERICA INC. 

I I m -  
VESTANAP is a registered trademark of Huls AG. 
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ADDITIONAL HIGHLIGHTS 
"INTERNATIONAL COATINGS ENVIRONMENT: 
TODAY'S OPPORTUNITY, TOMORROW'S 
CHALLENGE" 
The theme of the 1991 Annual Meeting underscores that 
today's coatings environment requires pro-active market- 
ing and technology strategies. An opportunity today will 
be a challenge tomorrow if not addressed in a timely and 
effective manner. To address this theme, programming 
will emphasize the international perspective and will focus 
on such topics as quality improvement, cutting edge tech- 
nology, and environmentally and performance engineered 
products. Also on the program will be the Mattiello Me- 
morial Lecture, Roon Awards Papers, Society Papers, and 
Seminars. Speakers will come from throughout the world 
of coatings science and manufacture. 

NINE HOTELS TO FURNISH HOUSING 
Nine hotels have reserved blocks of rooms for the Federa- 
tion event, with the Sheraton Centre Hotel and Royal York 
Hotel serving as co-headquarters. Other hotels include the 
Westin Harbour Castle, Marriott Eaton Centre, Hilton 
International Toronto, Holidby Inn-Downtown City Hall, 
Bond Place, King Edwardand L'Hotel. Prior to October4, all 
housing will be processed through the Toronto Convention 
and Visitors Association's Housing Bureau. After October 
4, all reservations must be made directly with hotels. For 
housing information, contact Federation headquarters. 

REGISTRATION FEES 
Advance registration forms and information were sent to all 
members in April. Advance fees are $65 for members and 
$80 for non-members. The fee for spouses' activities is $50 
in advance. Retired members and their spouses may regis- 
ter for the special advance fee of $25 each. The cut-off date 
for advance registration is October 4. 

On-site registration will be $75 for full-time and $55 for 
one-day for members. Non-member fees will be $95 forfull- 
time and $70 for one-day. Spouses' activities fees will be 
$60 on-site. 

PROGRAM COMMllTEE 
Chairman of the 199 1 Program is Gerry Parsons, of DeSoto 
Coatings Ltd., Mississauga, Ont., Canada. Serving with 
Mr. Parsons are: rohn Lanning [Vice-Chairman], 
Courtaulds Coatings, Inc., Porter Paint Div., Louisville, 
KY; Mary G. Brodie, Strongsville, OH; Rob Deruiter, 
Reichhold Ltd., Toronto, Ont.; rohn Hall, Tioxide, Inc., St. 
Laurent, Que.; Peter Hiscocks, Ashland Chemicals, 
Mississauga, Ont.; George R. Pilcher, Akzo Coatings, Inc., 
Columbus, OH; and Roger Woodhull, California Products 
Corp., Cambridge, MA 

FEDERATION ANNUAL LUNCHEON 
WILL BE HELD ON WEDNESDAY 
The Annual Federation Luncheon will be held on Wednes- 
day, November 6, at theMetroToronto Conventioncentre. 
Tickets may be purchased for $25.00 in advance or on-site 
at the registration area of the Convention Centre. High- 
lighting the event will be an address by Michael Broome, a 
motivational humorist. 

AMERICAN AIRLINES AND AIR CANADA 
OFFER SPECIAL FARES TO TORONTO 
American Airlines and Air Canada, in cooperation with 
the FSCT, are offering special discounted fares which af- 
ford passengers a 25-40% minimum savings off their round 
trip, undiscounted day coach fares for travel to the FSCT 
Annual Meeting and Paint Industries' Show on the air- 
lines' domestic systems. 

To take advantage of these discounts, you must travel 
between October 28-November 12, 1991; purchase tickets 
at least seven days in advance; phone 1-800-433-1790 (for 
American Airlines] or 1-800-361-7585 (for Air Canada] for 
reservations. Immediately reference the FSCT file num- 
ber: Star File #S-0201CN (for American Airlines] or File 
#917086 (for Air Canada). The special fares are available 
only through these numbers. 

Discounts are good for both direct and connectingflights 
to Toronto. If you use a travel agent, have your reserva- 
tions placed through the toll-free number to obtain the 
same fare advantages. Both American Airlines and Air 
Canada have a variety of other promotional fares, some of 
which may represent even greater savings. When you phone 
for reservations, ask for the best discount applicable to 
your itinerary. 

FEDERATION BOARD OF DIRECTORS 
TO MEET ON SUNDAY IN SHERATON 
The Board of Directors of the Federation will meet on 
Sunday, November 3, at 9:00 a.m. in the Sheraton Centre 
Hotel. 

TRAVEL FROM THE U.S. TO CANADA 
When you arrive at Lester B. Pearson International Air- 
port, you are required to go through Customs & Immigra- 
tion before collecting your baggage. (You will receive a 
Customs Declaration form onboard your inbound flight.) 

Citizens and legal residents of the United States do not 
need visas to enter Canada. However, all American citi- 
zens must show proof of citizenship. Documents such as a 
birth certificate, passport, or "green card" are acceptable. 
You should also carry photo I.D. due to tightened security 
on all airlines. Naturalized citizens need naturalization 
certificates or other proof of citizenship. NOTE: A VALID 
DRIVER'S LICENSE IS NOT SUFFICIENT IDENTIFICA- 
TION. 

Following immigration, proceed to the baggage claim 
area to collect your bags. Baggage carts (complimentary) 
and skycaps are on hand for luggage transfer. Due to 
tightened security no one other than inbound passengers 
and ground crew are allowed in the baggage claim area. 
You are then required to go through customs control. 

Citizens of countries other than the United States should 
check with the Canadian Embassy or nearest Consulate 
before departure. 

RETURN TO U.S. FROM CANADA 
We suggest you allow a minimum of 2 to 2 '12 hours before 
flight departures to check into the airport. Upon arrival at 
Pearson International Airport, you are required to go 
through U.S. Customs and security with your bags. 



DUTY FREE ALLOWANCES- 
U.S. VISITORS 
For every 30 days, returning U.S. citizens are allowed to 
bring back duty free, $400 worth of personal or household 
merchandise, provided they have been out of the U.S. for 
48 hours. This amount can include one carton of cigarettes, 
100 cigars (no Cuban), one pound of sinoking tobacco and 
32 ounces of liquor. Goods bought in Canada but manufac- 
tured in the U.S. are duty free and not included in the basic 
exemption; however, a receipt of purchase may be re- 
quired. 

TAXREBATES 
Provincial Sales Tax of 8% and Federal Goods and Services 
Tax of 7% are levied on goods and services purchased for 
use of consumption within Ontario. In general, visi~ors 
may apply for a refund of these taxes once they have 
accumulated $100 worth of receipts for non-disposable 
merchandise to be used outside Canada. Sales Tax refund 
forms can be obtained on arrival in Toronto at the Trans- 
port Canada Information Desk or Canada Customs Office. 

' Workshop on VOC Compounds 
To Follow FSCT Convention in Toronto 

A two-day workshop on Paint Volatile Organic Com- 
pounds (VOC) will be conductedby the AmericanSociety 
for Testing and Materials, in Toronto, on November 7-8, 
immediately following the FSCT Annual Meeting. 

The course which includes laboratory demonstrations 
at TSL Environmental Labs, Inc., is designed for chemists 
and others who use U.S. EPA tests to determine if paints 
or coatings meet VOC requirements. Individuals from 
industry, government regulatory bodies, commercial 
laboratories, and paint users can benefit. 

Course instructors, Hiroshi Fujimoto, of BASF Inmont 
Division's Analytical Services Laboratory, William C. 
Golton, of Du Pont's Marshall Laboratory, and Richard 
W. Scott, formerly of Sherwin-Williams Co.'s analytical 
department, will feature ASTM Test Methods used in 
EPA Reference Method 24. 

Registration fee is $535 (U.S.J. The course will be held 
at The Stage West Hotel, Mississauga, 0nt.For more in- 
formation, please contact Kathy Dickinson, ASTM Stan- 
dards Technology Training, 1916 Race St., Philadelphia, 
PA 19103; telephone: 215-299-5480; fax: 215-299-5470. 

A Five Kilometer Fitness Run 
Especially for Attendees at the 1991 Paint Show in Toronto, Ont., Canada 

Tuesday, November 5,1991, a t  7:OO a.m. 

Start: East end of Coronation Park-Out and back along 
a paved foot path 

Bus transportation will be available to runners beginning 
at 695 and 6:30 a.m. from two convenient locations, 
Sheraton Centre and Royal York co-headquarters hotels. 

Sponsored by Troy Corporation 
In conjunction with the Federation of Societies for Coatings Technology 

The Paint 

All runners are invited to join us this year for the annual event on 
the Paint Show schedule-the Paint Show 5000, a five kilometer 
fun and fitness run in Toronto, Ontario, Canada. 

The run is scheduled to start 7:00 a.m. on Tuesday. Participants 
will run on a measured, police-protected five kilometer (3.1 mile) 
course on the beautiful Toronto Shoreline. A time clock will he 
located at the finish. 

The Paint Show 5000 is designed to be a fun, fitness, or training 

event open to all who want to take a five kilometer running tour 
of Toronto. Everyone will be a winner! 

T-shirts and a sports mini-flashlight will be given to all partici- 
pants, but you must be pre-registered to run. No entries will be 
accepted on race day. 

Entry fee: $5.00 U.S. Funds. Entries must be received before Oc- 
tober 30,1991. A portion of every runners' registration fee will be 
donated to the Coatings Industry Education Fund. 

Mail entry form with a check for $5.00 entry fee in U.S. Funds In consideration of this entry being accepted. I the undersigned intending to be 
(no cash, please) payable to: leaallv bound, herebvfor mvself. mv he~rs. executorsand administrators. waive 

Troy CorporationlPaint Show 5000 aid release any andall nghtsand daims I may have against the Troy Chemical 

One Avenue L, Newark, NJ 07105 Corporatlon, the Federatton of Societies for Coatings Technology, the clty 
Sponsors, their staff, offtcials, volunteers and any representatives, successors 
or asslgnees for any injuries that may be sulfered by me in this event. I further 
hereby certify that I am physically f ~ t  and have sufflctently trained for the 

NAME completion of th~s event 
-- - 

TITLE 
NAME (PLEASE PRINT) 

COMPANY 

CIWSTATEIZIP DATE 
SHIRT SIZE (Circle One). 

TELEPHONE Large - Extra-Large SIGNATURE 



Coat of Arms 

The Coat of Arms 
is a symbol of pride, collection of all the 
unitv, and dedication spectra in the Atlas. This 
to a common goal. package combines the perma- 

With these principles in mind. nence of a hardcover book with the 

the Federation of Societies for Coatings ease-of-use and interaction of a computer. 
It's an unbeatable tool, and a must for any- 

one who has previously used editions of the Atlas. 
the leader in Fourier Transfornl lnfrared (FTIK) In our alliance, both organizations contribute a spirit 
technology, applications and instrumentation; have of service and quality, your work involves quality 
joined forces to provide you with a state-of-the-art tool 
for coatings identification and analysis. 

control or R&D, we are dedicated to solving your problems. 
We'd be happy to demonstrate how this package o r  any of . . 

We created a package featuring the new FSCT Infrared our spectrometers can bring the power of FTIR to your iab. 
Spectroscopy Atlas, including over 2,500 coatings 
spectra, and the Nicolet Coatings Technology Database, For more information, dl 1-80&232-1472. 

New Coatings IderttzFcatation and Anulysis Packrage 



1991 Advance Registration 
FEDERATION OF SOCIETIES FOR COATINGS TECHNOLOGY Date Received 

492 Norristown Rd., Blue Bell, PA 19422-2350 

Please fill out this form and mail with a check in the correct amount (made payable to the FSCT) to the Federation 
address shown above. All checks must be payable in U.S. Funds. Any that are not will be returned. DEADLINE 
DATE FOR ADVANCE REGISTRATION IS OCTOBER 4. NONE WlLL BE ACCEPTED AFTER THAT DATE. 

A $10.00 charge will be made for cancellations received prior to October 4. No refunds will be made after that date. 
NO CREDIT CARDS WlLL BE ACCEPTED. NO FAXES WlLL BE ACCEPTED. 

INDUSTRY REGISTRATION FEES: INFORMATION FOR REGISTRATION BADGE: 

A MEMBER $65.00 NICKNAME 

Please name the Federation 
mnnnn 

Society in which you are a 
FIRST NAME LAST NAME 

paid-up member: I I I I I I I I I I I I  1 1 1  1 1  I 1 1 1  
COMPANY 

Federation Constituent Society 

B NON-MEMBER $80.00 STREET 
I I - 

G SPECIAL FEE FOR CITY STATE (U.S. only) POSTAL CODE 
RETIRED MEMBERS $25.00 -1 

COUNTRY (OTHER THAN U.S.) TELEPHONE NO. 
Federation Constituent Society umnnn uuulnn 
BUSINESS CLASSIFICATION DATA FOR THE ABOVE REGISTRANT: 

SPOUSES REGISTRATION AND INFORMATION FOR REGISTRATION BADGE: 

YOUR COMPANY (CHECK ONE BLOCK) YOUR POSITION (CHECK ONE BLOCK) 

D SPOUSE 

AA Manufacturers of Paints. DD [7 Sales Agent for Raw 
Varnishes, Lacquers. Materials + Equipment 
Printing Inks, Sealants EE G~~~~~~~~~ A~~~~~ 

ResearchTTesting/ 
FF ' Consulting BB Manufacturers of Raw 

Materials 
GG Educational Institution 

Library 

CC Manufacturers of HH Paint Consumer 

SPECIAL FEE FOR THE 
SPOUSES OF RETIRED 
MEMBERS ONLY: 

KK Management1 PP Technical Sales Service 
Adm~n~stration 

QQ [7 Sales and Marketing 
LL [7 Manufacturing and 

Engineering RR Consultant 

MM Quality Control 
SS EducatorIStudentl 

NN Research and Librarian 

NICKNAME 
$50.00 uuuuln 

Equipment and 
Development TT Other 

Containers JJ Other 

FIRST NAME LAST NAME 

I I I I I I I I I  
STATE (US. only) POSTAL CODE 

-mrrrrrrrrm 

TICKETS FOR FEDERATION LUNCHEON, 
WEDNESDAY, NOVEMBER 6 (@$25.00) 

Z NUMBERREQUIRED: 
$25.00 EACH. 

IS ENCLOSED 



***** 
FIVE STAR RATING! ! ! ! ! 

AMERICA RATES MICHAEL BROOME AS ONE OF ITS 
MOST ENJOYABLE SPEAKERS I I I P, 
"You really hit a home run with the group, . . . Your speech had just the right mix of 
humor and inspiration. "-4BM Corporation 

"Michael was an unaualified success"-Monumental Life Insurance Comoanv 

"Michael was everything we had hoped he would be and more. He connec 
. . . and in a humorous, but thoughtful manner, made strong points about 
positive mental attitudes'-Apple Computer, Inc. 

"Your advanced billina certainlv was not overstated! Your ins~irina and A 
motivating speeches bee the highlight of our convention."khe~on, 
U.S.AA. 

"Thanks so much for makng me look like a genius for recommending you 
to my bosses."-The Prudential Insurance Company 

The Federation of Societies for Coatings 
Technology is pleased to announce that 

4 
MICHAEL BROOME, popular humorous 
motivational speaker, will appear at its An- = 
nual Luncheon, on Wedensday, November 'Z 
6, at the Toronto Convention Centre. Com- 

I 
ments on Mr. Broome's previous presenta- 
tions include such superlatives as "fantastic," 
"tremendous," "exciting," and "the best speaker we've ever had." 

Also to be featured at the Luncheon will be the Federation's most presti- 
gious awards Tickets may be purchased in advance by fililng out the form 
enclosed in this manual or on-site at the Registration Area in the Toronto Con- 
vention Centre. 

Plan to attend to see if you agree with the hundreds of responses 
Michael Broome has received claiming "It doesn't get any better than this! ! !" 



It's a fast track. 
And only one team has the combination of sawy and ex- 

perience to help you outdistance the competition. Mobay. 
For more than 30 years, we've been the foremost supplie 

of polyurethane resins to the paint and coatings industry. And 
now we're setting the pace in providing high-performance raw 
materials for coatings that meet the low VOC challenge. 

So whether you're looking for resins for transportation, 
architectural or industrial coatings, or for brighter, more durable 
pigments for all your products, contact the Mobay Team. 
Mobay Corporation, Coatings Division, Mobay Road, Pittsburgh, 
Pennsylvania 15205-9741. 

 id get on track with high-performance, low VOC coatings 
that'll put you well ahead of the pack. 

MOBAY. LEADING THE RACE TO ZERO W. 
Burn rubber to Booth '625 . Paint Industries' Show . Toronto, Nov. 4-6. 

A Bayer USA lNC COMPANY 



PAINT/COATINGS 
DICTIONARY 

Societies for Coatings Technology. Over 
4500 terms are defined, and more than 
1000 additional entries are synonyms 
cross-referenced to the defined terms. 

The broad scope of terms included 
reflects the obvious usefulness of the 
dictionary to a wideaudience, ranging 
from the layman, to artists and artisans, 
to technicians in all the coatings- 
related fields. 

A unique feature is classification of 
terms into one or more of 73 categories, 
which have been number coded and 
appear as superscripts following each 
definition. The terms are listed in their 
appropriate categories, making up a 
thesaurus which comprises the second 
section of the dictionary. 

An extensive bibliography of more than 
600 references forms the third section. 

6x9 in. case-bound. 632 pages 
$30.00-Federation Member $50-Non Member 

PLEASE MAKE ALL CHECKS PAYABLE IN U.S. FUNDS 
Federation of Societies for Coatings Technology 492 Norristown Rd., Blue Bell, PA 19422-2350 

Pennsylvan80 restdents please ad0 6% sales tax 

AVAILABLE IN THE U.K. FROM: 
Birmingham Paint, Varnish and Lacquer Club 

c/o Mr. Ray Tennant. Carrs Paints Limited, Westminster Works, Alvechurch Rd 
Birmingham 831 3PG, England 



REVIEW PAPER 

Effects of Acidic Deposition 
On Painted Wood: A Review 

R. Sam Williams 
Forest Products Laboratory' 

Acidic deposition has captured the attention of many 
researchers during the last decade and considerable 
knowledge has been gained in many disciplines includ- 
ing forestry, limnology, atmospheric sciences, and ma- 
terials science. The study of the degradation of materi- 
als by acidic deposition has included the effects on 
wood, paint, and painted wood. The literature pertinent 
to the effects of acidic deposition and its precursors on 
these materials is critically reviewed. The subjects in- 
clude transport properties of paints and polymers, the 
reactions of acids with paint components, and the deg- 
radation of wood. The research on acidic effects on 
paint degradation leaves many questions unanswered 
and the review forms the basis for future research 
recommendations. 

INTRODUCTION 

Painted wood is a mamage of two remarkable materials. 
Paint coatings are thin adherent films of complex mixtures of 
polymers, pigments, and extenders, with small amounts of 
uncured monomer, drying agents, surfactants, and other ad- 
ditives. The paint film forms as the solvent evaporates from a 
polymer solution or suspension and/or as the small mol- 
ecules react to form a polymer. Wood is an equally complex 
mixture of polymers and other compounds arranged in an 
anisotropic, moisture-sensitive. dimensionally unstable ma- 
terial having large variability within a single species and 
even within a single piece. Given the complexities of these 
materials and their differences in properties-particularly 
the moisture induced dimensional changes--one would 
probably consider such a materials system doomed to fail- 
ure. But it is not so! 

Although wood can decay and both wood and paint coat- 
ings are susceptible to photochemical degradation, a prop- 
erly applied paint system on wood can last a decade, and 

'Unlrcd Starer Depanment of Agncuilure. Fore,, Sewsee. One Giiiolard Pinchol Dr.. Madwon. 
WI 53705-2198 

history offers many examples of properly maintained painted 
wood lasting for centuries. Even under extreme conditions, 
such as on wooden boats in water, paints last well. This does 
not mean that paint problems do not exist, but, almost with- 
out exception, they begin with poor design of the structure 
and are made worse by incorrect application of the paint. 
Although this review focuses on paint degradation-particu- 
larly those systems that degrade too quickly and/or fail cata- 
strophically within a short time--one should not forget the 
vast amount of properly maintained paint on wood weather- 
ing slowly while protecting the substrate for centuries. 

Wood finishes vary from highly crosslinked barrier coat- 
ings such as catalyzed epoxides to porous low-solids-content 
stains and wood sealers. This wide variety of finishes is 
complicated by the range of wood and wood-based compos- 
ites used as substrates and wide range of uses. Given the 
broad array of types of paints and finishes, it is interesting 
that research on ~a in t ed  wood has included only a narrow 
range of finishes'and wood-based substrates that are used 
outdoors (Tahle I)'. Virtually all acidic deposition-related 
research on wood finishes has dealt with high-solids-content 
paint coatings. 

The ultimate goal of research on finishes is a cost effec- 
tive increase in service life. Service life, whether under 
normal or acidic conditions, represents a significant eco- 
nomic concern. The in-place value of paints that could be at 
risk to degradation by acidic deposition reaches billions of 
dollars a year in the United States (Tahle 2).2 The $24.1 bil- 
lion calculated for architectural coatings includes coatings 
on wood, masonry, vinyl. and other materials; finishes on 
wood substrates comprise by far the major portion of these 
uses (Figu~.e I). Paints were included in the research spon- 
sored by the National Acid Precipitation Accessment Pro- 
gram (NAPAP) because of the high value of in-place coat- 
ings on wood. Much of the recent research reviewed in this 
report was completed within this program. 

This review includes a critical analysis of the published 
research on acidic deposition and provides recommenda- 
tions for future research. The research addressed discolora- 

Vol. 63, No. 800, September 1991 



R.S. WILLIAMS 

Table 1-Finishing Methods for Exterior Wood Sulfacesl* 
Water-mpellent Semi-transparent 

Paints ~ r e s e i a t i v e  stains 
Expected Expected Expected 

life 
suitabl~iiy ( ~ r )  

Type of Exterior 
Wood Surface ... ... 
Siding 

Cedar and redwood ................................. High 1-2 Moderate 2-4 
Smooth (vertical-grained) ....................... High 2-3 Excellent 5-8 
Roughsawn or weathered 

Pine, fir. spruce, etc. 
Smooth (flat-grained) ............................ ..High 1-2 Low 2-3 
Rough (flat-grained) ................................ High 2-3 High 4-7 

High 4-6 
Moderate 3-5 

Moderate 3-5 
Moderate 3-5 

Shingles 
Sawn ........................................................ High 2-3 Excellent 4-8 Moderate 3-5 
Split ...................................................... High 1-2 Excellent 4-8 - - 

Plywood (Douglas-fir and southern pine) 
Sanded ..................................................... Low 
Textured (smooth) ................................... Low 
Textured (roughsawn 
Medium-density over 

Plywood (cedar and redwood) 
Sanded ................................................... Low 
Textured (smooth) ................................ Low 
Textured (roughsawn) ............................. Low 

Hardboard, medium density' 
Smooth 

Unfinished ........................................ - 
Preprimed .............................................. - 

- 
- 

Millwork (usually pine) 
Windows, shutters, doors, exterior trim ..High< 

Decking 
New (smooth) igh 
Weathered (rough) ............................... ...High 
Waferboard ........................................... - 

Moderate 
Moderate 
High 
- 

Moderate 
Moderate 
Moderate 
Excellent 

Moderate 
Moderate 
Excellent 

Moderate 
Moderate 
Moderate 

High 
High 

High 
High 

Moderate High 

Moderate 
High 
Low 

Low 
Low 
Moderate 

(a) Data compiled from !he observsrlons of many researchers. Expected life predtetions are for an average Imalon in the continental US.: erpectcd life will vary in extreme climaes or exposure (descn. 
warhare. deep waodr. ete.1. 

(b) Developmen! o f  mildew on $he surface rnd~cscr anesd forrrfinirhing. 
(c) Smmlh. unweathered surfacer are generally fin-shed with only one coal of slain. but mughrawn or weathered surfaces. being more adsaplive, can be finished wilh two ma. wiL  the ymnd  coat 

applled whllc the firrr coal n still wa. 
(dl Expected life of two coats. one primer and onetopcoat. Applying a second topcoat (thnc-~oat job) will appmr~maccly double the life. Topquallty anylic latex paints will have the best durabiliw. 
(el Medium-densltv overlay is penerallv mmled. 
(0 ~cml-sanr~arckt stalns'a nor suscibic for hardboard. solid-color stains (acrylic latex) will perform like pam.  ~ a ~ n t  arc prercmd. 
(g) Exteriorm8llwok. such sr wmdowr, rhould be factory treated according lo Industry Srandard IS4-81. Other trim should be liberally treaed by brushing before pinling 

tion of paint by H2S, formation of bloom, retardation of cur- 
ing, instability of pigments, effects of SO2 on the binder, and 
effects of SO2 at the paintlwood interface. The research has 
covered only a small fraction of the wide array of finishes, 
wood species, and wood-based composites used on wood 
outdoors (Table 1). 

O ~ r e v i o u s  po in t ing 

m ~ h i s  po i n t i ng  

H 20 
SUBSTRATE AND FINISH CHARACTERISTICS 

10 
Substrates vary considerably from area to area around the 

nation and over time. Fifty years ago, solid wood of a few 
Finish O Latex Oil-bore Trim Stain Paint Point Paint 

enamel species such as western redcedar (Thuja plicata), redwood 
Substrots  wood  Masonry Vinyl Other (Sequoia sempervirens), and bald cypress (Taxodium 

distichurn) dominated the residential siding market. These 
Figure 1-Types of architectural coatlngs and substrates have been partially and 

determined from a 1986 suwey2 composite materials such as plywood, particleboard, 

54 Journal of Coatings Technology 



EFFECTS OF ACIDIC DEPOSITION ON PAINTED WOOD 

Table 2-1987 Paint Shipments and Associated Coats tor the 
United StatesZ 

Shipments Factory Cost In-Place Value 
Classification (gal. x lo6) ($ x lo6) ($ x lo9) 

- 

Architectural coatings (ext.) 
...... Oil-based ................... .. 80 807 9.5 

Water-based ....................... 123 944, 14.6 
Automotive finishes 

New vehicles ........................ 73 1323 12.0 
Refinlching ........................... 44 904 22.0 

Coil coating ................................ 20 303 2.0 
lndustr~al maintenance paints .... 28 313 2.8 
Traffic marking paints ............... 19 95 0.7 

flakeboard, medium-density fiberboard, and melamine- 
formaldehyde-impregnated paper overlays of these materials 
(Table 1). Each species has its own characteristics and wood- 
composite materials have specific properties that make them 
distinctly different from their base materials. Finish require- 
ments for different species and different composite materials 
vary and these properties must be taken into account when 
formulating finishes. 

Wood 

Wood properties that are important in finishing are spe- 
cies, moisture content, density and texture, resin and oil 
content, growth pattern and grain orientation, and defects 
such as knots, reaction wood, and diseased These 
properties are characterized by the chemical composition, 
microstructure, and macrostructure of ~ o o d ~ . ~  [see reference 
(6). p. 2-1 I .  

Wood is degraded naturally by fungal and bacterial decay 
and by weathering. Wood-finishing problems caused by de- 
cay can be serious but are not included in this review because 
the growth of wood-decay fungi is insensitive to pH in the 
range of 4 to 7 [see reference (7), p. 1621. 

Weathering is the photochemical degradation of the sur- 
face of wood and i? not to be confused with decay. UV 
radiation is necessary for weathering to occur, and radiation 
of these wavelengths can penetrate about 75 Fm into the 
surface of unfinished wood."V degradation is manifested 
in an initial color change, followed by the gradual erosion of 
the wood surface. The radiation causes cleavage of the lig- 
nin, particularly in the lignin-rich middle lamella. With a 
decrease in its molecular weight, segments of the lignin are 
removed from the surface through the action of moisture, 
thus causing the wood cells to become less tightly bound. 
Changes in moisture content cause dimensional changes that 
accelerate this loosening process. As exposure to radiation 
continues, the wood cells erode from the surface. In soft- 
woods, the erosion is more rapid in the less dense earlywood 
than in the latewood, which leads to an uneven surface 
(Figure 2). Surface erosion, however, proceeds very slowly. 
The erosion rate for solid wood in temperate zones is on the 
order of 0.3 - 1.2 cm per century and depends mainly on the 
amount of UV exposure, wood species, and density.'-" Other 
factors affecting the erosion rate include moisture, mechani- 
cal abrasion, temperature, and air pollution. 

Because weathering of wood is a surface deterioration, it 
directly affects paint adhesion. The eroded and roughened 

surface of weathered wood impairs the adhesion of subse- 
quently applied film-forming finish to the substrate.12-" 
Surface degradation occurs if peeled areas are exposed to the 
weather before refinishing. In the study by Williams," western 
redcedar boards were weathered outdoors and painted fol- 
lowing exposure. Outdoor exposure for as little as four weeks 
caused significant decrease in paint adhesion; boards ex- 
posed for 16 weeks lost about 50% of their paint adhesive 
strength. This degradation can be slowed or even stopped by 
wood finishes. The amount of protection the wood surface 
gets from the finish depends on the finish properties-most 
notably, the amount and type of pigment in the finish. 

Finishes 

The modes of paint failure depend, to a large degree. on 
exposure conditions, the type of finish and substrate, and the 
interactions among these factors. As a finish system ages, 
various agents interact with the components of the system to 
effect change. Effects may vary from one system to another 
and with the agent causing the change. For example, sunlight 
and oxygen can effect chemical reactions, and changes in 
ambient temperature and water can effect physical changes 
in both the finish and substrate. These are the main factors 
that cause degradation of painted wood. Other minor factors 
may include the effects of acidic deposition. 

These factors act in concert to effect various degradation 
mechanisms but it is often difficult to identify the mecha- 
nism responsible for the paint failure. Acidic deposition 
could affect any of these mechanisms. 

LITERATURE REVIEW 

Concern about air pollution effects on coatings is not 
new. Meller and SissonIx reported the high economic cost of 
materials damage caused by industrial pollution. They in- 
cluded paint and other protective coatings as materials at risk 
and discussed the use of aluminum pigmented primers to 
protect wood substrates from "acid smoke" and moisture. 
Since that time, a number of researchers have attempted to 
determine what part of the cost of coatings maintenance is 

Figure 2-Photograph of a piece of western redcedar (Thuja 
plicata) exposed to the weather for eight years. The unweathered 

section at the top was protected with a metal strip 
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Figure 3-a: Loss of tensile strength of spruce microsections and the mean monthly insolation2'; b: Mean monthly pH of rain 
water and sulphur dioxide concentration in the air2' 

attributable to acidic deposition. Studies have included labo- 
ratory chamber exposures, outdoor exposures, and consumer 
and industry surveys. LarsonlY considered SO2 to be the most 
serious pollutant threat to paint systems and he mentioned 
H2S04, HCI. HzS, and HN03 as minor pollutants. He also 
listed soot and finely divided carbon as contributors to acidic 
degradation because these particles retain moisture and ab- 
sorb pollutants. 

GrossZo reviewed the effects of gaseous components such 
as SO2, H2S, NH3, and 03, solids such as NaCI, (NH4)2S04. 
and NHdCI, smoke, and volatile organic compounds (VOCs) 
on paint and paint components. He included methods of 
investigation, evaluation, and chemical analysis. Informa- 
tion on mechanisms was limited to SOZ, the effect of HzS on 
color changes in pigments, and O3 to binder degradation. 
Little information was given on the effect of HzS04. NO2, and 
VOCs. Grossz0 stated that the field was at an elementary 
stage, that relationships between concentration of pollutants 
and mode of action could not be made at that time, and that 
the cost estimate for degradation was unreliable. He outlined 
several areas for future research. His list of research needs is 
still pertinent. No single researcher or team has attempted to 
evaluate all aspects of the problem, but many have investi- 
gated the effects on various components. Given the range of 
paint and varnish coatings used by various researchers, the 
interaction among weathering factors and finish components, 
and the different modes of paint failure, it is useful to orga- 
nize this discussion by finish component (i.e., binder, pig- 
ment, and alkaline components), substrate, and their interface. 
Agents include sulfuric (H2S04), sulfurous (HzSO~), and ni- 
tric (HNO,) acids, hydrogen sulfide (HzS), sulfur dioxide 
(SO2), and ozone (Os). H2S03/S02 are discussed in consid- 
erable detail because of their high solubility and permeation 
in paint coatings and their possible effect on substrates. 

Substrate 

The wood substrate is an anisotropic material that can 
change dimension quickly with changes in moisture content. 
The wood substrate, therefore, subjects the paint coating to 
these changes. Typical manifestations of substrate change 
are loss of adhesion (peeling and/or cracking), degradation 
of the wood surface where the coating has been breached, 
and penetration of the substrate by chemicals where they 
have diffused through or circumvented the coating. 

