




FINDING THE RIGHT 
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Our technica r support solvent you're looking for. 
system, on-going quality 
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UCAR is a registered trademark of Union Carbide Corporation 



Fast drying floor finishes with ACTW-8' 
,-.now cost jess ACT/.-8 s o h  drying-process pr*iems by accelerating 

and stabilizina the drvina time of ~alnts and finishes. - / 
And now as <result of oiir latest t'echnology @ processing/, 
it is less costly. \ ACTIV-8 works equally well in water reducible,, high solids 
and solvent-thinned coatings. It can 
both manganese and cobalt, and is 
fln~shed coatings, alr-drred or forced drred. 
ACTIV-8 has proven ~ t s  value In both clear and pemented 
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For more Information, contact the Paint ~ e ~ a r t m i h t ,  
R T Vanderb~lt Company, Inc., 30 Winfield Street, V. 
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A commitment to high quality takes more than a rah-rah splrlt. R 
takes state-of-the-art equipment. 

And there isn't a stronger commitment than ours when it comes 
producing the highest quality epoxy curing agents and acrylic resl 

We've invested millions building the most modern and eff 
In the industry. Our new ECA resin production facility Is fully c 
to give us unparalleled control over product consistency. 

And we're supplying the most important raw material for our po 



ides with our own new dimer acid facility. 
What's more, our Quality Control department was completely remodeled 

create a test environment of constant temperature and humidity. 
also expanded to accommodate the thorough testing we require before 

harging a batch. 
Facilities are only the foundation of Henkel quality. Find out more by writinc 

Polymers Division at 7900W.78thSt.,Mpls.,MN 55435.0r call 1-800328-3904 
Our faciiitles are state-of-the-art. And so is our quality. 



PRESIDENT 

'CARLOS E DORRIS 
P 0 Box 35286 

JOHN A LANNING 
Porter Paint Co 
Louisville. KY 

1315 Wa ,hila., PA 19107 

THE JOURNAL OF COATINGS TECHNOLOGY is out 

Jones-Blair Co 
Dallas, TX 75235 J C LESLIE 

Fort Myers. FL lnut St., I 
PRESIDENT-ELECT 

'DERYK R PAWSEY 
Rohm and Haas Can Inc 
1099 W 8th St 
Vancouver, B C , Canada 
V6H 1 C3 

WILLIAM MlRlCK 
Battelle Columbus Labs 
Columbus, OH 

monthly by the Federation of Societles for Coat~ngs ~ e c h n o  
1315 Walnut St.. Philadelphi. PA 19107. Phone (215) 545. 

logy at 
.1507. 

Annual duesfor Active and Associate Membersof the Fedc 
DONALD R MONTGOMERI. 
The O'Brien Corp 
Houston. TX 

of Societies for Coatlngs Technolcgy IS $2000. Of this ai 
$1 3.50 is allocatedtoa mernbershiosubscr~~t~ontoth~soubli~ 

.. - - .... 
cation. 
ilietion Membership 

mth, and pay 
Non-member 

in the Federat~on IS obta~ned i~ 
ment of dues to, one of ~ t s  26 
subscr~pt~on rates are' 

U.8. and E u w  

hrough prior aff 
Conslltuent Soc 

n Own 

TREASURER 

'JAMES E GEIGER JAMES E PETERSOK 
Peterson Paints 
Puebio. CO 

Sun Coatlngs Inc 
12295 75th St N rim 

W 
00 
00 

i ..... i 1 rear 
.... 2 Years .... I 3 Years 

Largo FL 33540 
HORACE S PHlLlPP 

BARRY ADLER Dept ol Nat~onal Defense 

Royeile Inc Ottawa Ont Canada 
Menlo Park CA 

IC~I lor 
ANTONIO PlNA 

s JAMES N ALBRIGHT JR 
Mexicana de Pinturas in11 

Lillv Co lxtapalapa Mexico 

t 
When avallaote. slnale coDles or oacK issuesot tne JuunN 

' ) 
I 

COATINGS T 
current calen~ 

ECHN~LOG? 
lar  year issues 

are pr~ced as fc 
, $4 00 each f o ~  

sten 

)Ilows: $3.00 ea 
, all other issue 

HI& Po~nt, NC 

RONALD R BROWN 
Unocal Corp 
Charlotte NC 

JOHN FOLKERTS 
Futura Coat~ngs Inc 
Hazeiwood, MO 

RICHARD L FRICKER 
Valspar Corp 
M~nneapolis, MN 

CARL W FULLER 
U S  Oxides 
Morrisville, PA 

JOSEPH D GIUSTO 
Lenmar, Inc 

LLOYD REINDL 
Flanagan Associates inc 
Cincinnati OH 

FRED G SCHWAB 
Coatings Research Group r c  
Cleveiand OH 

'SAUL SPINDEL 
D IL  Laboratories Inc 
New York NY 

RAYMOND B TENNANT 
Carrs Paints Ltd 
Birmingham England 

'DANIEL TOOMBS 
D N Lukens Inc 
Westboro MA 

FRANK J. BL, .. sb,,L. ........................... vuLISHER 
I ..... .......:... ROBERT F. ZIEGLER. .EDITOR 

THOMAS J. MIRANDA ..... TECHNICAL EDITOR 
....... THOMAS A. KOCIS lTRlBUTlNG EDITOR 

..... PATRICIA D. VIOLA.. MANAGING EDITOR 
.... SAMUEL M. AMICONE 

VICTORIA L. GRAVES .... 
ASSOCIATE EDITOR 
ASSISTANT EDITOR 

KATHLEEN \ 
LORRAINE L 

NlKlERA . . 
EDFORD. .A[ 

Publketl 
THO_MA_S J_ I 

. ~uDLIZATIONS ASSISTANT 
IVERTISING SERVICES MANAGER 

Ions Commit@ 
VIIRANDA, Cha 

I'AUL H GUtViN. JR., V~ce-CI 
rnnlvh J. DU 

i DARLENE BR 
THOMAS A. t 

PERCY E PI 
JOSEPH A \ 

(OCIS 
ERCE 
IASTA LOREN W. HI 

3T F. ZIEGLER 

irman THOMAS J MIRANDA. Chai 
TOU R A DlCKlE 
I G 0 EDWARDS 

n U DnhULt F L FLOYD 
G P BIERWAGEN P R GUEVIN, JR 
R F BRADY, . 
D BRUINSK 
G D CHEEYE 

ESKE 
WREY 
WELL 
ERCE 

Baltimore. MD 

L LLOYD HAANSTRA 
Guardsman Chemicals, Inc 
South Gate. CA 

THOMAS HILL 
Pratt 8 Lambert. Inc 
Buffalo, NY 

RICHARD M HlLLE 
General Paint &Chemical Co 
Cary, IL 

JAMES A HOECK 
Reliance Universal. Inc 
Lou~svilie. KY 

NORMAN A HON 
Cook Paint &Varnish Co 
Kansas City, MO 

CARLTON R HUNTINGTON 
Chemical Oistr~bulors Inc 
Portland. OR 

TERRYL F JOHNSON 
Cook Paint & Varnish Co 
Kansas City, MO 

BERGER JUSTEN 
Justen 8 Associates 
Tampa, FL 

RAYMOND C UHLlG 
PPG Industries Inc 
Allison Park. PA 

T. ANAGNOS 
H.E. ASHTON 

J.V KOL 
H. LO' 

M J. McDO 
P.E. PI GARY VAN DE STREEK 

Akzo Coatings Amer~ca Inc 
Troy MI 

JR t 
I L 
R T. HOC 

F SH l  
R. STAN; 

J A. I 

JSTER 
ZlOLA 
IASTA 

JAN P VAN ZELM 
Byk-Chemie USA 
Castaic CA 

The JOURNAL OF COATINGS TECHNOLOGY has first rl 
the publ~cahon of papers presented at the Annual Meetlng 
Federat~on and at local and reglonal meetlngs of the Feder 
Conshtuent Socletles 

AGu~de for Authors IS published In each January Issue 
The JOURNAL OF COATINGS TECHNOLOGY IS ava~la 

rnlcmfllrn fmm Univen~ty Marof~lms, a Xerox Co , Ann Arbor 

ation's 

JOHN T VANDEBERG 
DeSoto Inc 
Des Planes IL ible on 

; Mich. 
48106. 

The Feden 
responsib~l~t) 
publication. 

'KURT WElTZ 
Indusmin Lld 
Toroqto. Ont . Canada 

Ition of Societies 
for the opini 

; for Coatings TI 
ions expressec 

xhnology assur 
j by authors i 

0-0 m", 

n this 

WILLIAM WENTWORTH 
Jones-Blair Co 
Dallas. TX 

,,,..,.. ..J6 by the fed era ti^.. .. -..,..-- ... CoatingsTechnol-flu All 

rights reserved. No portion of this publication may be reproduced or 
in any form or by any means, electronic or mechanical, including phol 
ing, recording, or by any information storage or retrieval system 
permisbn in writing from the publisher. Authorizat~on to photocopy 111 
internal or personal use, or the internal or personal use of spscific cli 
granted by the Federation of Societies for Coatings Technology lo' 
registered with the Copyright Clearance Center (CCC) Transactional I 
ing Service. provided that the base fee of $1.00 per copy, plus .25 pt 
is paid direclly to CCC. 27 Congress St.. Salem. MA 01970. FOI 
organizations that have been granted a photocopy t~cense by CCC. I . rate system of payment has been arranged. The fee code for usen 
Transactional Reporting Service is: 0032-3352186 $1 .W + .25. 

"Jp -.. 
utillzed 
tocopy 
without 
3ms for 
enls, is 
r users 

'Executive Committee Mernbe? 

EXECUTIVE VICE-PRESIDENT 
3eport- 
3r page 
' those 
I sepa- 
of the 

FRANK J BORRELLE 
FSCT Headquarters Office 
1315 Walnut St 
Philadelph~a PA 19107 

-4 

6 Journal o f  Coatings Technology 



j 
I 
i 

i 

I ,: 
, - 
. , 

: :. 

f 

It.' 

L 

I 

64 Down and the Future to Go 
The 64th year in the grand history of the Federation of Societies for Coatings Technol- 

ogy is about to close. As it does, we would like to recall the most significant develop 
ments and achievements during a successful 1986. 
New Series on Coatings Technology-Under the editorial direction and guidance of the 

Editors (Drs. Thomas J. Miranda and Darlene Brezinski, of the Chicago Society), the first 
four booklets (Radiation,Cured Coatings, Film Formation, Introduction to Polymers and 
Resins, and Solvents) were released during the latter half of the year. Several others are 
being readied for publication in 1987. 

Membership-The Federation rolls, which grow a little each year, topped a record 
7,000. This may seem strange, what with all of the industry mergers and consolidations. 
Nevertheless, it is true and in support of a coatings industry employment analysis in a 
recent edition of C&E News. 

Seminar on Automotive Color ControGThis new venture was arranged in cooperation 
with the Detroit Colour Council and the Manufacturers Council on Color and Appearance, 
who were co-sponsors. More than 450 attended the week-long sessions (in June) devoted 
to the SAE Recommended Practice 51545 for determining measured color difference for 
automotive parts and materials. 

Professional Development Committee-This newest committee of the Federation 
(chaired by F. Louis Floyd, of Cleveland) completed its first year. Its summer survey of 
the membership produced a return far beyond their expectations, and those of any direct- 

Coatings Industry Education Fund-The successor organization to the former Paint 
Research Institute had its first year of operation, too, with Neil S. Estrada, of Golden 
Gate, as the Chairman of the Trustees. CIEF will continue to fund the annual Roon 
Foundation Awards and has approved matching funds for scholarship grants in coopera- 
tion with the Pittsburgh Society. Other assistance programs are under consideration. 