Under normal conditions with a two- or three-coat paint 
system, paint on wood slowly erodes from the surface through 
the combined action of primarily sunlight and moisture; 
when the primer coat begins to show, the surface or topcoat 
can be easily repainted with an additional topcoat. If the 
paint system fails at the paint/wood interface, the substrate is 
exposed to weathering. It may not be possible to refinish this 
unprotected wood for some time. Similarly, wood may be 
left unfinished while a project is under construction. If wood 
is more rapidly degraded by acidic deposition during these 
exposures, it directly affects the paint adhesion when the 
wood is eventually finished or refinished. The effects on 
wood and other cellulosic materials of acid rain and the 
oxides of nitrogen (NO,) and sulfur (SO,) have been evalu- : 
ated. 

Raczkowskizl found that exposing strips of microtomed 
spruce (Picea ahies) to outdoor weathering resulted in de- 
creased tensile strength as compared with unexposed con- 
trols. The loss in tensile strength along the grain was gener- 
ally directly related to the amount of sunlight during the 
summer and fall, but the loss in strength for winter and 
spring seemed greater than could be accounted for on the 
basis of sunlight alone (Figures 3a and 3b). This greater 
strength loss was attributed to higher acidity levels. Qualita- 
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tive inspection of the data indicated that loss of strength was 
caused by sunlight and was exacerbated by acid, particularly 
during the winter months. It was not possible to quantify the 
effect of acid. 

Evans and BanksZZ exposed microtomed sections of lime 
(Tilia vulgaris) and Corsican pine (Pinus nigra) to dilute 
sulfuric, sulfurous, nitric, acetic, and formic acids (pH 2.0- 
6.0) for up to 12 months at 40°C. Specimens showed loss of 
strength that was pH dependent. The strength loss caused by 
sulfurous acid was greater than all other acids at similar pHs. 
They noted that the strength losses may have been caused by 
a combination of both hydrolytic degradation of the hemicel- 
luloses and a sulfonation reaction of the lignin. Scanning 
electron microscopy (SEM) data showing failure at the lig- 
nin-rich middle lamella further supported the speculation 
that lignin degradation is partially responsible for the de- 
creases in strength and toughness. 

Feistz3 and Williamsz4 measured surface degradation of 
wood surfaces following xenon arc accelerated weathering 
to determine the efficacy of surface treatments of wood. The 
degradation of the surface was manifested as erosion and 
was measured microscopically? These techniques were used 
to determine the effect of acid treatment on the erosion rate 
of western redcedar (Thujaplicata). Six acid soaks were used: 
nitric and sulfuric acids at pHs of 3.0, 3.5, and 4.0. Results 
were similar with both acids and increased the erosion rate 
10% over that of the controls.25 

In subsequent studies, western redcedar specimens were 
treated with sulfuric, nitric, and sulfurous acids at pHs from 
2.0 to 4.0.26 The erosion rate was dependent on pH and acid 
type. At a pH of 2.0, sulfurous acid doubled the weathering 
rate. The effect was slightly less for sulfuric and nitric acids. 
Statistical analysis of the data showed no significance for 
any of the acids at pH 3.5 or above. 

Deppe and Schmidtz7 evaluated the effect of pH on accel- 
erated weathering of coated and uncoated particleboard. 
S~ecimens were soaked in oH 2 sulfuric acid for 72 hours 
every four weeks during accelerated weathering. With some 
adhesive systems, particularly melaminelisocyanate-urea1 
formaldehide mixed systems; a drop in adheiive strength 
was observed. Degradation of melaminelformaldehyde (MF)- 
impregnated paper overlay and a clear MF polymer film 
were also observed. 

Fenge12$ investigated the degradation of spruce (Picea sp.) 
exposed to high concentrations of HCHO, Cl2, NH,, and SO?. 
Dick and M ~ r p h e y ~ ~  studied the degradation of wood sur- 
faces by high concentrations of 0,. In a series of three pa- 
pers, Arndt and Gross30-32 reported on color and weight 
changes caused by outdoor exposure and accelerated weath- 
ering of wood. No degradation was quantified by any of 
these investigators using concentrations typical of those found 
under outdoor exposure conditions. 

Interface: Transport Properties 
Of Wood Finishes 

Wood does not allow large amounts of moisture to collect 
at the paintlsubstrate interface because of its porous hydro- 
philic nature, and free water does not exist in wood below its 
fiber saturation point (approximately 30% by weight). Al- 
though it is possible to exceed the fiber saturation point 
locally at the paintlwood interface under certain conditions- 
such as a cold paint surface on wood having a high moisture 

content-moisture is generally wicked away from the inter- 
face so that a uniform moisture content is maintained 
throughout the wood. Liquid water is not likely to form at the 
paintlwood interface from rain and dew as long as the paint 
coating is intact. Most liquid water will be shed by the paint 
coating. Moisture problems occur when the fiber saturation 
point is exceeded at the paintlwood interface because of 
improper selection of finish, poor design, and/or marginal 
application techniques. In situations where the fiber satura- 
tion point is not exceeded, the wood substrate undergoes 
large dimensional change with changes in moisture content. 
Stresses on the coating system caused by dimensional changes 
in the paint film and the wood probably increase the risk of 
failure. These stresses can cause cracking parallel to the 
wood grain. 

In situations where painted wood is fully exposed to the 
weather, moisture problems result from the rapid sorption of 
water through cracks in the paint, joints, nail holes, etc. This 
type of exposure can quickly give extremely high moisture 
content at the paintlwood interface. Whether water gets to 
paintlwood interface by diffusion or through stress-induced 
cracks in the paint film, it inevitably leads to loss of paint 
adhesion, subsequent peeling, and often wood decay as well. 
The exact mechanism for peeling is not very well under- 
stood, but it appears that the moisture content at the interface 
must be above the wood's fiber saturation point before peel- 
ing occurs. The stress without water does not seem to result 
in peeling. Paint peeling is one of the more serious paint 
degradation mechanisms and may be related to transport 
properties. Transport properties of paint coatings play a role 
in determining the risk of degradation to the paint system. 

Moisture Transport 

In a review of the diffusion and permeation of gases, 
liquids, and vapors in polymer films, Park" found that much 
of the research on transport properties of paint dealt with 
moisture, oxygen, and salt (primarily chlorides) transport. 

Research on moisture transport properties of paint coat- 
ings on wood showed that paints are fairly porous and that it 
is possible for moisture to diffuse readily into and out of 
painted wood. It should be emphasized that paint coatings 
inhibit the loss of moisture more than they do the absorption 
of moisture and that, under cyclic exposure to high and low 

Figure 4--Change in moisture content of ponderosa pine (Pinus 
DOnderOSa) Sa~w00d finished with one and three coats of alumi- 
num paint'whkn exposed to alternating cycles of 30% and 90% 
RH at 27°C." x-x--unfinished wood; 0---0--aluminum paint, 
one coat, 25% MEE; and ---aluminum paint, three coats, 65% 

MEE 
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Figure 5--Change in moisture content of ponderosa pine (Pinus 
ponderosa) sapwood finished with three coats of aluminum 
paint when exposed to 90% and 30% RH at 27% compared to 

unfinished wood" 

relative humidity, paint traps moisture (Figure 4). This type 
of cyclic exposure is seldom a problem under most circum- 
stances because sufficient drying time usually passes be- 
tween periods of high humidity. If wood is subjected to 
continuous high humidity from either the inside or the out- 
side, loss of adhesion is likely. Kitchens and bathrooms that 
lack proper moisture barriers and farm buildings that contain 
livestock subject painted wood to high moisture from the 
interior. 

Feist et al.Mreported on the moisture transport properties 
of 91 wood-finish systems. The study evaluated the move- 
ment of water vapor through finishes by comparing moisture 
pick-up in the painted specimens against that of unpainted 
controls. The ratio gave a moisture-excluding efficiency 
(MEE) as a percentage of the weight gain of the controls. An 
MEE of 100% meant the finish was 100% effective in block- 
ing moisture penetration into the finish. 

The MEE values for a wide range of finishes are listed 
(Table 3). and typical values for oil-based paints are about 
40%. A paint system having one coat of primer and one or 
two latex-based topcoats provides a lower MEE than would 
three coats of oil-based primer. For unfinished wood, the 
moisture absorption-desorption cycles repeat uniformly 
(Figure 4). but for painted specimens, the effectiveness in 
trapping moisture increases as the MEE increases, as shown 
by steadily increasing moisture contents. For a single cycle 
(Figure 5), desorption back to an equilibrium moisture con- 
tent (EMC) of 6.5% requires more than 250 days for a three- 
coat paint system. 

The MEE for water repellents and water-repellent preser- 
vatives is about zero for a one-coat system. Absorption- 
desorption cycles are similar to those of unfinished wood 
(Figure 4). The strength of the water repellents is in their 
high water-vapor transmission but low liquid-water trans- 
mission. 

Lindberg" reported similar results with finishes includ- 
ing two-component polyurethane, oil, alkyd, and acrylic la- 
tex-based paints. 

AholaZh showed that moisture transport properties of paint 
coatings changed with weathering. Some paints became more 
permeable while others became less permeable. The study 
included both vapor-phase and liquid-water exposure of la- 

tex, oil, alkyd, and polyurethane paints and oil and acrylic 
latex stains. Perera and Vanden E ~ n d e ~ ~  studied six paints 
formulated for use on porous materials and showed that 
water-vapor and liquid-water transport properties and me- 
chanical properties changed as paint film was soaked in 
water. Water leached out soluble components in the film, 
leaving it less permeable to additional water exposure. The 
film had increased tensile strength and tensile yield stress 
and decreased elongation after water leaching. 

Analysis of leachates showed loss of extenders. The au- 
thorsZ7 concluded that values from transport studies with 
relatively new paint coatings may not be representative of 
the properties during its service life. Oesterle et al.Zx also re- 
ported that changes occur in the structure of paint films with 
repeated sorption and desorption of moisture. 

The permeabilities of free films of polymers and paints 
have been reported by several researchers."-42 The 
permeabilities depended on the type of polymer. For some 
polymers, the crosslink density controlled the diffusion rate 
and this was the primary consideration. For other polymers, 
the permeability was controlled by the solubility of water in 
the polymers. It appears that the limiting factor (crosslinking 
or solubility) in moisture transport in paint films depends on 
the type of film. 

Like water, acid may be absorbed by painted wood either 
by diffusion through paint or by the flow of acid solutions, 
vapors, or aerosols through voids in the paint coating. 

Sulfur Dioxide Transport 

The transport of SO2 through pigmented and unpigmented 
polymer films provides an indication of how vulnerable the 
substrate is to degradation. A wide variety of polymers and 
paint films has been investigated. Lindnefl' measured the 
diffusion of SO2 through free films of chlorinated rubber, 
linseed oil, nitrocellulose, and epoxide. Davis and R ~ o n e y ~ ~  
studied the permeation, solubility, and diffusion of SO2 in 
polyethylene, poly(w-amino-undecanoic acid) (Nylon 11). 
and polycarbonate: they reported that no changes occurred in 
the IR spectra of any of the polymers exposed to SO2. Jellinek 
et reported no degradation for poly(hexamethylene 
adipamide) (Nylon 66). In a later study, Davis et a1?6 measured 
SO2 permeabilities of several polymers. Polymers included 
those with good barrier properties such as polyester, polycar- 
bonate, poly(viny1 chloride), and blends of poly(viny1idene 
chloride) with polypropylene or regenerated cellulose and 
polymers with poor barrier properties such as high- and low- 
density polyethylene, and polystyrene. Ranade et reported 
sigmoid-shaped sorption curves for the uptake of SO, in 
diglycidyl ether of bisphenol A (DGEBA) crosslinked with 
diethylene triamine. They stated that this non-Fickian behav- 
ior was typical for polymers in their glassy state. In a later 
work using polymers in their rubbery state, Ranade et al."' 
reported the diffusion of SO2 in amine-crosslinked aliphatic 
epoxide polymer as Fickian over the temperature range I"- 
45°C. The diffusion coefficient varied from 7.5 x 10-'to 28.8 
x cm2/s over this range. The polymer had a low glass- 
transition temperature and was in its rubbery state for all 
measurements. Diffusion coefficients from the literature were 
tabulated; values varied from 10,000 x I@"' cm2/s for vul- 
canized natural rubber to 1.25 x 10-lo cm2/s for poly[(5,7- 
dihydro-1.3.5.7-tetraoxobenzo [1,2-c:4,5-c'ldipyrrole- 
2,6(1H,3H)-diyl)-1.4-phenyIeneoxy-1.4-phenylene] 
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(KaptonTM) polyimide. The kinetics and equilibria of SO2 in 
Kapton polyimide were described by Koros et aL4' and the 
chemical interactions by Iler et aL50 Hsiehs' reported the 
volumetric diffusion coefficient of SO2 in ethylcellulose as 
530 x lo-"' cm2/s and nitrocellulose as 7.9 x IO-"' cm2/s. 

Kuehne and Friedlander5* investigated the permeation of 
several polyacrylates and cellulose triacetate membranes to 
SO?. Desor and Paulys' evaluated a number of solvent- or 
waterborne paints forbanier properties against C 0 2  and SO?. 
The permeability of the waterborne dispersion paints was 
higher than for the solventborne. 

Funke and ha age^^^^ reviewed the literature on SOz per- 
meability of polymer films and paint films and tabulated the 
results (Table 4). They stressed the high solubility of SO2 in 
organic coatings and pointed out the need for the develop- 
ment of nontoxic alternatives to lead to scavenge SO2 in paints. 

EFFECTS OF ACIDIC DEPOSITION ON PAINTED WOOD 

Funke et a!?' investigated the absorption of anhydrous SO2 
by unpigmented films of alkyd/melamine and epoxide res- 
ins. The weight gains following 24-hour exposure were 14 
and 11%. respectively, and, upon evacuation, the polymers 
retained 20.30% of the weight gain. They attributed this 
retention to the chemical reaction of SOz with the resins. These 
resins were also cast on steel substrates and soaked in I % 
aqueous solutions of sulfuric and sulfurous acids. Corrosion 
of the steel substrate was detected within hours of immersion 
in the sulfurous acid, whereas the panels in sulfuric acid were 
corrosion-free for days and even weeks if the coating re- 
sisted degradation. 

For unpigmented polymer films, it is apparent that the 
diffusion, solubility, and permeation of SO2 depend on the 
polymer type. Diffusion is Fickian for polymers at tempera- 
tures above their glass transition (T,). Although it is slight 

Table 3-Moisture-Excluding Effectiveness (MEE). of Three Coats of Various Finishes on Ponderosa PineJ4 

Effective 

Finish Type 

Paraffin wax-dipped 

Epoxy f in ish4lear  
(2-component) 

Epoxy paint-gloss 
(2-component) 

Aluminum 
flake-pigmented 
urethane varnish 
(oil-modified) 

Aluminum paint 
(linseedlphenolicl 
menhaden) 

Enamel pa~nt-satin 
(soydtung) 

Somewhat Effective 

Finish Type 
- - 

Polyurethane paint- 
glo\s (?-component) 

P~gmented shellac 
house paint 

Paraffin wax- 
brushed 

Polyurethane finish- 
clear (2-component) 
seml-transparent 
stain) 

Alkyd house primer 
pant  (tall maleic 
alkyd resin) 

Epoxy pa~nt-gloss 
(I-component) 

Enamel paint-gloss 
(soya alkyd: ~nterior) 

Marine enamei-gloss 
(soya alkyd) 

Epoxy varn~sh-gloss 
(I-con~ponent) 

Polysllicone enamel 
( r ~ l ~ c o n e  alkyd) 

Floor and deck 
enamel (phenolic alkyd) 

Urethane varnish 
(oil modified) 

Gym seal (linseed 
oillphenolic 
resinltung oil) 

Shellac 
Solid-color oil-based 

satin (linseed oil) 
011-based house paint 

(tallhoya alkyds) 
Floor ~ e a l  (phenolic 

resinhung oil) 
Flat latex primer wall 
pa~nt (butadiene- 
styrene resin) 

Spar varnish (soya 
alkyd) 

(a1 MEF ][XI* = perlccl pmlei-,,on r,r no ;th\orplinn or water vapor: 0% =no pmleetzon. ar wtlh vnfinlrhed unld 

Ineffective 
- 

MEE% Finish Type 

19 Nitrocellulose lacquer 

I6 Acrylic latex flat 

11 Water repellent 
(1% wax) 

I I FPL natural finish 
(linseed oil-based) 

10 Latex enamel wall 
paint (epoxy) 

4 Acrylic latex house 
primer paint 

2 Tung oil 

I Latex p~gmented 
shellac 

0 Seml-transparent oil- 
based stain 

0 Solid-color latex stain 
(acrylic resin) 

0 Alkyd flat wall paint 
(soya alkyd) 

0 Latex flat wall paint 
(vinyl acrylic resin) 

0 Paste furniture wax 

0 Linseed oil 
0 Linseed oil sealer 

(50%)  
0 Unfini\hed wood 

(control) 
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Figure 6--SEM/EDS line scan of sulfurous-acid-treated South- 
ern pine (Pinus sp) having one coat of acrylic latex primer and 
two top coats (Ti = -, S E ------ ). Vertical full scale (VFS) = 

10,64363 

for some polymers, they tend to show non-Fickian behavior 
below their T,. In addition. the permeability of polymers to 
SOz is rather high compared with other gases; this is caused 
mainly by the high solubility of SOZ in many polymers. 

From the research reviewed in this section, it is clear that 
unpigmented polymer films have a large range of 
permeabilities but that the polymers used in paint formula- 
tion generally do not form barriers to SO2 either in the gas- 

Figure 7-EDS showing the elemental constituents just below 
paintlwood interface. Vertical full scale (VFS) = 4,096 counts63 

eous state or in solution as sulfurous acid. Although 20% of 
the absorbed SO? was retained in the alkyd/melamine and 
epoxide films and probably reacted with the polymer, there 
appears to be little degradation to the polymer itself from 
SO? at low concentrations. The absorption is inhibited by 
pigments: furthermore. those pigments that can catalyze the 
oxidation of SO2 and scavenge the resultant sulfate ions can 
limit the penetration even more than can typical pigments. 

Svoboda and c o ~ o r k e r s " ~ - ~ ~  reported that SOZ permeated 
65% linseed oil-modified pentaerythritol alkyd (naphthenate 
dryers) free films. The absorption into the film was linear 
with the square root of time and increased with temperature. 
At 30°C. the SOZ penetrated approximately 30 pm into the 
film after four days. Svoboda et aLs6 also exposed isolated 
films to dilute sulfuric acid for 27 days. Penetration of sulfu- 
ric acid was not detected. The authors attributed the differ- 
ence in penetration of sulfurous and sulfuric acids to differ- 
ences in ionic concentrations. The permeation of acids into 
polymer films depends. to a large extent, on the solubility of 
the acid in the polymer. Volatile low molecular weight acids 
such as HF. HCI, HN03. and H2S03 dissolve into the poly- 
mer in the molecular form?' They reported that polymers 
having low dielectric constants permit the rapid dissolution 
of undissociated molecular acid into the polymer and that the 
division between those that dissolve and those that do not, 
such as sulfuric and phosphoric acids. depends on the energy 
required to discharge an undissociated molecule from solu- 
tion at the polymer/solute interface. They reported that SO? 
exists primarily in the molecular form and diffuses into paint 
in this form whereas sulfuric acid exists in aqueous solutions 
as hydrated ions. They also reported that the addition of 
neutral salts such as Na2S04 in H~SOS or NaCl in HCI shifts 
the equilibrium of the acid dissociation and thus affects the 
activity of the ions and the ability of the acid to permeate the 
film. The lack of penetration of sulfuric acid has also been 
attributed to the repulsion of the negatively charged ions by 
the  polymer^.^' 

The impermeability of the film to sulfuric acid led to the 
study of films containing a small amount of catalyst, such as 
Cu. to oxidize sulfite to sulfate, and an additional pigment to 
scavenge the sulfate, such as BaCO3 or Pb304.57~5Vigment~ 
such as these decreased the SOZpenetration into the films to 
as little as 20% of that into the unpigmented films. A 10% 
pigment volume concentration (PVC) of ZnO or Ti01 de- 
creased the SO2 penetration by 5 0 8 .  Higher PVC had little 
further effect on decreasing the penetration. The penetration 
rateforthepentaerythritol alkyd with 10% PVC TiO? wasO.ll 
pm/minVZand decreased to only 0.10 pm/min IEat 30% PVC. 

Sulfur dioxide diffuses readily through paint. A number 
of studies have documented the high solubility and the ease 
with which the anhydrous gas permeates paint coatings. 
Paint can absorb SO2 and/or HS03-from sulfurous acid but it 
is not clear whether the dissolved SO? or the bisulfite ion is 
the diffusing species. It has been shown that SO? reacts with 
galvanized steel substrates and that the reaction products 
diffuse back through the paint film and are contained in the 
run-off from the painted specimens."' In a study by Spence et 
al."' that used acrylic latex paint on aluminum substrates, the 
paint failed because of corrosion of the aluminum substrate 
and subsequent loss of paint adhesion. Williams et al.hL6' 
have also shown that SOqflS03- in dilute sulfurous acid 
permeates acrylic latex paint on wood. In the case of porous 
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films such as latex paints on reactive substrates, the diffusion 
of SOz through the film was sufficient to bring about cata- 
strophic paint failure. 

The high permeability of paint coatings to SOfiSO; 
could possibly degrade the wood substrate. It has previously 
been shown that loss of adhesion can occuf if wood weathers 
before initial painting. It was also shown that acid treatment 
of specimens during exposure to accelerated weathering in- 
creased the rate of surface deterioration; the rate at which 
wood weathered increased by as much as 50% when wood 
was exposed to sulfurous, sulfuric, or nitric  acid^.'^.'^ On the 
basis of the more rapid degradation of wood under acidic 
conditions, the loss in adhesive strength would probably be 
higher for boards exposed in areas having acidic deposition 
than those boards exposed in areas having little acidic depo- 
sition. 

The SEMIenergy dispersive spectroscopy (EDS) analysis 
was used to detect sulfur in western redcedar (Thujaplicata) 
and southern pine (Pinus sp.) wafers painted with alkyd-oil 
or acrylic latex primer paint following exposure to sulfurous 
acid, sulfuric acid, and sodium sulfate.h2." Sulfur was de- 
tected in those specimens ewosed to sulfurous acid (Figures 
6 and 7) but not in those exposed to sulfuric acid (Figure 8) 
or sodium sulfate solutions. If, therefore, sulfuric acid or the 
sulfate ion is to affect paint performance, it must reach the 
wood surface through voids in the paint (Figure 8). 

The results clearly show that for both alkyd and acrylic 
latex paints, sulfur dioxide andlor sulfurous acid readily 
diffuse to the wood surface. The sulfur compounds accumu- 
late or react with wood at the paintlwood interface of an 
intact paint system; sulfuric acid does not. It is likely that 
SOz/HS03- reacts with the wood at the paintlwood interface. 
Given the three major constituents of wood+ellulose, 
hemicellulose, and lignin-it is most likely that the reaction 
of SOz with wood takes place via a substitution at the a- 
carbon of the phenylpropane unit typical of that found with 
sulfite pulping (Figure 9)."." 

The major effect of the SOz reaction at the woodlpaint 
interface is probably degradation of lignin; however, small 
amounts of both cellulose and hemicellulose degradation 
products also have been recovered from western redcedar 
soaked in dilute H2S03 or H2S04.25 Similar amounts were 
formed with both acids, but the degradation of the wood was 
about 40% faster for HzSOx than for H2S04 at pH 2.0. This 
more rapid degradation by H2S0, was probably caused by 
the reaction with lignin. The celluloses are more resistant to 
reaction with HzS04. 

Although Raczkowski?' Evans and  bank^,'^ and Wil- 
liams2'.2h have shown that H2S03 degrades wood at normal 
temperatures and low concentrations and evidence exists for 
this chemical reaction at the paint/wood interface, there is no 
evidence for a loss of paint adhesion associated with this 
chemical reaction. With SOflSO;, there may be some ef- 
fect at the paintlwood interface, but it cannot be quantified. 
All that can be said with certainty is that, in those areas with 
high SO2 emissions, painted wood is susceptible to some 
added degradation at the paintlwood interface. 

The reactions of other acids at the paintlsubstrate inter- 
face are not well established. Several studies on the diffusion 
of H2S04 through paint have shown that an intact paint 
coating is impervious to H2S04. Effects of sulfuric acid on 
painted wood are limited to the paint, and any interface effect 

Table 4--Sulfur Dioxide Permeability of Polymer FilmY 

Permeability x 10B 
Temperature Thickness ml (STP) mm 

Polymer Film PC) (mm) cm2 sec cm hg 

Polyethylene low density .......... 25 
high density ......... 25 

Polyamide (Nylon 11) ............... 25 
25 

Polycarbonate (Lexon) .............. 25 
25 

Vinylidene chloride- 
..... \ I ~ ) I  chlor~dc copolymer ..25 

Poly(ethylenc tcrephthalalel . ..22 
74 -. 

........ Poly(rnethy1 methactylate) 22 
Poly(viny1 chloride) (rigid) ....... 25 
Teflon ................... ... ............. 25 

................................ Polystryene 25 
Cellulose (cellophane) .............. 22 
Cellulose nitrate ........................ 25 
Vulcanized rubber ..................... 22 
Silicone rubber .......................... 22 

is unlikely unless the paint develops cracks or the film integ- 
rity is breached. If the coating develops cracks or has voids, 
some degradation of wood may be possible if the pH is 
below 3.5. Acidic deposition offers a potential for decreased 
adhesion, but no effect has been proven. 

Ti 

Trcolcd with 
sulfurous ocld 

I 

Trcolcd with 
sulfuric ocid 

0 2 4 6 8 10 

Figure 8--EDS of the paintlwood interface of western redcedar 
painted with an alkyd primer and topcoat: Top-treated with 

sulfurous acid. Bottom-treated with sulfuric acid6' 
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Figure 9-Reaction of SO with lignln64.65 (courtesy 
of S. dalph) 

Limiting the acid concentration to that typically found in 
acidic deposition may not take into account other factors. For 
example, if acid is absorbed by wood, it is unknown whether 
the pH of this acid decreases during periods of drying. If the 
acid is concentrated by the drying of the wood, it is possible 
that these stronger acids could contribute to hydrolysis of the 
celluloses; however, this has not been reported. It appears 
that even if low pH contributed to more rapid degradation in 
these water-induced failures, the problem would not exist 
where there weren't already a serious water problem. 

Paint Coating 

BINDER: The binder in paint is a general term for the 
polymeric material that forms the paint film either by evapo- 
ration of a solvent from a polymer solution or of a carrier 
from a dispersion or by polymerization of monomers. For 
film formation by polymerization, drying occurs as the sol- 
vent evaporates and polymerization begins. As the polymer- 
ization continues, crosslinking of the chains occurs to yield a 
cured film. The binder acts to bind pigment particles together 
and to the substrate. 

Holbrow's" evaluation of oil and oil-alkyd paints and 
varnishes focused primarily upon the drying of binders and 
was based on laboratory studies using SO2. The SO2 con- 
centrations ranged from 1 to 2 ppm, typical of those mea- 
sured in Manchester, England, to concentrations in excess of 
10,000 ppm. At concentrations of 1-2 ppm, the drying time 
of linseed, tung, and bodied dehydrated castor oil increased 
50-100%. At 7-10 ppm, drying was further retarded. Chemi- 
cal analysis of the dried paint films revealed that the SO2 
interfered with the autooxidation of the film by reducing the 
hydroperoxide. At high SO2 concentrations, drying was 
completely inhibited. When oil-based paints and varnishes 
were placed over a solution of 0.2% SO2 (approximately 
16,000 ppm in the atmosphere), the paints and varnishes did 
not dry; however, when the paints were cured for a few days 

prior to exposure, these high concentrations of SO2 seemed to 
have had no effect. 

Exposure of dry but not fully cured films to SO2 affected 
the gloss retention of the films, particularly if moisture con- 
densed on the films. Several paints-long-oil pentaerythritol 
alkyd, linseed stand oil phenolic varnish, long-oil glycerol 
alkyd, linseed stand oil copal ester varnish, and linseed stand 
oil-were dried for 24 hours, cooled, placed above a 1.2% 
sulfurous acid solution for 15 minutes, and exposed to accel- 
erated weathering for seven days. The pentaerythritol alkyd 
was hardly affected, but the gloss of the linseed stand oil 
copal ester varnish dropped more than 20% compared to 
controls. The gloss of the phenolic varnish and the glycerol 
alkyd dropped about 50%. The greatest effect occurred within 
the first day or two of cure and the effect was more pro- 
nounced under moisture-condensing conditions. The SO2 
exposure during the early stages of oil cure rendered the 
films moisture-sensitive and they wrinkled under further 
exposure to moist conditions. All films retained more than 
80% gloss if allowed to cure for seven days before exposure. 
Both warmth and moisture in the weathering chamber were 
necessary to cause the Sol-induced loss in gloss. 

Many of the paints studied by Holbrow have been re- 
placed by newer formulations and there is no documentation 
of drying problems with these finishes. In addition, latex 
paints have replaced alkyds for many architectural uses on 
wood in the United States. In Europe, alkyds are still popu- 
lar. There have been no further reports on the curing of oil- 
based paints following Holbrow'shh report. It is not known if 
new oil-based formulations show problems similar to those 
Holbrow reported in curing of the binder. It does not seem to 
be a problem at this time. Because latex paints form films by 
loss of water and concurrent coalescence of the latex par- 
ticles, ambient SO2 should not chemically affect their film 
formation. 

Hendricks and Balik6' studied the effects of SO2 on free 
films of paint and the base latex polymer for one of the 
paints. The base latex polymer used in their research was a 
terpolymer comprised of approximately equimolecular 
amounts of vinyl chloride, vinyl acetate, and butyl acrylate 
and a small amount of methyl methacrylate. Two latex paints 
were formulated from this polymer; one contained CaCOl 
and the other did not. An alkyd gloss paint was also included 
in their studies. The paint formulations were typical for a 
mid-priced house paint. 

Hendricks and Balik6' reported the solubility of SO? in 
these paint films and films of the base polymer as being 
linear with pressure (Henry's Law behavior) over the range 
of 50-700 torr with the maximum pick-up for the base poly- 
mer of 14% (by weight) (Figure 10). The pick-up for the paint 
film was the same if normalized for the amount of pigment. 

Table 5--Solubilty, Diffusion Coefficients, and Permeability of Paint with and without CaCO, and the Base PolymeP 

Solubility Parrneablllty x 10' 

Imp SO& Dlfkrbn Cod. x los crn3SO, (STP) em' 
Sample ssrnplctorr) (cmZlsec) sarnp~ecrn ng-see] 

Base Polymer ........................................... 0,189 14.2 12.1 
Latex with CaCO, ......................... .. ....... 0.0622 10.6 4.88 
Latex without CaCO, .................................. 0.0681 10.9 5.52 
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Figure IO-Sorption isotherms of SO, in paint specimens at 
28"CS7 

They concluded that the pigment did not affect solubility. 
They also determined diffusion as a function of pressure and 
extrapolated to zero to obtain the diffusion coefficient (Figure 
1 1). The solubilities, diffusion coefficients, and permeabilities 
calculated from these measurements were reported (Table 
5). The effect of pigment decreases the diffusion coefficient; 
fillers such as CaCO, caused the same changes as pigments. 
As expected, the crosslinked alkyd had a lower value. 

Both the base latex polymer and paint made from this 
polymer desorbed all the SOz when a vacuum was applied to 
the film; the alkyd paint retained approximately 15-20% of 
the SOz absorbed, even after several days at <I mtorr. Xu 
and Balik6"9 concluded that the SO2 had reacted with the 
polymer in the paint. They also determined quantitatively the 
rate of CaCO, removal from the paints exposed to pH 2.3, or 
4 sulfurous acid or to distilled water (weak carbonic acid, pH 
5.6) (Figure 12). They reported the complete dissolution of 
all CaC03 with all acids and with distilled water. The rates of 
dissolution were dependent on acid strength. The nominal 
mass loss was 27%; the reaction was diffusion-controlled at 
pH 2 and dependent on the acid concentration at pH 3 and 
above. IR analysis confirmed the loss of CaC0,. The paint 
without CaC03 had less than 7% mass loss and showed no 
change in the IR spectra even after one month's immersion 
in pH 2 sulfurous acid. They reported similar results with 10 
other acids at pH 3. 

On the basis of a series of experiments, in which the IR 
peak intensities were monitored during the exposure of paint 
to sulfurous acid, Xu and Balik6y reported that the latex film 
collapsed as the CaCO, was removed and the film thickness 
decreased by 16%. The sorption-desorption experiments were 
expanded to include thin strips of uncoated wood. Whereas 
the free films of latex paint lost all SO2 in the desorption mode, 
the wood retained 18% (by weight) of the absorbed SOz. 

Fornes, Gilbert, and co-workers determined the effects of 
SOz (both dry and mixed with water vapor) and UV light 
exposure on free films of paint and base The poly- 
mer in these films was the same as that used by Hendricks 
and Balik.0' They determined the change in gel fraction and 
the molecular weight distribution of the soluble fraction as 
the films degraded during exposure. Contact angles were 
measured and changes in surface morphology were investi- 
gated. Dynamic mechanical analysis (DMA) was used to 
determine the dynamic elastic modulus and T,. Chemical 

changes in the gel and solution fractions and surface changes 
were monitored using I3C nuclear magnetic resonance (NMR), 
Fourier transform infrared (FTIR) spectroscopy, x-ray pho- 
toelectron spectroscopy (XPS), and elemental analysis. 

Patil et al?" reported that certain combinations of SO#/H,O/ 
UV light had detrimental effects on the polymer in paint 
films (Table 6). In these exposures, high levels of SO2 were 
used to evaluate various techniques for measuring film deg- 
radation. The base polymer had a multi-modal molecular 
weight distribution and an initial gel content of approxi- 
mately 22%. After a 24-hour exposure to SO1 and UV light 
(under both wet and dry conditions), the gel content in- 
creased to about 60-65% and the viscosity of the soluble 
fraction decreased. They interpreted this as an indication of 
chain scission (decrease in viscosity) and crosslinking (in- 
crease in gel percent) but that the mechanical properties were 
dominated by a crosslinking. DMA showed a dramatic in- 
crease in T,. Sulfur dioxide alone caused essentially no change 
under dry conditions. After 96 hours, the contact angle was 
0" and the T, increased from 23°C to 87°C. Theviscosity also 
decreased. Under wet conditions, chain scission was even 
greater; the viscosity dropped from 1.0 to 0.08 dl/g and the 
crosslinking was less. They reported that DMA clearly showed 
increased T,, with the modulus remaining high, and they 
interpreted this as significant crosslinking. 

On the basis of the "C NMR results, Sankar et aL7' 
reported that the polymer exposed to SOJUV light had a 
decrease in carbonyl signal associated with the acrylate group, 
whereas UV light alone did not. It was also reported that HCI 
and acetic acid were formed during exposure by the decom- 
position of polyvinyl chloride and polyvinyl acetate and the 
formation of unsaturated carbon-carbon bonds. The forma- 
tion of sulfur-carbon bonds was reported. They also sug- 
gested that slow attack of the butyl acrylate group occurs. 
They reported a synergistic effect on polymer degradation 
between UV light and SOz under both wet and dry condi- 
tions. 

The degradation reactions of the binder, however, have 
been proven for high concentrations of S02/HSO,-. They are 
more rapid when moisture is present and are synergistic with 
UV light. Degradation includes both crosslinking and chain 

I O - ~ ~  K . 0 0  200 400 

SOz pressure (torrl  

Figure 11-Diffuslvities of SO, in paint specimens at 28OV 
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Table 6--Properties o f  the Base Polymer of a Latex Paint upon Exposure t o  SOJH,O/UV Light C o m b l n a t l ~ n s ~ ~  

Expowre Condiflons Properlies 

Time UV Light [nl Gel Contact 
(hrs) (350 nm) Air So, "2" (dl@) ( angle Gt) 

(a) Drop spread lmm~didtfly 

scission. However, no concentration-degradation relation- 
ship has been established at high concentrations. nor has 
degradation at low concentrations been established. It is 
unclear whether the degradation of paint coatings by SO2 
also occurs at levels typical of those found in the environ- 
ment. 

There are only a few published reports on the effect of 
acids other than SOZ/H2S03 on the binder in paint coatings. 
The only documented case of finish degradation with dilute 
H2S04 (pH 2) was the report by Deppe and Schmidt27 on the 
degradation of melamine-formaldehyde coatings on par- 
ticleboard; there was no quantification of the degradation. In 
other studies of acid effects. the acid strengths were consid- 
erably stronger than found in the environment. Other than as 
reported by Deppe and Schmidt,27 no deterioration of clear 
coatings was noted at pHs typical of those found in the 
environment. 

Strone acids and high concentrations of 0 2  have been used ., - 
to accelerate the degradation of paint coatings. Tsingarelli 
and Orzhakhov~kii~~ re~orted the effects of formic and acetic 
acid vapors, NOz, and nitric, formic, and acetic acid solu- 
tions on the durability of unpigmented coatings as measured 
by anticorrosive protection or loss of electrical insulating 
capacity. Gutfreund'' used O3 to deteriorate paint in acceler- 
ated testing and correlated the results with outdoor testing. 

PIGMENTS, EXTENDERS, AND DRIERS: Pigments, extenders, 
and driers comprise the solids in the paint film held in place 
by the binder. The pigments give paint its opacity and may 
be colored or uncolored. As with pigments, extenders are 
generally inorganic in nature and are used to help control 
rheology and increase the solids content of the paint. Driers 
catalyze the curing of polymers and are often organometallic 
compounds such as cobalt naphthenate. 

Ward74 investigated soiling of exterior house paint for a 
variety of paint formulations with and without lead pigments 

and driers. The lead pigments and driers caused blackening 
of paints in industrial areas. H ~ f f m a n n ~ ~  developed a method 
for maintaining extremely low concentrations of HzS for 
laboratory studies and later reported the effects of these low 
concentrations on paint.'Vn investigating the sulfide stain- 
ing of flat and gloss alkyd paints, he found that staining 
resulted from the reaction of HIS with small amounts of lead 
naphthenate driers in the paint. Staining did not occur in 
paints containing cobalt naphthenate driers. Watson,77 how- 
ever, reported that H2S could cause sulfide staining of paints 
containing cobalt driers. 

Sulfide staining can also occur if paint containing 
phenylmercury mildewcides is exposed to Wohlers and 
Feldstein7' reported that H2S concentrations above 0.05 ppm 
for several hours under optimum conditions could darken 

Table  7-Paint Formulations Used b y  Spence e t  al."' 

Alykd L a t e r  

Subtotal Components Subtotal Components 
ingredients (%) (x) (%) 1%) 

Pigments 35.3 36 
Titanium dioxide 22.6 23.8 
Maenesium silicate 7.4 - 
silica 3.1 
Tetrachloromethyl 

sulfonyl pyridine - 
Mildew-resistant agent N T C  1.2 
Silicate 1 .O 

Vehicle 64.7 64 
Polyester resin - 
Acrylic - 
Water - 

Raw linseed oil 7.6 
Soya alkyd resin 24.4 
Mineral spirits and driers 32.7 
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Figure12--Mass lossof CaC0,from latex paint specimens ex- 
posed to sulfurous acidhs 

paint. When the darkening was not severe, the original color 
returned within several days after the H2S had abated as a 
result of air oxidation. In cases of severe darkening, as much 
as six months was required for paint to revert to its original 
color. 

The stainine intensitv of lead and mercurv sulfides de- - 
pends on the distribution of the metal salts in the paint film 
and the H7S concentration in the a t m o s ~ h e r e . ~ ~  Macdonaldm' 
reported similar results. Merzx2 reviewed building materials 
at risk to environmental pollution and cautioned against 
using red lead, white lead, chrome yellow, chrome orange, or 
chrome green in exterior paints used in environments having 
high H2S pollution. The degradation of paint by HIS is a lo- 
cal effect, and it affects only a few pigments. In areas where 
H2S is common, care in selecting paint should eliminate 
potential problems. 

Holbrow" reported that some pigments could be discol- 
ored by SO2. Paints containing Brunswick green were sensi- 
tive to 0.2 ppm concentrations of SO2 for the first few hours 
after painting and to higher concentrations (200 ppm) for 
several days. The color change was caused by the bleaching 
of the lead chromate (PbCr04). Several other pigments were 
sensitive to sulfur compounds. Boxall and von Fraunhofe?' 
found that red lead (PbO2 2Pb0) darkened on exposure to 
sulfur compounds; basic lead sulfate (2PbS04 PbO) discol- 
ored; and ultramarine blue (3Na203 A1203 6Si02 2Na2S) 
rapidly decomposed when exposed to dilute acid. 

Torlaschi et al.R4 studied the effect of SO2 on anatase and 
rutile titanium dioxide (TiOz), zinc oxide (ZnO), iron oxide- 
yellow (FeO OH), iron oxide-red (Fe203), chrome oxide 
(Cr203), cadmium yellow (CdS), cadmium red (CdS(Se)), 
lithopone (ZnS + BaSOd), ultramarine ((Na,Ca)8(A16Si6024)S), 
Prussian blue (KFe Fe(CN)6 xH20), chrome yellow 
(Pb(Cr,S)O4), molybdate red (Pb(Cr,S,Mo)04), and zinc 
chromate (K2Zn3(Cr04)4 Zn(OH)z 2H20) pigments. At 0.67% 
SO2 in air, zinc oxide and zinc chromate reacted to form 
water-soluble salts, which leached from the film. Chrome 
yellow and molybdate red were reduced to chromium sul- 
fate. The degradation was less if the formulation also in- 
cluded Ti02 pigment. The other pigments were stable at this 
concentration, but the authors reported that; at higher con- 
centrations, some of the pigments exhibited incipient degra- 

I 
also, 1.0 so, 0.10, 1.00, 

T 0il.bosed paint 

I: 

I 
0.1 SO. 1.0 so, a1 o, loo, 

Exposure lo Concentrations (ppml 

Figure 13--Erosion of shaded, s, and unshaded, u, panels painted 
with latex or oil-based paints exposed to SO, or 0, in a labora- 
tory The bars represent the 95% confidence limits 

for these slopes 

dation, particularly if drops of condensed acid were allowed 
to evaporate. Merzm2 identified several pigments sensitive to 
sulfuric acid.(white lead, red lead, zinc oxide, zinc white, 
zinc yellow, zinc green, lithopone, ultramarine blue, and 
Schweinfurt green). He also cautioned against using CaCOl 
extenders. 

The discoloration of pigments occurs in limited areas and 
is of a temporary nature and, even if data were available, it 
would not be appropriate to use it as a measure of paint 
degradation. The phenomenon merits mention, however, be- 
cause of the relative aesthetic value of pigments in paint 
coatings exposed to the environment. Painted wood is often 
refinished because of discoloration, particularly surface de- 
posits such as mildew, but it is not possible to assess the 
magnitude of this problem. In addition, discoloration is often 
accompanied by other forms of degradation and the interac- 
tions among these degradation modes is also difficult to 
assess. 

Many paint components sensitive to color change are no 
longer extensively used in house paint because of environ- 
mental concerns. This is particularly true for lead-containing 
pigments and driers. 

Alkaline components of paints, which serve as extenders 
and colorants and affect flow characteristics of paint, can 
neutralize acid. CaC03 and ZnO are alkaline components of 
many paints. Acids and their precursors such as SOz, at 
concentrations typical of those found in the environment, 
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Table 8--Accumulated Run-off Concentrations for Laboratory Chamber Experimentsm 

Sample Condition 

Latex ............ Dew 
Dry 

Latex-cb ........ Dew 
Dry 

Oil ................ Dew 
Dry 

Oil-c.zC ......... Dew 
Dry 

G-steel" ......... Dew 
Dry 

la1 Total volume ofdew collected 
I D )  c=Confamr CaCO, 
ICI 7=<0nlain~ ZnO. 
Id1 Galuanlzed steel. 

Concentration (nmoles/cm2) of 

HCOO. NO; HSO; 

47.5 108.3 12.7 
2.3 129.8 0.0 

23.6 161.1 368.6 
7.0 497.8 0.0 

55.2 120.1 0.0 
2.7 22.6 0.0 

105.7 306.6 13.4 
4.0 147.2 0.0 

704.1 517.2 2235.6 
7.7 764.1 0.0 

SO,- HCHO 
- 

32.5 53.7 
4.8 - 

86.8 533.6 
7.3 - 

96.8 164.9 
4.4 - 

100.7 259.7 
5.2 - 

692.0 3668.1 
46.1 - 

Latex-basod paint 

4 

I a I 
O Loods Valparaiso Chicago La5 Angolos 

18 .[ oil-based paint 

Location 

Figure 14--Erosion of shaded, s, and unshaded, u, panels painted 
with latex or oil-based ~aints  ex~osed to outdoor weatherina at 
four sites." The bars ;epreseni the 95% confidence limits'for 

these slopes 

can react with these components. The rate of dissolution is a 
function of acid strength, and laboratory studies have shown 
that dissolution occurs with dilute mineral acids, such as 
sulfuric, as well as with weak acids, such as carbonic and 
sulfurous acid.h9 At pHs typical of those found in the envi- 
ronment, the loss of CaC03 can be measured gravimetrically. 
In studies using gaseous SO2, degradations occurred more 
rapidly duringperiods when the surface was wet. They showed 
that binder morphology changed as CaC03 dissolved, and it 
seems that paint binder has some effect on the dissolution 
rate of alkaline components exposed to sulfurous acid. It is 
certain that paints having these components will lose weight 
when exposed to acid but the phenomenon is complicated by 
other factors. 

Spence and  collaborator^^^^^^ exposed both oil-based and 
latex house paints to laboratory and field tests (Table 7). The 
oil-based paint contained calcium carbonate and magnesium 
silicate extender pigments whereas the acrylic latex-based 
paint contained only aluminum/sodium/potassium silicate 
extenders. Although these finishes were formulated for use 
on wood, they were applied to stainless steel substrates 
because the objective of the study was to evaluate film- 
surface deterioration, not the film-substrate interface. All 
specimens were exposed to SO2 and 03 ,  and some to UV light 
(unshaded) while others were shaded. Exposure to 0.1 ppm 
SO2 had no effect (Figure 13). The rates for the latex coat- 
ings increased to about 60 nmlday when exposed to 1.0 ppm 
SO*. The difference between the shaded and unshaded re- 
mained about the same. The greatest increase in erosion rate 
(about 0.3 ~ m l d a y  and 0.9 pmlday for shaded and unshaded, 
respectively) occurred with oil-based house paint having 
CaCO, extender pigments exposed to 1.0 ppm SO2. 

In most cases the effect of light and SO2 appeared con- 
sistent except for the oil-based house paint. In that case, the 
erosion of the unshaded specimens was more than twice as 
fast as the erosion of the shaded specimens. The data indicate 
a synergism between these two effects with the oil-based 
house paint, but not with the latex house paint. It should be 
noted, however, that the oil-based paint contained CaCOl 
whereas the latex paint did not and oil-based paints are more 
susceptible to UV degradation than acrylic latex paints. The 
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synergism may be an isolated effect caused by combining a 
highly UV-sensitive binder with CaC03 extender pigments. 
The surface erosion was confirmed using attenuated total 
reflectance-infrared (ATR-IR) spectroscopy and scanning 
electron microscopy. 

The results with O3 were less clear although the oil-based 
paint was more severely affected than the latex paint. The 
degradation with O3 appeared to have been primarily a pho- 
tochemical degradation. The relative difference between the 
control and the specimens exposed to O3 was the same at both 
concentrations under shaded conditions but increased when 
unshaded (Figure 13). 

The data from field exposures86 showed significant dif- 
ferences in erosion of paint coatings for specimens from a 
clean site and three dirty sites (Figure 14). It was not pos- 
sible to establish a cause and effect relationship because no 
pollutant concentration data were obtained for these sites. 
The ATR-IR and SEM analyses were similar to the results 
from the chamber study and showed greater binder degrada- 
tion for the alkyd. The highest erosion rate occurred for 
coatings with acid-sensitive extender pigments (mainly 
CaC03) in areas of high pollution. 

In a later study,61 a controlled environment chamber was 
used to identify direct and possible synergistic effects of 
SOz, NOz, and O3 on an oil-based house paint and an acrylic 
latex house paint (Figure 15). The paints were applied to 
aluminum panels and exposed to all combinations of low- 
and high-concentration conditions: 0.03 or 0.5 ppm SOz, 0.05 
or 0.5 ppm NOz, 0.08 or 0.5 ppm O,, and 50 or 90% relative 
humidity. The surface erosion as determined by mass loss 
was measured at 250, 500, and 1000 hours of accelerated 
weathering (Figure 15). Variables in chamber conditions 
included temperature, relative humidity, pollutants (SOz, NOz, 

Figure 15--Effect of RH, SO,, NO,, and 0, on the erosion rate of 
oil-based Daint coatina. R and r. S and s. N and n. and 0 and o 
designate' high and low concentrations' of moist;re (RH), SO,, 

NO,, and 0,. respectively. From data by Spence et aI6' 

and 03), dew, and light. The chamber was constructed such 
that the paint surfaces were subjected to moisture-condens- 
ing conditions. The results of the study, based only on mass 
loss, indicated that oil-based house paints having magnesium 
silicate extenders were affected by SOz and relative humid- 
ity. This can easily be seen by plotting the data in decreasing 
order of erosion and arbitrarily separating the data into three 
groups (Figure 15). The highest erosion generally occurred on 
specimens exposed to high SOz (S) and high relative humid- 
ity (H). The lowest erosion rate occurred on specimens ex- 
posed to low SO2 (s) and low relative humidity (h). The high 
and low levels of nitrogen dioxide (N,n) and ozone (0,o) 
appeared to have no effect. 

Table +Average Ion Concentrations of Run-Off from Panels Exposed at Raleigh, NC or Steubenville, OH 

Sample Condition 

............ Latex DI 
Ambient 

Latex-c" . . .Dl 
Ambient 

Oil ................ Dl 
Ambient 

Oil-c.zb . . . .  Dl 
Ambient 

Concentration (nmoleslcm2) of 
- 

Kt Ca" Zna* HCOO- CV 

R ~ l . e l c ~ ,  NC 

1.14 0.59 - 0.24 0.35 
1.78 2.12 - 0.98 7.29 
0.74 4.25 - 0.29 4.36 
2.11 11.75 - 0.94 10.17 
0.27 0.63 - 0.06 1 .0 
0.93 0.83 - 0.46 1.6 
0.87 1.19 0.64 1.42 1.2 
0.34 3.63 1.98 0.44 2.7 

NO,- SO; ' 

Latex ............ Dl 0.10 3.43 0.73 5.18 - 1.41 6.38 I .Oh 4.22 
Ambient 5.40 0.78 0.90 15.15 - 0.07 6.67 11.02 19.15 

Latex-c-I 0.08 4.23 0.85 6.94 - 1.47 6.36 1.22 4.73 
Ambient 1.91 0.85 1.03 24.14 - 0.07 8.50 13.01 24.31 

Oil ................ Dl 0.25 5.11 0.68 3.36 - 1.78 7.42 0.80 3.34 
Ambient 3.50 0.60 0.69 13.69 - 0.07 4.55 9.60 15.38 

Oil-c.z? . Dl 0.14 2.42 0.33 3.24 0.99 1.17 4.36 0.76 2.90 
Ambient 1.59 0.87 0.76 19.96 3.47 0.09 5.47 1 1.46 20.50 
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galvanized 
sleel 

SO2 concentration (ppb) 

Figure 16--Sulfate ion runoff concentration as a function 
of SOZW 

In a more recent report, Haynie and Spence8' evaluated two 
house paints that were exposed for up to 30 months at nine 
locations in the area of St. Louis, Missouri. At each of these 
locations, the ambient pollution levels and weather condi- 
tions were monitored. Measurements included SO2, NO2, and 
0, concentrations, sunlight, and time of wetness. The paints 
were formulated without CaC03, applied to stainless steel 
substrates, and placed both in northern and southern expo- 
sures at each site. After the 30-month exposure, the mass loss 
of the specimens was evaluated with respect to the various 
combinations of the environmental conditions. The only sta- 
tistically significant result obtained was for exposure to NO2 
and time of wetness; NOz, in combination with moisture, 
caused a gain in mass. Results for SO2 were not significant. 

The results from these experiments should be viewed 
with some caution because of possible complications in us- 
ing mass-loss measurements to calculate film erosion. Addi- 
tion- or condensation-type reactions of pollutants with paint 
components, diffusion of pollutants into the film, outgassing 
of the paint, and accumulation of dirt (particularly in the 
field exposures) can all adversely affect the mass-loss mea- 
surements. 

With these concerns in mind, the evaluation of erosion by 
mass loss in paints that are resistant to erosion is likely to be 
lost in experimental error, whereas paints containing CaCO3 
or silicates show measurable losses. These losses completely 
overshadow the other degradative processes that may he 
occuning in the paint during the exposure. It is not surpris- 
ing, therefore, that significant effects were found, in the 
preceding experiments, only for paint containing CaC03 or 
silicates. Evaluating the other effects requires an understand- 
ing of the process involved in the degradation and can only 
be achieved by other techniques including laboratory and 
field exposure experiments. 

The laboratory studies did not take into account the dif- 
ferent permeabilities of polymers and acids, the effects of 
UV light, or the dry deposition of other alkaline materials. 
Since the permeation of SO2 in paint is high, alkaline com- 
ponents can readily react. In exposure to other acids that do 
not penetrate polymer films as well as SO2, it is not clear how 
UV degradation of the polymer affects the results. It may he 
necessary for the polymer to undergo UV degradation to 
expose the pigment to the acid. UV degradation is further 
complicated by the unknown effects of low concentrations of 
acid. Either CaCO, reaction or photochemical degradation of 

the binder may be the rate-determining factor in the erosion 
of paint coatings. If the dissolution of CaC03 is slower than 
the photodegradation of the binder, then the loss of CaCO? 
commensurate with erosion should not be considered a func- 
tion of the acid. Only those factors that affect the rate- 
determining step for a particular failure mode should be 
considered for determining the accelerating effect. For ex- 
ample, if acidic deposition increased the rate of erosion of 
the surface but the paint failed by peeling, there is not a clear 
link between the acidic deposition and the damage function 
for this mode of failure. 

Edneybn and coworkerssx~" reported the chemical com- 
position of run-off from painted western redcedar panels 
coated with latex and alkyd paints formulated with and with- 
out CaCO,. The panels were exposed outdoors at Raleigh, 
North Carolina (suburban), and Steubenville, Ohio (indus- 
trial) and were compared with painted galvanized steel pan- 
els exposed in a chamber. In the chamber study, painted 
galvanized steel panels were exposed to a complex gas mix- 
ture containing steady-state concentrations of 230 ppb 03, 180 
ppb NO,, 380 ppb HCHO, 7 ppb HNO,, and SO2. The SO2 
concentration was varied from 0 to 722 ppb for each of the 
exposures and the SO4-' concentration of the runoff was 
measured for the various SO2 concentrations (Figure 16). 

The run-off data from the chamber study (Table 8) showed 
that acidic gases such as SO2 and HN03 dissolved the alka- 
line (CaCO3 and ZnO) components in the paint. Those fin- 
ishes high in CaCO, had ZnO and high Ca+2 and Znt2 run-off. 
A substantial amount of zinc was leached from all painted 
galvanized steel, whereas the specimens painted on western 
redcedar exposed outdoors had no detectable zinc, unless the 
paint contained ZnO pigment. This substantiates the trans- 
parency of paint to SO2 and shows that the substrate can be 
degraded, particularly under wet (dew) conditions. 

Edney reported that leaching of ZnO (the mildewstat) 
might harm the paint, but he could not link the loss of CaC03 
to a decrease in service life. He indicated that degradation of 
polymers would likely cause harm to film integrity but found 
no evidence for polymer degradation. 

Higher bisulfite salt (HS03-) concentrations were found 
in runoff samples collected from specimens containing alka- 
line components exposed under moist conditions. The SOz 
was absorbed into the water on the surface and reacted with 
the alkaline components, is forming bisulfite salts. In speci- 
mens with less accessible alkaline components, such as CaCO3 
in oil-based paint, the reaction was slower than with more 
accessible CaC0, in latex paint (Table 8). The acid concen- 
trations confirm this reaction and were lower in the runoff 
from the specimens having high HS03- concentration. 

Edneyhn compared the calcium run-off from specimens 
exposed at Steubenville and Raleigh (Table 9). The differ- 
ence for latex paint with and without CaCO, at Raleigh was 
about 9 nmole/cm2 day (I 1.75 minus 2.12) and at Steubenville, 
about 9 nmole/cm2 day (24.14 minus 15.150). For oil paint at 
Raleigh, the difference was about 3 nmole/cm2 day (3.63 
minus 0.83) and at Steubenville, about 6 nmole/cm2 day ( 19.96 
minus 13.69). From this data, it appears that the ambient 
conditions in Steubenville as compared with Raleigh have no 
effect on the amount of CaCO, leached from latex paint and 
only a little effect on oil paint. Soluble calcium salts were, 
for the most part, caused by calcium salt precipitation and 
not from dissolution of CaCO,. The almost identical values 
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for the dry deposition (DI) support this conclusion. although 
the lower values are somewhat puzzling. 

Surface Deposits 

Surface deposits such as soiling and salt formation are 
most often problems in protected areassuch as under eaves 
and soffits. The formation of water-soluble crystals of am- 
monium sulfate "blooming" on the surface of paint is an 
example of salt formation. 

Ames and Gourleygo investigated the formation of bloom 
on varnish prepared from pentaerythritol alkyd resins. They 
identified (NH4)?S04 as the compound responsible for the 
deposit but did not determine whether it was deposited as 
(NH4)?SO4 or formed in place by the reaction of SOz with NH3 
under moist conditions. Others who have also investigated 
bloom formation""."."' have reported that it requires mois- 
ture and is dependent on the type of paint. The formation was 
more severe on the pentaerythritol alkyd than on glycerol 
alkyd. Hilly3 reported that crystalline bloom could form on 
paint through a thermal precipitation mechanism. He found 
that moisture was unnecessary for bloom formation and 
reported (NH4)?S04 particle sizes of less than 2 ym diameter 
deposited under dry conditions. Gieseq4 reported that bloom 
on latex house paint occurred mainly on protected areas of 
structures and was caused mainly by SOz. The problem was 
worse for paint containing CaC03. 

Strauch et al?' reviewed bloom formation on paint coat- 
ings and summarized the data to show six causes for this 
effect. Deposits of atmospheric pollutants and acid-cata- 
lyzed degradation of the paint components were two of the 
causes; others were extraction of soluble components of the 
film such as wetting and dispersing agents, diffusion of 
pretreatments through the paint, diffusion of soluble salts 
from the substrate, and combinations of these five causes. In 
their investigations to verify these causes. they exposed 
emulsion paints to acid in the 4-4.5 pH range for two years. 
Paints with and without CaCO? showed no bloom formation. 
They did not rule out possible degradation at higher pHs over 
longer time but described the degradation as chalking. They 
didUverify the formation of sulfates from atmospheric poll"- 
tion under moist conditions. On wood substrates, pretreat- 
ments with alkaline stripper caused bloom formation if the 
stripper was not neutralized and thoroughly washed from the 
surface. The residue consisted of sodium and calcium car- 
bonates. 

Schurr and Van Loo" and Campbell et aLxh investigated 
the cause of intercoat peeling of house paints on under-eaves 
and found that, under certain weather conditions common to 
the Great Lakes area of the United States, paints containing 
zinc salts or barium metaborate caused the formation of a 
residue on the surface of paint. When the eaves subsequently 
were repainted, this residue caused catastrophic intercoat 
failure. The residue was shown to contain sulfates, but no 
mechanism was proposed for the formation of these sulfates. 
They could have formed by direct dry deposition of sulfate 
particles or by the reaction of SO2 or sulfuric acid aerosols 
with the paint. They reported that the problem could have 
been eliminated by washing the under-eave area prior to 
repainting. 

H o l b r o ~ ~ ~ . ~ '  reported that soiling of paint by particu- 
lates-including sulfates and chlorides of iron, calcium, and 

zinc-in highly industrial areas led to longer service life. He 
indicated that the longer life was probably caused by de- 
creased UV radiation of the paint film and the neutralizing of 
acid by alkaline deposits. 

Karyakina and ViktorovayX developed a method for 
evaluating the susceptibility of paint to dirt pick-up: The 
difference in luminosity before and after exposure yielded a 
value for dirt retention. Raaschou-Nielsen et al."" reported that 
dirt retention by painted surfaces can be a serious problem in 
industrial areas and they investigated the factors affecting 
dirt retention. They found that dirt retention increased with 
increased tack and decreased T,. They also developed an ac- 
celerated test method. 

Combined Effects 

The only quantitative cause and effect information is 
based on the research by Spence and coworkers and is con- 
tained in a review by Haynie.""' The incremental effects in- 
clude only increased erosion of the paint caused by the 
dissolution of CaCOi or silicate-containing extender pig- 
ments. Haynie attempted to establish the decrease in durabil- 
ity of paint exposed to SOz as related to the increase in 
painting frequency necessitated by increased erosion. He 
developed an equation on the basis of the erosion data ob- 
tained from painted specimens exposed to SO2 and moisture. 
The model predicts the increase in erosion over the estimated 
typical erosion at a pH of 5.2 and an SOz concentration of 0 
(representative of a clean environment). 

Haynie's model takes into consideration SO2 concentration 
and rain acidity, but it applies only to erosion of the paint 
coating and does not consider some of the more serious 
modes of paint degradation such as cracking and loss of 
adhesion. "Just based on the variability of the available data, 
the magnitude of the error in any economic cost estimate will 
be the same as the estimate. This means the cost could be 
zero or twice as much as the estimate. Assumptions in eco- 
nomic analysis increase this error."'00 With the present state 
of knowledge, many research gaps exist. 

CONCLUSIONS 

The study of acidic deposition effects on the service life 
of painted wood is complicated by several factors. These 
include: 

a wide range of types of substrates and finishes: 
variability of these materials: 
variability in weathering conditions from year to year 
and place to place; and 
inconsistencies in the results between outdoor weath- 
ering and "accelerated" weathering. 

Synergism and other interactions among these factors 
further complicate these studies. A comprehensive model 
that encompasses all the modes of degradation of painted 
wood and includes the incremental effects of acidic deposi- 
tion on these modes cannot be determined at this time. In 
general. it has not yet been possible to quantify the effects of 
acidic deposition for isolated modes of degradation because 
these effects are often obscured by the variability of painted 
wood. Some effects have been identified. 
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Effects of Acidic Deposition 

The reaction of acid with the alkaline components of 
paint is the only well documented degradation mechanism 
that could affect a large amount of paint in service. It would 
be prudent to avoid using these components in formulating 
paints for use in areas of high pollution and/or acidic deposi- 
tion. On the basis of the run-off data from Steubenville, 
Ohio, the dissolution of CaCO3 is less than expected because 
of the neutralizing effect of alkaline dry deposition. The 
values from clean sites might better represent the actual risk 
over wide geographic areas. 

Sulfur dioxide has the potential to affect the durability of 
coatings on wood, although causes and effects have not been 
determined for any of the paint components at risk. In addi- 
tion, SO2 can have little effect over large geographic areas 
because it is converted to sulfuric acid. Only the alkaline 
components have been proven to be at risk to low acid 
concentrations typical of those found in acidic deposition, 
and even those effects are complicated by a combination of 
factors. 

In the absence of obvious catastrophic failure, the service 
life or durability of finished wood is usually determined by 
compiling several performance criteria such as gloss, crack- 
ing, peeling, etc., to obtain an overall evaluation. In address- 
ing the question of the effect of acidic deposition on painted 
wood, even more factors come into play. Compilation of the 
various results reviewed here into an overall performance 
criteria should also include the other major factors that con- 
tribute to paint system degradation. 

Despite all the research into the degradation of finishes, 
cause and effect relationships are still not possible. To expect 
a single model to explain all wood finishes or even all paints 
is unrealistic. A more reasonable approach is to consider a 
type of finish-and substrate, if applicable-and attempt to 
quantify the most common degradation mechanism for this 
finish. For example, in the research on erosion of CaC03 - 
containing paints, researchers were well on their way to 
quantitatively defining a cause and effect relationship for 
this pigment in two types of finish. 

It is possible to evaluate several degradation mechanisms 
and to discuss the influences of acids and other pollutants on 
these mechanisms. It is even possible to obtain reasonable 
cause and effect relationships for some of these degradation 
mechanisms. It is not possible to combine these into a model 
that quantifies the effect. The investigations of effects at the 
paint/wood interface are not conclusive. It has been shown 
that SOz diffuses through paint and reacts with the wood 
under the paint, but loss of paint adhesion has not been 
measured. It should be noted, however, that the standard 
deviation of the adhesive strength of both exposed and unex- 
posed paint coatings on wood is quite high and any loss of 
adhesion caused by the acidic environment would not be 
obvious. 

Research Potentials 

The isolated effects of acidic deposition on painted wood 
cannot be evaluated until the mechanisms of paint degrada- 
tion under non-acidic conditions are known. Rigorous scien- 
tific and technical bases have not been established for evalu- 
ating paint degradation under normal exposure. Paint evalua- 

tion has focused primarily on quick assessment of formula- 
tions using accelerated test methods or empirical evaluation 
of specimens during and after field exposure. There has been 
no long-term research commitment to the study of materials 
properties of paint and its components, particularly when 
combined with a substrate. 

A number of publications have dealt with new instrumen- 
tal techniques for determining paint characteristics, and. al- 
though these characteristics have been used in a few cases to 
monitor changes in paint coatings as they weather, this infor- 
mation has not established clear mechanisms of failure or 
correlated laboratory data with service life of paint coatings 
in the field. In general, research on the modes of paint failure 
has not addressed fundamental material considerations or 
assessed chemical changes and interactions among the 
weathering factors and paint components. No equation is 
available for combining the various degradation factors into 
an overall model that quantifies degradat~on for panels ex- 
posed to normal weathering conditions. In addressing acidic 
deposition research, scientists have had to address both prob- 
lems: the basic research on weathering of paints and the 
incremental effects of acid deposition. 