Liaison with National Forest Products Association-Federation representatives Saul 
Spindel (New York), Emil h o l a  (Pacific Northwest), and Technical Advisor Roy Brown 
met with NFPA members and a joint committee has been formed. The first meeting will 
be in April at the Forest Products Laboratory in Madison, WI. Quite coincidentalIy, the 
subject of the Federation's 1987 Spring Seminar will be "Coatings for Wood Substrates" 
(May 1-2, in Seattle). 

Environmental Control Committee-Following a suggestion by the Golden Gate and 
Los Angeles Societies, the first meeting ever of the Federation committee with Society 
Environmental Control Committee Chairmen was sponsored by the Federation, Septem- 
ber 17, in Louisville. Bob Minucciani, of Golden Gate, presided in the absence of 
Chairperson Joyce Specht St. Ciair who was disabled with a broken ankle. Even though 
only 12 Societies were represented, it was a constructive meeting and tl. start b finding 
effective ways to inform the membership of significant segulatory matters which impact 
upon the indushy, 

Insurance Program for Members-At the request of the New York Society, the 
Federation looked into an insurance program for its membership. A proposal was submit- 
ted by the Federation's insurance agent and approved by the Board of Directors in May. 
The brochure of the first program-Hospital Cash--has been released. The others (Term 
Life, Accidental Death/Dismembement, and Disability) will follow. 

Annual M~eting and Paint She-The 1986 Show was the largest, with 242 exhibitors 
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s y  Federation of Societies for Coatings Technology 
and 

Pacific Northwest Society for Coatings Technology 

I present 

SPRING WEEK '87 
April 29-May 2 

The Westin Hotel Seattle, Washington 

Featuring 
FSCT Seminar on 

"Coatings for Wood Substrates" 
May 1-2 

Seminar program will include the following topics: 

Solid Wood Substrates-Their Properties 
and Potential for Painting Problems 

Plywood-Uses, Properties, and Potential Painting Problems 
Cedar and Redwood-Uses, Properties, 

and Potential for Problems when Painting and Staining 

1 Stains for Wood Siding-Types, Uses, and Properties 

1 How the Home Builder Can Help to Avoid Paint Problems 

I The Responsibility of the Architect 

Spring Week Schedule 
Wed., April 29 - FSCT Society Officers Meeting 
Thur., April 30 - PNW Golf 

FSCT Board of Directors Meeting 
PNW Evening Social 

Fri., May 1 - FSCT Spring Seminar 
Sat., May 2 - Seminar until 12:30 pm 

PNW Sports Competition 
Closing Dinner Dance 

Advance RegistrationlHotel Forms for Members and Non-Members 
Are Included In This Issue, Pages 10 and 11. 

United Airlines has been selected as official carrier for Spring Week '87. Discounts will 
range from 40°/0-700/0 off normal round-trip coach fares. To make reservations, 

phone 1-800-521 -4041, and refer to the Federation's account number-7013-D. 
Be sure to request the lowest fare available. 
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FEDERATION MEMBERS ONLY-ADVANCE REGISTRATION 
for 

SPRING WEEK ACTIVI~IES 
and 

SEMINAR ON COATINGS FOR WOOD SUBSTRATES 

Sponsored by FSCT and PNWSGT 

Thursday, Friday, Saturday, April 30-May 2,1987 

\ Please complete all applicable sections of this form. Mail with check in the correct amount to FSCT at addr 
below. All checks must be payable in U.S. Funds. 

Fed. Socs. Coatings Tech. 
I 1315 Walnut St. 
t Philadelphia, PA 19107 
. . No advance registrations will be accepted after April 10. After that date, the Seminar registration fee (includin 
. Saturday Dinner-Dance) will be $135.00. Other fees remain the same. 

Membership status is subject to verification by the FSCT Staff. This form and check will be returned to anyone n 
currently enrolled as a member of the Federation of Societies for Coatings Technology. 

MEMBER REGISTRATION 
Nickname for Badge 

; Business Affiliation Phone 

State/ Province 
Country 

Name of Federation Society In Whicb You Are A Member _ 
SPOUSE REGISTRATION 

Name Nickname for Badge 
City Statel Province Country 

ti+' k; HOUSING AT WESTIN HOTEL 
The confirmation of your reservation will come to you directly from the Westin, located at 1900 Fifth Ave., Seattle, 

2 ,  WA 981 11. Phone: 206-624-7400. All reservations will be held until 6:00 p.m. None can be guaranteed after April 6, 
$: , 1987. 
$ Rates: Single or Double ($82.00) Suites: Deluxe P & 1 BR ($350.00) 
, Check Accommodation Desired: - Single - Double - Suite 
, DatelDay of Arrival DaylDate of Departure 
P Note: All room rates are subject to a state sales tax of 7.9% and city room tax of 5.0%. $ '  
: ' 
J. SCHEDULE OF FEES FOR FEDERATIO~ MEMBERS ONLY 
P 
, w Cheek Fee Writeln 4 Events Per Amount 
d .  Desirerl Evenas Parson 
1 -  

Below 

$ Member , 
.'Seminar on "Coatings for Wood Substrates" 

, E'; 
' 

1 1  
. $110 

Friday and Saturday, May 1-2 ., l i  - 
DinneroDance, Saturday, May 2 Included With Above Fee 
Dinner-Social, Th~rsdqy~ April 30 
Gd, Thursday, April 30 (includes lunch) 

Sposlse 
@puses Activities 
Dinref-Dance, Sslturday, May 2 
Dinnex-dochi, ThurdayL April 30 

( E n c k ~  I;he& ih This Amount) 

c - . L , -  



NON-MEMBERS ONLY-ADVANCE REGISTRATION 
for 

SPRING WEEK ACTIVITIES 
and 

SEMINAR ON COATINGS FOR WOOD SUBSTRATES 

Sponsored by FSCT and PNWSCT 

Thursday, Friday, Saturday, April 30-May 2,1987 
Westin Hotel, Seattle, Washington 

Please complete all applicable sections of this form. Mail with check in the correct amount to FSCT at address 
below. All checks must be payable in U.S. Funds. 

Fed. Socs. Coatings Tech. 
1315 Walnut St. 
Philadelphia, PA 19107 

No advance registrations will be accepted after April 10. After that date, the Seminar registration fee (including 
Saturday Dinner-Dance) will be $1 50.00. Other fees remain the same. 

NON-MEMBER REGISTRATION 

Name Nickname for Badge 
Business Affiliation Phone 
Address 
City State1 Province 
Mailing Zone Country 

SPOUSE REGISTRATlOhi 

Name Nickname for Badge 
City StatelProvince Country 

HOUSING AT WESTIN HOTEL 
The confirmation of your reservation will come to you directly from the Westin, located at 1900 Fifth Ave., Seattle, 
WA 981 11. Phone: 206-624-7400. All reservations will be held until 6:00 p.m. None can be guaranteed after April 6, 
1987. 
Rates: Single or Double ($82.00) Suites: Deluxe P & 1 BR ($350.00) 
Check Accommodation Desired: - Single - Double - Suite 
Date1 Day of Arrival DayIDate of Departure 

Note: All room rates are subject to a state sales tax of 7.9% and city room tax of 5.0%. 

SCHEDULE OF FEES FOR NOY-FJEPJHERS ONLY 
Check Fee Write-In 
Events Per Amount 
Desired Events Person Below 

Non-Member 
Seminar on "Coatings for Wood Substrates" $1 25 
Friday and Saturday, May 1-2 
Dinner-Dance, Saturday, May 2 $ 40 
Dinner-Social, Thursday, April 30 $ 25 
Golf, Thursday, April 30 (includes lunch) $ 30 

Spouse 
Spouses Activities $ 50 
Dinner-Dance, Saturday, May 2 Included With Above Fee 
Dinner-Social, Thursday, April 30 $ 25 

(Enclose Check in This Amount) TOTAL FEES 

Vol. 58, No. 743, December 1986 11 



F edemlion News 

Highlights from the Board of Directors Meeting 
and Other News from the 1986 AM&PS in ~ t l a i t a  

Attendance (59) 

The attendance included all (36) mem- 
bers of the Board; 13 Past-Presidents, three 
of whom are on the Board; and 10 other 
guests. Among the latter were officers 
from four other industry associations: 
OCCA Australia, FATIPEC, FSPVT. and 
MPIMA. 

Amendments to Standing Rules 

To SR VlII B. - Duties of Federation 
Committees -will be added this statement 
under the section titled "Annual Meeting 
Awards": "All proposals for awards shall 
be submitted to the Federation Executive 
Committee for approval." 

Actions of Executive Committee 

Those from May 16 and September 4, 
1986, were approved. (In the interest of 
space, they will not be repeated here). 

The Executive Committee met in special 
session on November 3, and presented the 
following resolution to the Board. in re- 
sponse to the environmental issues dis- 
cussed and acted upon at previous Board 
meetings: 

"WHEREAS the resolution regarding 
the establishment of staff support for is- 
sues relating to the environment is too 
open ended, and 

"WHEREAS in order for the Federation 
of Societies for Coatings Technology to 
provide adequate staff support for envi- 
ronmental issues. it would require a 
major modification in staffing patterns, 
responsibilities, and budget, and 

"WHEREAS the National Paint and 
Coatings Association presently expends 
a budget in excess of 2.5 million dollars 
and employs about 25 persons, both pro- 
fessional staff and support staff dcdi- 
cated to address environmental and relat- 
ed issues, therefore 

"BE IT RESOLVED that the motion 
passed by the Board of Directors in May 
1986 relating to staff support for envi- 
ronmental issues be rescinded and, that 
the Federation membership, both 
through its staff office and its Societies, 
be urged to do the following: 
"(1) Stimulate Society Environmental 
Committees to a signilicant level of in- 
creased activity. 

"(2) Establish liaison with NPCA Envi- 
ronmental and related committees on a 
Society basis. 

"(3) Develop increased committce par- 
ticipation on the Federation Environ- 
mental Control Committee and also 
improved communication among Fed- 
eration members through establishment 
of an Environmental Update Newsletter 
to be issued from ~edeiation Hcadquar- 
ters to Societies regarding the state of 
current affairs as they pertain to legisla- 
tive and regulatory issues. and that ade- 
quate funding be provided." 

After considerable discussion, involving 
several members of the Board and Bob 
Minucciani (representing the Federation's 
Environmental Control Committee), the 
resolution was approved by thc Board. 

Elections 

The slate presented in the Spring by the 
Nominating Committee was elected: 

President-Elect - Deryk R. Pawsey. of 
Pacific Northwest 

Treasurer - James E. Geiger, of South- 
em 

Executive Committee - Kurt Weitz. of 
Toronto (3  years) 

Board (At-Large) - Ronald R. Brown, 
of Southern (2 ycars); L. Lloyd Haanstra, 
of Los Angeles (2  years) 

Board (Past-President) - Tcrryl John- 
son, of Kansas City (2 ycars) 

Carlos E. Dorris, of Dallas, moves up to 
the Presidency. 