To close this research gap, this researcher recommends 
two research tracks: (1) one that investigates changes in the 
paint film (both surface and bulk) independent of substrate, 
and (2) one that investigates the paintlsubstrate interface 
(including both substrate and film properties). The first ap- 
proach focuses on the effects at the paint surface that are 
primarily driven by the photo-oxidation of the paint film 
components and includes the study of bulk properties of the 
film. The second takes into consideration the bulk properties 
of the substrate, the original surface of the substrate, and the 
nature of the interface formed by the coating and substrate. 
This binary approach would measure the effects of chemi- 
cals that diffuse through the film, and describe the materials 
properties of both the coating and substrate. 

This approach demands a determination of fundamental 
materials properties, both chemical and physical, of painted 
wood as it weathers under various conditions, both in the 
laboratory and in the field. Research of this nature requires a 
long-term commitment. A study of the effects of acidic 
deposition on painted wood should begin with basic studies 
of the polymers most commonly used in paint including new 
ones now being developed. The research should include 
laboratory and field exposures with controlled exposures to 
various environmental factors including, but not limited to, 
acid. Cause and effect determinations demand experimental 
designs that include ranges of concentrations of various ac- 
ids and their precursors and combinations of these pollut- 
ants. Long-term exposure to concentrations typical of those 
found in the environment is essential. The minimum concen- 
trations should be typical of those found in suburban areas in 
northeastern United States and the maximum should be typi- 
cal of those found in major industrial areas. The exposure 
periods should be several years. The critical factor in these 
experiments will be determining the changes in materials 
properties, particularly the subtle chemical changes in films 
of the pure polymers, coatings of these polymers on wood, 
and the wood/polymer interface. These determinations can 
be made using currently available techniques that include 
analysis of run-off from specimens and nondestructive and 
destructive chemical analysis and mechanical testing. 
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As the research with the polymer progresses, finishes 
should be formulated using these polymers and a similar 
range of experiments conducted using these finishes. The 
finishes should include several common pigments including 
acid-sensitive extenders such as CaCO?, but this should be a 
minor part of the program. It might be necessary to evaluate 
chemical changes in pigments and other minor components 
as well as in the polymer. Exposure regimes (both laboratory 
and field) for the paints should parallel those developed 
using the polymers. The research must include measurement 
of subtle changes in materials properties of all components 
of the paint system. 

In a particular failure mode, it is necessary to identify the 
rate-determining step and to define any synergism in the 
degradation processes. In addition, the chemical changes 
associated with embrittlement, chain scission, loss of adhe- 
sion, and surface degradation should be defined. By under- 
standing the chemical changes under various experimental 
conditions, both in the laboratory and in the field, that effect 
the various modes of failure, it may be possible to delineate 
the factors that catalyze acidic deposition. Such an under- 
standing gives the background information necessary for 
determining the mechanisms of acidic attack of painted wood 
and the effect of acid on the rate-determining step in that 
failure mode. 

Understanding of materials properties obtained through 
rigorous laboratory experiments will provide insight into the 
subtle changes that occur in field exposure. The evaluation 
of field exposure data must include the materials property 
link between specimens exposed in the field and those ex- 
posed under laboratory conditions. In outdoor testing, it 
should be the chemical changes and changes in mechanical 
properties of all components that define the finish perfor- 
mance. Visual evaluation is not likely to differentiate acid- 
induced degradation from normal degradation on painted 
wood. The isolation of degradation products unique to a 
particular degradation mechanism could well lead to new 
methods for accelerated evaluation procedures. 

A research effort of this magnitude would require the 
formation of a research team comprising experts from many 
disciplines and would require substantial financial commit- 
ment. Are the benefits worth the price? On the basis of acidic 
deposition effects to painted wood, probably not. On the 
basis of understanding the mechanisms of paint degradation, 
the elucidation of links between accelerated weathering data 
and field data, the design of better paints, and determining 
the effects of pollution on paint performance, the answer is 
clearly "Yes." 

The commitment to such a research program may be 
forced by events at hand. The most serious concern through- 
out the paint industry in the United States is compliance with 
volatile organic compound (VOC) legislation. Many of the 
traditional finishes used on wood will no longer be acceptable 
because of this legislation (including oil-based semi-trans- 
parent stains, oil- and alkyd-based primers and topcoats, 
solventborne water repellents and solventbome water-repel- 
lent preservatives). Environmental concerns will probably 
not require that latex formulations be changed, but these 
finishes may not give the properties that many consumers 
prefer. As traditional finishes are removed from the market- 
place, their replacements might require a new generation of 
finishes. The durability of these should be determined and 

acidic environments should be a part of the experimental 
protocol. Previous studies on assessing acid degradation of 
finishes (particularly those on oil- and alkyd-based formula- 
tions) will probably not apply to these new finishes. 

The introduction of these new low VOC finishes might 
also be complicated by changes within the wood industry. 
The change away from traditional species such as redwood 
and western redcedar will probably continue. More hard- 
woods will probably be used-not only domestic but also 
tropical species. The trend toward faster-grown, smaller- 
diameter trees will probably continue. Wood from these 
different species and smaller trees will not have the same 
properties as wood from traditional slower-grown species. 
New composite materials will be developed and will include 
new adhesives. These composites will be all wood-bases or 
combinations of wood and nonwood materials. Compatibil- 
ity of these new substrates with new finishes will be a major 
challenge regardless of the effects of acidic deposition. 

More research is needed to formulate comprehensive and 
fundamental understanding of the performance of painted 
wood under normal exposure conditions. When these data 
have been generated, cause and effect patterns and failure 
mechanisms can be defined. Then, the relative effects of 
acidic exposure to finished wood can be assessed and evalu- 
ated as part of the greater picture of materials degradation in 
the United States. 
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A Study of Thixotropic Flow Behavior 
Of Alkyd Solutions 

A. KaStanek and K. Hajek 
Research Institute for Synthetic Resins and Lacquers* 

structure. Thixotropic coatings require control of such 
The thixotropic flow behavior of alkyl solutions was properties so application requirements can be met. 
investigated with a Model RV 100 Haake Rotovisco Th ixo t ro~ ic  flow behavior is t v ~ i c a l  for formulations 
viscometer equipped with a coaxial cylinder sensor 
system. The variation of shear stress and viscosity 
with changes in shear rate was studied. The thixotro- 
pic structure of 60% solids alkyd solutions was mar- 
kedly affected over a broad range of shear rates 
including low shear rates. Thixotropic structure re- 
covery was usually realized after about five hours at 
roct 

INTRODUCTION 

Coatings are used for protection of substrates against 
hostile environments and for aesthetic purposes. When a 
coating is formulated, various flow-related or rheological 
characteristics that affect application must be taken into 
consideration. 

Rotational viscometers have been widely used to deter- 
mine viscosity and other rheological behavior at particu- 
lar shear rates. The correlation of coating viscosity with 
application behavior has been the subject of many investi- 
g a t i o n ~ . ' . ' ~  Much of this work has been concerned with 
pseudoplastic and thixotropic coatings which are receiv- 
ing significant attention in the field of industrial coating 
products. 

Since application and post application flow phenomena 
caused by brushing, rolling, spraying, and leveling occur 
at different shear rates, it is important that viscosity and 
other flow behavior of coatings are studied over a wide 
range of shear rates. The flow-related criteria that deter- 
mine leveling properties in paints are viscosity, yield 
value, flow behavior, and regeneration of thixotropic 

. . 
that contain molecular elements whose attractive forces 
can exert their effect mainly when the system is at rest. 
These attractive forces between particles have the ability 
to form physical linkages between the particles and thus 
create a gel structure when the formulation is at rest. 
However, even at low shear rates, the physical linkages 
within or between moving structures or agglomerates that 
collide with each other can be ruptured, and the linkages 
between separated particles cannot be quickly reformed. 
If the shear rate is sufficiently low so that collisions of 
agglomerates are not very frequent, the particle agglom- 
erates are continually disrupted to smaller and smaller 
formations. This means that at low shear rates the thixo- 
tropic material is characterized by a decrease in viscosity 
with increasing time of measurement. The higher the 
shear rate, the more rapid is the decrease in viscosity. If 
too high a shear rate is applied, the entire change in 
viscosity is essentially instantaneous and the time depen- 
dence of viscosity cannot be measured. However, it is 
important to understand whether or not the degree of 
thixotropic-structure reduction attained at low shear 
rates, after very long times, is incomplete and limited by 
the shear rate applied, or complete as it is when very high 
shear rates are imposed on the system. 

Particularly interesting alkyd coatings are those that 
exhibit thixotropic flow behavior. Polymers prepared 
from alkyds and polyamides are frequently used as the 
main binder component in thixotropic alkyd coatings. 
The first thixotropic alkyd was prepared by Winkler15 in 
1952. Thixotropic alkyd resins are commercially manu- 
factured by British Cray Valley Products Ltd. and Austria 
Vianova Kunstharz AG under the name "Gelkyds." A 
number of publications that deal with the preparation, 
properties, and advantages of thixotropic alkyds and al- 
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Figure 1-Dependence of the shear stress on the time of 
measurement. Curves 1-5 drawn by recorder for D 0.117 s-', 

0.585 s-', 1.17 s-', 5.85 s-l, and 11.7 s-' 

kyd coatings are a ~ a i l a b l e . ' ~ ' ~ ~  Also, various methods 
and instruments that are used for measuring and evaluat- 
ing the flow behavior and structure recovery of thixotro- 
pic materials have been de~cr ibed .~ ' .~ '  The main goal of 
the present paper is to develop a method of measuring the 
flow, viscosity, and recovery behavior of a thixotropic 
alkyd, THIX S 60, that was prepared in this Institute. 

EXPERIMENTAL 

Thixotropic alkyd THIX S 60 was prepared from a 
soybean oil alkyd, that had an oil length of 60 and an acid 
number of 12 mg KOHlg, and a polyamide resin Eure- 
lonTM 935 supplied by SCHERING AG. Five weight per- 
cent of the polyamide was added to the soybean alkyd and 
the mixture was heated and stirred at 220°C until the resin 
product became clear. A thixotropic alkyd solution of 
60% by weight concentration, THIX S 60, was prepared 
by dissolution of the resin in white spirit which contained 
14% by weight of aromatics. THIX S 60 is used in 
combination with medium and long alkyds for thixotropic 
lacquers, enamels, and primers. 

Rheological measurements were carried out with a 
Model RV 100 Haake Rotovisco viscometer. The MV I 
and SV I rotor and cup assemblies were used. These 
assemblies allow shear rates of between 0.0445 s - '  and 
1,117 s- '  to be attained. The cone and plate sensor 
system could not be used because of solvent evaporation 
from the solutions. Sample temperature was measured by 
a Pt-100 temperature sensor that was incorporated in the 
cup and was maintained at 20°C + 0.l0C by means of a 
circulating liquid heat transfer medium. 

The following test protocol was used. The required 
amount of sample was loaded into the cup, the rotor was 
immersed into the sample by slowly pushing the cup 
upward, the cup was attached to the viscometer, and the 
sample was allowed to remain at rest for a definite time 
(as explained in the next section) before measurements 
were started. Measurements of the dependence of shear 
stress, TAU, on time of measurement at a particular shear 

Figure 2-Dependence of viscosity on the time of measure- 
ment. Full curves 1-5 were calculated from curves presented 

in Figure 1. Notation of curves as in Figure 1 

rate (TAU-time), and of the dependence of shear stress on 
the shear rate, D, when a definite range of shear rates was 
used for a particular time of measurement (TAU-D), were 
made. 

RESULTS AND DISCUSSION 

TAU-Time Measurements 

The purpose of making measurements that describe a 
decrease of the shear stress, TAU, with time of measure- 
ment, was to estimate the rate of destruction of the thixo- 
tropic structure and to determine the final values of TAU 
which are independent of further shearing at the particular 
shear rate employed. 

RATE OF THIXOTROPIC STRUCTURE DISRUPTION DETER- 
MINATION: The loaded sample was allowed to rest in the 
measuring system of the viscometer for four hours at 
20°C before measurements were started. The TAU-time 
measurements were carried out at shear rates of 0.117, 
0.585, 1.17, 5.85, and 11 .7s - ' fo rcurves  1, 2, 3 , 4 ,  
and 5, respectively (see Figure 1). From the data in 
Figure 1, it is apparent that the TAU-time curves exhibit 
maxima with coordinates TAUp and t,. As the shear rate 
increases, the TAU, value is higher and the tp value is 
lower. (At the two highest rates of shear employed, the 
maxima could not be recorded.) The ascending portions 
of the curves cannot be taken as real since the measured 
shear stresses are lower than the true ones corresponding 
to the shear rate set on the RV 100. The actual shear stress 
at the peak of the curve corresponds with that measured 
by the RV 100 at set shear rate and so do the TAU values 
at the descending portion of the curves. It is important to 
understand that destruction of the thixotropic structure, 
which becomes apparent in decreasing viscosity, is al- 
ready taking place during the initial stages of measure- 
ment, that is, before the maximum of the curve is at- 
tained, and continues after the maximum is reached. 

The influence of shear rate on the rate of disruption of 
thixotropic structure can be more clearly seen from the 
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time dependence of viscosity, ETA, data given in Figure 
2. These curves were calculated from the data of Figure 1 
by means of the relationship: 

ETA = TAUID 

Within 0.1 min, the initial viscosity decreased to about 
3,000 P a s  at the very low shear rate of 0.1 17 s-I and to 
about 20 Paes at a shear rate of 11.7 s-I.  In the time 
interval from 0.1 min to 5 min, the decrease in viscosity 
continued to about 1,000 P a s  in the former case, and is 
negligible in the latter case. The data in Figure 2 also 
indicate that at a shear rate of 11.7 s - '  the decrease of 
the original, very high viscosity, to about 60 P a s  is 
almost immediate. 

FINAL TAU VALUE DETERMINATION: The dependence 
of TAU on time, and of percent TAU maximum, 
%TAU,, on time, at the various shear rates is given in 
Figure 3. The shear rate D, = 0.1% (D, is shear rate 
expressed in percentages of the maximum value, Dm = 
445 s-I) was used first and measurements were carried 
out until the change in TAU was negligible. Then higher 
shear rates, D, equals 2, 5, 7.5, 10, 15, 20, 40, 70 and 
loo%, were successively used. Shearing of the sample 
was stopped only for the short time required to set a new 
value of shear rate by the switch on the RV 100. 

All curves that were drawn by the recorder start at the 
beginning of the coordinate system. At shear rates of 
44.5, 66.7, 89.0, 178.0, 311.5, and 445.0 s-I (Figure 
3). the TAU values immediately increase to the maxima, 
whereupon they decrease to constant values. In general, 
the decreases are very small and almost negligible at a 
shear rate of 44.5 s-I.  Thus, it can be concluded that 
when shear rates higher than about 44.5 s-  are succes- 
sively used, almost no further disruption of the structure 
occurs at t>O. The very small decrease of viscosity may 
be assigned to a slight rise of temperature caused by the 
imperfect transfer of dissipated heat, a quantity that in- 
creases as the shear rate increases. This explanation 
seems more probable than a hypothesis that an additional, 
though small, disruption of structure, at 0 0 ,  is caused by 
the increased shear rate. 

In another set of measurements, the experiment was 
begun at Dm = 445 s-  and TAU was determined until 
it became constant. Subsequent measurements of the de- 
pendence of TAU on time were carried out at lower 
values of shear rate. At the end of each experiment, the 
shear rate was set again to 445 s-I  and the shear stress 
was monitored to its constant value. The scheme of ex- 
periments is described in Figure 4. Shearing of the sam- 
ple was interrupted only for the very short time required 
to set a new value of shear rate of the viscometer. 

When the curves in Figures 3 and 4 are compared, it is 
apparent that the final values of TAU obtained from both 
sets of measurements are equal for shear rates between 89 
and 445 s - '  (see Table 1). At the lower shear rates 
(D,520%), the final TAU values obtained in the second 
set of measurements are slightly lower than those found in 
the first set. These small differences (see Table 1) are 
obviously caused by a slower disruption of the thixotropic 
structure in the first set (see Figures 1 and 2). If even 
longer times of measurement had been used in this first 

-1- 
O o  -]I2 'i t [.in1 0 

Figure 3-Dependences of TAU (or %TAU,) vs time (100% of 
TAU, = 3720 Pa). The shear rate was gradually increased 
when the sample was successively measured. Numbers at- 

tached to curves designate the shear rate D (s-') 

Table 1-Final Values of TAU Obtained from TAU-Time 
Measurements 

TAU (Pa) 

For Subsequent 
Measurements the 

Shear Rate was 
D (s-') Gradually Increased 

Before Each Measurement 
at a Definite Shear Rate 
the Sample was Sheared 

at D=445 s-' 

38 
82 

144 
182 
223 
298 
372 
625 
911 

1157 

Figure 4--Dependences of TAU (or %TAU,) vs time (100% of 
TAU, = 3720 Pa). Before each measurement the shear rate 
was again set to D=445 s-I. Numbers attached to curves 

designate D (s-1) 
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the thixotropic recovery occurred during the downward 
measurements, under similar circumstances the position 
of the flow curves would be just the opposite. 

From the TAU-D measurements using different long 
times for upward and downward measurements at D = 0 
to 445 s - I ,  it was found that only the flow curves in 
upward experiments are affected by the time of measure- 
ment, whereas those in downward experiments do not 
differ in a practical sense. This means that if the shear 
rate is continually decreased from Dm = 445 s - '  to 
zero, practically no recovery of thixotropic structure oc- 
curs. This is also in agreement with the results obtained 
from the TAU-time measurements. Flow curves corre- 
sponding to the fully disrupted thixotropic structure are 
represented by dotted lines in Figures 5 and 6 and by 
dotted and dashed lines in Figure 7. 

To obtain these data, two sets of TAU-D measurements 
were performed. In the first set, all measurements were 
carried out at different times, tz, with the same sample. 
After each measurement, the sample was allowed to rest 
in the measuring system for five hours. In the second set, 
measurements were carried out for each time, tP, with a 
new sample. Each new sample was allowed to rest in the 
measuring system for five hours before measurement. 
Conditions for the measurements are given in Tables 2 
and 3. The dependences of TAU vs D and %TAU, vs 
%Dm of the first set are shown in Figure 5,  with D, = 0 
to 2% and D = 0 to 8.9 s I .  The dependence of TAU vs 
D for both sets of data are given in Figure 6, with D, = 0 
to 10% and D = 0 to 44.5 s - l .  The corresponding 
dependencies for the second set of measurements are 
described in Figure 7,  with D, = 0 to 100% and D = 0 to 
445 s -  I .  The numbers associated with each of the curves 
designate times, t in minutes, taken for measurements in 
the given ranges of shear rate. 

0 0. s 1.0 1.5 z11. 2. 0 " 

Figure 5 - ~ e ~ e n d e n c e s t ~ ~ ~  (or %TAU,) vs D (or %Dm) 
(100% of TAU, = 3720 Pa, 100% of Dm = 445 s-l). Numbers 
attached to full curves drawn by recorder for the first set of 
measurements (peaks of the curves denoted by cross marks) 
designate time (min) at which D = 8.9 s-' is reached. Dot- 
and-dashed line represents the curve corresponding to a fully 

disrupted thixotropic structure 

set, the shear stresses would probably decrease to the 
final values obtained in the second set. Regardless of this, 
the differences are so small that it is evident that a recov- 
ery of the original structure cannot be practically ob- 
served even when the lowest shear rate, 0.0445 s - ' ,  is 
applied immediately after shearing a sample at 445 s- ' .  
(Final values of TAU are also plotted in Figure 7,  where 
the dependence of TAU on D is described.) 

The curves drawn by the recorder for various shear 
rates start at the beginning of the coordinate system (Fig- 
ure 4) and coincide with the %TAUm axis. This means 
that at the start of an experiment, the shear stress very 
rapidly increases to a certain value, which depends on the 
shear rate, and then levels off to a constant value. The 
curves for a shear rate of 445 s-  ' have a different shape; 
that is, they display a maximum and a slight decrease to a 
constant value. The probable reason for these small 
changes of TAU is a slight increase or decrease of tem- 
perature which is caused by an increase or decrease of the 
dissipated heat when the shear rate is increased or de- 
creased. This is a more reasonable explanation than in- 
vocation of a slight recovery or destruction of the thixo- 
tropic structure. 

TAU-D Measurements 

When thixotropic behavior is investigated through ex- 
periments wherein rate of shear, D, is increased from zero 
to the maximum, "upward" measurement, and then D is 
decreased from the maximum to zero, "downward" mea- 
surement, the choice of times used for both measurements 
is of primary importance. It is obvious that if an upward 
measurement is carried out for a longer time and that if 
another upward measurement is carried out for a shorter 
time, then the flow curve corresponding to the longer 
time lies under that corresponding to the shorter time. If 

Figure 6-Dependences of TAU (or %TAU,) vs D (or %Dm) 
(100% of TAU, = 3720 Pa, 100% of Dm = 445 s-1). Numbers 
attached to curves drawn by recorder for the second set of 
measurements (full lines; peaks of the curves denoted by 
squares) and the first set of measurements (dashed lines; 
peaks denoted by crosses) designate the time (min) at which 
D = 44.5 s-' is reached. Dot-and-dashed lines represent the 
envelope curves; dotted line represents the curve corre- 

sponding to fully disrupted thixotropic structure 
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Table 2--Influence of the Time of Measurement upon the Flow Curves in the First Set of Measurements (Flgures 5 and 6) 

Measurement TAU-D D=O-max. D D=O-8.9 s-1 D=0-44.5 s-1 Peak of Curve 

Max. % Max. D (1' tb I D tlme 
of D, (s-9 (min) (mln) (0-7 (0) 

0.1 0.445 5 100 500% 0.05 30 
0.1 0.445 I 20 100 0.1 12 
5 22.25 5 2 10 0.67 9 
5 22.25 I 0.4 2 1.3 3.6 

20 89 5 0.5 2.5 0.9 3.1 
20 89 I 0. l 0.5 3.1 2.1 
50 222.5 5 0.2 I 2.2 3 
50 222.5 1 0.04 0.2 5.9 1.5 
2.4 10.68 24 20 100 0.1 12 

la) 12 i s  the time necessary loallain max. %of Dm lD.=445 r - 1 ) .  
(b) I is the rime necessary loaualn 8.9 1- I or 44.5 "-1 ,  rerpeerively. 

Certain differences between the results of both sets of 
data, Figure 6, are obviously caused by the fact that in the 
first set, the sample was left in the measuring system for a 
long time and a small amount of solvent evaporation with 
accompanying slight concentration increase of alkyd res- 
in took place. This factor caused more difference between 
the viscosities in both sets of measurements at the lower 
shear rates. Differences between viscosities at the higher 
shear rates are less significant the higher the shear rate, as 
evidenced by the descending portions of the curves in 
Figure 6. 

It is apparent from the data in Figures 5 and 6 that the 
curves exhibit maxima whose coordinates, TAU and D, 
are higher the shorter the time of measurement. For pre- 
viously mentioned reasons, the upward portions of the 
curves cannot be taken as real data. Disruption of the 
thixotropic structure, decrease of viscosity, occurs al- 
ready in the initial stage of measurement, that is, before 
the maximum of the curve, and continues after the maxi- 
mum is attained. The times corresponding to the maxima 
are listed in Tables 2 and 3. They decrease with a de- 
crease in the time of measurement, t. However, since the 
maxima of curves corresponding to shorter times lie at 
higher values of shear rate than maxima of curves corre- 
sponding to longer times, the disruption of thixotropic 
structure at the maximum is larger, lower viscosity, in the 
former case than in the latter. 

0 I I I I 0 n 20 nn ns *om loo 

Figure 7-Dependences of TAU (or %TAU,) vs D (or %Dm) 
(100% of TAU, = 3720 Pa, 100% of Dm = 445 s-'). Numbers 
attached to full curves drawn by recorder for the second set 
of measurements designate the time (min) at which D = 445 
s-' is reached. Dashed line connects the crosses corre- 
sponding to final values of TAU obtained from measurements 
of TAU vs time presented in Figures 1 and 3 (gradual increase 
of Dl. Dotted line correspondina to fully disrupted thixotropic 
structure connects the square;corresponding to final values 
of TAU obtained from the TAU-time measurements   resented 
in Figure 4 (decrease of the shear rate from 445 s-' to a 

definite value) 

Table 3-Influence of the Time of Measurement upon the Flow Curves for the Second Set of Measurements (Flgures 6 and 7) 

Measurement TAU-D D=O-max.D D=0-445s.' D=0-445 s-1 Peak of Curve 

Max.% Max. D W 
of D, (5-9 (mln) 
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I I I I 

100 200 300 (00 0 ll/sl 500 

Figure 8-Histeresis (recovery) curves: flow curves upward 
(-) and flow curves downward (---). Time of the TAU-D 
measurement t,=3 min for D=O - 445 s-'. Prior to measure- 
ments, the samples have been left standing. Numbers at- 

tached to curves designate times (min) of standing 

The dependence of shear stress on rate of shear for 
nondisrupted or essentially nondisrupted structures would 
be  useful. However, since the structure is significantly 
destroyed by even very low shear rates operating over 
relatively very short times, and since the upward portions 
of the experimental curves are not real, it is not possible 
to obtain exact initial portions of the TAU vs D curves. 
T o  obtain a rough dependence, the maxima of the experi- 
mental curves given in Figures 5 and 6 were connected by 
envelope curves passing through the origin of the coordi- 
nate system. True dependencies would be above the enve- 
lope curves and would have a non-zero intercept corre- 
sponding to the yield value. 

The maximum viscosity corresponding to the smallest 
extent of thixotropic structure disruption can be assessed 
from the slope of a straight line connecting the points of 
the envelope curve, Figure 5, at D = 0.0445 sC1 and 
D = 0.445 s - I .  This results in a value of 2,300 P r s ,  
which can be compared with the viscosity of 2,400 P r s  
corresponding to the maximum of the dependence of 
TAU-time for D = 0.1 17 s - '  shown in Figure 2. The 
minimum viscosity corresponding to a fully disrupted 
structure, ETA = 4 P r s ,  can be assessed as the slope of a 
straight line connecting the points of the dotted curves, 
Figure 5, at D = 0.0445 s -  and D = 0.445 s -  l .  As 
the curve corresponding to fully disrupted structure 
(Figure 7) has an intercept TAU = 37 Pa at D = zero, it 
seems that even the sample with a fully disrupted thixo- 
tropic structure exhibits a definite, though small, yield 
value. 

The influence of the times of measurement, t, on the 
shape of flow curves for the entire range of shear rates, 
D,, from 0 to 100%. is given in Figure 7. It is apparent 
that differences between the curves are considerable at 
the low shear rates. As the shear rate increases, these 
differences decrease and become slight at D,>40%. 

As in measurements of the time dependence of TAU, 
the rise of sample temperature and accompanying de- 
crease of viscosity due to imperfect heat transfer plays a 

I I 
300 linfl t, lninl 900 

Figure %Dependence of TAU, on the time of standing at 
rest of the sample after shearing at D=445 s-l. TAU,desig- 
nates the value of TAU at D,=20% (D=89 s-1) obtained from 
measurement of TAU vs D (maximum D=445 s-', t, = 3 min) 

part in the measurements of TAU vs D at the higher shear 
rates. The shorter the time of measurement, t, (i.e., the 
faster the change of D) the smaller is the rise of tempera- 
ture of the sample above the control point of 20"C, and 
the higher is the value of TAU at 445 s -  ' .  This factor is 
probably responsible for differences between the flow 
curves at D,>40% (see Figure 7), and perhaps also for 
greater curvatures of flow cures than would actually oc- 
cur in a perfect situation. 

Recovery of the Thixotropic Structure 

As no recovery of the thixotropic structure disrupted by 
the previous action of a high shear rate (for instance 445 
s - l )  is practically observed, even at very low shear 
rates, the rate of recovery of the thixotropic structure 
must be measured in such a manner that a sample with 
fully disrupted structure is left to rest for a definite time 
before flow measurement. When flow measurements are 
completed, the sample is again allowed to rest, but for a 
longer time than previously, and then flow measurements 
are again repeated. Cycles of "standing at rest" then 
"measuring flow property" were repeated several times 
with the time of standing at rest systematically varying 
from several minutes to several hours. The hysteresis or 
recovery curves are presented in Figure 8. 

The dependence of TAU,, on time of standing at rest is 
shown in Figure 9. TAUzo designates the value of TAU at 
D, = 20%, with Dm = 445 s - '  obtained from the 
TAU-D measurements (maximum % of Dm = loo%, tz 
= three minutes). From Figure 9, it is apparent that the 
thixotropic structure is essentially fully recovered after 
about five hours at rest. 

CONCLUSIONS 

Use of the Haake Rotovisco viscometer with MV I and 
SV I rotor and cup assemblies proved to be suitable for an 
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investigation of the thixotropic behavior of alkyd solu- 
tions. 

The measurements indicate that the thixotropic struc- 
ture of alkyd resin solutions is markedly disrupted by 
even very low shear rates. The lower the shear rate, the 
longer is the time required for a complete disruption of 
the network. Shearing for one minute at 5.85 or 11.7 s-  ' 
causes a decrease in viscosity from a very high original 
value to low values of 40 P a s  and 20 Pas,  respectively. 
When the shear rate increases during measurement, the 
decrease in viscosity depends on both the time of mea- 
surement and the rate of change of the shear rate. The 
faster the change of shear rate, the lesser is the extent of 
structural disruption at a particular shear rate and, on the 
contrary, the larger is the extent of the structural disrup- 
tion at a definite time of measurement. The rates of 
change of the shear rate, such as 3.7 s-'lmin or 44.5 
s-llmin, result in a decrease of the original very high 
viscosity to about 4.85 P a s  during 18-min measurements 
at D = 0 to 66.7 s C t ,  or during two-minute measure- 
ments at D = 0 to 89 s- '. If in the latter case, the shear 
rates 66.7 s- '  <D589  s - '  are attained within less than 
two minutes, the viscosity is greater than 4.85 P r s .  It is 
apparent that an increase in the shear rate above 66.7 s -  ' 
is not equivalent to a shorter time of shearing with regard 
to efficiency in disruption of thixotropic structure. 

It has been demonstrated that the thixotropic structure 
cannot be practically recovered, even when very low 
shear rates are successively employed after previously 
shearing the sample at a high shear rate. Thus, the thixo- 
tropic structure recovers only if the sample is left at rest. 
With the system investigated, the recovery was almost 
complete after five hours. 

Since the proper dependence of TAU on D in the range 
of the lowest shear rates cannot be measured, an approxi- 
mate dependence of TAU on D for the lowest shear rates 
can be obtained by constructing an envelope curve. 

The magnitude of thixotropy is proportional to the 
quantity and strength of the physical associations between 
particles that are continually ruptured during flow that 
can rebuild only when the material stands at rest. It can be 
evaluated from the difference between flow or viscosity 
curves in upward and downward experiments, that is, by 
estimating the size of area bounded by the respective flow 
curves. If the influence of various solvents, the type of 
alkyl, and alkyd concentration is to be investigated, the 
conditions during all shear stressirate of shear measure- 
ments should be kept constant. That is, the same time of 
measurement should be used for a definite range of shear 
rate. 
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Use of Methylolated Abietic Acid 
And Toluene Diisocyanate 

In the Modification of Triglyceride Oils 

A.T. Erciyes, O.S. Kabasakal, and F.S. Erkal 
Istanbul Technical University* 

In this study, methylolated abietic acid and toluene 
diisocyanate were used together in the modification 
of some triglyceride oils, such a s  poppy seed oil, 
tobacco seed oil, sunflower oil, and linseed oil. For 
this purpose, preformed partial glyceride mixtures of 
each oil were, initially, partly esterified with methyl- 
olated abietic acid. Subsequently, the remaining hy- 
droxyl groups were combined with toluene diisocya- 
nate. In addition, toluene diisocyanate and abietic 
acid were reacted separately with the partial glycer- 
ide mixtures of each oil and the resulting products 
were used a s  control samples for the comparison of 
film properties. Another comparative sample was 
also prepared by reacting ester gum with linseed oil. 
An investigation of the film properties indicated that 
methylolated abietic acid could be utilized together 
with toluene diisocyanate a s  a modifier for binders 
based on drying and semi-drying oils. 

INTRODUCTION 

Gum rosin, which contains approximately 90% of abietic 
acid and its isomers, is obtained from the exudation of 
pine trees. This natural product is used largely in the 
manufacture of paints and varnishes due to its low cost. 
However, when rosin is used directly, it does not have all 
the properties which are expected from a surface coating 
material, such as water, alkali, and acid resistances. 
Therefore, rosin is treated in a number of ways according 
to the application. The most important types of chemical- 

.Faculty of Chemir~ry-Metallurgy. Chemical Engineering Dcpl.. 80626 Maslak-Istanbul. 
Turkey 

ly upgraded rosin are limed rosin, ester gum, maleic- 
modified rosin, rosin-modified phenolic resins, and a 
variety of treated rosins obtained by hydrogenation, poly- 
merization, and disproportionation. 1.2 

Differing from the previously mentioned ways rosin is 
treated, the functionality of rosin and, hence, its useful- 
ness, can be increased by the addition of a hydroxymethyl 
group through the reaction of formaldehyde with rosin 
acids.'-6 In connection with this, Lewis and Hedrick 
used hydroxymethylated derivatives of rosin acids in 
polyurethane films which may he useful for coatings and 
elastomers.' Hedrick investigated the alkoxylated hy- 
droxymethylated rosin derivatives as reactants for rigid 
urethane foams.x On the other hand, Minor and Lawrence 
explained that rosin-based varnishes could be prepared 
from the methylolated rosin by esterifying it with fatty 
acids o r  transesterifying it with triglycerides, followed by 
reacting the free carboxyl groups with glycerol.y 

In the present study, methylolated abietic acid was 
used together with toluene diisocyanate (TDI) in the 
modification of triglyceride oils, such as poppy seed oil, 
tobacco seed oil, sunflower oil, and linseed oil. To do 
this, first, an excess amount of preformed partial glycer- 
ides mixture of each oil was esterified with methylolated 
abietic acid and, subsequently, the resulting intermediate 
was reacted with TDI through the remaining hydroxyl 
groups. The chemical reaction involved in this process is 
shown in Figures 1 and 2. Additionally, in order to obtain 
comparative samples, abietic acid and TDI were reacted 
separately with the partial glycerides. The product result- 
ing from the latter case is the well known urethane oil. 
Apart from these samples, the reaction product of ester 
gum with linseed oil was included as an additional com- 
parative sample. Finally, film properties of all samples 
were determined. The specimens modified with methyl- 

Vol. 63, No. 800, September 1991 8 3  



A.T. ERCIYES, O.S. KABASAKAL, and F.S. ERKAL 

olated abietic acid and TDI possessed good film proper- 
ties. 

Rsadlon of ntthrloldrd abietir arid r t t h  portad rders :  

CWH - n20 

E~terifitot8on and tnn~rterification 
mactiom 

I'HAA-PG' mtcrmedide l 

Figure 1-Preparation of methylolated abietic acid and MAA- 
PG intermediate 

Table 1-Some Characteristics of the Triglyceride Oils 
Used in the Studya 

Oil Specimen Saponi- 
Used in the Refractive Acid fication Ester Iodine 
Study Index, % Value Value Value Valueb - - - - -  
Sunflower seed oil.. . 1.4750 0.6  188.3 187.0 121.5 
Tobaccoseedoil . . . .  1.4761 5.3 192.4 187.1 132.5 
Poppy seed oil. .  . . . . 1.4760 10.9 193.4 182.5 132.0 
Linseed oil.. . . . . . . . 1.481 i 1.0 196.4 195.4 166.6 

la) Working procedure lor the analyucal methodr were tdcn lmm refcrcncc 11 I )  unit,\ other- 
w!w rlafcd 

(b) Reicmnrc 1221 

EXPERIMENTAL 

Materials 

Pure abietic acid was prepared from commercial gum 
rosin of Turkish origin according to the procedure of 
Steele.1° Acid value and melting point were found at 185 
and 164"C, respectively. Four types of triglyceride oils 
were used. Poppy seed and tobacco seed oils were ex- 
tracted in the laboratory from the corresponding seeds of 
Turkish origin. Sunflower and linseed oils were commer- 
cially purchased. Table 1 presents the main characteris- 
tics of these oils. TDI consisting of 80% 2.4- and 20% 
2,6-isomers was used. Other chemicals were reagent 
grade Merck products. 

Experimental Apparatus 

Preparation of methylolated abietic acid was performed 
in a flask fitted with a condenser. Monoglycerate and 
other reactions involved in the modification process were 
all carried out in a four-necked flask equipped with a 
stirrer, a thermometer, an inert gas inlet tube, and an air 
condenser. 

PROCEDURES 

Modification of Oils 
With Methylolated Abietic Acid and TDI 

(Proboblc structure of thc product l 

I 

Figure 2-Reactlon of MAA-PG intermediate with TDi 

84 

Preparation of Methylolated Abietic Acid 

Pure abietic acid and paraformaldehyde in an acetic 
anhydride-acetic acid mixture were reacted in accordance 
with Black and Hedrick.' The resulting mixture of ace- 
toxy derivatives was saponified, acidified, and extracted 
with diethyl ether. The ether extract was washed with 
water and dried over Na2S04. After removing the sol- 
vent, the mixture of methylolated abietic acids was ob- 
tained and its acid value was determined." The average 
number of -CH20H groups attached per abietic acid 
molecule was calculated from the difference between 
the molecular weights of abietic acid and methylolated 
abietic acid. 

Each oil was subjected to the glycerolysis reaction to 
prepare the partial esters to be used in the modification 
process. Thus, 100 g of oil and 10 g of glycerol were 
heated to 218"C, and C ~ ( O H ) Z ,  0.1% of the oil, was 
added. Temperature was raised to 232°C and the reaction 
was continued at this temperature for one hour under 
nitrogen atmosphere. The content of the reaction flask 
was taken into diethyl ether, washed with water. dried 
over Na2S04, and the solvent was removed. Acid and 
hydroxyl values of the glycerolysate were determined." 

For the modification of oils. two parts of partial glycer- 
ides mixture and one part of methylolated abietic acid, by 
weight, were heated under the inert gas flow. By mixing 
the reactants in this manner, no doubt that the ratio of 
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Table 2-Samples Subjected to Heat Treatment and the Obtained Results for Evaluating the Side Reactions 
Taking Place in the Modification Process 

Ester Value 
Plus Decrease 

Acid Saponification Anhydride Ester Anhydride Decarboxy- in Acid 
Sample Value Value Value Value Value lation Value, % 

-- 

Abietic acid: 
Unheated 185 - - - - - ... . . . . . . . . . . . . . . . . . .  - 

Heated . . . . . . . . . . . . . . . . . . . . . . .  149 I66 17 - - 19 19.5 
Methylolated abietic acid: 

Unheated 152 - - - - - .... . . . . . . . . . . . . . . . . .  A 

Heated . . . . . . . . . . . . . . . . . . . . . . .  97.2 118.9 - - 21.7 - 36 
Methylolated abietic acid-sunflower 
oil mixture": 

Unheated 50.7 - A 125.1 - - - .. . . . . . . . . . . . . . . . . . . .  
Heated . . . . . . . . . . . . . . . . . . . . . . .  10.9 160 - 149.1 - - 78.5 

Abietic acid-sunflower 011 mixture": 
Unheated 61.7 - - 125.1 - - - .. . . . . . . . . . . . . . . . . . . .  
Heated . . . . . . . . . . . . . . . . . . . . . . .  52.4 172.2 - 119.6 - - 15.2 

la) One pan of methylolared abalic acid (or ableuc acldJ and hvo pans o i  04, by weight. were mixcd 

[hydroxyl groups of partial glycerides]/[carboxyI groups 
of methylolated abietic acid], mol/mol, was changed ac- 
cording to the hydroxyl value of glycerides mixture. 
However, at least 45% excess of hydroxyl groups was 
present in the reaction medium. When the mixture was 
completely melted, 0.1% of Ca(OH),, based on partial 
glycerides, was added as a catalyst. The temperature was 
then raised to 275°C and kept constant for 30 min. After 
cooling, the contents of the flask were mixed with diethyl 
ether, washed with water, and dried over Na2S04. Acid 
and hydroxyl values of the solvent-free and dry product 
were determined. These intermediates containing free hy- 
droxyl groups will be referred to as MAA-PG hereafter. 
In the next step, the remaining hydroxyls of MAA-PG 
were allowed to react with the equivalent amount of TDI 
under moisture free conditions. For this purpose, MAA- 
PG was dissolved in dry xylene and heated to 40-50°C. At 
this temperature, TDI was added in a dropwise manner 
during a 30 min period after the 0.02% of lead naphth- 
enate (24%), based on MAA-PG, was added. When the 
TDI addition was completed, the temperature was raised 
to 90-95°C. The reaction was continued at this tempera- 
ture for six hours. Free isocyanate content of the product 
was determined by a wet method using n -b~ty la rn ine .~~  

Preparation of the Comparative Samples 

Three kinds of comparative samples were prepared. In 
order to obtain the first two control samples, abietic acid 
and TDI were separately reacted with the partial glycer- 
ides of each oil. In the former case, partial glycerides and 
abietic acid, in equivalent amounts, were heated for 45 
min under the same conditions as those applied to the 
reaction between methylolated abietic acid and partial 
glycerides. These products will be assigned as AA-PG. In 

nitrogen atmosphere. Heating was continued at 250°C for 
two hours to complete the transesterification. After cool- 
ing, dry xylene was added, the contents were reheated to 
40-5O0C, and 18.5 g of TDI were added slowly over a 30 
min period. Lead naphthenate (24%) was added in the 
amount of 0.02% of the oil portion. The temperature was 
set at 90-9S0C, and the reaction was continued for another 
four hours in order to obtain the final product. The free 
isocyanate content of the product was determined. ' *  

The third comparative sample was prepared by cooking 
the ester gum with linseed oil. Ester gum was obtained 
according to a previous procedure.14 For this purpose, 
100 g of rosin was heated under the inert gas flow. After 
it was melted, 10.2 g of glycerol was added slowly with 
agitation. The temperature was raised to 275°C and held 
constant for five hours. Then, by applying vacuum, traces 
of water and glycerol were removed. At the second step, 
100 g of ester gum thus obtained was heated with 160 g of 
bodied linseed oil (21.7 cP, 25°C) at 290°C for 5% hr.I5 
The acid value and viscosity of the resulting product were 
determined. This sample is denoted as LO-EG. 

Investigation of Side Reactions Taking Place 
During the Manufacture of MAA-PG and AA-PG 

In parallel experiments, abietic acid and methylolated 
abietic acid were heated separately at 275°C for 30 min 
under the inert gas flow. 1n addition, the abietic acid- 
sunflower oil mixture and the methylolated abietic acid- 
sunflower oil mixture were subjected to the same heating 
process. Acid and saponification values were determined 
for each sample before and after the heat treatment." 
Anhydride value, decarhoxylation (in unit of saponifica- 
tion value), and ester value were calculated by means of 
acid and saponification values. 

the latter case, the obtained products are the well known Determination of Film Properties 
urethane oils and were prepared by applying the ingredi- 
ents' ratios given by S t a n t ~ n . ' ~  Thus, 75 g of oil, 6.5 g of Film properties such as drying time,I6 flexibility," 
glycerol, and 0.2 g of calcium naphthenate (4%) were adhesion,'' water resistance,I9 alkali resistance,19 and 
added to the reaction flask and heated to 250°C under a acid resistance" were determined. For this purpose, each 
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Table 3-Some Properties o f  Partial Glycerides Mixture Used in 
the Preparation of MAA-PG lntermediates and AA-PGs 

Origin of the 
Partial Glycerides 
Mixture Acid Value Hydroxyl Value 

- - 
Sunflower seed oil.. . . . . . . . . . . . . .  2.6 l I0 
Tobacco seed oil. . . . . . . . . . . . . . . .  2.1 120 
Poppy seed oil. . . . . . . . . . . . . . . . . .  1.2 135 
Linseed oil. . . . . . . . . . . . . . . . . . . . .  2.0 125 

Table 4--Properties of the MAA-PG lntermediates and 
Their Corresponding TDI-Modified Products 

Origin of MAA-PG Reaction Product of 
Partial Glvcerides An"rmediate - - MAA-PG -- - with -- TDI - 
Mixture used In Acid Hydroxyl Acid Free Visawily? 
the Modification Value Value Value TDI;% cP (25°C) 

- - -- 
Sunflower seed oil . . . .  3 7 58 3.1 0.75 104 
Tobacco seed oil . . . . .  6.2 63 4.8 0.97 107 
Poppy seed oil . . . . . . .  3.7 88 2.8 0.87 1425 
Linseedoil.. . . . . . . . .  5.8 89.8 4.4 0.93 1556 

la1 Reference (121. 
lb l  Sampler werc khinned wllh xylcnc lo 50% solid content. 

Table %Some Properties o f  the Control Samples 
Prepared i n  the Study 

AA-PG Sample Urethane Oil LO-EG Sample 

Oil Acid Viscosity: Free Viscosity: Acid Viscosity,' 
Specimen Value cP (25°C) TDl,b % cP (25'C) Value cP (25°C) 

- 
Sunflower 

seed 
oil . . . .  17.7 5.3 0.62 17.9 - - 

Tobacco 
seed 
oil . . . .  14.1 5.5 0.56 14.5 - - 

POPPY 
seed 
oil .... 20.0 5.6 0.57 13.4 - - 

Linseed 
oil . . . .  18.0 6.4 0.53 19.47 3.2 24.2 

(a) Sampler were d i l u l d  with xylcne lo SO* qo l~d  conten, 
(hl  Relercnce (121. 

sample was thinned with xylene to 60% solid content. 
0.5% lead naphthenate and 0.05% cobalt naphthenate, as 
metal based on solid content, were added to the linseed 
oil-based samples. Double the amount of drier was added 
to other samples. Driers were added 24 hr before the film 
application. In drying time determinations, a Bird film 
applicator with 40 y aperture was used for film applica- 
tion on glass plate; dry film thickness being 17 y.  For the 
other tests, a dipping method was used. In this case, the 
average dry film thickness was 20 p,. For the flexibility, 
adhesion, and water resistance tests, tin-plate panels were 
used as the substrate, while glass tubes were used for the 
alkali and acid resistance tests, as explained in the related 
standard methods. A water resistance test was performed 
48 hr after the film application. However, this period was 
72 hr for other tests. 

RESULTS AND DISCUSSION 

Acid values of methylolated abietic acid and abietic 
acid prepared in this study were found to be 152 and 185, 
respectively. The molecular weights calculated by using 
these values are 369.08 and 303.24 for methylolated 
abietic acid and abietic acid, respectively. The difference 
between the molecular weights indicates that the average 
number of -CH20H group attached per abietic acid mole- 
cule is 2.12. 

As mentioned, the main reactions taking place during 
the modification of oils with methylolated abietic acid 
and TDI are given in Figures 1 and 2. However, it is 
reported in the literature that abietic acid is remarkably 
labile at temperature above its melting point and the 
effect of temperature on the abietic acid is of obvious 
importance in technical operation, where acid function of 
abietic acid is of primary interest." By taking this fact 
into account, the extent to which the other reactions take 
place was investigated and the obtained results are shown 
in Table 2. 

Since the saponification value measures the total acid- 
ity, including potential acid derivatives (e.g., anhydride), 
the change in this value is a reliable index of degree of 

Applied Test 

Drying time" . - 
(set-to-touch) . . . . . . .  

Adhesion. . . . . . . . . . . . .  
Flexibility (cylinder 

with 2 rnm diameter). 
Water resistance . . . . . . .  
Alkali 

resistanceC. . . . . . . . . .  
Acid resistanced . . . . . . .  

Table &Film Properties o f  the Comparative Samples Prepared i n  the Study 

Urethane Oil Based on: AA-PG Sample Based on: 

Tobacco Poppy Tobacco Poppy 
Sunflower Seed Seed Linseed Sunflower Seed Seed Linseed 

Oil Oil Oil Oil Oil Oil Oil Oil 

P P P P P P P P 
nc nc nc nc 120111 130m 135111 130111 
pr: pr: pr: pr: pr : pr : pr: pr: 

380 m 330 m 285 rn 390 m 46 rn 65 m 66 m 116 m 
nc nc nc nc nc nc nc nc 

(a) Test war camled out a! 2S°C and 60% rclal~ve humidily. 
(hl Tcvt war povtivc when thc cylznder with IU rnm d~ameler war used. 
(el  Test war canled out at 25'C and 5% NaOH \olu!~on 
(dl Test was carrlcd out at 2SDC and 9% Hp$04 rolul!on 
Legends: m--mlnua: r-poslllve. nr-no change. and or-pan~al removal 

LO-EG 
Sample 

Based on 
Linseed Oil - - 

ph 
31 rn 
pr: 

25 m 
nc 
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Table 7-Film Properties o f  t h e  Samples Modified wi th  
Methylolated Abietic Acid a n d  TDI  

Methylolated Abietic Acid-TDI 
Modified Product Based on: 

Sunflower Tobacco Poppy Linseed 
Applied Test Oil Seed Oil Seed Oil Oil - -- 
Drying time" 

(set-to-touch) . . . . 21 m I l m 6 m  3 m  
Adhesion . . . . . . . . . .  5B 5 9  5 9  5B 
Flexibility (cylinder 

with 2 mm 
diameter) . . . . . . . .  p P P P 

Water resistance.. . . l I 0  m 95 m 80 m 80 m 
Alkali resistanceb. . . pr:400 m pr:1000 m pr:2500 m pr: 3500 m 
Acid resistance' . . . . nc nc nc nc 

la1  Tevt war caned out a,  25°C and 60CX rclallvc hurnidtly. 
l b l  Tcrl uar carrrcd o u ~  n 25'C and t'X NaOH rolunon 
l c l  Te?t was carried out at 25'C and 9% H2S04  nolulion. 
Legends: -minute: p--puwwr: nc-no change. and pr-panlal rcmoval. 

destruction of the acid function. Additionally, for a mono- 
carboxylic acid such as abietic acid, the most probable 
explanation of a thermally induced difference between 
acid and saponification values is the anhydride forma- 
t i ~ n . ~ ~ . * '  Therefore, the anhydride value given in Table 2 
was calculated by subtracting the acid value from the 
saponification value. 

It can be seen from Table 2 that abietic acid underwent 
anhydride formation and decarboxylation during the heat- 
ing process as was observed by LaLanda.2n Methylolated 
abietic acid also lost its acidic function. This behavior 
may be due to the anhydride formation, decarboxylation, 
and the esterification reaction between methylolated abi- 
etic acid molecules. In this case, the degree of decarboxy- 
lation occurred to a greater extent as compared to the case 
of abietic acid. The sum of ester and anhydride values for 
the heated methylolated abietic acid sample was found to 
be 21.7. This illustrates that esterification between meth- 
ylolated abietic acid molecules, if any, is minor. Conse- 
quently, most of the carboxyl groups of methylolated 
abietic acid are esterified with the hydroxyls of the partial 
glycerides. 

The greatest decrease in acid value was observed in the 
heat treatment of the rnethylolated abietic acid-sunflower 
oil mixture. This reveals that carboxyl groups are readily 
esterified with the hydroxyl groups formed on the trigly- 
ceride molecules, due to transesterification between tri- 
glyceride and methylolated abietic acid molecules. The 
smaller decrease in acid value in the heat treatment of 
abietic acid-sunflower oil mixture confirms this observa- 
tion. Consequently, it is clear that transesterification oc- 
curs during the esterification of methylolated abietic acid 
with partial glycerides as well. 

Acid and hydroxyl values of the glycerolysates used in 
the preparation of MAA-PGs and AA-PGs are given in 
Table 3 .  As can be seen. exactly the same hydroxyl value 
could not be obtained for all glycerolysates even under 
the same reaction conditions. Some properties of the 
MAA-PG intermediates, as well as of their reaction prod- 
ucts with TDI, which are the main products of this study, 
are given in Table 4. As shown in this table, the reaction 

of TDI with the free hydroxyl groups of MAA-PG essen- 
tially reached completion. 

Table 5 presents some properties of the comparative 
samples. Free isocyanate contents of the urethane oils are 
as low as 0.5%. The acid values of the AA-PG samples 
are in acceptable magnitude. 

The applied tests for determining the film properties 
and the obtained results are given in Tables 6 and 7, 
respectively, for the comparative samples and the methyl- 
olated abietic acid-TDI modified products. As can be 
seen, the samples modified with methylolated abietic acid 
and TDI show even better drying properties, alkali resis- 
tance, and adhesion than do the samples of classic ure- 
thane oils. The structurally hindered nature of the rosin 
acid carboxyl group is reported to be responsible for the 
unusual resistance of the ester linkage to cleavage by 
water, alkali, and acids.' It is quite likely that the pre- 
viously mentioned hindrance becomes more effective 
after increasing the functionality of abietic acid via insert- 
ing methyl01 groups in the molecule. 

SUMMARY 

Gum rosin is a natural product obtained from the exu- 
dation of pine trees. This natural product is largely used 
in the manufacture of paints and varnishes due to its low 
cost. However, when rosin is used directly, it lacks the 
properties which are expected from a surface coating 
material, such as resistance to water, acid, and alkali. 
Therefore, rosin needs to be upgraded in a number of 
ways. In this study, methylolated abietic acid was used 
together with toluene diisocyanate in the modification of 
some triglyceride oils such as poppy seed oil, tobacco 
seed oil, sunflower oil, and linseed oil. Methylolated 
abietic acid was prepared through the reaction of abietic 
acid with paraformaldehyde. In the modification process, 
the preformed partial glycerides mixture of each oil was 
initially reacted partly with methylolated abietic acid, and 
the remaining hydroxyl groups were combined with to- 
luene diisocyanate. Additionally, the partial glycerides 
mixture of each oil was subjected to the reaction with 
only toluene diisocyanate and only abietic acid. respec- 
tively. The obtained products were used as control sam- 
ples in comparison of the film properties. The film prop- 
erties showed that methylolated abietic acid could be used 
together with toluene diisocyanate as a modifier for the 
binders based on drying and semi-drying oils. 
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The worldwide coatings sales in 1990 exceeded $55 
billion. U.S. coatingsfirmsaccountedforalmost40%of 
thls market which was divided almost equally between 
architectural and product finishes. The U.S. tonnageof 
powder coatings increased to over 65,000 tons wtth a 
dollar volume of $13.5 mllllon. Sherwin-Willlams con- 
tinues to be the dominant paint producer in the U.S. 
The worldwide trend towards the increased use of 
waterborne coatings continues and trends toward re- 
duced volume of solvents is being enhanced by the 
use of blends of carbon dioxide and organic solvents. 

INTRODUCTION 

This is an update of annual reviews on coatings technol- 
ogy previously published in the JOURNAL OF COATINGS 
TECHNOLOGY.' In spite of the introduction of many mate- 
rials of construction that do not require a protective or 
decorative coating, the sales of paint and related products 
continue to increase.' The worldwide dollar volume of 
coatings produced in 1990 was approximately $35 billion 
and was distributed (in billions of dollars) in the various 
regions as follows: 

North America . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $13.5 
Western Europe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1.5 
Japan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.5 
Other Areas. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.5 

Coating sales in the U.S. (in millions of dollars) in 
1990 were distributed as follows: 

Architectural.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 4,990 
Product Finishes.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.666 
Special Purpose Coatings . . . . . . . . . . . . . . . . . . . . . . . .  2,680 
Miscellaneous Products.. . . . . . . . . . . . . . . . . . . . . . . . .  1,100 

Total $13,436 

According to R e i ~ h , ~  the total sales of coatings in the 
U.S. in 1989 was $12.6 billion, for a total volumeof 1.04 
billion gallons (3.9 billion liters) and a percentage distri- 
bution as follows: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Architectural. 51% 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Product Finishes. 33% 

Special Purpose Coatings . . . . . . . . . . . . . . . . . . . . . . . . . . .  16% 

The total sales of adhesives and sealants in the U.S. in 
1987 was $4.7 billion. According to Frost and Sullivan, 
the 1990 sales volume of structural adhesives was $714 
million; and this volume should increase to $824 million 
in 1994. Guidice reports the 1990 adhesive and sealant 
sales as $42.5 b i l l i ~ n . ~  Chemark, of Cincinnati, predicts 
the 1991 and 1994 sales of sealants to be $1.17 billion 
and $1.6 billion, respectively. IAL Consultants, of Lon- 
don, predicts an annual production of 200,000 tons of 
sealants in France, Germany, and the UK.' 

Frost and Sullivan report the annual U.S. sales volume 
of powder coatings as 50,000 tons and 70,000 tons, re- 
spectively, in 1987 and 1992.6 According to Bodner,' 
8,500 tons of powder coatings were consumed in Western 
Europe in 1988 with the following distribution: 

Germany.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.900 tons 
U K .  . . . . . . . . . . . . . . . . .  .. . .  .. ... . . . . . . . . . . . .  2,500 tons 
Italy.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2,400 tons 
France . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  900 tons 

Morriss reports saies (in millions of dollars) of powder 
coatings throughout the world as follows: 

North America . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $13.5 
Western Europe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1.5 
Japan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.5 
Other.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.5 

The annual production of coatings in Eastern European 
countries in 1988 in thousands of tons was, as follows: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  East Germany. 416 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .Depl. of Polymer Science. Southern Station. P . 0  Box IW76. Hall~csburg. MS 39406- Poland 404 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ 1 6 .  Czechoslovakia.. 208 
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Romania.. ....................................... 178 
Bulgaria .......................................... 151 
Hungary.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  139 

In East Asia in 1988, 4,550 tons of UV curable coat- 
ings were used as follows: 

Japan.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3,000 tons 
Taiwan . . . . . . . . . . . . . . . . . . . .  .. .... . . . . . . . . . .  1,000 tons 
Korea.. .................. .... . . . . . . . . . . . .  500 tons 
China.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 tons 

The consumption of paints and coatings (in kg) per 
capita in 1989 in Asian countries was as  follow^:^ 

Singapore.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19.4 kg 
Japan ........................ .. .............. 18.0 
Taiwan.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13.0 
United Arab Emerite.. ........................... 12.8 
Bahrain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11.2 
Israel ......................................... 10.0 

As shown by the data in the following table, Shenvin- 
Williams, with annual sales of $2 billion, continues to be 
the major producer of coatings in the U.S.: 

Producer Sales (S millions, 1989) 

Sherwin-Williams . . . . . . . . . . . . . . . . . . . . . . . .  $2,123 
Valspar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  527 
Grow Group . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41 1 
RPM-Ohio ............................... 396 
Standard Brands. ......................... 315 
Lilly Industrial Coatings ................... 212 
Guardsman . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  150 

In the chloride .process for the production of white 
pigment, liquid titanium-tetrachloride is produced in a 
fluidized bed chlorinator in the resence of coke at 800- I 900°C and oxidized at 1000°C.' The annual production, 
in millions of tons, and their percentage share of the 
market by the major producers of titanium dioxide, is 
shown in the following table: 

Du Pont.. . . . . . . . . . . . . . . . . . . . . .  500 20.0% 
Tioxide ....................... 450 8.0% 
SCM . . . . . . . . . . . . . . . . . . . . . . . . .  391 15.6% 
NL ........................... 317 12.7% 

Total 1,658 

The percent of titanium dioxide consumed in the prin- 
cipal end product use of titanium dioxide in paints in the 
U.S. and the UK is as follows: 

U.S. UK 
Paints.. ........................ 52% 60% 

. . . . . . . . . . . . . . .  ..... Paper.. ... 24% 13% 

. . . . . . . . . . . . . . . . . . . . . . . .  Plastics 14% 15% 
RubberlCeramics . . . . . . . . . . . . . . . .  7% 9.5% 

The history of artist pigments has been published." 
The resin consumption, in thousands of tons, in 1990 is 

shown in the following table.I2 

Acrylics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Epoxies ........................................... 
EVA 
HDPE ............................................ 
LDPE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
LLDPE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Polypropylene ..................................... 
Aliphatic Polyesten. ................................ 

................................ Aromatic Polyesters. 
PVC 
UFIMF . . . . . . . . . . . . . . . . . .  .. ........... . . . . . . . . . . .  

As a result of licensing oxidation technology from 
Flecher-Challenge (Auckland, New Zealand), Sherwin- 
Williams restarted its titanium dioxide production pro- 
gram. 

As shown by the following table, many mergers of 
coatings firms have occurred during the last few years. '%I7  

Purchase 
Annual Sales Price 

Acquired Firm Purchaser (S millions) (S millions) 

Bostik Orkem 285 185 
Krylon Sherwin- 105 150 

Williams 
Olympic (Lucite) PPG l I0 130 
Spencer-Kellogg Dainippon - 86 
Koppers RPM - 56 
Crown-Metro Dexter - 23 

Aerospace 
Aurolin B ASF - 22 
DeSoto Sherwin- 175 80 

(architectural) Williams 
PKC Courtaulds - - 
Usiloy Loctite - 456 
Anchor Continental Lincoln Group - 70 
Mead Release Rexlon - 38 
DeSoto Courtaulds 122 135 

(coatings operation) 
Krylon (aerosol) Borden - 150 
Krylon (car colors) Blue coral - - 
Reliance Universal AKZO - - 
Whittaker (coatings) Morton 180 225 
DeSoto Rohm and Haas - - 

(latexlresin plant) 

Unocal plans to invest $50 million in a plant which will 
produce 82,000 tons of PVAC emulsions annually. La- 
kokraska, an association which controls 60% of the coat- 
ings business in the USSR, is producing 2.2 million tons 
of varnish and 400,000 tons of pigments annually.'* 

Over 400 delegates attended the 18th Annual Water- 
borne, Higher-Solids and Powder Coatings Symposium, 
sponsored by the University of Southern Mississippi and 
the Southern Society for Coatings Technology, in New 
Orleans, LA, on February 6-8, 1991.'9 Several new 
books on coatings technology were published in 1990- 
1991.2*23 The 1990 Mattiello Memorial Lecture was 
presented by Dr. Henry J .  Leidheiser, former Director of 
the Center for Surface and Coatings Research, Lehigh 
University. 

Tilak has reviewed progress in higher-solids coatings 
 formulation^.^^ Waterborne coatings with a clear ure- 
thane topcoat are being used for automobile  exterior^.^' 
New information has been provided on water-based coat- 
ings and atomization application pro~esses, '~ waterborne 
paper coatings,27 and conductive  coating^.^' Simple tests 
for emulsion coatings are available29 and a new disper- 
sion mill has been de~cribed.~' Ketone and ester solvents 
accounted for 25%, aromatics (benzene, toluene, and 
xylene) accounted for 31%, aliphatic hydrocarbons ac- 
counted for 21%, and alcohols accounted for 12% of the 
1.97 million tons of solvents used for coatings in the U.S. 
in 1989." 

The $300 million U.S. powder coatings market is ex- 
pected to increase by about 10% annually through 
1995.~' North American powder coating sales, which in 
1989 were 48,000 tons, are expected to reach 90,000 tons 
in 1995. In 1989, Western European powder sales were 
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130,000 tons. New multicrosslinking systems are being 
used for curing acrylic and polyester powder coatings.33 
UCB Chemicals is producing UV curable resins for pow- 
der coatings.34 

Bitumen-polymer blends3' and heavy duty powder 
coatings36 are being used in construction. Copolymers of 
tert-butylstyrene are being used in powder coatings and 
carboxy polyethyleneltriglyceryl diisocyanate blends are 
being used for outdoor architectural coatings.37 

Specialty resins are being applied to surfaces via pow- 
der coatings  technique^,^^ and these and photo resins are 
used in printing Thermosetting acrylic resins 
are being used as powder  coating^.^' New information is 
available on quality control and powder  coating^.^^.^^ 
The flow of powder resins has been improved.44 

New antifouling paints have been evaluated4' and thus, 
more environmentally friendly marine paints have been 
d e v e ~ o ~ e d . ~ ~ . ~ ~  The use of pigments in wax crayons has 
been discussed.48 New pigments are available,49 the use 
of carbon black as a pigment has been disc~ssed,~ '  and 
new heterocyclic compounds such as, 1,4-diketopyrrollo 
3,4-pyrrole (DPP)" are available. New information is 
available on printing ink  formulation^,'^ zirconium salts 
as driers,52 electrodeposition of phenolic resins,53 and 
phenolic  emulsion^.'^ The surface tension reduction and 
compatibility of silicones and other flow agents has been 
correlated with their effi~iency.'~ Data on the glass tran- 
sition temperature (T,), obtained by DSC, have been 
used to monitor the cure of epoxy resin coatings sys- 
t e m ~ . ~ ~  

New information is available on UV  stabilizer^,^^.^^ 
radiation curable  coating^,'^ 1R spectro raphic analysis P of ~oatings,~ '  and coalescent agents.6'. HALS, in the 
presence of UV absorbers, does not react with acid cata- 
lysts.63 

Adhesion of coatings on polypropylene has been im- 
proved by using chlorinated polyethylene as a primer and 
by treating the surface with flame or plasma.64 Mono- 
and multi-layered extrusion coatings and improved ex- 
truders have been d e ~ c r i b e d . ~ ' . ~ ~  Battelle Institute is pro- 
ducing thin films with uniform pores by evaporation of 
acetone solvent from polymethyl acrylate film in outer 
space.67 The rheology and coatings program established 
by Dr. R. Myers at Kent State University in 1965 has 
been expanded and improved.68 The data on accelerated 
aging of coatings has been c o ~ r e l a t e d . ~ ~  

In an attempt to protect the environment from graffiti, 
the Chicago, IL, City Council has banned the sale of 
spray paint. The use of aqueous dispersions of laminating 
films on paper7' and the use of latex with low volatile 
organic content (VOC) has also reduced environmental 
damage from coatings applications." The American So- 
ciety for Testing Materials (ASTM) has published a man- 
ual with VOC specifications. The ultimate aim of Califor- 
nia's Air Products Management plan, that is, zero 
emissions by the year 2007, includes the elimination of 
reactive organic gas (ROG).~' 

CPVC determined via scratch hardness, adhesion, and 
gloss of electrodeposited films is comparable to CPVC 
values determined by chemical methods.73 Tests for as- 
sessing the encapsulation of asbestos insulation products 

have been de~eloped. '~ Ethylene glycol dialkylether 
aprotic solvents, which are alleged to have teratogenic 
potential, are being replaced by diethers based on propy- 
lene glycol (Proglyde DMM).75 New IS0  standards on 
coatings have been published.76 

A uniform thin coating (Diamonex), with a controlled 
refractive index of 1.8-2.4, has been formed by bombard- 
ing surfaces with carbon ions from an accelerated ion 
gun. Monsanto has joined with Diamonex in an attempt to 
commercialize these coatings which are based on a "spin 
off" from Air Products. Oxygen transmission of PET 
bottles has been reduced by coating with a thin layer of 
glass.77 

Dow has licensed "know how" on acrylic latex from 
ICAP (Milan) in order to play a part in the 700,000 ton 
world market. The annual U.S. market is 395,000 tons, 
based on solids in the emulsions. Robm and Haas, BASF, 
and Hoechst are the leading producers of acrylic latex. 
Freedonia estimates that 4.7 million tons of this product, 
valued at $5.7 million, will be produced in 1993. Bis- 
phenol A epox acrylate oligomer is used in radiation 
cured coatings.Y8 Poly 2-ethylhexyl acrylate is being used 
as a plasticizer and toughening agent for coatings. 