Coatings Industry 
Education Fund 

The Board (the Stockholders of CIEF) 
elected the following Trustees for the coni- 
ing year: Neil S. Estrada, FSCT Past-Presi- 
dent and Chairman of the lnvestmcnt Com- 
mittee; Joseph A. Vasta, Chairman of the 
Educational Committee; James E. Geiger. 
incoming FSCT Treasurer; George R. 
Pilcher, Chairman of the Professional De- 
velopment Committee; and Jan A. Grod- 
zinski, Chairman of the Technical Adviso- 
ry Committee. (Later in the day. the 
Trustees elected their own officers: Estrada 
as President, Vasta as Vice-President. and 
Geiger as Treasurer). 

At the Stockholdcrs meeting, new objec- 
tives of CIEF (formerly PRI) were pro- 
posed. They are basically similar to the old 
PRI, but with certain words deleted---- -: 

( I )  To advance the knowledge and appli- 
cation of thc ekmieak;-pkysicel.+tnBp~~tk 
erttatkatseie~ces ~elafiw te the technology 
of coatings b p t t p p e r F i n g r e s w r  itt eoL 
leg= mkRiversities tkreugk tke-grmtmg 
offdlowskips. 

(2) To aid in the dissemination of the 
results of such wswrch-ad dueation ac- 
tivities fe cke~ubliethrough scientific pub- 
lications and lectures. 

The new objectives were approved by 
the Stockholdcrs. 

Committee Activities 

C O R R O S I ~ N  - Jay Austin. incoming 
Chairman, spoke to the committee's re- 
quest for $15,674 to fund a "Survey of 
Accelerated Test Methods for Anticorro- 
sive Coating Performance" to be conduct- 
ed by the Steel Structures Painting Coun- 
cil. The final report would be presented 
at the October 1987 Annual Meeting in 
Dallas. The request was referred to the Ex- 
ecutive Committee. 

EDUCA.I.IONAL. - Chairman Joe Vasta 
reviewed his committee's request for 
$21-25.000 to produce a 15-minute video 
tape on careers in the coatings industry. 
(Angeli Film and Videotape, Inc. is the 
contractor). This request, too, went to the 
Executive Committee. 

PROFESSIONAL DEVELOPMENT - Chair- 
man F. Louis Floyd presented several re- 
vealing graphs of results from the commit- 
tee's summer survey, from which there 
was an astounding 55% response. As he 
stated in his written report, the Federation 
membership is predominantly in the "Ac- 
tive" class, employed in technical activi- 
ties, supervises others. is over 40 years 
old, predominantly holds B.S. Degrees, 
and predominantly is employed by manu- 
facturers of coatings with more than $10 
million in sales. The detailed report will be 
published in a future JCT. 

PUHI.ICATIONS -Chairman Tom Miran- 
da's report indicated that the first four units 
in the Series on Coatings Technology have 
been published. "Coil Coatings" is next. 

(Cottrinucd (on puxe 141 
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How many 
primer vehicles do you 

invenlory Tor fhese subsfrales? 
That's right You can inventory one primer vehicle 
for many substrates-RHOPLEX MV-23 water- 
borne acrylic polymer. It's designed for high 

performance, multipurpose primers. 

RHOPLEX MV-23 polymer provides good cor- 
A rosion resistance for various metals, 

P' stain blocking on staining woods and 
A for interior stains, alkali resistance on 

masonry, and excellent adhesion to 
anized steel. . .plus, low odor 

nd convenience associated 
with waterborne coatings. If 

you inventory several primer 
., vehicles to formulate for these 
specifications, it's time you tried 

RedwoodKedar 
RHOPLEX MV-23 polymer. 

Interior/Exterior So consolidate vehicles, lower 
inventory costs, and provide 

your customers with the top-notch 
they require in a primer 

with RHOPLEX MV-23 polymer. For 
evaluation samples and technical litera- 
ture, contact your local Rohm and Haas 
representative today, or write Rohm and 
H a as  I n q u i r y Response Center-682B4, 

PO Box 81 16,Trenton 
NJ 08650. 

if more fhan one, you need 



Highlights from the Board of Directors Meeting (Continued) 

Several others are being 
lease during 1987. 

All committee revorts 

processed for re- 

. will appear in the 
January 1987 JCT. 

Other Busipess 

Lewis P. Larson, of CDIC, was elected 
to Federation Honorary Membership. 

The next Board meeting will be in Seat- 
tle during Spring Week - April 30, 1987. 

1986 Annual Meeting 
and Paint Show 

The unofficial registration count is near 
the 6,500 mark, making Atlanta second 
only to Chicago, 1984. 

All Program Sessions were very well 
received. Several hundred were in the 
beautiful auditorium of the Georgia World 
Congress Center in Atlanta to hear Lee 
Sherman Dreyfus present one of the most 

outstanding and thought-provoking Key- 
note Addresses ever presented at the AM. 
There was SRO at the Powder Coatings 
Symposium. Zeno Wicks' Mattiello Lec- 
ture also attracted a large audience. 

The Paint Show was the biggest ever 
with 242 exhibitors in nearly 58,000 net 
square feet of exhibit space. The GWCC is 
a magnificent facility and the Show was 
one of the most colorful ever presented by 
both the Federation and the quality-con- 
seious Show exhibitors. 

The Luncheon Speaker was Hcywood 
Hale Broun, Sports Broadcaster and Com- 
mentator. All but one of the awards listed 
below were presented at the lunch. Fifteen 
50-year members were present. 

The Federation owes its thanks-fir (1 

job very well done-to: Percy Pierce, 
Chairman of the Program Committee: John 
Ballard, Chairman of the Paint Show Com- 
mittee; Jim and Lynne Geiger, Chairmen 
of the Host Committee; and to all the dedi- 
cated members from various Societies who 

Committee Rctivities 

ENVIRONMENTAL CONTROL 

EPA Handbook for Small Quantity 
Hazardous Waste Generators Published 

The Federal E.P.A. has just published The four most important things you 
(September, 1986) a very informative should remember about managing 
document for small quantity hazardous your wastes properly. . - . .  . 
waste generators. The title is: "Under- Most of the new rules for small 
standing the Small Quantity Generator ty generators of hazardous waste became 
Hazardous Waste Rules: A Handbook for effective on September 22, 1986, Also, 
Small Business." on March 27, 1987, small quantity gener- 

The handbook is written i n  plain Eng- ators that decide to store hazardous waste 
lish and is presented in a manner which is for longer than six (6) months, 

understandable. If you are not certain kinds of waste treatment, or dis. 
ready in the E.P.A.'s hazardous waste pose of hazardous waste on their property 
generator 'loop' and sure where you must apply for a R,C.R,A, permit and 
belong (if you do at all) in the hazardous with additional rules, 
waste regulations, this handbook will be To obtain your copy of this E,P,A,  
a big help. Key issues addressed include: handbook, ask for EPA document #530- 

SW-86-019 when you call 1-8001368- 
The three most important things you 5888 (EPA's Small Business Ombuds- 
should know about managing Your man Hotline) or write U.S. E.P.A.,  
hazardous waste on-site; Office of Solid Waste and Emergency 

Response, Washington, D.C. 20460. 
The three most important things you 
should remember about shipping Joyce S. St. Clair 
your hazardous waste off-site; Chairperson 

worked with them. The Southern Society 
folks-those good guys and gals in the red 
hats-were just great. 

The number of registrants from countries 
other than the U.S. and Canada will prob- 
ably be the highest ever-a good sign that 
the Paint Show is coming on as the exhibit 
for the international paint manufacturing 
industry. 

Annual Meeting Awards 

H~ic~~l.-Ncil S .  Estrada. retired. from 
the Golden Gate Society. 

 roo^-(I) Pamela Kuschnir. Richard 
R. Eley, and F. Louis Floyd, of the Glid- 
den Co. 

(2) Steven L. Kangas and Frank N. 
Jones, of North Dakota State Univ. 

BRUNINC;-Rolf G. Kuchni, of Char- 
lotte. NC. 

MMA-(B) Golden Gatc Society 
(C) Piedmont Society 

APJ-Detroit Society 
PAINT SIIOW-Poly-Resyn. 1nc.-Raw 

Matcrials, Single Booth 
Ciba-Geigy Corp.-Raw Material\. 

Doublc Booth 
Daniel Products Co.-Raw Materi- 

als, 3-5 Booth 
Johnson Wax-Raw Matcrials. 6 +  

Booth 
Erichscn Instruments. 1nc.-Equip- 

mcnt 
Reeco-Scrvicc Industries 

AIJREI) HI:.NI)KY-JO~~ W. Catino. of 
Lehigh University 

Dcnnis J. Gabcr, of Eastern Michigan 
University 

GOLI)I:.N IMPIII.I.I~R-Earl E. Baumhan. 
of Coatings Eng. & Systc~ns Co.. Kansaa 
City, MO 

TRIGG-( I )  Joan Lambcrg. of North- 
western Society 

(2) Mark Troutman. of Pittsburgh Soci- 
ety 

S~K~IFII.Y SPI:AKCRS-( I )  Rose Ryntz. of 
Detroit Society 

(2) Richard Braunhauscn, of Chicaeo 
Society. 

- - 

A special medallion-from the Secre- 
tary General of the China National Coat- 
ings Industry Association-was presented 
to Prcsidcnt Bill Mirick by Jack Benharn. a 
member of the Southern Society. Jack and 
his wife journeyed to the Peoples' Republ~c 
of China in Scptcmber. As part of a scicnti- 
fic exchange program. hc lectured on 
"Coatings Plant Operations." Jack was an 
emissary for both the FSCTand the NPCA. 
The presentation was madc at thc Business 

Frank J. Borrellc 
Exccutivc Vice-President 
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NOW, THE WOLF 
. _ _  _ .  YOUR DOOR. 

11fku1 *eactive curing agents 
xpanding 1iXk resins capabilities. 

After 20 years of leadership in the European 
market, the Wolf is now at your door. WOLFKUR, 
Manufactured domestically by NL Chemic-1. 
to help you produce tough cross-linked cni 
ings that provide outstanding protection and 
adhesion. WOLFKUR. Expanding the resin 
capabilities of NL. WOLFKUR. Highly reactive 
but with low toxicity and low viscosity. NL offers 
- wide range of WOLFKUR reactive polyarnidc 

nd amidoamine curing agents. For more infor. 
or call (609) 443-2500. 



Government and Industry 

lndustry Statesmen Honored at NPCA Annual Meeting 

During the National Paint and Coatings 
Association's 99th annual meeting held in 
Atlanta, GA, on November 3-5. six men 
received the association's lndustry States- 
man Awards. The awards, given in recog- 
nition of a career of distinguished service 
to the paint and coatings industry, were 
given by Maurice C. Workman, 1985-86 
NPCA President, to the following recipi- 
ents: 

Benjamin M. Belcher, Sr., had served 
as Chairman of  the Executive Committee 
of Benjamin Moore & Co., Montvale, NJ, 
until his retirement in 1984. He joined the 
firm in 1934 and became its first President 
in 1952. Mr. Belcher assumed the rolc of 
Chairman in 1955. During World War 11, 
he headed the protective coatings branch of 
the War Production Board, a group respon- 
sible for allocating critical raw materials to 
industry. Mr. Belcher has served on the 
Board of Directors and Executive Commit- 
tee of the National Paint, Varnish, and 
Lacquer Association. NPCA's predecessor 
organization, and served for two years as 
its Chairman of the Board during 1958 and 
1959. In 1962. he received the Associ- 
ation's highest honor, the George Baugh 
Heckel Award. 