Modified alkyds are being produced from Hawaiian 
seed Since many commercial styrenated alkyds are 
actually blends of polystyrene and alkyds, procedures 
have been developed for the development of graft copoly- 
mers of alkyds and styrene or p-methyl styrene.8'.82 New 
information on alkyds and polyesters has been pub- 
l i ~ h e d . ~ ~ - ~ '  Information on the use of tall oil in printing 
inks,86 on the copolymerization of drying oils with vinyl 
 monomer^,^' and ethyl acid maleate copolymersB8 has 
been supplied. Polyamide films produced by the conden- 
sation of C-21 dicarboxylic acid and ethylene d i a m i ~ ~ e , ~ ~  
solder resistant coatings,90 and heat resistant polymethyl- 
pentene coatings have been investigated. 

New information is available on adhesion of epoxy 
resins?' flexiblization of epoxy resins by the addition of 
phosphate esters,92 and on elastified epoxy resin sys- 
t e m ~ . ~ ~  New information has been supplied on water- 
cured olyurethane films," films from blocked isocya- 
nates,' and two-packaged polyurethane coatings.96 
Silicone coatings97 and polytetrafluorethylene cable lin- 
e r ~ ~ ~  have been evaluated. 

The number of articles from the coatings industry, 
which employs 4% of all chemists, abstracted in Chemi- 
cal Abstracts, has decreased from 8% in 1979 to 5.6% in 
1 9 8 9 . ~ ~  The Unicarb system, in which 80% of organic 
solvents are replaced by carbon dioxide has been licensed 
to several coating firms. The annual sales in millions of 
dollars for the leading U.S. paint and coating producers 
in 1990 were as follows:'00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Sherwin-Williams $2,267 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Valspar 531 

RPM-Ohio . . . . . . . . . . . .  ... ... . . . . . . . . . . . . . . . . . .  439 
Grow Group . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 12 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Standard Brands. 298 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Lilly-Industrial Coatings 232 

. . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  Guardsman .. 193 

Total $4.462 
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Societv Meetings 

LOS ANGELES .................... JUNE 

Outstanding Service Awards 
Philip C. Bremenstuhl, of Ashland 

Chemical Company, has been elected to the 
position of Society Secretary for the 1991- 
92 year. 

Outstanding Service Awards were pre- 
sented by Awards Chairman Melinda 
Rutledge, of Rheox, Inc. 

Ms. Rutledge presented one of the 
Awards to William J. Haar, of Surface Pro- 
tection Industries, Inc. Mr. Haar, who has 
served as the Spring Folic Chairman for 
many years, recently retired. 

Also, an Outstanding Service Award was 
presented to Golden Gate Society member 
Patricia Shaw, of Davlin Coatings, Inc. Ms. 
Shaw was honored for having sewed as 
Chairman of the Technical Committee while 
a member of the Los Angeles Society. She 
is credited with presenting papers during 
the FSCT Annual Meeting, and setting a 
format which has enabled the Society Tech- 
nical Committee to continue to operate on a 
productive level. Ms. Shaw received her 
Outstanding Service Award during the May 
meeting of the Golden Gate Societv. 

Sara Title III, Section 313 Form R had 
to be filed by July I .  

The final environmental news item fo- 
cused on the Accident Prevention Program 
which has been mandated by Senate Bill 
198 (California). According to this new piece 
of legislation, the Accident Prevention Pro- 
gram had to be in place at all workplaces by 
July I. 

V.C. BUD JENKINS, Secretars 

PHILADELPHIA .................... MAY 

"VOC Regulations 
And Criminal Exposure" 

The slateof Society Officers for the year 
1991-92 was introduced to the membership. 
Following a vote, the newly elected officers 
for the coming year are: President-Peter 
C. Kuzma, of VIP Products Corporation; 
Vice President-William J. Fabiny. of 
Sermagard Coatings: Secretary-Brian 
O'Connor, of McWhorter Resins, Inc.; 
Treasurer-Robert D. Thomas, of M.A. 
Bruder & Sons, Inc.; Assistant Treasurer- 
Barrett C. Fisher, of Van Horn. Metz & 
Company. Inc.; Senior Member-at-Large- 

Environmental Affairs Committee Howard J, Salmon, of Clement G.Coverallw 
Chairman Dave of E.T. Horn Company; and Junior  Member-at-Large- 
Company, presented a report On Ihe latest Thomas Brown, of Consultants Consortium. 
rules and regulations which affect the paint Also, Wayne A. Kraus, of Aqualon 
and coatings industry. Company, will continue to serve as the So- 

Item one wasanewly published list (Title ciety Representative lo the Federation.s 
26, Section 22-12000) of chemicals which Board of Directors, 
cause cancer or reproductive toxicity. Mr. 
Muggee stated that toluene has been listed 
as a reproductive toxin as of January 1. If 
toluene is contained in a paint formula, the 
cans must be labeled appropriately by 
January 1, 1992. 

Also, a new Air Resources Board Ap- 
pendix A on substances to be inventoried 
has been made public (AB 2588). 

The meeting's speaker was Alexia 
Morrison, of Swidler & Berlin, a Washing- 
ton. D.C.-based law firm. Ms. Morrison's 
topic was "E%VIRONMENTAL COMPLIANCE- 
VOC REGULATIONS A N D  CRIMINAL EXPOSURE 
FOR CORPORATIONS AND THEIR EXECUTIVES." 

The speaker began her presentation by 
stating that the government is increasing its 

activities in criminal pursuit of violations in 
the environmental arena. 

The Clean Air Act passed in 1990 has 
made VOCs the focal point of today's gov- 
ernmental actions. According to Ms. 
Morrison, the Justice Department is target- 
ing potential groups of defendants--corpo- 
rations and individuals-in certain geo- 
graphic areas that have been identified pre- 
viously as having environmental problems. 
The Department is focusing in on specific 
pollutants, especially in the geographic are- 
as which encompass more than one state. 

It was noted that the Justice Department, 
OSHA. EPA, and the FBI may be working 
together in the future in pursuit of environ- 
mental crimes. Ms. Morrison said that ac- 
cording to Attorney General Dick 
Thornburgh, 78% of the targeted violators 
include not only the corporations, but the 
top executives of these companies. In 1990. 
703 defendants were indicted for environ- 
mental violations.Of the 703 defendants. 202 
were corporations and 481 were individu- 
als. According to the speaker, the advent of 
the Federal Uniform Sentencing Guidelines 
adds another dimension to criminal pros- 
ecution of environmental violators. She said 
two-year minimum jail sentences for con- 
victions are now the norm for violators. 

The speaker explained the difficulty in 
keeping up with the ever changing statutes 
and the volume of regulations. She noted 
that under the 1990 Clean Air Act, states 
have been asked to implement a program 
for issuing permits for the emission of con- 
trolled pollutants, and where the states fail 
to implement the program, the EPA will 
intervene and take control. According to 
Ms. Morrison. the permit process requires 
the signature of a person who will be ulti- 
mately responsible. thus certifying that the 
company will not exceed the levels of emis- 
sions of the controlled pollutants. She stated 
that this person. in effect. is responsible. 

LOS ANGELES SOCIETY OFFICERS- 
Elected to serve on the Board of Directors 
tor 1991-92 are (I-r): Society Representa- 
tive--Jan P. Van Zelm; Treasurer-V.C. 
Bud Jenkins; President-James D. Hall; 
Vice President--Sandra Dickinson; Sec- 
retary-Philip C. Bremenstuhl; and Past- 

PresidentAames F. Calkin 
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and will be the designated felon should 
criminal prosecution for violations become 
necessary. 

Ms. Morrison said that a person of record 
on a permit request does not have to know 
that a violation has been committed to be 
prosecuted to the fullest extent the law al- 
lows. 

In conclusion, a thorough environmental 
audit was recommended as the primary 
method to assure that a company is in com- 
pliance. In addition, Ms. Morrison advised 

against covering up a violation should one 
occur. 

-- - 

Q.  Whor is in~olvrd in an emi,anmenral 
audit:) 

A. A consultant in environmental issues 
. or a law firm dealing in environmental liti- 
gation or a combination of both can assess 
your situation. They take into account what 
your activities are and the nature of your 
business. Also, they pinpoint the respon- 
sible people within an organization. while 

If you dilute product 
samples to measure ultrafine 
particles, you're risking 
product quality. 

Dilution can change the 
size of the particles you're 
trying to measure. So you 
~vind up with a distribution 
that's suspect. And the particle 
size analysis you count on to 
assure quality could actually 
result in sub-standard product. 

That's why we designed 
the MICROTRAC" Ultrafine 
Particle Analyzer to measure 
samples from 0.005 to 3 microns 
at process conct?ntrations 
-no dilution necessary. 
And why we've witten 
"The Undiluted 'Iiuth About 
Diluted Samples." Call 
1-800-LEEDSCO today for 
your free copy. 

MICROTRAC 
LEEDS 8 NORTHRUP 

A L'nit of General Signal. 
Sumneyiomn Pike. Sonh \Vales. P.119454 

formulating an audit to best fit your needs. 
They can then define your liabilities and 
responsibilities. 

WILLIAM J. FARINY. SC(.).CIUI;Y 

PIEDMONT .......................... JUNE 

Past-Presidents' Night 
The meeting was attended by 18 Society 

Past-Presidents, including: Donald E. 
Wiesman (1959-60): William B. Shepard 1 (1962-63). Society Honorary Member; 
James A. Bohlen (1966-67), Society Hon- 
orary Member; Gerard M. Currier (1969- 

' 70), of Reliance Universal. Inc.: Gary 
Marshall (1971-72). of Sadolin Paint Prod- 
ucts. lnc.: Earnest L. Broome ((1972-73). of 
Chemical Coatings. Inc.; William 0. 
Younger (1 973-74). of DeSoto. Inc.: Norman 
O'Bryant (1974-75). of Valspar Corpora- 

/ .  tlon: Clifton . E. Barton (1975-76). of 
Megachem. Inc.: James A. Martz (1977- 
78). of Lilly Company; Charles B. Wilson 
(1978-79). of Reliance Universal. Inc.: 
James N. Albright (198 1-82). of Lilly Com- 
pany: Sara M. Robinson (1982-83). of 
Heucotech Ltd.: lames E. Husted (1983- 
84). of Husted & Assa'iates: Michael S. 
Davis (1985-86). of Premium Coatings. Inc.: 
Charles T. Howard (1987-88). of DeSoto. 
Inc.: Barry F. York (1988-89). of Reliance 
Universal, Inc.: and Forest G. Fleming 
(1989-903, of Reliance Universal, Inc. 

The former Presidents were honored and 
recognized for their contributions to the 
Federation and the Society. 

A. Dale Baker, of Kohl Marketing. Inc., 
was elected to serve as Society Treasurer 1 for the 1991-92 year. 

The following individuals were pre- 
sented with 25-Year Pins and framed cer- 
tificates celebrating a quarter century mem- 
bership in the Society: James M. Bohannon, I of Valspar Corporation: John Davis, retired; 

1 Charles T. Howard; and Terry J. Keel, re- 
tired. 

( Technical Committee Chairman Frank 
C. Schaffer. of Rohm and Haas Company. 
announced that the following members have ' agreed to serve on the Committee: James N. 
Albright, Michael S. Davis, Forest G .  
Fleming, Michael Hadnagy. and Sara M. 
Robinson. 

8 The meeting's technical speaker was 
Ronald K. Litton, of Eastrnan Chemical 
Products, Inc. Mr. Litton gave a presenta- 
tlon on "SOLVENT SELECTION FOR W ~ T E R -  
BASED ~ N D U S T R ~ A L  COATINGS." 

1 The speaker stated the four factors to be 
taken into consideration when selecting 
coalescing aids for waterborne coatings in- 
clude evaporation rate. solubility parameter. 
how the coalescent partitions in an emul- 
s o n  system, and stability. 
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The speaker emphasized that the poly- 
mers used in waterborne industrial PAST-PRESIDENTS' NIGHT-Former Society Presidents attending the New York Soci- 

sions differ from those used for architec- 
ety May Meeting a re  (I-r): Seated-Alfred Sarnotosky (1975-76); William Singer (1976- 
77); Herman Singer (1968-69); Sidney Levinson (1967-68); and Arthur Tracton (1989-90). 

Wral emulsions in that they are have Standing-Moe Bauman (1958-59); Saul Spindel (1978-79); Herbert Ellis, Jr. (1983-84); 
higher technique guidelines, and have a Raymond Gangi (1985-86); Theodore Young (1982-83); Michael lskowitz (1984-85); Marvin 
higher DH of 7.5 to 9.5. Schnall (1980-811: John Burlaae(1987-88): Donald Brodv (1981-82); Georae D i ~ ~ o l d  

~ r . ' ~ i t t o n  said the primary function of a 
coalescing aid is to help emulsions achieve 
film formation. With waterborne industrial 
emulsions, the coalescing aid is designed to 
balance coalescence with property develop- 
ment, including drying speed, hardness de- 
velopment, and chemical resistance. He 
stated that the most commonly used coa- 
lescing aids are glycol ethers. 

The speaker explained the importance 
of evaporation rate in determining the ef- 
fectiveness of a coalescing aid. taking into 

(1 977-78); Irwin young (1 988-89); and sidneya&bin (1 9'79-80) ' 

consideration how the evaporation rate var- 
ies with humidity: He said the efficiency of 
a coalescing aid can also be measured 
through its activity, both by its solubility 
parameter and how it partitions in the emul- 
sion system. The final factor in determining 
the effectiveness of a coalescing aid is the 
stability of the solvent in the system. 

In conclusion, Mr. Litton said that with 

increasing demands for lower VOCs emit- 
ted by coatings users and even lower sol- 
vent levels in emulsion polymers, the effi- 
ciency of these coalescing aids becomes even 
more important. According to the speaker. 
the higher the efficiency of the coalescing 
aid, the lower the amount that has to be 
used: thus, lower VOCs are obtained. 

ANNETTE SAUNDERS, S C C I . E ~ ~ I : Y  

We help protect more ships than sonar. 
When a tough problem puts clammy hulls. Or slippery floors. what you need, call John Craft at 

epoxy paint formulators between the Or cold castings. And they'll keep (800) 247-0741. 
devil and the deep blue sea, they sticking-even in some very tough And in no time at all, we'll 
come to Schering Berlin Polymers- environments. make sure we have you covered. 
the polyamzde people. In fact, mbody has more capa- c4 SCHER~NG BERLIN 

With proprietary resin technol- bility in high-performance polyamide Polymers 
ogy backed by worldwide support, resins-coatings, inks, or adhesives- 
we have curing agents to help you than Schering Berlin Polymers. The polyamide people. 

So if a unique coating solution is Box 1227, Dublin. Ohla 43017 formulate coatings that stick to Telefax 6141793-7711 
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Lilly Industrial Coatings, Inc. has an- 
nounced that Dennis Centofante has joined 
its corporate staff as DirectoriResearch and 
Development. In this capacity, Mr. 
Centofante will be responsible for the cor- 
porate research, development, and resin 
laboratories headquartered in Indianapolis, 
IN. He comes to Lilly with over 17 years of 
experience, including technical and maua- 
gerial achievements in the coatings indus- 
try. Mr. Centofante is a member of the Chi- 
cago Society. 

Pat Wagle has been appointed Techni- 
cal Director for The Flood Company. 
Hudson. OH. Mrs. Wagle joined the com- 
pany in 1982 as a Chemist and Quality Con- 
trol Technician responsible for formulated 
products. She later became Assistant to the 
Technical Director, Don Davis, who re- 
cently retired from Flood. 

David Woodhead has accepted the 
promotion of President of the Magnetic 
Materials Division of The Dexter Corpora- 
tion, Windsor Locks, CT. He succeeds 
David E. Warhurton who recently retired. 

Mr. Woodhead joined Dexter through 
the original Hysol Division in 1966. He 
most recently served as Group Vice Presi- 
dent forthe Specialty Plastics & Composites 
Group. Mr. Woodhead will relocate to the 
Magnetic Materials Division headquarters 
in Sunnyvale, CA. 

The position of Vice President of Manu- 
facturing of Preservative Paint Company, 
Seattle, WA, has been filled by James A. 
Todd. He brings over 20 years of experi- 
ence in the paint and coatings industry to 
this position. For the past eight years, Mr. 
Todd had served as Plant Manager at 
Olympic Stain Company's Seattle facility. 

Alan J. Goodman has been appointed 
to the position of Product ManagerICoat- 
ings Business Unit for ANGUS Chemical 
Company, Northbrook, IL. In this newly 
created position, Mr. Goodman will be re- 
sponsible for management of the commercial 
products of the unit. Prior to joining the 
company, he held sales and management 
positions for both American Cyanamid and 
SCM. 

In addition, Pattahhi Raman has joined 
the staff of ANGUS as Managerprocess 
Chemistry. Before joining the firm, Dr. 
Rarnan was a Marketing Coordinator for 
UOP. 

D. Centofante P. Wagle T. Downes P. Foster 

Terry Downes has been named Presi- 
dent of ACS-Datacolor, Inc., Lawrenceville. 
NJ. Formerly Executive Vice President of 
the company, he succeeds Donald E. Hall 
who retired recently. Mr. Downes has served 
in various management and senior execu- 
tive positions with the company during the 
past 18 years. 

Unocal Chemicals and Minerals Divi- 
sion. Chemicals Distribution, Schaumburg, 
IL, has announced the following promotions: 
Pamela Swanson-Branch Sales Manager. 
Los Angeles, CA; Dean Bell-Senior 
Branch Manager, Charlotte, NC; Rich 
Gredler-Industry Manager, Houston, TX; 
Jerry Dunn-Branch Manager. Nashville, 
TN; and David Christian-Branch Sales 
Manager, Miami, FL. 

Mr. Gredler is a member of the Houston 
Society and Mr. Dunn is a member of the 
Southern Society. 

Eastman Chemical Company, Kingsport, 
TN, has announced several appointments 
within the organization. The changes in- 
clude: James J. Barbarito-Business 
ManagerResin Intermediates; William T. 
Sade--Market ManagerIResin Intermedi- 
ates; Eric DeLoach-Business Manager1 
Coatings Business: Stephen N. Belot* 
Market ManagerICoatings Business; Matt J. 
Russ-Managertlnks and Pigments; and 
David S. Oaks-Market Managerflnks and 
Pigments. 

In addition, the following personnel 
moves were effected: Francois Vleugels- 
Market ManagerEurope, Middle East, and 
Africa; L a r r y  A. Munsey-Manager1 
Business Development, Coatings. Inks. and 
Resins; Stanley W. Polichnowski-Man- 
ager of Technology; and James T. Wallin- 
Manager of Administration. 

The naming of Paula Foster as Man- 
agerlAtlanta Division has been announced 
by Ribelin Sales. Inc.. Dallas. TX. Ms. Foster 
was employed by Wattyl Paint Corporation 
(formerly Precision Paint Corporation) as 
Purchasing Manager for 15 years before 
jo~ning Ribelin. 

The American Filtration Society. 
Kingwood, TX. has appointed Bob 
Raumann as Technical Editor for the 
society's papers, proceedings. and Fllrid- 
Particle Separution Jorrrnal. Mr. Baumann 
will be responsible for technical contribu- 
tions to the society journal including corre- 
spondence with authors, coordination of ac- 
tivities of members of the editorial board, 
and development of an appropriate review 
process. 

f i  3 
Philadelphia Society member 

Carl Fuller, and his wife Marg- 
aret, have returned from Buenos 
Aires, Argentina where Mr. Fuller 
served as a volunteer with the In- 
ternational Executive Service 
Corps (IESC). 

Mr. Fuller, a Chemist, was re- 
cruited by IESC to assist a chemi- 
cal products manufacturer with 
improving quality and production 
of synthetic red iron oxide pig- 
ments. This was his fifth project 
for the IESC. 

lESC is a not-for-profit orga- 
nization of American business 
men and women devoted to pro- 
viding managerial and technical 
assistance to private enterprises 
in developing countries. Since 
1965, IESC has completed more 
than 13,000 projects in 95 coun- 
tries. 

JJ 
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Robert L. Pettibone has accepted the 

FATIPEC Names Max Raaff Its President 
position of National Sales Manager for the 
industrial products segment of Goodyear's 
newly-created Engineered Products Divi- 

The Federation of Associations of Technicians in the Paint, Varnish, Lazquer, and ,ion, Akron, OH. Mr. Pettibone joined 
Printing Ink Industries of Continental Europe (FATIPEC) has elected Max H.L. Raaff Goodyear in I 967 as a Sales Trainee in the 
President. 

Born in 1934 in Bandung, Indonesia, Mr. Raaff studied mechanical and chemical 
engineering at the HTS, Dordrecht in Holland. He obtained a Degree in Chemical 
Engineering in 1958. Mr. Raaff joined the Shell Nederland Company in 1960 where 
he was responsible for the technical service industrial application of asphaltic bitumen. 
From 1962 to 1966, he was employed by Neville Cindu Chemie Uithoorn as a 
Technical Service Engineer for Western Europe in application fields for coumarone- 
indene and petroleum resins. 

Mr. Raaff joined the Board of NVVT in 1974, and in 1975 he became Treasurer to 
assist the organization of the 15th FATIPEC Congress in Amsterdam in 1980. In May 
1987, Mr. Raaff was elected to succeed Herman de Vries as the Chairman of NVVT. 

In other FATIPEC news, Francis Borel has become the General Secretary of 
FATIPEC succeeding Christian Bougery, who held the post for 40 years. 

Mr. Borel was born in 1939 in Paris. France. After studies and obtaining a Degree 
at the Chemistry School of Paris, he served in the nuclear division of the army. 

After a short period in the paint field at Pechiney and Kuhlmann Companies. Mr. 
Borel joined the Borelac Company where he served as Technical Director and Manager. 
In 1972, he joined Ravaud & Mouscadet, responsible for raw materials of paints and 
varnishes. Mr. Borel then joined Byk-Chemie Company where he was Manager for a 
French subsidiary, specializing in paint additives. 

Mr. Borel has been the General Secretary of the AFTPV from 1972 to 1988, and he 
served as President of AFTPV from 1988 to 1990. 

His father, Jean Borel, was the President of the First International Paint Congress, 
which lead to the creation of FATIPEC in 1947. 

Xavier I'Angevin has been named Cor- 
porate Chief Engineer of OMYA, Inc., Paris, 
France. Mr. I'Angevin will spearhead the 
technical research and development for all 
new and existing CACo, operations in North 
America and the Pacific Rim. 

In addition, Vincent E. Sadowski has 
assumed the role of Plant Manager for the 
company's ground calcium carbonate 
manufacturing facility in Florence, VT, the 
position vacated by Mr. I'Angevin. Mr. 
Sadowski's responsibilities include all as- 
pects of the production, packaging, and 
shipping of slurry and dry products for the 
paper, paint, and plastics industries. 

Rohm Tech, Inc., Fitchburg, MA, has 
appointed John T. Kolackovsky to the po- 
sition of Business ManagerPolymen Divi- 
sion. Mr. Kolackovsky most recently served 
as Manufacturing Manager and brings over 
20 years of experience as an engineer in the 
chemical industry to this position. 

The promotion of Michael A. Curtis to 
Product ManagerIQuaternary and Related 
Biocides for the Performance Chemicals 
Group at Lonza Inc., Fair Lawn, NJ, has 
been announced. Since joining the company 
in 1989, Mr. Curtis has held the position of 
Account Manager for Lonza's Western Re- 
gion. 

ARCO Chemical Company, Newtown 
Square. PA, has announced the election of 
Jack E. Oppasser and Marie L. Knowles 
to its Board of Directors. 

Mr. Oppasser currently serves as a Senior 
Vice President and President, ARCO 
Chemical Europe, Inc. He has been with 
ARCO Chemical and other ARCO compa- 
nies for more than 27 years and has held a 
number of positions in human resources, 
business management, and marketing. 

Mrs. Knowles, Vice President and Con- 
troller for ARCO, joined the company in 
1972. Since that time, she has held various 
positions which include: Manager of Cor- 
porate Planning; Assistant Treasurer; and 
Vice President of Finance, Control, and 
Planning for ARCO International Oil and 
Gas Company. 

Phil Pulley has accepted the position of 
General Manager for Croda Inks Corp- 
oration's Memphis, TN, plant. Prior to this 
assignment, Mr. Pulley was the Technical 
Managerpluid Inks with the company's At- 
lanta, GA, facility. 

In addition, Croda has named Thomas J. 
Sncha Assistant General Manager for the 
company's Lockland, OH, plant. Mr. Socha 
brings to this position extensive experience 
in quality control in addition to assisting in 
a variety of management functions. 

Croda Inks Corporation is headquartered 
in Niles, IL. 

company's Industrial Products Division. 
In addition, Joseph Lappan, previously 

Field Sales Engineer for Roof~ng Products, 
has been named Field Sales Manager for the 
Product Group, which is pan of the Engi- 
neered Products Division. He has been with 
the company since 1985. 

David B. Church, General Manager/ 
Silicas for PPG Industries, Pittsburgh, PA, 
has been assigned additional duties in the 
company's Chemicals Group. He will be 
adding the management of the company's 
Teslin microporous polyolefin film to his 
responsibilities. Mr. Church joined PPG at 
its Barberton, OH, chemical plant in 1965 
as an Operations Engineer. 

William H. Joyce, of Union Carbide, has 
been elected to a one-year term as Chair- 
man of The Society of the Plastics Industry, 
Inc. (SPI), Washington, D.C. Mr. Joyce 
succeeds outgoing Chairman Lee Shobe, of 
Dow Brands. Inc. 

Ripley W. Gage, of Gage Industries, 
Inc., was elected to a second one-year term 
as Vice Chairman of the Board. Richard T. 
Studer, of HPM Corporation, also was 
elected to a second one-year term as the 
Board's Secretary. R. Bruce Ray, of Ray 
Products, Inc., was elected to a one-year 
term as Treasurer. 

In addition, 23 new Directors will serve 
on the SPI Board. They include: Edward J. 
Abrams, of Hardman, Inc.; Nigel D.T. 
Andrews, of GE Plastics Americas, Gen- 
eral Electric Company; Robert A. Buz- 
zard, of All American Enterprises, Inc.; 
Anthony J. Carbone, of Dow Plastics, Dow 
U.S.A.; Alan B. Coxbead, of Novacor 
Chemicals, Inc.; Charles W. Eha, of The 
Charles W. Eha Company; James D. 
Frankland, of New Castle Industries, Inc.: 
Deborah Hauser, of Novacor Chemicals, 
Inc.: Fred E. Heine, of Acromark, Inc.; 
Richard Hess, of Borden. Inc.; John 
Kretzschmar, of Blako Industries, Inc.; 
Roger Lewis, of Witco Corporation: Rich- 
ard Luciano, of Ashland Chemical Com- 
pany; John Manning, of CraneNlPCO: 
Ray McGowan, of Mobil Chemical Com- 
pany; William G. Pryor. of Van Dorn 
Company; John L. Russ, of Borden 
Chemicals and Plastics: Rand N. Shulman. 
of Shell Chemical Company; Robert Styer, 
of Creative Forming; Henry W. Sullivan, of 
Huntsman Chemical Corporation; Harley H. 
Thomas, of Vinyl Plastics, Inc.; Ron 
Underwood, of Poly Pipe Industries, Inc.; 
and Robert Valle, of American National 
Can Company. 
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Thomas Kelly Bitar  has been ap- 
pointed Manager of Publication Services for 
the Instrument Society of America (ISA), 
Research Triangle Park, NC. Mr. Bitar was 
promoted from Administrator to fill the post 
vacated by Sally Walter when she was made 
Director of the newly created Customer 
Services Department. 

Quentin S. Clark, Jr. has been named 
Director of Standard and Technical Services 
for ISA. Mr. Clark will oversee ISA's staff 
support for standards development and other 
technical activities, and will provide techni- 
cal counsel to the society staff and general 
membership. 

The positions of Midwestern Sales Rep- 
resentative and Northeastern Sales Repre- 
sentative for ISA have been filled by Jill A. 
Borrow and Robert C. Johnson, re$pec- 
tively. Ms. Borrow will be based inchicago, 
IL, and Mr. Johnson will work out of Wilton, 
CT. 

Dumond Chemicals, Inc., New York, 
NY, has appointed John Steinhauser Sales 
ManagerISteel Structures Division. Mr. 
Steinhauser's responsibilities will focus on 
marketing and technical support for large 
steel-structure applications, including water 
tanks, petroleum tanks, and bridges. He 
brings many years of experience in the sur- 
face preparation field to his new position. 

William C. Merz has been named Vice 
President and General Manager of Ashland 
Chemical Inc.'s FRP Supply Division, Co- 
lumbus. OH. Mr. Merz joined Ashland in 
1989 as Western Regional Manager of FRP 
Supply. He is a veteran of the fiber rein- 
forced plastics industry and has served in 
various managerial positions with Koppers 
Corporation, Omni Fiberglass, and Owens 
Coming Fiberglas. 

Also, the position of Vice Presidentme- 
search and Development at Ashland 
Chemical has been filled by Donald S. 
Mueller. In this capacity, Mr. Mueller will 
be responsible for directing the company's 
research and development activities, which 
support product development efforts for 
Ashland's specialty chemical divisions. He 
will be based at company offices in Dublin, 
OH. 

The naming of Stephen M. Crum as 
Vice President bas been announced by the 
Polymer Products Division of the Chemicals 
Group of American Cyanamid Company, 
Wayne, NJ. In this position, Mr. Crum will 
be responsible for the division's coating 
resins, polymer additives, urethane chemi- 
cals and elastomers, molding compounds, 
and automotive products businesses. 
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The Board of Directors of The Mearl 
Corporation, New York, NY, has announced 
that Fred J. LoFaso has accepted the posi- 
tion of Senior Vice President/Global Sales 
and Marketing. In this capacity, Mr. LoFaso 
will continue to direct and coordinate the 
sales and marketing efforts of Mearl's 
worldwide network of offices and represen- 
tatives in addition to assuming further re- 
sponsibilities at corporate headquarters. 

The Pigments Division of CIBA-GEIGY 
Corporation, Hawthorne, NY, has named 
Jean Schaeflk President. Dr. SchaeflC suc- 
ceeds Division President John Boehle, Jr., 
who has been appointed Corporate Vice 
President of Internal Audit. A native of 
Mulhouse, France. Dr. Schaeflt joined 
CIBA-GEIGY Limited, in Basel, Switzer- 
land, the world headquarters for the Swiss 
firm, in 1979. 

Products for the Paint Industry iE!?," , ;sZZ4'Ydoes 
not react w~th any 
plgments or vehicles used 
In most organlc coatmgs. 

Flatting Agents and Extenders Celatom's fresh water - 
diatoms have a unique 

Now Available In Natural Grades m~croscop~c void struC1ure ; 
with thlckei walls for 
hgher buklstrength. i 

Select a Heoman fineness. bulk densitv and 
absorPtlveness to match your formulation and 
dlsperslon equipment 
Ideal for creatlng seml-gloss to flat latex palnts wlth 
added vapor permeablllty for faster drylng and 
solvent release 
Increases toughness and durablllty whlle 
reduclng bl~sterlng and peellng 
Request a free sample or let our Technical 
S e ~ l c e  Department make a recommendat~on 

Economical Filter Aids 
Perfect for dewaterlng 
metallic, o~ly, organlc, 
toxlc, greasy, acldlc or 
alkallne slurr~es wlth 
rotary drum vacuum 
precoat fllters 
Celatom particles are harder, 
stronaer and more "crush   roof" for a firmer. 