Rodwin ti. Gulick, after 35 years in thc 
coatings industry, retired in 1986 from 
Union Carbide Corp.. S. Charleston. WV. 
where he held various management posi- 
tions in oroduct research and dcvelooment. 
and marketing for resins, solvents. and 
specialty chemicals for the coatings indus- 
try. Mr. Gulick now heads Gulick Associ- 
ates, through which he plans to stay in- 
volved with the industry. As a member of' 
the lndustry Suppliers Committee, he was 
instrumental in developing the NPCA Data 
Bank Program (now The U.S. Paint Indus- 
try: Technology Trends, Markets, and Raw 
Materials). His work on MCI's govern- 
ment data subcommittee also helped to in- 
sure the more accuratc reporting of statisti- 
cal information about the industry. 

Richard C. Kerr, after receiving a 
Bachelor o f  Sciencc dcgrcc from UCLA 
and Ph.D. from the California Institute of 
Technology, joined Union Carbide Corp. 
as a Technical Representative in 1956. He 
remained with the company in a number of 
posts until his retirement last year as a 
Vice-President. Currently, he is President 
of Kerr Enterprises. During thc early 

1970s. Dr. Kerr served on NPCA's Board 
of  Directors. a post he also held in 1983 to 
1985. In  addition. he was a member of the 
Industrial Coatings Committee for several 
years, and served on the Ad Hoc Risk 
Management Committee in 1984. 

William D. Kinsell, Jr., had joincd 
Gliddcn Co. in 1955 as a Sales Promotion 
Manager, and held a number of positions 
with the company before becoming its 
President in 1976. Upon his retircmcnt, 
Mr. Kinsell has continucd his active in- 
volvement in civic affairs participating in 
the United Way. Junior Achicvcmcnt. and 
Kentucky Council for Economic Educa- 
tion. He continucs his involvement in thc 
coatings industry as a consultant to raw 
material supplier companies. In NPCA hc 
served on thc Board of Dircctors. hcld thc 
post of Treasurer. and Vice-Prcsidcnt. and 
became the Association's President in 
1983. He reccivcd thc NPCA Gcorgc 
Baugh Hcckcl Award in 1984. 

Lawrence N. Streff, is cmploycd as thc 
Manager of Environrncntal Enginccring for 
PPG Industries, Inc., Allison Park. PA. Hc 
began his carcer with the lirm in 1947 as a 
Development Enginccr. A vctcran member 

of NPCA's Water QualitylWaste Manage- 
ment Task Force. Mr. Streff served as mis- 
sion manager during a critical period, and 
was instrumental in obtaining the with- 
drawal of EPA proposals that would have 
set a zero-discharge standard for paint 
washwater, and would havc listed all paint 
manufacturing waste as hazardous per se 
subject to RCRA requirements. The with- 
drawals resulted in enormous savings to the 
industry. In addition, as a member of the 
Task Force he contributed proposed efflu- 
ent regulations for resin production. and 
Superfund enforcement. 

George C. Voss, currently Chairman of 
lsis Chemicals. Inc.. Stamford. CT, has 
previously served as thc firm's Vicc-Presi- 
dent and President. He participated on 
NPCA's Chemical Coatings Committee 
from 1969 to 1981, serving as the commit- 
tee's Chairman for two of thosc years. Mr. 
Voss also served as an NPCA board mem- 
ber 1977 and 1978, and has bccn a member 
of the Association's Small Paint Manufac- 
turers Committee since 1981. Hc was also 
on the Board of Directors of Vcrlan. Inc.. 
formcrly NPCA's captivc insurance com- 
pany, and participated on an ad hoc com- 
mittee formed to negotiate the 1985 sale of 
Vcrlan to a group of its policyholders. 

Calgon Corp. Acquires Hercules' 
Water Management Technology 

Calgon Corp.. Pittsburgh. PA, has pur- 
chased the Water Managcmcnt Tcchnology 
business.of Hcrculcs' Specialty Chcmicals 
Co., Wilmington. DE. A subsidiary of 
Mcrck & Co.. Inc., Rahway. NJ. Calgon 
has integrated the business into its Watcr 
Managcmcnt Div.. which offcrs specialty 
chcmical products. equipment. and scr- 
vices for water-related systcms at industrial 
and municipal plants in the U.S. and 
abroad. 

Approximately 60 salcs and technical 
employees from Hcrculcs havc joined thc 
Calgon Watcr Managcmcnt Div.'s Domes- 
tic Group. 

Through the acquisition, thc Water Man- 
agement Technology's Triad Information 
Nctwork has bccn addcd to thc cxisting 
CalGUARD program. Triad is an intcrac- 

tivc computer-based information system 
that provides answcrs to customer queries 
ahout thc status of their watcr systcms. 

Arco to Expand Bayport Plant 
Arco Chcniical Co.. a division of Atlan- 

tic Richfield Co.. Philadelphia. PA, has 
announced the construction of new facili- 
ties at its Bayport, TX plant for production 
of thc company's propylcnc glycol ethers. 

The project, which incorporates propri- 
etary processing, advanced instrumenta- 
tion, and quality improvements developed 
at Arco Chemical's Technology and Devel- 
opment facilities in Newtown Square. PA, 
is scheduled for completion by the summer 
of 1987. 
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AN IMPORTANT STEP FORWARD NDUSTRIA- - - ru iENk W 

LOW DUST 
ZINC CHROMATE 

Less Dust By Lower Electrostatic Surface Charges 

8 0 %  Less Dust than Y-539-D 
Easier Dispersion than Y-539 
Identical Composition to Y-539-D 
Equal in Price to Y-539-D 

And Most Important: NO REFORMULATION NECESSARY 

Schwarz 

HEUBACH INC. 
HEUBACH AVENUE 

NEWARK, NEW JERSEY 071 14 

FOR SAMPLES, TECHNICAL DATA, AND TEST METHODS, PLEASE CALL: 
I-800-HEUBACH 



Dr. David King receives 
the Queen's Award from 
Sir John Gilmour. Stand- 
ing behind are  (left t o  
right): Mr. and Mrs. Jo- 
seph Scheller, Mrs. Da- 
vid King, Mr. and Mrs. 
E rnes t  Sche l l e r ,  Jr. ,  
Councillor Robert King, 
Lady Ursula Gilmour, 

and Mr. Ian Stewart 

Silberline Ltd., Scotland, 
Silberline Ltd., of Leven, Scotland. was 

presented the Queen's Award for Export 
Achievement at special ceremonies at the 
plant in September 1986. Silberline re- 
ceived the same honor in 198 1. 

The award was presented to the firm's 
Managing Director, Dr. David King, by the 
Lord Lieutenant of Fife. Sir John Gilmour, 
of Montrave. 

Multiclient Coatings Survey 
Sponsored by WEH Corp. 

A new multiclient survey from the WEH 
Corp.. San Francisco, CA, covers markets. 
trends, raw materials, distribution, geogra- 
phy, contractors, application methods, and 
similar aspects for the high perlbrmance 
coatings industry. The survey is part of a 
continuing series on the deep recession in 
oil and marine activities. 

The demand in the United States for 
coatings used in 14 heavy duty markets is 
forecast to approach $1200 million in 
1996. according to the WEH Corp. This is 
up from the near $720 million in 1986, and 
is equivalent to a growth rate of near five 
percent per year. 

The growth rate would be considerably 
higher except for the damper imposed by 
the continued marine downturn and the un- 
attractive crude oil exploration prospects in 
anti-corrosive end-uses in both mainte- 
nance and new construction. 

The Hazardous Material. Sewage Treat- 
ment, and Water Storage and Bridge and 
Highway market will provide the strong 
upward pressures. 

The study is available from the WEH 
Corp.. P.O. Box 40066. San Francisco. 
CA 94140. 

Honored for Export Achievement 
On hand from the parent company in the Silherlinc esti~hli\licd m;tnulcturing fa- 

U.S. (Silherline M I .  Co.. Lanshrd. PA) cilities in Scotland in 1974. 11 now emplo>s 
were Pres~dent and Mrs. Ernest Scheller 46 people. 
and Mr. and Mrs. Joseph Schellcr. 

DeSoto to Restructure Business Segments 
DeSoto. Inc.. Des Plaincs. IL. will re- 1)eSoto's FOI-t Worth pl;~nt\. The cornpan!. 

structure operations within its two husinc\s also pli~ns to sell its Orange. CA. co;~ting\: 
segments, chemical coatings and specially dctcrgcnt li~cility anil to con\olidatr its 
products, through the sale of businesses Wcst Coast COII~LIIIICI-  pititit i~nd detergent 
whose annual sales approximate $30 mil- operations at other plant\. including 
lion and the consolidation of certain Wcst those in Berkeley i~ntl Union C~ty.  CA. 
Coast facilities. 

The segments include the firm's ;lute- 

motive coatings business and plant in 
Westland. MI: the Royal Fircpli~ce Fur- 
nishings Div.. in Chattanooga. TN; and Cyanamid Begins Constr~ction 
the fatty acid product lines produced at of West Virginia Plant 

Anicrican Cyilninnitl Co.. Wavne. NJ. i \  

DL to Develop Coatings 
for Air Launched Rockets 

DIL Laboratories New York. NY, has 
been contracted hy the U.S. Air Force to 
develop coatings andlor coatings systems 
for air-launched rockets. The coatings will 
be used to prevent the corrohion of steel or 
aluminum andlor the migration of moisture 
and liquid organics. 

The program will include the formula- 
tion of new coatings as well as the evalua- 
tion of proprietary coatings and coatings 
systems presently available in thc market- 
place. 

Companies that offer raw materii~ls. 
technology, or formulated coatings for pos- 
sible use in this program are requested to 
send complete infomiation and any sup- 
porting data (no samples at this time) to 
Saul Spindel, DIL Lahoratorics. I lh E. 
16 St.. New York. N Y  10003. 

constructing ;I new facility for the milnu- 
facture of ;I new li~mily of aliphatic iho- 
cyanate products. The $20 million plant 
will hc located at the conipany's complex 
in Willow Island. WV. ;~nd is expected to 
he in use hy mitl- 10x7. 

Raabe Corp. Facility Opens 
The Raahc Paint Co.. Milwaukee. WI. 

recently opened the doors of its new pro- 
duction ant1 ollicc hcility in Menomonce 
Falls. WI. and ol'licially hecame Raahe 
Corp. 

The Raahc Corp. has three main mare- 
house ;ireas adjoining onc another. and is 
equipped with tlic I;~tc\t state-of-the-art 
technology. The k~cility was tle\igned to 
comply with the strict insurance codes 
placed upon the ;~crosol paint intlu\try 
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Introducing ARCOSOLV PTB ether, 
I the high-performancellower-toxicity butyl ether. 

lmproved performance in water-based coatings. address the EPA'squestions on EB, no evidence of 
ARCOSOLV PTB (propylene glycol monotertiary butyl blood or reproductive organ toxicity was found with PTB. 
ether) offers formulators a unique structural blend of 
hydrophobicity and hydrophilicity, moderate evapora- The CASE for formulation with ARCOSOLV P 
tion rate, low surface tension, excellent coupling series ethers keeps getting stronger. 
ability, and solvency power for a wide range of resins, When you consider cost, availability, safety and effec. 
oils and waxes. It can improve product performance tiveness, ARCOSOLV PTB ether is the new product of 
versus formulations using conventional glycol ethers, choice in water-based systems. ! such aS ethylene glycol butyl ether (EB) and propylene ~ d d  this to ARCO Chemical's 

' glycol propyl ether (PP). complete line of PO-based ethers -.- 
Enhanced resin stability improves film and acetates, and formulators now 
performance. have a full range of low toxicity, 

highquality products to choose ARCOSOLV PTB ether is essentially (99%) secondary in from. structure. It does not react with water-reducible alkyd 
or polyester resins as conventional EO-based glycol 
ethers like EB and EPdo. Stable molecular weight Come to ARC0 Chemical 

/ means retention of production quality, and can provide for forrf~ulatio~ assistance- 
; higher customer satisfaction. Call us toll-free for more infor- 

mation: 1-800-354-1 500. Or I Improved toxicology profile. write ARCO Chemical Company, 
Like all ARCOSOLV P series ethers and acetates. ARCOSOLV Solvents, 
ARCOSOLV PTB ether has been tested and found to 1500 Market Street, 
be of low toxicity. In testing specifically designed to Philadelphia, PA 19101. 

C 1986Atlant~cRlchf~eldCompany 

ARCO Chemical Company 
Divlrion of A11antlcRichlieldCompany 

I 



Paint Adherence to Zinc Coated Steel 
Is Subject of Study by Battelle 

Battelle Memorial Institute, Columbus, 
OH, is offering participation in a multi- 
client program to determine material prop- 
erties, treating, painting, and assembly 
methods needed to obtain the best adher- 
ence of paint to zinc-coated steel. 

A follow-up to a recently completed lab- 
oratory study, the new program will consist 
of both accelerated service-life testing and 
outdoor exposure evaluations of a variety 
of steel compositions and primers. The re- 
sults will provide information on corrosion 
resistance and paint adherence. 

During the 16-month program, technical 
experts at Battelle's Geneva Div. will: 

Correlate results of accelerated labo- 
ratory tests with those of outdoor exposure 
evaluations conducted under varying envi- 
ronmental conditions on stationary steel 
panels and on operating vehicles: 

Assess paint adherence and corrosion 
resistance on assemblies involving two or 
three different materials; and, 

Define conditions for best results for 
steel treating and painting. 

Fifteen types of steel will be tested. 
These panels will undergo outdoor expo- 

sure tests for weathering and corrosion re- 
sistance in Florida. Arizona, and Sweden. 

An important aspect of the program con- 
sists of evaluations for perforation corro- 
sion. The accelerated tests will be conduct- 
ed by carrying out corrosion tests on both 
unpainted and primed panels. 

Additional information can he obtained 
from Ernest A. Bortis. Battelle, 505 King 
Ave., Columbus, OH. 

Kyanize Paints Purchased 
by SIC0 Inc., Montreal 

SICO, Inc., of Montreal, has reached 
an agreement to acquire Kyanize Paints, 
Inc., and to develop further thc market 
share of Kyanize and Nu-Brite paint 
products in the United States. 

Kyanize is a paint product manufactur- 
e r  with plants in Everett. MA, and 
Springfield. IL. President and Trcasurcr. 
Harry A. Hall Ill. will remain with Kyan- 
ize and become a director at SICO. 

SICO, Inc., has plants in Montreal. 

Avecor Improves 
Plant Capacity 

A new cxtrusion line has been installed 
at the North Kansas City. MO, plant of 
Avecor Inc.. San Fernando, CA. increas- 
ing the plant's capacity by 25%. This 
marks the firm's third expansion for 1986. 
Earlier this year a high-intensity processing 
line was added to the San Fernando. CA. 
facility and a new warehouse was erected 
in Denver, CO. 

Avecor is a national supplier of color 
concentrates. liquid dispersions. and 
blended dry colors to the plastics industry. 
In addition to their facilities in California 
and Colorado. the firm operates a plant in 
Vonorc, TN . 

Midland Awards 
Vendor Efforts 

At their first vendor recognition program 
the M~dland Division of Dexter COT.. 
Waukegan, IL, .;elected both the Chemi- 
cals and Resin divisions of Shell as the 
joint recipients of its 1985 Vendor of the 
Year Award. Other vendors receivin; 
awards o f  excellence included: Ashland 
Chemical Co.. Dow Cheniical U.S.A . 

Toronto, Quebec  it;. and now Nu-Britc Eastman Chemical. Exxon Chemical. and 
Chemical Co.. Inc.. in Taunton. MA. Union Carbidc Corp. 

Diamond Shamrock Chemicals 
Acquired by Occidental 

Occidental Petroleum Corp., Daricn, 
CT, has completed its acquisition of Dia- 
mond Shamrock Chemicals Co., a sub- 
sidiary of Diamond Shamrock Corp. 

Diamond Shamrock Chemicals, which 
is comprised of an industrial chc~nicals 
division, a soda products division, a pro- 
cess chemicals division. and cogenera- 
tion facilities, was purchased at approxi- 
mately $850 million, including about 
$1 10 million in assumed debt. 

Through the purchase. Occidental 
plans to expand its production of potas- 
sium hydroxide and chlorine and caustic 65th Annual Meeting & 5?nd I'aint Industries' Shoa 
soda. Earlier this year. Occidental ac- 
quired the PVC resins business of Ten- 

Dallas Convention Center * I)allas, Tesas 
neco Polymers. Inc.. a suhsidiary of Tcn- Monday, 'Ihesdq & Wednesd;q. Oct. 5, 6 .  7 .  1987 
neco Inc. 

Applied Color Systems Forms Subsidiary 
Applied Color Systems. Inc., Lawrcncc- 

ville, NJ, announced the formation of a 
wholly owned subsidiary in the common 
market. Applied Color Systems GmbH, 
headquartered in Marl, West Germany. 
Newly named Managing Dircctor Wilheltn 
Cornelius has servcd as Dircctor of Opcr- 
ations for ACS Europe for thc past 10 
years. 

ACS. Inc.. a subsidiary of Armstrong 
World Industries. dcvclops computcr color 
control systems and software for tcxtile. 
paint and coatings. plastics nntl ink. ant1 
printing industrics. 

The ACS Marl. W. Gcrniany, suhsidiary 
is rcsponsiblc for salcs and tcch~iical sup- 
port in Europc. the Middle East. parts of 
the Far East. Africa, and India. 

Grow Group Sells 
Devoe Marine Coatings 

A licensing agreement bctwcen Grow 
Group. Inc. ;~nd thc Kansai Paint Co.. Lltl. 
of Ohaka. Japan. has hccn cxecutcd. In- 
volvcd is thc salc and ma~lufacturc ol'Gro\~ 
Group's Marine and Corrosion Control 
Group consisting of Dcvoe Marine Coat- 
ings Co. and Dcvoc Napko Prottctite 
Coatings Division heavy-duty marine off- 
shore and industrial producl lines. 
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olymers : 
job easier. 

General-purpose polymers require extra work applications as coatings, inks, adhesives, 
by the formulator to overcome their limitations concrete sealers, furniture 
and come up with the exact properties and polishes. 
economics needed for a particular application. With each polymer, our on-line d 

Our "specials" do that additional work for provide starting formulations 
you. duction fast. 

Polyvinyl offers the broadest line of special- For more information, call (800) 225-0947 (in 
purpose water-borne and solvent-based sys- MA (617) 658-6600) or write Dept. GR2, 730 
terns, each with the performance you need built Main Street, Wilminqton, MA 01887. 
right into the product itself. 

- 
~ h e s e  proven acrylic and u ~ t h r -  - polymers @ P~ly~ i t ly l  Chemicals I ~ c .  

Ire doing the job riaht now in r I diverse a momhor nf tho 1r.1 cml ~n 



Zeno W Wicks, Jr. 

Zeno W. Wicks, Jr., fonner Department Chairman of Polymers 
@ Coatings @ Nmth Dakota Sfate University, was graduated from 
06er1aCdIege in LWt and obtained his Ph.D, in Organic Chemistry 
at ithe University of ainois in 1944. He then joined the Central ' 
Research Lftbm%to& of lnt@r&mical C6rg. (now BASF rmont) in- 
&w Yo& City. Initially, he was asslgned to work on drying ail and 
alkyd cesin research. 

In his 22-ysar carer at Inmont, Dr. Wicks served as Director of 
C&mtral &?war& Laboratories, Vice-President of Planning and Com- 
metrial DevJop&nt, Gmup Viee-President, and a member of the 
Board Of R h c t m .  His last assi&tnnent was the responsibility for 
the coatings, adh@ives, sealants, and coated fabrics liboratories for 
thdt automtive, buWing, and general industrial markets division of 

I the corporation. 
ur. wm-s aab eonuucted or dimted industrial research pmjects in the areas of coatings, 

poiymecb, coated fabrics, priming inks, textire cobmnts. plastics, and sealants. In addition, he has 
suved as a consultant to a amber of governmental agencies with regard to environmental 
re@htions in the coatings industry. 

In 1972, Dr. Wicks msferred from industry to academia when he job& the faculty of North 
Dakota State University a$ Professor and Chairman of the Polymers and Coatings Dept. With Loren 
Hill and Peter Pappas, he participated in the rein,vigoration of the first academic coatings center in 
the world. Ln 1981. he wgs designated a Distidguished Pzofessor ofthe univqsity. 

In research at t t S U ,  Dr. Wicks became involved in a broad m g e  of work related to different 
aspects of the coatings field, partly due to a wide m g e  of interests but also because of a conviction 
thax one. caa teach about a topic more effectively if one has done researc related to that topic. His 
principal areas of research included "water-soluble" acrylic resins and b k ing enamel systems, UV 
curing, chemisQy of crosslinkig reactions, and viscosity of oligomer solutions. With his graduate 
students atid colleagues, Dr. Wicks published 20 research papers and 14 review and general interest 
papers from 1975-1985. Four of the research papers were awarded Roon prizes as the best technical 
papers offefed for presentation at the Annual Meetings of the Federationof Societies for Coatings 
Technology. 

However, while active in research, his fust interest was in teaching. He insritured a moderniza- 
tion and expansion of the coume work at NDSU. The primary emphasis in the courses was to 
achieve an mderstitnding of the basic principles and to illunrate their applwation to real life 
problems of coatings formulation. Dr. Wicks realized that in many cases there had not yet been 
sufficient basic research, a ~ d  hypotheses based on work in other fields of chemistry, especialby 
polymer chemistry, were developed to provide a tentative basis to relate science to the art of 
coatings Formulation. After some pars exprience with university students, courses were designed 
to be given as short courses for technical personnel from industry companies. 

The connection between teaching and the polymers and coatings industry is seen by Dr. Wicks as 
being a totally intemlqted system. And he is particularly interest4 in promoting understanding and 
cooperaZion between the two. NDSU's Polymers  an^ Coatings Department's Indubtry Advisory 
Committee has proven to be of great value both to the Department and to the industry members. It 
has served as a model for other departments at NDSU and in some other universities' programs for 
industry-university interactions. 

Although he retired fmm the faculty at NDSWin 1983, Dr. Wicks has remained active as a 
consultant to the industry, teaching w~rkshops and short courses on subjects ranging from palymers 
and coatings to wagement practic~s and productivity. 

By combining his fondness for travel with the love of teaching. Dr. Wicks, with his wife, Susan, 
has brought these courses not only to companies in the U.S., but also to China, England. and 
Prance. 