Subs~dlary of Eagle-Plcher Industries. Inc. : 

P.O. BOX 121 30, RENO, NV 89510 * 
PHONE: 702-322-3331 FAX: 702-322-6422' 

Come See Us at Our Paint Industries Show Booth #2346 
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The annual Hanna Award in Chemical 
Coatings for the Best Project in the science 
and technology of chemical coatings was 
presented at Ohio Science Day held recently. 
The winner was Paul R. Golownia, a 10th 
grade student at Hudson High School in 
Hudson. OH, for his project entitled "Elec- 
troplating with Shellac." The judges found 
his work to be both comprehensive and well 
thought-out, exhibiting a balanced regard 
for both scientific content and practical ap- 
plication. They were particularly impressed 

that Paul chose to 
investigate an area 
where little pub- 
lished work is cur- 
rently available, and 
where potential en- 
vironmental impact 
may be significant. 

The Hanna award 
consists of $500 and 
an engraved plaque. 

I I It is presented by'the 
Columbus, OH, fa- 

cility of Akzo Coating Inc.. to help create a 
greater interest in the chemical coatings in- 
dustry at the high school level, and to help 
foster a greater interest in chemical coatings 
as a potential career field in science and 
technology. 

Roger S. Porter. a Professor of poly- 
mer science and engineering at the Univer- 
sity of Massachusetts, has been named to 
the Dr. Harold A. Morton Distinguished 
Visiting Professorship at The University of 
Akron (UA). Akron, OH. 

The distinguished visiting professorship 
was established in 1987 with a portion of a 
$1 million endowment created by Mildred 
Morton in memory of her late husband. This 
professorship brings dirtinguished scholars 
from all fields of polymer science and poly- 
mer engineering to UA for three to 12 months 
to work with faculty and students. 

Prof. Porter, known for his development 
of polyethylene fiber, will consult with fac- 
ulty and lecture during the fall semester. 

Maurice P. (Skip) Knapp has been 
named President of Mettler Instrument 
Corporation, Hightstown, NJ, the U.S. af- 
filiateof the Swiss firm Mettler-Toledo AG. 
Mr. Knapp also serves as President of Ingold 
Electrodes, Inc., Wilmington, MA. a posi- 
tion he has held since 1986 when lngold 
became a Mettler-Toledo company. Prior to 
that, Mr. Knapp served as General Manager 
of the lngold joint venture with Instmmen- 
tation Laboratory, Inc. 

Richard Haywood Bass has been named 
a Technical Sales RepresentativeIGeorgia 
and Alabama, by Dexter Chemical Corpo- 
ration, Bronx, NY. Prior to joining Dexter, 
Mr. Bass held positions with Lenmar 
Chemical. American Emulsions. and Henkel 
Chemical. 

Obituary 
James F. Compton, Investor Relations 

Director for PPG Industries, Inc., Pittsburgh, 
PA. died recently. He was 59 years old. 

Mr. Compton joined PPG in 1967 as 
Coordinator of Chemicals Group product 
planning, and from 1968 until 1977 served 
as Manager of the group's Pigments Busi- 
ness Unit. 

Prior to joining PPG, he was Vice 
President of Sales for National Mine Service 
Company and held marketing and product 
management posts with Monsanto Com- 
pany. 

Los Angeles Society for Coatlngs Tech- 
nology Honorary Member, Trevellyan 
Whittington, a Consultant. died recently. 

Mr. Whittington served as Society 
President in 1969-70. 

Whenvou need a 
pigmefit extender, 
you need GENSTAR. 

CAMEL-WrTEa&CAMEL-WTE SLURRY." The industry CAMEL-CARBY quality extender that's economically 
standard. Exceptionally white, fine particle size, wet-ground priced. Produced from white Calcite. Provides uniform 
product produced from high-grade calcite limestone. low vehicle demand, good color, high brightness. 
C A M E L - r n  Fine ground general purpose grade of cal- CAMEL-CAL"&CAME SLURRY New from Genstar. 
cium carbonate produced from extremely white Calcite. Ultra-fineground calcite limestone with extenderefficiency 
Low vehicle demand, rapid dispersibility. and hiding power of precipitated calcium carbonate. 

GENSTAR 
Genslar Stone  product^ 

VdIey, MD27031 
C)011527-4225 
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Cleveland Society Hosts 34th Technical Conference 
At the B.F. Goodrich R&D Center, June 6,1991 

The Educational Committee of the 
Cleveland Society for Coatings Technology 
held its 34th Annual Technical Conference 
at the B.F. Goodrich Research and Devel- 
opment Center, on June 6. The topic of this 
year's conference was "Advances in Addi- 
tive Technology. Water-Based. High-Solids. 
and Powder." 

Approximately 90 registrants attended 
the one-day seminar. 

Papers presented included: 
"Additives-What are They? An Intro- 

duction"-Robert Vash. of Bvk-Chemie 
"Humidity and Temperature Effects 

upon the Formation of Latex Films Com- 
pensated by Coalescing Agents'-Douglas 
K. Pollock, of Dow Chemical 

"Naturally Occurring Associative 
Thickeners"-Alex Jamieson, of Case 
Western Reserve University 

"Calcium Sulfonate Gel Additives for 
Efficient Rheology Control"-Demetrios 
"Jim" Stephanadis. of The Lubrizol Corp. 

"Acrylic Copolymer Additives to Im- 
prove Film D e f e c t s ' x a r y  L. Julian, of 
B.F. Goodrich Co. 

"New Associative Cellulozic Thicken- 
ers for Water-Based Coatings"Emmett M. 
Partain, of Union Carbide 

The Powder Coating lnstitute 
Announces Technical Seminars 

Three technical seminars devoted to 
powder coating have been scheduled for 
this fall by The Powder Coating Institute 
(PCI). Alexandria. VA. The all-day sessions 
are designed to provide a basic introduction 
to powder coating materials, systems and 
applications, as well as explore the econom- 
ics of powder finishing. 

Topics to be covered will include: pow- 
der coating materials: manufacturing and 
quality control: pretreatment: application 
equipment and powderdelivery: curing: and 
the economic benefits of powder coating 
versus conventional liquid finishing. 

Seminar dates and locations are: Sep- 
tember 12-Holiday Inn Downtown. Salt 
Lake City, UT: October 9-Holiday Inn 
Airport, Newark. NJ: and December S- 
Wilson World Hotel at DFW Airport, Dallas, 
TX. 

For more information and seminar reg- 
istration materials, contact PCI, 1800 Di- 
agonal Rd., Ste. 370, Alexandria. VA 22314. 

"Rheology Modifiers: Modeling Their 
Performance in High-Gloss Paintsn- 
Tammy L. Maver, of Rohm and Haas Co. 

"Surface Treated Pigment-A 90s So- 
lution to Some of Coatings' Problems'- 
Romesh Kumar, of Hoechst Celanese Corp. 

Members of the Society's Educational 
Committee consisted of: Co-Chairman- 
DeVillaMoncrief.ofThe Sherwin-Williams 
Co.: Co-Chairman-Jacqueline Welker, of 
Inter-Colour Dimensions: Ex-Officio 
Member Ben J. Carlozzo, of Tremco Inc.: 
Ex-Officio Member Richard Ruch. of Kent 

State University: John Weaver. of Case 
Western Reserve University: Robert Mullen, 
of Case Western Reserve University: Victor 
Sandorf. of Coatings Development Co.: 
James A. Miller, of Adhesive Consultants: 
Sharon Kaffin. of The Glidden Co.: Dick 
Eley, of TheGIidden Co.: Kevin Hershfield. 
of Lancer Dispersions: Robert Green, Jr., of 
Cook Paint & Varnish Co.: Ann Marie Can- 
ton, of The Sherwin-Williams Co.: Leonard 
Uitenham. of The Sherwin-Williams Co.: 
and Richard A. Mikol, of Tremco Inc. 

CLEVELAND SOCIETY TECHNICAL CONFERENCE SPEAKERSPresenting papers at 
the 34th Annual Technical Conference are (I-r): Front row-Alex Jamieson, Robert Vash, 
Romesh Kumar, and Tammy Maver. Back row-Douglas Pollock, Emmett Partain, Gary 

Julian, and Demetrios "Jim" Stephanadis 

- -- 

Golden Gate Society Conducts Conference 
on "Paint Technology and Quality in the 90s" 

The Manufacturing Committee of the Golden Gate Society for Coatings Technology 
presented Conference '91 on "Paint Technology and Quality in the 90s." June 17. at the 
Holiday Inn. South San Francisco, CA. 

The program consisted of the following presentations: 
"Performance Oriented Packaging"-Mike McQuiston, of B.W. Norton Co. 
"Criteria for Dispersion Equipment Control'-Christ Zoga, of Premier Mill Corp. 
"Household Hazardous Paint RecyclingM-Rick Miller, of the San Mateo County 

Department of Health Services 
"Computer Controlled Production"-Puis Eigenmann. of Buhler. Inc. 
"Formula Base Software"-Christy Hudson. of Pacific Microsoftware Engineering 
"Further Developments in Micro Fine Wet Grindingw-Edward Cossama. of 

Draisewerke. Inc. 
"Statistical Quality and Process Control'-Bill Abercrombie, of J.M. Huber Corp. 
"Automated Color Dispensing"-Reid Hogue. of Dunn-Edwards 
"Hazardous Waste Generators: Cradle to Grave Responsibilities-An Issue for the 

1990s"-Judy Bay. of Van Waters and Rogers. 
Tapes of the program are available for a fee of $20 for attendees and $50 for non- 

attendees. For information. contact Ron Hughes. Ashland Chemical Co., 8600 Enterprise 
Dr.. Newark. CA 94560. 
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Coatings Science Mini-Course to Focus on Fundamentals 
~ovember 2-3,1991, at Sheraton Centre, Toronto, Ont., Canada 

Dr. Shelby Thames, of the Department 
of Polymers Science at The University of 
Southern Mississippi (USM). Hattiesburg, 
MS. and Dr. James Stoffer, of the Depan- 
ment of Chemistry at The University of 
Missouri-Rolla (UMR), Rolla, MO, will be 
offering a Coatings Science Mini-Course 
on November 2-3, 1991 at the Sheraton 
Centre Hotel, Toronto, Ontario. Canada. The 
course will take place the weekend prior to 
the Annual Meeting & Paint Industries' 
Show of the Federation of Societies for 
Coatings Technology. 

The course is designed to cover the fun- 
damentals of coatings science as well as 
recent developments in the field. Course 
topics include: resins, solvents, primer and 
extender pigments, additives, some formu- 
lation techniques, and the mechanism of 
film formation. The topics will be discussed 
via a format that the beginner will compre- 
hend and the experienced person will find 
challenging. Methods to formulate high- 
solids, waterborne, and powder coatings that 
meet the new VOC regulations will be pre- 
sented. Design parameters for optimizing 
coating properties will also be discussed. 

Shelby F. Thames, Distinguished Uni- 
versity Research Professor and Professor of 
Polymer Science at USM, has maintained a 
strong coatings research and development 

Fundamentals of Color Seminar 
Slated for the Fall 

The Macbeth Division of Kollmorgen 
lnstmments Corp., Newburgh, NY, has re- 
leased the 1991 fall schedule of the seminar 
"The Fundamentals of Color." 

The two-day seminar, an introduction to 
the basic principles of color science, is ori- 
ented toward people involved in the design, 
production, quality control, or inspection of 
materials for which color is important. The 
program is devoted to lectures and demon- 
strations explaining color naming and 
specification, visual inspection, the basis of 
color measurement, and the general prin- 
ciples of managing color in business and 
industry. 

Dales and locations include: September 
12-13-Sheraton Tara, Newton (Boston), 
MA; October 10-1 I-Radison Hotel San 
Diego. San Diego. CA: October 24-25- 
Sheraton Valley Forge Hotel, King of 
Pmssia, PA, November 7-8-Holiday Inn 
Fairlane, Detroit, MI: November 13-14-- 
The Wynfrey Hotel, Birmingham, AL: and 
December 5-&Raleigh Marriott Crabtree 
Valley, Raleigh, NC. 

Contact Wanda Smith, Macbeth, P.O. 
Box 230, Newburgh, NY 12551-0230 for 
housing and registration information. 

effort for many years. He has sewed as a 
private consultant, lecturer, and expert wit- 
ness for a wide variety of industrial, aca- 
demic, and other organizations. 

In 1970, Dr. Thames founded the USM 
Department of Polymer Science. He is a co- 
founder of the Waterborne and Higher Sol- 
ids Coatings Symposium which has run 
successfully for 19 years. He was honored 
as the Joseph J. Mattiello Memorial Lecturer 
by the Federation in 1982 and has published 
widely. 

James 0 .  Stoffer. Professor of Chemis- 
try and Senior Research Investigator, 
Graduate Center for Materials Research. 

UMR, has received five Outstanding Teacher 
Awards, as well as a Faculty Excellence 
Award from UMR. He is presently Chair- 
man of the Polymer and Coatings Science 
Program in the Department of Chemistry. 

Dr. Stoffer is the author of the first pa- 
pers on microemulsion polymerizations, the 
use of ultrasonics for dispersion of pigments, 
ultrasonic initiated free radical catalyzed 
polymerizations, and the preparation of 
transparent composites. 

For more information, contact Dr. Shelby 
Thames or Deborah Theisen. Dept. of Poly- 
mer Science, USM, Southern Station Box 
10076, Hattiesburg, MS 39406-0076. 

Materials Research Society Schedules Courses 
On Materials Science and Technology 

The Materials Research Society (MRS), thin-film analysis, various aspects of semi- 
Pittsburgh, PA, will be offering three new conductor technology, microelectronic 
short courses on materials science and packaging, plasma etching, and high resolu- 
technology entitled "Cementitious Materi- tion x-ray diffraction. 
als," "Shape-Memory Materials." and The courses are designed to meet the 
"Biomaterials." The courses, to be held in needs of professional scientists, engineers, 
conjunction with technical symposia. will technical staff, and managers who wish to 
be among 23 offered during the 1991 Fall know the latest techniques in characteriza- 
Meeting of the MRS on December 2-6. in tion and fabrication of materials. 
Boston, MA. Complete course information is obtain- 

Other courses and symposia will focus able by writing MRS, 9800 McKnight Rd., 
on optoelectronic materials, high-tempera- Pittsburgh, PA 15237. 
ture superconductors, electron microscopy, 

International Colour Association to Celebrate 
25th Anniversary on June 23-24,1992 

The International Colour Association For housing and registration details, write 
(AIC) will celebrate its 25th Anniversary Danny Rich, ISCC Secretary, ACS 
by conducting a two-day international Datacolor, 5 Princess Rd., Lawrenceville, 
symposium on "Computer Color Formula- NJ 08648. 
tion," on June 23-24, 1992, on the campus 
of Princeton University, Princeton, NJ. The 
symposium will be preceded by the Inter- university of Akron to Offer 
Society Color Council (ISCC) Annual Specializati0n 
~ e e t i n g  on June 21-22. 

The meetings will include discussions 
on a wide range of topics related to color 
and appearance, working sessions of ISCC 
project committees, the symposium, and a 
banquet celebrating the AIC Silver Jubilee. 

The AIC symposium will be divided 
into four sections covering colorant formu- 
lation: where the substrate plays a signifi- 
cant role (e.g., printing): from simulated 
color (e.g., from CRTs, liquid crystal, Max- 
well disk, etc.); allowing for appearance ef- 
fects (e.g., due to gloss or polychromatic 
pigments): and general theory and practice. 

In addition, a meeting of ASTM 
Comittee E-12 on Appearance is scheduled 
on June 24. 

Chemical and mechanical engineering 
undergraduate students at the University of 
Akron. Akron, OH, are being offered a 
polymer specialization program to prepare 
them for work in the rubber plastics industry. 

The program identifies several polymer 
courses from which students must select 
three as electives in their senior year. The 
course "packages" vary slightly for chemi- 
cal and mechanical engineers. but the basic 
components include an introduction to 
polymers, a choice of pblymer lecture 
classes, and a design project or a polymer 
engineering class. 

For further details, contact. Dave 
Nypaver, The University of Akron, Akron, 
OH 44325-0604. 
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Rheology and Coatings Laboratory at Kent State University 
To Present Course on "Weathering Techniques," October 16-18 

The program "Accelerated and Natural 
Weathering Techniques for Coatings and 
Polymers." will be offered October 16-18. 
by the Rheology and Coatings Laboratory 
of Kent State University (KSU), Kent. OH. 

The program is as follows: 

Wednesday, October 16 
"Service Life Pred~ction for Coatings 

Systems"-Johnathan W. Martin, of Na- 
tional Institute of Standards & Technology 

"Infrared Evaluation of Coatings Dura- 
bility"-Jack Hartshom. of Du Pont Co. 

"Accelerated Testing of Coatings for 
Corrosion Control"-Brian Skerry, of The 
Sherwin-Williams Co. 

"Improved Durability of Organic Coat- 
ings wilh Light Stabiliz~rs"- ark S. Holt. 
of CIBA-GEIGY Corp. 

Thursday, October 17 
"Spectroscopic Approaches for Predict- 

ing Coating Weatherability"-David R. 
Bauer. of Ford Motor Co. 

"Overview of Laboratory Accelerated 
Weathering Methods"-Douglas M. 

Grossman. of The Q-Panel Co. 
"Electrochemical Impedance Spectros- 

copy for Predicting Corrosion Protection by 
Coatings"-Edward A. Cuellar, of BP 
America 

"Development in Comparing Acceler- 
ated Weathering Methods by Chi~racteriza- 
tion of Weathered Films'%out;~m Gupta. 
of The Sherwin-Williams Co. 

Friday, October 18 
"Laboratory Accelerated Tests Can 

Work for You!"'-John L. Scott, of South 
Florida Testing Service 

"Appearance Performance Modeling for 
Accelerated Datav-Rick Mathew. of 
Americhem, Inc. 

The object of this course is to predict the 
service life of coatings and polymers by 
accelerated and natural weathering tech- 
niques. Lectures will include variations in 
accelerated and exterior testing methods. A 
correlation between ni~tural weathering with 
various spectroscopic results will be in- 
cluded. Accelerated testing of co:uings for 
corrosion control, appearance performance 

modeling, and an overview of laboratory 
weathering techniques will also he described. 

The course is designed for practitioners 
in polymercoatings on metallic and nonme- 
tallic surfaces and those interested in the 
aging of coatings and plastics. This includes 
personnel in the research, products devel- 
opment. engineering, marketing, and pro- 
ducers of surface-coated hardware. The 
techniques should also appeal to managers, 
supervisors, and technicians who are inter- 
ested in the service life oicoatings. 

Infomiation can be obtained by contact- 
ing Carl J .  Knauss. Program Manager. 
Chemistry Dept.. KSU, P.O. Box 5190, 
Kent. OH 44242-000 1. 

and Additional Highlights 
of 1991 Annual Meeting & 

Paint Industries' Show 
of the Federation 

Begins on Page 25 
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COATINGS SCIENCE MINI-COURSE 
November 2-3, 1991 
Sheraton Centre, Toronto, Canada 

SHORT COURSE TOPICS The course is for professionals in the field of coatings 

Introduction research, paint manufacturing, sales and technical 
services. It is designed to cover the fundamentals of 

Formulations coatings science as well as the latest developments in 
High solids which meet new VOC specifications the field. 
Latex, water-borne and water-dispersible formulations 
Calculations Lectures will be held November 2-3.1991, from 8:30 

Resins a.m. to 5:00 p.m. in the Sheraton Centre. Toronto. 

Step-growth and chaingrowth polymers including mo- the weekend before the Paint Show. Tuition is $800 

lecular design mechanisms: Condensation, free radical, per person and includes lecture hard 

anionic, and cationic polymerizations 
of slides. For additional information or registration, 
contact Deborah Theisen. USM Department of Poly- 

Degradation of Polymer Coatings mer Science. (601) 266-5754. FAX (601) 266- 
Mechanisms of degradation 5880. Registration deadline is October 20. 1991. 
Methods for stabilizing coatings 

Pigments and Extender Pigments 
Where and when to use them 
Characteristic properties 

Additives 
Use. types, and levels: rheology modifiers, surfactants, 
dispersants, coalescingagents, plasticizers. antifoarnagenis, 
driers. antiskinning agents 

Powder Coatings 
Formulating Trade Sales and Industrial 
Coatings 

Shelby F. Thames 
Professor of Polymer Science 

The University of Southern Mississippi 

James 0. Stoffer 
Professor of Chemistry 

The University of Missouri-Rolla 



Book Review 

RADIATION CURING OF 
POLYMERIC MATERIALS 

Edited by 
Charles E. Hoyle and 
James F. Kinstle 

Published by 
American Chemical Society 
1155-16th St., N.W. 
Washington, D.C. 20030 (1990) 
567 Pages, $99.95 

Reviewed by 
Thomas J. Miranda 
Whirlpool Corp. 
Benton Harbor, MI 

This book is part of ACS Series #417, 
and is devoted to radiation curing. The vol- 
ume is divided into the following sections: 
introduction; photoinitiators; novel radiation 
photocurable systems; properties of radia- 
tion-cured systems; photodegradation; ra- 
diation curing of cationic polymerization; 
laser initiated curing; and high energy ra- 
diation curing. 

The first two chapters provide an over- 
view of UV and electron beam curing to 
provide those less familiar with these pro- 
cesses a starting ooint to the more s~ecific -. 
papers such as photoinitiation, cationic cure 
systems, novel curable systems including 
the norbomenes, acrylated melamines. and 
nonacrylated curing mechanisms. Laser in- 
duced polymerization is also described, 
which is an important part of photofabrica- 
tion. The volume concludes with a section 
on high energy radiation in which the authors 
discuss the use of gamma radiation to de- 
grade photoinitiators to form cationic initi- 
ating species. 

CLASSIFIED 
ADVERTISING 

B.S.1A.S. Chemical 
Engineeringlchemistry 

Two-four years experience in paint prepara- 
tion, color matching, lacquers, solvents, and 
coatings. Lamp industry experience a plus, 
but not necessary. Job knowledge and expe- 
rience considered in lieu of degree. Please 
send resume or call: 
Marie De Lio, ManagerIHuman Resources 

Voltarc Technologies Inc. 
186 Linwood Avenue 
Fairfield, CT 06430 

Telephone-203-255-2633 

This book would be useful to those in- 
terested in the growing area of radiation 
polymerization. 

PHTHALOCYANINE RESEARCH 
AND APPLICATIONS 

BY 
Arthur L. Thomas 

Published by 
CRC Press, Inc. 
2000 Corporate Blvd. 
Boca Raton, FL 33431 (1 990) 
336 Pages, $179.95 

Reviewed by 
Darlene R. Brezinski 
Consolidated Research Inc. 
Mt. Prospect, IL 

Admittedly not of broad general inter- 
est, this text is an extensive review that 
covers the field of phthalocyanine science 
and technology thoroughly and provides 
access to the world literature in the field due 
to its extensive and complete referencing. 
Quite obviously, this text would be of inter- 

est to the pigment industry as the phthalo- 
cyanine blues and greens have outstanding 
stability to light, heat, acids, and alkalis. 
Their use is extensive in printing inks, coat- 
ings, paints, and plastics. 

The first several chapters are devoted to 
the basic chemistry of phthalocyanines: 
synthesis, reactions, solution chemistry, 
physical chemistry, analysis, and spectros- 
copy. These are review chapters and have 
extensive and complete referencing. 

Of interest to the coatings industry would 
be the chapter reviewing coatings with at- 
tention on dispersion and formulations. A 
chapter on ink focuses on ink jet inks, 
marking inks. writing inks, printing inks, 
and thermal transfer inks. 

Other areas of interest which are re- 
viewed are phthalocyanine polymers, con- 
ductive polymers and metal phthalocyanine 
polymers, photopolymer compositions, laser 
and optical recording applications, and ton- 
ers. 

In summary, this text is a single source 
review with current references provided for 
all aspects of phthalocyanine research and 
applications. It is interesting to note that 
over 5.000 phthalocyanines are now known 
and new ones are being created each year 
with a broadening base of applications. 

f \ 
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NMR Software 
The availability of a software package 

that mns on industry standard computers 
for processing one- and two-dimensional 
NMR data is featured in a product release. 
The package is currently implemented on 
the SUN SPARC, SGI IRIS, and is soon to 
be offered for the IBM RISCl6000 comput- 
ers. More information on the UXNMRP 
software system can be obtained by con- 
tacting Connie Johnson, Bmker Instruments, 
Inc., Manning Park, Billerica, MA 01821. 

Xenon Exposure System 
Details are obtainable on a large compo- 

nent xenon exposure system designed to 
provide manufacturers of large parts or 
component assemblies with a means of de- 

Phenolic Crosslinker 
A six-page booklet detailing a phenolic 

resin developed for use in fast-curing for- 
mulations for coil coatings applications has 
been printed. The resin is described as a low 
molecular weight phenolic resin based on 
substituted phenols. Suggested formulations 
are given for coil coatings, including epoxy1 
phenolic and phenolic-crosslinked organosol 
food can coatings. FDA status is alsocovered 
in the literature. Copies of the booklet. 
"UCAR@ Phenolic Resin Solution BKS- 
7590," designated F-60783, are available 
from Union Carbide Chemicals and Plastics 
Co. Inc., Solvents, Resins, and Intermedi- 
ates, Dept. L4489, 39 Old Ridgebury Rd., 
Danbury, CT 068 17-0001. 

Graft Copolymer 
A graft copolymer which has been re- 

portedly proven to be a soil remover and a 
"soil shield" on fabrics containing polyester 
fibers, is the subject of a data sheet. The 
polymer is designed to guard against the 
deposit of oily stains on clean polyester and 
polyester-blend fabrics. Copies of the re- 
port on Sokalana HP 22 polymer can be 
obtained by writing to BASF Corp.. Perfor- 
mance Chemicals, 119-2 Cheny Hill Rd., 
Parsippany, NJ 07054. 

Detackification Program 
A detackification program, which can 

reportedly be customized to work with all 
paint spray booth systems and is designed 
to reduce sludge formation by up to 50% 

te&ining the resistance of their product to Microwave Methodoloaies over traditional clay treatments has been 
sunlight i n d  various other weather condi- 
tions. The spectral output of the xenon lamps 
closely simulates natural sunlight. More in- 
formation on the Model XR260 Large 
Component Xenon Exposure System is 
available from Atlas Electric Devices Co., 
41 14 N. Ravenswood Ave., Chicago, IL 
60613. 

Industrial Maintenance 
Coating Systems 

A new 16-page brochure providing ex- 
tensive information on coating systems for 
plant engineers, maintenance supervisors, 
and industrial maintenance painting con- 
tractors has been issued. This four-color 
brochure consists of case history and fea- 
ture articles, new products, and literature 
pertaining to industrial maintenance coat- 
ing systems. All inquiries for additional in- 
formation should be identified as "Applica- 
tion Advantage, Corrosion Control Volume 
111 (SWS-3615)," and sent to The Shenvin- 
Williams Co., c/o HKM Direct, 5501 Cass 
Ave., Cleveland, OH 44102. 

Air Emissions 
Gas standards for precise measurement 

of a variety of air emissions is the topic of a 
12-page brochure. The literature discusses 
EPA Protocol gases, as well as products and 
services for stationary source emissions 
monitoring, ambient air monitoring, motor 
vehicle emissions certification, and city/state 
vehicle emissions testing. For more details, 
request Form #693 1 from Liquid Carbonic, 
Advertising Dept., 135 S. LaSalle St.. Chi- 
cago, IL 60603. 

. . . . - . - - . - . - . . . - . . . - - - . - a--- 
A four-page, full-color brochure offering 

high-speed microwave methodologies on 
polymers, plastics, chemicals, pulp, paper, 
petroleum, coal, rubber, environmental, and 
waste water materials has been issued. Also 
included are microwave applications for 
solids analysis, ashing, and sample prepa- 
ration for AAIICP analysis. For further in- 
formation. write CEM Corn.. P.O. Box 200. 

introduced in a product bulletin. The pro- 
gram uses an all-liquid technology that can 
detackify most paint systems, including 
high-solids, multi-component, and water- 
borne formulations. For more details on Betz 
ACDPTM (Activator Catalized Detackifica- 
tion Program) and ACDP Polycate'", con- 
tact James P. McIntyre, Betz MetChem, 
200A Precision Dr., Horsham, PA 19044. 

Matthews, NC 28106. 

Emulsion 

Saturated Latex 
A patented process that reportedly cre- 

ates an ozone resistant, saturated nitrile rub- 
ber in latex form has been introduced through 
literature. Potential applications include: 
adhesives to textiles, metals, and ceramics; 
as a binder for high temperature nonwoven 
materials; coatings, inks, and paints; surface 
coatings for conventional rubber products; 
and as a saturant. Contact Goodyear, Akron, 
OH 44316-0001. 

Storage Tank 
Information has been released on a steel 

and fiberglass reinforced polyester resin 
double-wall underground storage tank. Fu- 
els including gasoline, diesel fuel, jet fuel, 
ethanol, neat methanol, and M-85 can re- 
portedly be stored in the tank. Further in- 
formation on the Permatank@ double-wall 
underground storage tank is obtainable from 
Clawson Tank Co., P.O. Box 350, 4545 
Clawson Tank Dr.. Clarkston. MI 48346- 
0350. 

A six-page brochure highlights a new 
emulsion for building product applications. 
The literature includes a chart listing the 
emulsion's typical properties, which include 
high-bond strength. nontoxicity, and freeze- 
thaw stability. To obtain a copy of the bro- 
chure, "Vinaca 524BP Emulsion for Build- 
ing Products,'' write Air Products and 
Chemicals, Inc., Polymer Chemicals Div., 
7201 Hamilton Blvd.. Allentown, PA 18195- 
1501. 

Horizontal Bead Mill 
The introduction of a horizontal bead 

mill ranging in sizes from 0.25 liter labora- 
tory model through the full size, 40 liter 
production mill has been made through a 
data sheet. Features such as a removable 
product discharge screen, cartridge-type 
mechanical shaft seal, and complete grind- 
ing media discharge without chamber re- 
moval allow full user serviceability with 
reportedly minimum downtime. For further 
details, write Epworth Manufacturing Co. 
Inc., 1400 Kalamazoo St., South Haven. MI 
49090. 
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Asbestos Substitute 
A high performance plastic that displays 

metallurgical properties and can reportedly 
be used as a substitute for asbestos in high 
temperature applications, is the subject of 
recently released literature. The plastic is a 
fully polymerized polybenzimidazole pro- 
duced by a melt condensation reaction. For 
further technical details on Celazole@, write 
PBI Performance Pans. Hoechst Celanese 
Corp.. 18207 Chisholm Trail. Ste. 216, 
Houston. TX 77060. 

Waterproofer 
A 12-page, full-color booklet which de- 

scribes some of the most common causes of 
masonry water problems and explains how 
a waterproofer can be used to help solve 
them has been released. The product can be 
used on basements. retaining walls, cisterns, 
swimming pools, and water tanks. To ob- 
tain a copy of the "Waterproofing Made 
Easy," brochure and details on Drylock 
Masonry Waterproofer, write UGL. P.O. 
Box 70, Scranton, PA 18501. 

10 rcanrs: odrruCIri 

EXECUTIVE SALES OFFICES: PO 80x349. SANDERSVILLE. G 

Viscosity Sensor 
Literature has been issued on an in-line 

viscosity sensor which features FM approval 
for hazardous fluids, stainless steel con- 
struction, internal RTD temperature probe. 
temperature capability to 190°C. and over- 
all range of 0.1-20.000 cp. For more infor- 
mation on the SPC301 Piston Viscosity 
Sensor, write Cambridge Applied Systems. 
Inc.. 57 Smith Place, Cambridge, MA 02138. 

HPLC Columns 
The introduction of new reversed phase 

HPLC columns has been made through a 
technical data sheet. Available in 4.6 mm 
I.D. x 25 cm and4.6 mm I.D. x 12.5 cm, 
these columns are packed with 300 A pore 
size spherical media with a choice of Cl8,  
C8, and C4 chemistries. For more informa- 
tion, contact Shaman V. Pate, Whatman 
Inc., 9 Bridewell PI., Clifton. NJ 07014. 

GC Columns 
A four-page brochure describing recently 

developed porous layer open tube gas chro- 
matography columns has been released. The 
columns are designed for extended hydro- 
carbon analysis and provide resolution of 
typical mixes in refinery and natural gas 
from C I  to C l o  For a free copy of the GS- 
Alumina'" brochure. write J&W Scientific, 
91 Blue Ravine Rd., Folsom, CA 95630. 

Cleaning Gun 
A brochure providing technical data and 

application Ideas on a compressed-air-oper- 
ated industrial cleaning gun has been re- 
leased. The product can be used as a wet or 
dry vacuum or as a blow gun for numerous 
industrial applications. Contact Vortec 
C o p .  10125 Carver Rd., Cincinnati, OH 
45242, for in-depth details on the Hand-E- 
Vac cleaning gun. 

FT-IR Software 
Optical spectroscopy software for data 

collection and processing is detailed through 
literature. The software is icon based and 
mouse controlled. A keyboard may be used 
for text input. Write Mary Ann Finch, Bmker 
Instruments, Inc.. Manning Park, Billerica, 
MA 01821 for further details on the OPUS 
Fl-IR software. 