Dr. Wicks is  an Honorary Member of the Federation's Northwestern Society and is an Emeritus 
member of the A d c a n  Chemical Society. 
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Free Volume and the Coatings Formulator 

Zeno W. Wicks, Jr. 
North Dakota Sta te  University* 

FOREWORD 

I very much appreciate the honor of being designated the 
1986 Mattiello Lecturer. I suppose that I may be the last 
recipient of this honor who actually met Joe Mattiello. I 
can remember being introduced to him when I started to 
work for lnterchc~nical Corporation (now BASF Inmont) 
in 1944. He was a consultant for the company. He said 
something to the effect that I was fortunate to be entering 
the tield at just the time it was changing from an art to a 
science. Now, forty odd years later, I tell young people 
starting in the coatings field that they are fortunate to be 
entering at a time when the transition from art to science 
is beginning. Actually. of course, the transition has been 
proceeding for a century or more. I welcome the change 
and recognize the need for our field to become more 
tirrnly sc~entifically based. On the other hand, the com- 
plexities and variations mean there will be a substantial 
role for the formulator's art into the indefinite future. 
Scientists too often fail to recognize the skill of forniula- 
tors in making useful coatings in spite of the immense 
complexities of the problems: and the formulators are too 
often so busy practicing their art that they fail to take 
advantage of the understanding that science can provide, 
which could increase the cfticiency of formulating. 

Many, many people contributed to my education over 
the last 42 years. Those who made the largest contribu- 
tion were those who stand with one foot in the art and 
the other foot in the science of coatings. From my Inter- 
chemical days. I would particularly like to recognize my 

debt to Harry Burrell and Charles Kumins, both earlier 
Mattiello Lecturers. More recently, there have been three 
academic people with this Mattiello quality who have 
made major contributions to my education: Loren Hill, 
formerly at North Dakota State University and now at 
Monsanto; Peter Pappas at NDSU; and Werner Funke at 
the University of Stuttgart. I also must acknowledge the 
approximately 2,000 students from NDSU and industry 
who have sat through my classes. Their searching ques- 
tions forced me to clarify my understanding of the basic 
concepts of coatings science. One of the important things 
that I learned from them is how much I don't know. This 
to me is the fascination of coatings-there is so much 
that we don't know. We can approach problems, recog- 
nizing our ignorance, by establishing hypotheses and de- 
signing our work to test these hypotheses. If we were 
wrong, we have tilled in a little of the void in our knowl- 
edge. H' the hypothesis was right, then we can go on to 
test the limits of applicability of the idea. To me, this is a 
more satisfying approach to formulating than reaching 
bottles off the shelf and hoping something will work. 

While 1 enjoyed all of the many aspects of the industry 
in which 1 participated, clearly 1 enjoyed teaching the 
most. Therefore, I have decided to give what might be 
called a teaching lecture. As a topic, I selected: Free 
Volume and the Coatings Formulator. The objective is to 
discuss some of the important aspects of the relationship 
between free volume and the application and performance 
properties of coatings. Even though many of these rela- 
tionships cannot yet be quantified, an understanding of 
the concepts can permit the formulator to work more 
efficiently and thereby increase his productivity. 
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Free volume is defined and the difficulties of quantifi- 
cation are pointed out. The relationship between free 
volume and viscosity are discussed especially from 
the point of view of high solids coatings. The effects 
of free volume availability on film formation by sol- 
vent evaporation and by coalescence are treated. 
Recent work on the effects of free volume on the rate 
and extent of crosslinking and its implications for 
formulating ambient cure coatings is reviewed. Ef- 
fects of free volume on coatings film properties are 
illustrated by brief discussions of popping, adhesion, 
corrosion control, and mechanical properties. 

FREE VOLUME 

The free volume of an amorphous material is the vol- 
ume not occupied by the molecules making up the mate- 
rial. While this is easy to state, it is not easy to determine. 
or even define, as an absolute number. For applications of 
interest in coatings, the schematic drawing shown in Fig- 
ure I provides a basis for visualizing the variables that 
affect free volume. Specific volume, i.e.. volume per 
unit mass, is plotted as a function of temperature, T ( O K ) .  

As temperature increases, the specific volume increases. 
There is no additional matter; the same matter is just 
occupying more space, i.e.,  there is unoccupied or free 
volume between the n~olecules. Starting at very low tem- 
peratures, increasing the temperaturc results in the atoms 
and molecules vibrating more rapidly and with greater 
force. Neighboring molecules are knocked farther apart, 
thereby increasing specific volume. As the temperature is 
increased above the glass transition temperature, T,, the 
slope of the specific volume plot as a function of tempera- 
ture increases. The energy in the molecules is sufficient 
that a molecule, or molecular segment, can knock its 
neighbor out of the way sufficiently to create a hole large 
enough, and with sufficient lifetime, to permit conforma- 
tional changes and movement of a molecule or molecular 
segment into the hole. The free volume spaces (holes) 
which are generated are transient, opening and closing. 

Determination of an absolute T, is experimentally dif- 
ficult and perhaps not possible; in fact, some workers 
doubt the existence of an absolute T,. Experimental T, 
depends upon the rate of heating. If the anlorphous mate- 
rial is heated rapidly, there may not be time for~noieculcs 
or molecular segments to move into some hole before it 
closes. As a result, a still higher temperature will have to 
be reached before such motion occurs; i.e., experimental- 
ly determined T,'s increase as the rate of heating in- 
creases. It should also be remembered that experimental 
T, will depend upon the rate at which the sample of 
amorphous material has been cooled for the dcterniina- 
tion. If, as is common, the material is cooled rapidly from 
above T, to below T,, some "holes" may be frozen in 
the amorphous matrix. The T, o f  a rapidly cooled glass 
will thus be lower than the T, of a slowly cooled glass. 
When a sample which has been cooled rapidly is allowed 
to stand at a temperature below T,, it will slowly "an- 
neal" or "densify." It will contract to a snialler volume 
and the T, will slowly increase to the same or similar 

level of T, determined with a slow rate of cooling. Since. 
as will be discussed later. nlechanical properties of coat- 
ings vary with free volume, the rate of cooling and time 
of aging at a temperature below T, can lead to changes in 
mechanical properties. A review of changes in the glassy 
state below T, over time is given in reference ( I  ). An 
excellent overall discussion of glass transition tenlpera- 
tures is presented in reference (2) .  

T, is the temperature below which the time required to 
establish equilibrium specific volunle is longer than the 
time scale of the experiments. From a therniodynamic 
point of view, it has been proposed that there is a more 
fundamental transition temperature. T2, at a lower tem- 
perature than T, at which configurational entropy is 
zero.3 Other workers have arrived at essentially the sanie 
concept, calling this temperaturc the thermodynan~ic 
glass transition temperature using the symbol. T,.4 Per- 
haps this temperature may be thought of as being equiv- 
alent to a T, determined when heating at an intinitel!. 
slow rate a sample which had been cooled at an infinitely 
slow rate. 

The dashed line in Fiptrcl I parallel to the solid line 
plot below T, represents the specific volume without the 
2.54 :  free volume calculated to be present bclow T, in an 
amorphous solid.' Free volume is shown schematically in 
the figure by the hatched area. As can he seen, thc free 
volume at any given temperature, T ,  above T, will be 
dependent on (T-T,) and on thc relationship of the slope5 
of the dependence of specific volume on terilpcrature 
above and below T,. (i.c.,  the difference in expansion 
coefficients above and below T,). As is evident from 
looking at the figure, one could also relate free volume to 
the ratio of TIT, (or TIT?).'.' While it is possible that in 
some cases TIT, is a mathe~natically superior wa) of 
expressing the relationship of free volumc with tempera- 
ture. in this paper we will stay with the morc widely used 
(T-T,). 

At this point. it may bc wcll to emphasize that all 
amorphous materials, which can be cooled to a sufficient- 
ly low temperature without crystallizing, show glass tran- 
sition temperatures. Many people seem to feel that T, is a 
property unique to polymers. The term comes from stud- 
ies of the temperaturc dcpcndcnce of properties o f  glass- 
es. Small nioleculc liquids, including many solvents. 
which can be supercooled wcll below their freezing tem- 
peratures without crystallization. cxhibit glass transition 
temperatures. as  do solutions of resins and polymers. It is 
unfortunate that very commonly T, is delined as the 
temperature below which polymers arc brittle and above 
which they are I l ~ x i b l e . ~  Examples will bc given later to 
show that this is not the casc. I', is best delined as the 
temperature above which thcrc is an increase in the tem- 
perature coefficient of expansion. 

FREE VOLUME AND VISCOSITY 

The processes involverl in the llow of amorphous mate- 
rials have not been fully elucidated. All workers would 
agree that I k e  volume is involved but would not neces- 
sarily agree on the mechanism of Ilow. For our purpohes. 
we will use thc relatively simplistic concept of jumping 
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from free volume hole to free volunle hole. When no 
stress is applied to an amorphous material above T,, 
molecules (or molecular segments) jump into holes be- 
tween molecules in a random Brownian motion. How- 
ever, when a stress is applied, the jump directions which 
relieve the stress are preferred. Flow occurs through the 
coordination of many such jumps. Resistance to How, 
i.e., viscosity, depends on both the free volulne available 
for jumps and on the extent of coordination of jumps 
under stress. Much research remains to be done to eluci- 
date the factors controlling the viscosity of coatings resin 
solutions but it is clear that an important factor is the 
availability of free volume. In turn, an important factor 
controlling the free volume is the difference between the 
T, of the resin solution and the temperature."-x 

Mathematically, the relationship between temperature 
and viscosity can be expressed by several types of equa- 
tions. The one that has been used most widely is the 
relationship suggested by Williams, Landel, and Ferry- 
the WLF equation (I)? '  

Equation ( I )  has been shown to fit data for the tempera- 
ture dependence of viscosity for a wide variety of amor- 
phous materials including acrylic resin solutions,'."' 
polyester resin solutions,' melamine-formaldehyde resin 
solutions.' polystyrene,"." silicone fluids.x a BPA epoxy 
resin.' polybutenes.x an alkyd resin solution," poly- 
(vinyl chloride)," slightly crosslinked natural and poly- 
urethane rubbers," several solvents such as m-xylene,' 
ethyl benzene,I3 rl-propanol." propylene glycol,13 etc. 
Equation ( I )  is a useful empirical relationship but it re- 
quires many experimental data points for reasonably ac- 
curate determination of constants c l  and c2 and provides 
little basis for predicting the effect of changes in compo- 
sition on viscosity. 

Conceptually, it is more useful to use T, as the refer- 
ence temperature resulting in WLF equation (2). where 
viscosity at T, is assumed to be 10" Paas: 

This equation has been shown to give an excellent fit with 
experimental data for at least most of the systems listed 
above except for solvents and dilute resin  solution^.^ It 
has the advantage over equation ( I )  that we have a rea- 
sonably clear understanding of the effect of some changes 
in composition on T,' and can, therefore. predict the 
effect of some changes of  composition on viscosity. In 
their early work. Williams, Landel, and Ferry" found that 
constants A and B had similar values for several polylners 
and proposed 40.2 and 51.6.  respectively, as "universal 
constants." as  shown in equation (3):  

Tg 
TEMPERATURE 

Figure 1-Schematic representation of the dependence of 
specific volume of an amorphous material on temperature. 
The hatched area represents free volume (From reference 44 

with permission) 

The value of 51.6 for constant B indicates that viscosity 
should be infinite when the temperature is 51.6" below 
T,; that is, the value for T2 should be 51.6" lower than 
T , . ~  It has been shown by many workers that the values 
for A and B are not u n i v e r ~ a l . ~ . " , ' ~  This means that (T- 
T,) is an important but not exclusive variable controlling 
free volume. Equation (3)  can, nevertheless, be useful in 
cases where it is desirable to make an approximate calcu- 
lation with a minimum of data. Equation (3) can be useful 
in making predictions of viscosities at other temperatures 
when at least three (preferably more) data points are 
available. It may be more convenient to use the linear 
form of equation (2), that is, equation (4): 

When one has adequate data and accurate predictions are 
needed, equation ( I )  is preferred. 

Recognition that viscosity of resin solutions is con- 
trolled by free volume availability which is in turn to a 
major degree controlled by (T-T,), provides a conceptual 
tool of value to the coatings formulator. Many of the 
factors controlling the T, of a material are known.' In 
resin solutions, one major factor is the T, of the resin. In 
order of increasing T, and, therefore, in general, increas- 
ing viscosity, one can list: linear siloxanes, linear poly- 
ethers, linear aliphatic chains, acrylic ester polymers, and 
methacrylic ester polymers. We also know that in the 
case of acrylic and methacrylic esters, methyl esters give 
higher T,'s and viscosities than ethyl esters which in turn 
are higher than butyl esters. We know that, in general, 
aromatic ring content increases T, while aliphatic chain 
content decreases T,, e .g. ,  short oil alkyds give higher 
T, and viscosity than long oil alkyds of the same molecu- 
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Table 1 -Solvent T,'~(e.'~~l5) 
Solvent T, ("K) 

- -. - - 
2-methyl butane.. . . . . . . . . . . . . . . .  .. . . . . . . . . . . . . . .  ,68.69 
2-methyl-2-butene.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 73  
2-methyl pentane.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  XO 
methyl cyclohexane.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .X5.X7 
3-methyl hexane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .XX 
acetone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  93.100 
4-methyl cyclohexene . . . . . . . .  .... . . . . . . . . . . . . . . . .  . 94  
methanol. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .96.103.110 
ethanol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .97.100 
ethylcyclohexane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  98 
1-propanol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 8.109 
methylene chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .99,103 
isopropyl cyclohexane . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  IOX 
ethylbenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  111.116.120 
I-butanol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I I I .  I I X 
toluene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  113.115.117 
n-butyl cyclohexane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  119 
n-propyl benzene. . . . . .  .. . . . . . . . . . . . . . . . . . . . . . . . . .  122.12h. 128 
m-xylene. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  125 
n-butyl benzene. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  125.130 
n-pentylbenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I2X.136 
benzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 1 
water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  136.139 
n-hexyl benzene.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  137.140 
1-butyl benzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  140 
cyclohexanol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  lSO.I6l 
ethylene glycol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  154.155 

lar weight. Styrcnatcd alkyds have higher T,'s than the 
corresponding non-styrenated alkyd. It is also well 
known that in most cases the lower the molecular weight. 
the lower the T, and the lower the viscosity. It is known 
but perhaps less widely recognized that the T ,  of resin 
solutions depends upon their c ~ n c e n t r a t i o n ~ , ~ "  and the 
structure of the solvent.' The solvent acts as a plasticizer 
and it has been recognized for many years that plasticiz- 
ers  reduce the T, and viscosity of Little work 
has been reported on the determination and calculation of 
the T, of coatings resin solutions. Recently, equation ( 5 )  
has been shown to tit experimental data for the depcn- 
dence of T, on concentration for solutions of acrylic 
oligomersx: 

While the equation needs testing with other resin systems 
to  see if it has general applicability, it could be a useful 
empirical relationship. In any casc. the lower the conccn- 
tration, the lower the T, of the solution and the lower the 
viscosity. For a particular resin. the T, of its solutions 
will also be affected by thc solvent structure in two ways. 
First, solvent T, depends upon its structure and. second. 
interactions between the solvent and the resin will affect 
constant K in equation (5) and hence the T, of thc solu- 
tion. Solvent T, can only be determined experimentally 
for solvents which can be supercooled sufticiently below 
their freezing point without crystallization to exhibit the 
transition. It has been shown that it is easiest to deterniinc 
solvent T,'s of solvents with a ratio of boiling point to 
freezing point (in OK) of two or  higher.l"n somc cases 

where the T, of a pure solvent cannot be determined. it 
can be estimated by extrapolation of data obtained for the 
T, of solutions of the solvent in another solvent of known 
T,. Table I provides a list ofT,'s of solvents of potential 
interest in coatings. While solvent T, is a factor affecting 
the T, of resin solutions, it is possible that solvent resin 
interactions have larger effects on resin solution viscos- 
ities. 

It has been shown by various workers that the viscosity 
of high solids coatings drops more rapidly with tempera- 
ture than is the case with conventional coatings.".'" As a 
result. oven sagging is more likely to be encountered with 
high solids coatings than with conventional coatings. On 
the other hand. the advantages of using hot spray arc even 
greater with high solids coatings than with conventional 
coatings. This difference in behavior presumably results 
from a more rapid change in free volume with tempera- 
ture for high solids coatings than with conventional coat- 
ings. No data on the constants in the WLF equation ( 2 )  
for high solids coatings as compared to conventional 
coatings have been reportcd in the litcraturc. presuniabl! 
because the values ofconstant A arc higher for high solid5 
coatings. This could result from a grcatcr dependence of 
thermal expansion coeflicicnt in the range of 25-100°C. 
Since high solids coatings in general have highcr polar 
group contents both from thc resins and l'rom the solvents 
and hence have higher numbers of hydrogcn bonds that 
separate in the temperature range of 25-100°C. it seen15 
reasonable to speculate that thcre would be a greater 
degree of dcpcntlcncc of free volumc on tcmpcraturc for 
such high solids coatings. Research is needed to test the 
validity of the hypothesis. Perhaps. if wc had real data. 
another concept would be availahlc to help the coatings 
formulator. 

FREE VOLUME AND "DRY" FILM FORMATION 

In most cases. coatings materials are liquids which 
must be convcrted to a "dry." "solid" lilm after applica- 
tion. Since the resins usctl in coatings are amorphous. 
there is not a simple delinition of wh;lt is meant by a dr! 
or  solid lilm. A useful delinition of a solid lilm is that i t  
will not flow significantly under the forces to which i t  I S  

subjected during the time of obscrvi~tion. l 7  Thus. one can 
define whcthcr a lilm is dry untlcr a set of conditions b! 
stating the minimum viscosity required so thnt How will 
not be observable in that time. For example. i t  has been 
reported that a lilm will be "dry to touch" if its viscosity 
is greatcr than 10' Pa.s.IX On tlie othcr hand. i t  i \  haid 
that a viscosity greatcr than lo7 Pa.5 is required if the 
definition of "tlry" is thnt the lilm should resist blocking 
when two of the  coated surfilccs arc put against each other 
for two scconds under a prcssurc of 14 ~ P u  (20 p\ i ) . lx  

If we consider the rclativcly simple casc of an unpig- 
mcnted lacquer, wc can estimate the T, the lacquer film 
must have to be "dry" by using WLF equation (3 )  with 
the "universal" constnnth. We lind that the (T-T,) corre- 
sponding l o  n viscosity of 1 0 '  Paas is 54". The estimated 
T, to hc "dry to touch" at 7S°C would. therefore. be 
-29°C. Similarly, tlie estimatctl minimum T, corre- 
sponding to the 107 Pa.s requircd to resist blocking at 
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25°C at 20 psi for two seconds calculates to be 4"C.If the 
pressure would be higher, the time longer, or the tem- 
perature higher. the T, of the film would have to be 
higher to resist flow. 

A simple example of such a lacquer could be just a 
solution of a copolymer of vinyl chloride and vinyl ace- 
tate with a hydroxy functional vinyl monomer having a 
number average molecular weight of 23,000 which is 
reported to give coatings with good mechanical properties 
without need for crosslinking." The T, of the polymer is 
reported to be 79°C. Even if only highly volatile solvents 
are used in making the lacquer, if the lacquer is applied at 
room temperature. the "dry" film will contain several 
percent of retained solvent. As the initial solvent evapo- 
rates. free volume decreases. and when free volume be- 
comes sufficiently limited, further loss of solvent will be 
controlled by the rate of diffusion of the solvent mole- 
cules through the film rather than the rate of evaporation 
at the surface. As the solvent evaporates, T, of the re- 
maining film increases. If the film is being formed at 
25°C from a solution of a resin with a T, greater than 
25°C (79°C in our example), loss of solvent will become 
very slow when the T, of the solution has increased to 
25°C. If one necded for some reason to have a solvent 
free film, one would have to heat the film to a tempera- 
ture significantly above the T, of the solvent free poly- 
mer. Reference (20) is an excellent review article on 
solvent retention. 

Solvent is retained not only in lacquer lilms but also in 
thermosetting films. even when the tilms are baked at 
temperatures well above thc boiling points of the sol- 
vents. It has been shown that solvents are retained in 
baked films of epoxy-aniine coatings resulting in lower 
glass transition temperatures of the cured lilrns and 
changes in a variety of Free volume factors 
involved in crosslinking will be discussed in a later sec- 
tion. 

The rate of solvent diffusion through the lilm depends 
not only on the temperature and the T, in the film but also 
on solvent structure and solvent-polymer interactions. 
Since the solvent molecules move through free volume 
holes in the film, it follows that thc rate of nlovement will 
be more rapid for small molecules than for large ones. 
Also. the cross-sectional area of the solvent molecules 
has been related to the rate of loss during the diffusion 
stage. Thus, isobutyl acetate (IBAc) has a highcr rclativc 
evaporation rate than 11-butyl acetate (BAc), but IBAc 
diffuses more slowly during the second stage of drying.'" 
More recently, it has been shown that 17-octane diffuses 
more rapidly out of a ti lm than isooctane although isooc- 
tane has a highcr relntive evaporation rate." Lincar mole- 
cules are thought to diffuse morc rapidly through Srcc 
volume holes because their cross-sectional area is smaller 
than that of the branched chain isomers. (Since linear 
solvents would probably have lower T,'s than their 
branched chain isomers. the T, of resin solutions in them 
might be lower than the T, of resin solutions in the 
branched chain isonler at the same concentration. Thus. 
(T-T,) would be larger and solvent diffusion would bc 
more rapid for the straight chain isomer.) 

It is well known that, in many cases, it is more difficult 
to control sagging of spray applied high solids coatings 
than is the case with analogous conventional coatings, in 
spite of the fact that thinner wet films of high solids 
coatings can be applied than with a conventional coating 
to reach the same dry lilm thickness and that the volume 
of coating which sags per unit time increases with the 
third power of wet film thickness. It has been shown, in 
some cases, that an important factor involved in the sag- 
ging problem is that less solvent is lost between the spray 
gun and the work when applying high solids coatings than 
when applying conventional coatings.".*' One hypoth- 
esis to explain this lower loss of solvent, and hence lower 
viscosity of the coating after it arrives at the work, is that 
loss of solvent from the high solids coating may become 
controlled by free volume availability for diffusion of the 
solvent molecules even at low viscosity.'." While this 
explanation has been criticized,24 to date no real alterna- 
tive explanation has been established. Clearly, further 
research is needed. Meanwhile, the paint formulator, in 
many cases, must approach the problem of sag control of 
spray applied high solids coatings by modifying the for- 
mula so that it exhibits thixotropic flow properties.'" 

COALESCENCE OF POLYMER PARTICLES 

Film formation in the case of latex paints requires 
coalescence of high molecular weight polymer particles 
into a continuous film. This coalescence requires that the 
polymer molecules in the particles be free to move into 
other particles after the water evaporates from the applied 
film. This movement can occur only if there are a suffi- 
cient number and size of free volume holes in the latex 
particles into which the molecules can move. In other 
words. the T, of the latex particles must be lower than the 
temperature at which film formation is being attempted. 
Latex paint films "dry" relatively rapidly and it has been 
stated that coalescence is very rapid. However, the time 
required for complete coalescence can be long. It is not 
generally recognized by the consuming public (and, un- 
fortunately, not even by some paint formulators) that the 
properties of latex paint films continue to change over a 
period of weeks or even months until the coalescence is 
complete. The rate of coalescence depends upon free 
volume availability and. as discussed earlier, a major 
factor affecting free volume availability is (T-T,). 