Metering Pump 
A two-page brochure highlighting a cor- 

rosion-resistant metering pump has been re- 
leased. Design features of the pump include 
a cast iron housing, a high-performance oil- 
operating worm and wheel drive, and a built- 
in pressure-relief valve. For a free CODY of 
the hterature on the Model 1710 pump, 

--  contact O l ~ v ~ a  Mady. Proport~oneer Pumps, 
--lr 150 Elmgrove Park, Rochester, NY 14624 
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Quartz Fiber Crucible 
A technical data sheet describing a high 

temperature quartz fiber crucible (950°C or 
1742°F) has been printed. This product is 
designed to allow air to circulate through 
the crucible and around the sample increas- 
ing the rate of sample oxidation. Increased 
oxidation accelerates combustion and de- 
creases analysis time. Formore information. 
write CEM Corp., P.O. Box 200, Matthews. 
NC 28106. 

Programmable Injector for GC 
A capillary on-column injector for gas 

chromato~rd~hs is the tooic of a data sheet. I .. . 
The new temperature programmable injec- 
tion port is designed to be used for quanti- 
tative injection and analysis of thermally 
labile samples. Further information on the 
OCI-14 Capillary On-Column Injector can 
be obtained by contacting Shimadzu Scien- 
tific Instruments, Inc., 7102 Riverwood Dr.. 
Columbia, MD 21046. 

Polyurethanes 
. A line of waterborne polyurethane and 

polyurethane blends for automotivecornpo- 
nents requiring a pliable coating that does 
not crack when flexed is the subject of a 
product sheet. Suggested applications in- 
clude interior leather, and possibly interior 
and exterior trim, rubber sheel protectors, 
bumpers, and other components that require 
a flexible coating. For additional details on 
Rodam pur polyurethane, contact Andy 
Honeycheck. Rohm Tech Inc., 195 Canal 
St.. Malden, MA 02148. 

Laser Interferometer 
A new laser interferometer which em- 

ploys direct measuring interferometry tech- 
nology is the focus of literature. Applica- 
tions range from the testing of tiny micro- 
scope lenses, ball bearings, photo lenses. 
metal mirrors for lasers, to large mirrors for 
telescopes. For more techn~cal information 
on the DIRECT 100 laser interferometer, 
write Carl Zeiss, Inc.. One Zeiss Dr., 
Thornwood, NY 10594. 

Semi-synthetic Coolant 
Technical literature has been released 

on a semi-synthetic coolant which combines 
synthetic materials and a micro-emulsion of 
unique petroleum compounds. The coolant 
contains no phenols, halogens, PCMC. 
phosphates, nitrates, and nitrites which 
minimize toxicity and disposal problems. 
Detailed performance and application data 
on RECOOL 1050S semi-synthet~c coolant 
is available from Man-Gill Chemical Co.. 
23000 St. Clair Ave.. Cleveland, OH 441 17. 

FT-Raman Accessory 
A line of FT-Raman accessories for 

multi-range FT-IR spectrometers is detailed 
in a press release. The accessory reportedly 
utilizes the interferometer in the FT-IR op- 
tics bench and incorporates a proprietary 
Raman detector and Raleigh rejection filter 
system resulting in low noise spectral data 
over a wide range. Contact Mary Ann Finch, 
Bruker Instruments, Inc., Manning Park, 
Billerica. MA 01821, for further details on 
the FRA 106 FT-Raman accessory. 

Acrylic-Based Additives 
A new additive k ~ t  featuring a sampling 

of acrylic-based additives for flow control. 
air release, and pigment depression is being 
offered. The kit is designed to provide for- 
mulators with the convenience of having a 
select group of additives at their fingertips 
along with an easy-to-read application chart. 
Write Cook Composites and Polymers Co., 
P.O. Box 419389, Kansas City. MO64141- 
6389 for further information on the Corocm 
additives kit. 

STRODEX PK-90 STRODEX MOK-70 
STRODEX PK-95G STRODEX PSK-28 
STRODEX PK-80A STRODEX MRK-98 
STRODEX SEKBO STRODEX P-100 

DEXTROL OC-50 

Dexter surfactants are being successfully and widely used for 
the many and exceptional benefits they provide, among them 

improved gloss. enhanced color acceptance. increased 
package stability rust inhibition reduced blocking and 
other valuable advantages offered by their strong wetting and 
dispersing properties. 

Wrtte or call for complete detalls and samples: 

d exte r C h e m i c a l  C o r p o r a t i o n  

1 845 Edgewater Rd., Bronx, N.Y. 10474, (212) 542-7700 Telex 127061 
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Waterborne Epoxy Coating 
The introduction of a two component, 

chemically-cured waterborne clear epoxy 
finish has been made through a data sheet. 
The finish is designed for interior use on 
concrete floors, wood floors, trim, doors or 
paneling. brick, or decorative masonry walls. 
More details on Tru-Glaze-WB1" epoxy 
coating are obtainable by writing Devoe & 
Raynolds Co., 4000 Dupont Circle. Louis- 
ville. KY 40207. 

Lampblack Dispersion 
Literature has been released on the 

availability of a new water-based lampblack 
compound. The product is designed to pro- 
vide tint strength, blue tone, compatibility, 
and less tendency toward flooding and 
floating in most aqueous vehicle systems 
used in the industry. Samples of dispersion 
BS 14985 are obtainable by writing CDI 
Dispersion, 27 Haynes Ave.. Newark. NJ 
071 14. 

Regenerated Thermal Oxidizer 
A regenerated thermal oxidizer which 

uses high temperatures and turbulence to 
convert airborne pollutants to simple carbon 
dioxide and water vapor is the subject of a 
data sheet. The oxidizer is designed for use 
in printing, coating, chemical processing, 
convening, automotive spray painting, and 
other industries. For further information on 
the RE-THERM VFo, contact Reeco. Box 
600,520 Speedwell Ave.. Morris Plains, NJ 
07950-21 27. 

Duel-Beam Spectrometer 
A new duel-beam spectrometer for ap- 

plications requiring sample and reference 
spectra has been introduced in a product 
bulletin. Features include two spectra on a 
single diode array, dual beam (monitors 
sample and reference simultaneously), and 
one grating. For product specifications on 
Model MDlO Dual-Beam Spectrometer. 
write American Holographic, Inc., 521 Great 
Rd.. P.O. Box 1310. Littleton, MA 01460. 

Acrylic Resin 
An aqueous acrylic binder that reportedly 

exhibits adhesion to glass and to natural and 
synthetic fibers has been introduced through 
literature. The resin is formaldehyde and 
acrylonitrile free, and is 50% solids dis- 
persed in water and can be processed by 
conventional techniques. For more infor- 
mation on Rohatol DV 440 aqueous acrylic 
binder, write Rohm Tech. Inc., 83 Authority 
Dr., Fitchburg, MA 01420. 

Transvector Vacuum Pump 
A brochure has been issued which de- 

scribes a new compressed-air-operated 
transvector vacuum pump. Applications in- 
clude removing used coolant, metal chips, 
sludge, hydraulic oil, solvents, or tramp oil 
from lathes. milling machines, EDM, surface 
grinders. sumps, and open pits. For more 
details. write Vortec Corp., 10125 Carver 
Rd., Cincinnati, OH 45242. 

Weathering Tester 
An accelerated weathering tester which 

is designed to recreate damage caused by 
sunlight, rain, and dew has been introduced. 
Also highlighted in the product release is a 
new cyclic corrosion test chamber. Write 
Russell Raymond, Technical Services Rep- 
resentative, Q-Panel Co., Cleveland, OH 
44145, for more details on the Q-U-V Ac- 
celerated Weathering Tester and the Mebon 
Prohesione chamber. 

Styrene Pigment 
A technical brief describing a polymer 

pigment designed to enhance the gloss and 
opacity of coated papers has been printed. 
The solid sphere. polystyrene pigment is 
formulated for easy glossing and finishing. 
Write Unocal Polymers, 1700 E. Golf Rd., 
Schaumburg, IL 60173-5862 for more in- 
fomlation on 76 RES 71 16 pigment. 

Surface Analysis System 
A new auger nanoprobe surface analysis 

system is described in a 14-page, full color 
brochure. The literature provides a com- 
plete overview of the features and applica- 
tion of the nanoprobe, with numerous sup- 
porting spectra. For additional information 
on the PHI 670 Auger Nanoprobe, contact 
Steve Deppa. Perkin-Elmer, Physical Elec- 
tronics Div.. 6509 Flying Cloud Dr.. Eden 
Prairie, MN 55344. 
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Special Upcoming Issues of the 
JOURNAL OF COATINGS TECHNOLOGY 

October '91-This special Annual Meeting and Paint 
Show Issue, which is distributed at the Show in 
addition to our regular circulation, contains Ab- 
stracts of Papers to be presented; the Program of 
Technical Sessions; floor plan of show exhibits; an 
alphabetical list of exhibitors and their booth 
numbers; a list of exhibitors classified by product1 
service; and general show informati 

January '92-This Annual Meeting and ram mow 
Wrap-up Issue features information on all exhibi- 
tors, with emphasis on products and special booth 
features: photo displays of award-winning booths; 
as well as a complete review of important An- 
nual Meeting and Paint Show happenings. 

For more information, contact Lorraine Ledford, 
JOURNAL OF COATINGS TECHNOLOGY, 

492 Norrlstown Rd., Blue Bell, PA 19422 
Phone: (21 5) 940-0777 FAX: (21 5) 940-0292 
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Coming Events 

FEDERATION MEETINGS 

For information on FSCT meetings, contact Federation of Societies 
for Coatings Technology, 492 Norristown Rd., Blue Bell, PA 19422 
(2f5) 940-0777, FAX: (215) 940-0292. 

(Sept. 24-26)-Statistical Process Control for the Coatings In- 
dustry (Level iI) Seminar. Airport Hilton Hotel, Toronto, Ontario. 
Canada. 

(Nov. 4-6)--69th Annual Meeting and 56th Paint Industries' Show. 
Convention Center, Toronto, Ontario, Canada. 

1992 
(May 17-20)-Federation "Spring Week." Board of Directors 

Meeting on the 17th; Incoming Society Officers Meeting on the 18th; 
Spring Seminar on the 19th and 20th. Sheraton Boston Hotel and 
Towers, Boston, MA. 

(Oct. 21-23)-70th Annual Meeting and 57th Paint Industries' 
Show. McCormick Place, Chicago, IL. 

(Oct. 27-29)-71st Annual Meeting and 58th Paint Industries' 
Show. World Congress Center, Atlanta. GA. 

SPECIAL SOCIETY MEETINGS 

(Feb. 26-28)-Southern Society. 19th Annual Waterborne, Higher- 
Solids, and Powder Coatings Symposium. Co-sponsored by the 
Department of Polymer Science at the University of Southern Missis- 
sippi (USM). New Orleans, LA. (Robson F. Storey and Shelby F. 
Thames, Co-Organizers, WBHS&PC Symposium, Dept. of Polymers 
Science, USM, Southern Station Box 10076, Hattiesburg, MS 39406- 
0076). 

(Mar. 11-13)-Southern Society Annual Meeting. Grosvenor Re- 
sort Hotel, Orlando, FL. (B~lly Lee, Kemira, Inc., P.O. Box 368. 
Savannah, GA 31402). 

(Mar. 29-31)-Houston and Dallas Societies. Southwestern Paint 
Convention. South Shore Harbour Resort & Conference Center, 
League City (Houston), TX. (Dennis Crozier, Crozier-Nelson Sales, 
Inc., 2505 Collingsworth, Houston, TX 77026). 

OTHER ORGANIZATIONS 

(Sept. 15-18)-79th Annual Canadian Paint and Coatings Asso- 
ciation (CPCA) Convention. Le Chateau Montebello, Montebello, 
Quebec, Canada. (CPCA Convention, 9900 Cavendish Blvd., Ste. 
103, Montreal, Quebec, Canada, H4M 2'42). 

(Sept. 17-20)-Eurocoat91. XIX lnternational CongressiExhibition. 
Nice, France. (A. Chauvel, AFTPV, 5, rue Etex, 75018 Paris, France). 

(Sept. 23-25)-Finishing '91 Conference and Exposition. Spon- 
sored by the Society of Manufacturing Engineers (SME) and the 
Association for Finishing Processes. Dr. Albert B. Sabin Convention 

Center, Cincinnati, OH. (SME Event Public Relations Dept., One 
SME Dr., P.O. Box 930, Dearborn, MI 48121). 

(Sept. 23-25)-"Polymer Blends and Alloys." Seminar spon- 
sored by The Division of Polymeric Materials Science and Engineer- 
ing of the American Chemical Society. Hilton Head Island Beach and 
Tennis Resort, Hilton Head. SC. (Angelos V. Patsis, Institute of 
Materials Science, State University of New York, New Paltz, NY 
12561). 

(Sept. 24)-"The Implications of Information Technology (IMPolT)." 
Symposium sponsored by the West Riding Section of the Oil & 
Colour Chemists' Association (OCCA). Bodington Hall, University of 
Leeds, Leeds, England. (Yvonne Waterman, OCCA, 967 Harrow 
Rd., Wembley, Middlesex. HA0 2SF, United Kingdom). 

(Sept. 24-26)-The Polyurethanes World Congress 1991. Co- 
sponsored by the European Isocyanate Producers Association and 
the Polyurethane Division of The Society of Plastics Industry (SPI), 
Inc. of the USA. Acropolis Arts & Convention Center. Nice, France. 
(Fran Lichtenberg, Polyurethane Div., SPI, 355 Lexington Ave., New 
York, NY 10017). 

(Sept. 24-26)-Finishing '91. Exhibition sponsored by Turret Group 
plc. Telford Exhibition Centre, Telford, Shropshire, England. (Nigel 
Bean, Exhibition Sales Manager, Turret Group plc, Turret House, 
171 High St., Rickmansworth, Herts, WD3 lSN, England). 

(Sept. 29-Oct. 2)-RADTECH Europe '91 Conference and Exhi- 
bition. Edinburgh Exhibition and Trade Centre, Edinburgh, Scotland. 
(Exhibit Manager, RADTECH 91. c/o FMJ lnternatlonal Publications 
Ltd., Queensway House, 2 Queensway, Redhill, Surrey, RH1 lQS, 
United Kingdom or Conference Secretary, RADTECH '91, c/o PRA, 
Waldegrave Rd., Teddington, Middlesex, TW11 8LD, England). 

(0ct.)-ASTM Committee 0-8 on Metallic and Inorganic Coatings 
meeting. Philadelphia. PA. (George A. DiBari, lnternational Nickel 
Co., Park 80 West-Plaza Two, Saddle Brook, NJ 07662). 

(Oct. 2-4)-Hazardous Materials Management Conference and 
ExhibitionISouth (HazMatISouth). Sponsored by HazMat World 
magazine. Georgia World Congress Center, Atlanta, GA. (Tower 
Conference Management Co., 800 Roosevelt Rd., Bldg. E, Ste. 408, 
Glen Ellyn, IL 60137-5835). 

(Oct. 6-1 1)-"High Performance Polymeric Adhesives and Com- 
posites." Short course sponsored by The American Chemical Society 
(ACS). Virginia Tech, Blacksburg, VA. (Pamela Mclnally, Continuing 
Education Short Course Office, ACS, 1155-16th St., N.W.. Washing- 
ton, D.C. 20036). 

(Oct. 7-1 0)-"Introduction to Coatings Technology." Short course 
sponsored by Kent State University (KSU), Kent, OH. (Carl J. Knauss, 
Director. Cooperative and Continuing Education, Chemistry, KSU, 
Kent, OH 44242). 

(Oct. 9)-Technical seminar on "Powder Coating." Sponsored by 
The Powder Coating Institute (PCI). Hollday Inn Alrport, Newark. NJ. 
(PCI, 1800 Diagonal Rd., Ste. 370, Alexandria, VA 22314). 

(Oct. 9-1 1)-"Verbundwerk '91 ." 3rd lnternational Trade Fair on 
Composite Technology, Reinforced Plastics, Metals, and Ceramics. 
Rhein-Main-Halls, Wiesbaden, Germany. (Diana Schnabel, DEMAT, 
Postbox 110 61 1,6000 Frankfurt 11, Germany). 

(Oct. 14-18)-"Scanning Electron Microscopy and Microanalysis 
for Polymeric Science." Conference sponsored by the State Univer- 
sity of New York (SUNY). Nevelle Resort Hotel, Ellenville, NY. (Insti- 
tute of Materials Science, SUNY, New Paltz, NY 12561). 

(Oct. 16-1 8)-"Accelerated and Natural Weathering Techniques 
for Coatings and Polymers." Short course sponsored by Kent State 
University (KSU), Kent, OH. (Carl J. Knauss. Director, Cooperative 
and Continuing Education, Chemistry Dept.. KSU, Kent, OH 44242). 

(Oct. 20-24)-ASTM Committee D-13 on Textiles Meeting. 
Wyndham Franklin Plaza, Philadelphia, PA. (Bode Buckley, ASTM. 
1916 Race St., Philadelphia, PA 19103-1 187). 
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(Oct. 21-23)-104th Annual Meeting of the National Paint & 
I Coatings Association (NPCA). San Francisco Hilton Hotel, San Fran- 

cisco, CA. (NPCA, 1500 Rhode Island Ave., N.W., Washington, D.C. 
20005). 

(Oct. 21-24)-Euro-Asian lnterfinish '91 Conference. (Aviezer 
Israeli. Chairman, The Metal Finishing Society of Israel, Ortra Ltd., 
P.O. Box 50432, Tel-Aviv 61500, Israel). 

(Oct. 21 -25)-23rd Introductory Short Course on "Paint Formula- 
tion." Sponsored by University of Missouri-Rolla (UMR). Rolla, MO. 
(Norma Fleming, Sr. Continuing Education Coordinator, UMR, 119 
M.E. Annex, Rolla, MO 65401-0249). 

(Oct. 27-31)-ASTM Committee D-33 on Protective Coating & 
Lining Work for Power Generation Facilities Meeting. Cocoa Beach 
Holiday Inn, Cocoa Beach. FL. (Susan Canning, ASTM, 1916 Race 
St., Philadelphia. PA 19103-1 187). 

(Oct. 28-30)-"Advances in Polymer ColloidslEmulsion Polymers: 
Polymerization, Characterization, and Applications." Course spon- 
sored by the State University of New York (SUNY). Orlando, FL. 
(Institute of Materials Science, SUNY, New Paltz, NY 12561). 

(Oct. 28-30)-"Science and Technology of Coatings." Course 
sponsored by the State University of New York (SUNY). Orlando, FL. 
(Institute of Materials Science. SUNY, New Paltz, NY 12561). 

(Oct. 28-Nov. 1)-"Fundamentals of Chromatographic Analysis.'' 
Short course sponsored by Kent State University (KSU), Kent. OH. 
(Carl J. Knauss, Director, Cooperative and Continuing Education, 
Chemistry Dept., KSU, Kent, OH 44242). 

(Oct. 28-Nov. 1)-Ninth lnternational Conference on "Photopoly- 
I 

mers." on Oct. 28-30, and Fourth lnternational Conference on 
"Polyimides,"on Oct. 30-Nov. 1. Sponsored by the Society of Plastics 
Engineers, Inc. (SPE). The Nevele Country Club, Ellenville, NY. 
(PrabodhShah,cloSPE, MidHudsonSection, P.O. Box546, Hopewell 
Junction, NY 12533). 

1 (Nov. 2-3)-"Coatings Science," mini-course. Sheraton Centre, 
Toronto, Ont.. Canada. (Shelby Thames or Deborah Theisen, Univer- 
sity of Southern Mississippi, Dept. of Polymer Science, Southern 
Station Box 10076, Hattiesburg. MS 39406-0076). 

(Nov. 4-5)-"Electrochemical Impedance: Analysis and Interpre- 
tation." Symposium sponsored by ASTM Committee G-1 on Corro- 
sion of Metals. San Diego. CA. (John R. Scully, Sandia National 
Labs., Org. 1834, P.O. Box 5800, Albuquerque, NM 87185). 

, INov. 4-6)-S~ecialtv Plastics Conference '91. S D O ~ S O ~ ~ ~  bv 
1 ~ a a c k  Business services. Hotel International, ~ur~ch-~er l i kon,  Swii- 

zerland. (Dawn Sinaer. Maack Business Services. Moosacherstrasse 
14. CH-8804 ~ul~;rich, Switzerland). 

(Nov. 6-8)-POWDEX. Organized by Cahners Exhibition Group. 
Georgia World Congress Center, Atlanta, GA. (Angela Piermarini, 
Show Manager, Cahners Exposition Group, 1350 E. Touhy Ave., 

; P.O. Box 5060, Des Plaines, IL 60017-5060). 
(Nov. 7-8)-"Paint Volatile Organic Compounds." Course pre- 

sented by ASTM, Toronto, Ont.. Canada. (Kathy Dickinson. ASTM. 
1916 Race St., Philadelphia, PA 19103). 

(Nov. 8-12)-1991 lnternational Surface Finishing & Coatings 
I Exhibition (SF China '91) and the 1991 lnternational PC Board 

Making & Electro-Chemicals Exhibition (PCB China '91). Shanghai 
Exhibition Center, Shanghai, P.R. China. (Sinostar lnternational Ltd., 
10A Harvest Moon House, 337-339 Nathan Rd.. Kowloon, Hong 
Kong). 

(Nov. 10-15)-1991 National Conference and Exhibition of Steel 
Structures Painting Council (SSPC). Long Beach Convention Cen- 
ter, Long Beach, CA. (SSPC, 4400 Fifth Ave., Pittsburgh, PA 15213- 
2683). 

(Nov. 11 -1 3)-"Fundamentals of Adhesion: Theory, Practice, and 
Applications." Course sponsored by the State University of New York 
(SUNY). New Orleans, LA. (Institute of Materials Science. SUNY, 
New Paltz, NY 12561). 

(Nov. 18-22)-North American Research Conference on 
Crosslinked Polymers. Sponsored by the Division of Polymeric Mate- 
rials: Science and Technology of the American Chemical Society. 

I Marriott's Hilton Hotel Resort, Hilton Head, SC. (Angelos V. Patsis. 
Institute of Materials Sclence, State University of New York, New 1 Paltz, NY 12561). 
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(Nov. 19-21)-14th Resins & Pigments Exhibition. Sponsored by 
the Oil & Colour Chemists' Association. The Paint Research 
Association's 11th lnternational Conference on November 18-20. 
Brussels Exhibition Center. Belg~um. (Jane Malcolm-Coe, PR & Pub- 
licity Manager, FMJ lnternational Publications Ltd., Queensway House, 
2 Queensway. Redhill. Surrey, RH1 lQS, United Kingdom). 

(Nov. 20-21)-"Lithographic Printing-From Raw Materials to 
Waste Recycling-The Integrated Approach." lnternational sympo- 
sium sponsored by the Oil & Colour Chemists' Association (OCCA). 
Brussels, The Netherlands. (Yvonne Waterman, OCCA. Priory House, 
967 Harrow Rd.. Wembley, Middlesex, England HA0 2SF). 

(Dec. 2-4)-"Electrochemical Techniques for Corrosion Mea- 
surement." Sixth annual symposium and refresher course spon- 
sored by EG&G Princeton Applied Research. New Orleans, LA. 
(EG&G Princeton Applied Research, P.O. Box 2565, Princeton, NJ 
08543). 

(Dec. 2-6)-Fall Meeting of the Materials Research Society. Also. 
three short courses to be presented include: "Cementitious Materi- 
als," "Shape-Memory Materials." and "Biomaterials." Boston. MA. 
(Materials Research Soclety, Meetings Dept., 9800 McKnight Rd., 
Pittsh~~rflh. PA 15237). 

(June 15-17)-Euroformula '92. lnternational Trade Fair. RAI 
lnternational Exhibition and Congress Centre. Amsterdam, the Neth- 
erlands. (RAI. Europaplein, 1078 GZ, Amsterdam.the Netherlands). 

(June 21-24)-ISCC 61st Annual Meeting and AIC 25th Anniver- 
sary. lnternational symposium on "Computer Color Formulation." 
Princeton University. Princeton, NJ. (Danny Rich, ISCC Secretary, 
ACS Datacolor. 5 Princess Rd., Lawrenceville, NJ 08648). 

(Oct. 25-30)-Fourth Corrosion and Protection lberoamerican 
Congress and First Panamerican Congress on Corrosion and Pro- 
tection. Mar del Plata, Argentina. (CIDEPINT. 52 entre 121 y 122, 
1900 La Plata, Argentina, South America). 

(Nov. 4-6)-'92 lnternational Conference on Colour Materials. 
Sponsored by the Japan Society of Colour Material. Osaka Sun 
Palace. Expo Park Senri, Osaka, Japan. (S. Tochihara, Chairman of 
Executive Committee of the '92 ICCM, c/o Japan Society of Colour 
Material, Kitamura Bldg. 5F, 9-12, 2-chome, Iwamoto-cho, Chiyoda- 
ku, Tokyo 101, Japan). 

...... z .  - , 

(Dec. 5)-Technical seminar on "Powder Coating." Sponsored by 
The Powder Coatinp Institute (PCI).wllson World Hotel at DFW Rdvertisers Index 
Airport, Dallas, TX. (PcI, 1800 Diagonal Rd., Ste. 370, Alexandria, ~ 
VA 22314). 

................................... AIR PRODUCTS AND CHEMICALS, INC. 11 
................................................................... ALLIED SIGNAL INC. 13 

..................................................................... AMOCO CHEMICAL 41 
........................................................ ASHLAND CHEMICAL, INC. 27 

.......................................................... (Feb. 18-20)-Hazardous Materials Management Conference and BURGESS PIGMENT CO. 106 
Exhibit~onlNorthern California. San Jose Convention Center, San 

...................................................... Jose, CA. (Tower Conference Management Co., 800 Roosevelt Rd.. DEXTER CHEMICAL CORP. 107 
Bldg. E-Suite 408, Glen Ellyn, IL 60137-5835). DOW CORNING ........................................................................ 9 33 

(Mar. 9-13)-PITTCON '92 Conference. New Orleans Conven- 
tion Center, New Orleans, LA. (Pittsburgh Conference. Dept. CFP, 
300 Penn Center Blvd., Ste. 332, Pittsburgh. PA 15235-5503). 

(Feb. 23-26)-Williamsburg Conference. "Comparison of Color 
Presented in Difierent Media,.. Co-sponsored by the Inter- 

Society Color Council and the Technical Association of Graphic Arts, 
Colonial Williamsburg' (Milton RIT Research 75 

(Mar. 17-18)-Electrocoati92. Sponsored by Products Finishing 
magazine. Drawbridge Inn, Ft. Mitchell, KY. (Greater Clncinnati Air- 
port Area). (Cindy Goodrldge, Gardner Management Services. 6600 
Clough Pike. Cincinnatl. OH 45244). 

(Mar. 24-26)-Surface Coating '92. Conference and Trade Show 
sponsored by Chemical Coaters Association lnternational (CCAI). 
Indianapolis Convention Center. Indianapolis. IN. (CCAI. P.O. Box 
54316, Clncinnati, OH 45254). 

(Apr. 1-8)-Surface Treatment '92 Exhibition. Hannover Fair- 
grounds, Hannover, Germany. (Hannover Fairs USA Inc., 103 
Carnegle Ctr.. Princeton. NJ 08540). 

(Apr. 5-1 0)-"Water-Based Coatings" Symposium. Sponsored by 
American Chemical Society, Division of Polymeric Materials: Sci- 
ence and Engineering. San Francisco, CA. (F. Louis Floyd, The 
Glidden Co., 16651 Sprague Rd., Strongsville, OH 44136, or John L. 
Massingill Jr., The Dow Chemical Co., Bldg. 8-1603. Freeport. TX 
77541). 

(May 11-14)-Powder & Bulk Solids '92 ConferenceIExhibition. 
O'Hare Exposition Center, Rosemont (Chicago), IL. (Cahners Expo- 
sition Group. Dept. Powder & Bulk Solids '92, 1350 E. Touhy Ave., 
P.O. Box 5060, Des Plaines, IL 60017-5060). 

EAGLE-PICHER MINERALS INC. ............................................... 99 
EXXON CHEMICAL CO ........................................................... 110 

GENSTAR STONE PRODUCTS CO., INC. ................................ 100 

(June 1-4)-Fifth lnternatlonal Symposium on Polymer Analysis 
and Characterization. lnuyama Hotel, lnuyama City, Japan. (Howard 
Barth, Du Pont Co., Experimental Statlon. P.O. Box80228, Wilmington, 
DE 19880-0228). 

(June 14-18)-XXIth FATIPEC Congress. Amsterdam, The Neth- 
erlands. (General Secretary Francis Borel, 34 Chemin du Halage, La 
Bonneville, Mery sur Olse, France). 
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The topic for this lesson, dear students, is "Stress Science-How does the stress in other countries 
and Why Learn to Love It." Since my move to the compare to that here? 
glorious countryside of Vermont, stress descends on Noitall -All our stress indicators, such as the low 
me when I On the plants number of psychiatrists per capita, indicate that people 
and aphids on the tomatoes . . . or is it vice versa? They in other countries are more relaxed. we have found 
say it is impossible to remember pain and as time goes one country without ozone, asbestos, health insurance 
on it is becoming and difficult me problems, power lunches, or complaints to OSHA, and 
remember what stress in the working place was really we have sent stress experts to learn why they don't 
like. Libby says she remembers because she had to have U.S, anxieties, 
live it with me. It all came back to me, however, when I 
received aclipfrom that fine magazine, Science, sent to Science--Could I ask the identity of this country? 

me by my old friend, the talented and, I hope, stress Noitall --Of course. Bangladesh. 
free Ruth Johnston-Feller. 

In the article, "Stress For Success" written by Daniel Dr. Noitall has mentioned some of the key elements 

E. Koshland, Jr., the anatomy of stress is examined in of the causes of stress. Recognizing them and learning 

fine detail via an interview by Science with the es- to laugh at them while going down in flames is essential 

teemed an!;;zg;;;rkit;. g;v~;t;$Drrc~~;: ~ $ ~ s , e $ ~ ~ ~ ~ $ ~  ~ ~ ; $ ~ ~ ~ , ? $ ~ ~ ~ ~ ~ ~ ~ $  
,ho can see a bleeding ulcer without even a ment by Objectives" replaced the cat-o'-nine-tails for 

slectron  microscope,^ I quote, in most part: whipping the ranks in line. Management was by the 
managed rather than by the managers. The boss, one 

Science--Why should the modern office be more up in the line, pontificates, "You promised to exceed 
stressful than the jungle? last January by 10% and you only increased by 7.654%. 

Noitall-What a stupid question, Take information shame, here we all0w you set your Own goals 

transfer as a simple case, can anyone operate a and look what happens!! No appreciation!" 

puter using the instruction booklet given by the com- the "What Have Lately" 

pany? or assemble ascientific instrument after reading technique-and you can have it. ''In 1988 YOU increased 

the operating instructions? In the good old days, there sales 15%. In 1989, you increased sales 22%, 

was the Ten Commandments--clear, simple, direct- but look at 1990, your increase was only 8%. You're 

they don't have writers like that anymore. slipping, friend. We fear that you will have to be replaced 
if you don't get your act together again. Don't you 

Sc ieneBut ,  surely, threats to life and limb were understand what I'm saying? You're not trembling 
much greater in those days. enough." 

NoitalCThat is exactly the problem. In the good old If you don't learn the excitement of loving stress, it is 
days, the boss had a cat-o'-nine-tails and job expecta- important to learn how to deal with it. Psychiatrists say 
tions were clear cut. After 12 hours a day at hard labor, that one way is to find some poor soul who'll listen and 
no one had trouble sleeping. Today between psychiat- talk your heart out. But then: 
ric counseling, management techniques, sexual, politi- 
cal and disability harassment and truth in advertising, I lend a sympathetic ear 

the terra ain't firma anymore. To other people's woes 
However dull it is to hear 

ScienceBut at least modern jobs don't require Their real or fancied throes 
much physical strength. I pay attention to every glool . 

Noitall-What a silly thing to say. Have you ever Attention undiminished. 
tried to open one of those modern courier packages in Because I plan to start on mine 
tearproof plastic? I have seen grown men burst into The moment theirs are finished. 
tears after trying to open a little bag of peanuts. -The Lion 

Science--Do you believe there is a conspiracy to 
add stress to the American worker? Found in Ron Alexander's "Metropolitan Diary" in an 

old and yellowing issue of the New York Times: 
Noitall-Absolutely. There are certain unexplained 

phenomena that are clearly designed to create doubt in Overheard in the downtown Seventh Avenue subway 
the rational mind. For example, bill forms that are too one recent Monday evening, one WOman to another. 
big to fit into the envelopes provided must be a CIA Woman One: Want to go to a movie tonight? 
plan to create vulnerability. Then dressing for work is a Woman Two: Nah. I'm going to watch TV. 
major pressure point. Wearing a tie classifies you as Woman One: So what's on that's so good. 
being too old and a mini skirt as being too young. Jeans Woman Two: Mother Theresa at 9. Cher at 10. 
are too devil-may-care and a gray flannel suit is too 
conservative . . . A worker in Michigan was arrested for -Herb Hillman 
bringing blasting caps to the office to open an aspirin Humbug's Nest 
bottle, but was aquitted when the jury found there was P. 0. Box 135 
no other method. itingham, W 0536 1 

\ J 

ny line 
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