Not only is the rate of coalescence controllcd by free 
volume availability, so is the viscosity of the coalesced 
film. It was shown earlier that for a film to withstand even 
a relatively mild blocking test. the (T-T,) would have to 
be of the  order of 21°C. If the film should resist blocking 
at 40°C. the T, of the film should be at least 19°C. 
Howevcr. in many cases the paint must be formulated so 
that i t  can be applied at a temperature as low as 5°C. so 
that the T, of the latex particles would have to be lower 
than 5°C. (In this oversiniplificd example. the possible 
cffects of pigments on lilm formation are ignored.) There 
have been two major approaches to this difficult problem. 
First, one can add a coalescing agent to the formula of the 
latex paint. The coalescing agent dissolves in the latex 
particles. acts as a plasticizer, incrcases free volume 
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availability, reduces T,, and, hence, permits film forma- 
tion at a lower temperature. After the tilm has formed, the 
coalescing agent can slowly diffuse to the surface of the 
film and then evaporate. Since the free volunle in the film 
is relatively low, because even with the coalescing agent 
present the (T-T,) will be fairly small, the rate of loss of 
the coalescing agent will he slow. Furthermore, as the 
coalescing agent evaporates. the T, will increase so that 
the rate of loss will become slower and slower. Even 
though the films feel dry. they will still block and pick up 
dirt for relatively long periods of time after application. 
In view of the importance of formulating latex paints 
using the most appropriate T, polymer and coalescing 
agent structure and concentration, it is surprising that I 
have seen no published reports of studies of the T, of 
such systems or of the change of T, with time after 
application when stored at different temperatures. 

The second broad approach to the problem of permit- 
ting application at low temperatures while achieving re- 
sistance to blocking and dirt pick up is by designing the 
latex particles so that they have differential T,'s between 
the interior of the particles and the outer surface of the 
particles. Most research of this type has been done in 
industrial laboratories and is proprietary. One paper de- 
scribing this approach to latex preparation was presented 
as a Mattiello Lecture by Ken Hay." He describes a 
technique for synthesizing a latex with a gradient of 
composition and hence of T, from the center to the 
surface of the particles while maintaining compatibility of 
the range of polymer structures. The lower T, polymer 
molecules are kept at the surface of the particles by 
incorporating a small amount of acrylic acid as a comon- 
omer and converting the carboxylic acid groups to salt 
groups with ammonia. The polar salt groups tend to stay 
at the water interface. After application the water evapo- 
rates, the ammonia evaporates, then the particles coalesce 
at a relatively low temperature due to the low T, at the 
surface of the coalescing particles. As the tilm stands. the 
polymer molecules intermingle to rcach an equilibrium 
blend with a higher T,. This can permit a better balance 
of film formation temperature and blocking resistance. 
Obviously, achievement of such an equilibrium still takes 
time and can be accelerated by use of coalescing agents. 
However, one can rcach some level of resistance to 
blocking and dirt pick up in less time than with a conven- 
tional latex. 

Another type of coating where lilm formation occurs 
by coalescence is powder coatings. Since the powder 
must not fuse or sinter during storage, the free volunie at 
storage temperature must be sufficiently low to avoid 
coalescence during the time interval required by stability 
requirements. In general, the T, of the powdcr li~rmula 
would be set so that it is higher than the storage tcmpera- 
ture. However, rapid fusion after application requires that 
the (T-T,) be as large as possible. Availability of free 
volumc not only permits coalescence hut also leads to low 
enough viscosity for leveling of the film to minimize 
orange peel. As is common in coatings formulation, c o n -  
promises must be made between storage stability and the 
baking temperature required for film formation and level- 
ing. Again basic studies of thc factors controlling frce 

volume availability should provide useful tools to the 
formulator. The problerns of powder coatings formulation 
are further complicated by the effect of free volume avail- 
ability on crosslinking reactions in thermosetting powder 
coatings."'The relationships between crosslinking and 
free volume are discussed in the next section. 

FREE VOLUME AND CROSSLINKING 

The rates of crosslinking reactions during storage and 
the initial stages of curing of lilms arc controlled by 
kinetic parameters. Pappas and Hill have discussed these 
kinetic considerations." However, before two functional 
groups can react with each other, they must be in close 
proximity. If there is no frce volume, the functional 
groups can not get adjacent to each other and no reaction 
can occur. If the free volume is sufficiently large. the 
functional groups have easy access to each other and the 
rate of reaction will be governed by concentrations of 
reactants and the kinetic parameters of the reaction. At 
intermediate levels of free volume, the reaction rate will 
be controlled by the rate of diffusion through the reaction 
matrix. 

If one is working with relatively low molecular weight 
resins and crosslinkers. the amount of free volume will 
decrease as the reaction proceeds and. correspondingly. 
the T, will increase. If the temperature of curing is higher 
than the T, of the fully reacted system. the reaction will 
go to completion. If, however, the temperature of curing 
is below the thermodynamic T,, i.e., T2, the reaction will 
stop before completion. An increasing number of studies 
of such effects are being published in l i t e r a t ~ r e . ' ~ ~ "  One 
will see the statement made that reactions cease when the 
T, of the system has increased to equal the temperature of 
reaction." Another paper, however. reports that a cross- 
linking reaction continues after T, has risen above T but 
that the reaction slows to a rate two to three orders of 
magnitude slower than when the temperature is above 
T,."' In this case, the author reports that reaction will 
continue at a slow rate at temperatures as much as 50°C 
below T,. It is of interest to note that earlier we said that 
with the "universal" constants in the WLF equation. T? 
was 5 1.6"C below T,. 

The variety of reports in the literature may reflect the 
experimental difliculties involved in studies of rcaction 
rates and the extent of reaction in polymer systems and in 
determining T,. If rcaction rates are very slow. i t  is 
common to say that no rcaction occurred rather than to 
say that no reaction could be detected during the time 
span of observation. Analysis for residual unreacted func- 
tional groups in polymer systems can be relatively inac- 
curate when the amounts are small. Commonly. it is e\.en 
difficult to know the temperature of the reaction. This 
particular problem can be especially diflicult in the case 
of very fast reactions such as in the case of UV curing.': 
UV sources also emit infrared and the reaction?, involved 
arc exothermic; the temperature within the film may. for 
these two reasons. be significantly higher than the air 
temperature. This could lead to a reaction proceedins 
until the T, is higher than the reported temperature of the 
rcaction. Also, if a film is exposed for durability tests. 
especially outdoors, the temperature Ihr a degradation 
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reaction could vary over a wide range. Another problem 
is the measurement of T,. The T, of a system is very 
dependent on the method of determination. The rate of 
cooling of the sample for the determination, the rate of 
heating during the determination and. in cases where - 
mechanical property changes are being used for the deter- 
mination. the rate of application of stress (and perhaps the . . 
amplitude of the stressj can all make large changes in the 
value obtained experimentally. In any case, the experi- 
mental T, will be higher than T2. 

It also-may be that there will be different effects de- 
pending on the type of reaction involved. It may be 
"easier" for small crosslinking molecules to react than 
for groups on polymer chains to react. It may be easier for 
free radicals to react than for functional groups because 
they can react with many sites on the other molecule 
whereas the functional group must find the other func- 
tional group with which to react. A recent paper has 
suggested that the crosslinking reactions may depend not 
just on the T, of the polymer system but also on the 
structure of the backbone." For example, two thermoset- 
ting acrylic resins reported to have the same T, but made 
with different amounts of methacrylate monomers com- 
pared to acrylate monomers behaved differently. The re- 
actions proceeded to the same degree of completion under 
similar conditions. but with the high methacrylate content 
systems, the films obtained were much harder. The au- 
thor suggests that intrarnolecular reactions of the cross- 
ltnking groups may be less likely when the backbone of 
the resin is relatively rigid due to the high niethacrylate 
content, whereas when the backbone is higher in acrylate 
content, the backbone will be more Hexible and it is 
easier for it to bend back on itself to undergo intramolecu- 
lar reactions which do not lead to crosslinking different 
polymer molecules. When there is more intermolecular 
crosslinking, the film may be harder than when the cross- 
linking reactions have been intramolecular. 

Another recent paper provides an example of the im- 
portance of free volume availability in ~ r o s s l i n k i n g . ~ ~  

Figure 2-Extent of reaction of the trimeth- 
ylolpropane adduct of m-tetramethylxylene 
diisocyanate with a series of acrylic poly- 
01s of varying T,. Using 0.02 equivalents of 
OH and NCO with 0.0005 equivalents of di- 
methyl tin dilaurate catalyst at 21°C and 
50% RH (From reference 34 with permis- 

sion) 

The authors were evaluating a trimer derived from a new 
aliphatic diisocyanate which contains an aromatic ring, 
m-tetramethylxylene diisocyanate, as a crosslinker for 
hydroxy functional resins. Although essentially complete 
reactions were obtained when films were cured at elevat- 
ed temperatures, when the coatings were cured at 2I0C, 
the reaction not only was slow, it also essentially stopped 
at about 50% completion. The acrylic resin being cross- 
linked had been designed for use with a more flexible 
isocyanate crosslinker, the triisocyanate biuret derivative 
of hexamethylene diisocyanate. A series of lower T, 
acrylic resins was synthesized. It was found that as the T, 
of the acrylic resin was decreased, the crosslinking reac- 
tion at 21°C was faster and went more nearly to comple- 
tion. The results are illustrated in Figure 2. With a prop- 
erly designed acrylic resin, the experimental isocyanate 
gave room temperature cured films at comparable rates, 
extent reaction and film hardness to the results obtained 
with the linear, more flexible, isocyanate and an acrylic 
resin which had been designed for use with it. Similar 
results were obtained with polyester resins by properly 
designing the T, of the polyester to go with the new 
diisocyanate. Resins and crosslinkers must be selected or 
designed to be used with each other. This is especially 
important for ambient temperature curing films. 

Another example of the effects of free volume on film 
formation is encountered in the use of styrenated alkyds 
as primer vehicles. Due to the high styrene content, sty- 
renated alkyds have higher T,'s than non-styrenated al- 
kyds. After application, the solvent evaporates and the 
films of styrenated alkyd primers "dry" very rapidly due 
to the high T,. However, while the films feel dry, the 
crosslinking reaction is not complete and one must be 
careful of the timing of applying a top coat. If the primers 
are top coated at a stage when they are only partly cross- 
linked, lifting of the primer by the solvents in the top coat 
is likely. While there have been no studies of changes in 
T, and extent of crosslinking reported, it is probable that 
crosslinking of styrenated alkyds at room temperature 
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Table 2-Residual Solvent and T, of Epoxy-Amine Coatings Table 3-Critical Film Thickness for Popping 

Solvent Retained Solvent (Wt. %) T, ("C) 
-- 

None . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 130 
Methvl ethvl ketone . . . . . . . . . . . . . . . . . . .  .3.5 112 Co~olvmer T.PC) 

Critical Dry Film 
Thickness (pm) 

Water Solvent , , . . -. . 
Toluene . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .4 .3  105 - 

104 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-Methoxyethanol .5.3 - 2 8  so > 120 . . . . . . . . . . . . . . . . . . . . .  
-13 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 i 7 W Y 5  
- X . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 ;.70.'05 

14 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 55 
Data \elcctcd Imnl rclcrencc 1211 32 . . . . . . . . . . . . . . . . . . . . . . . .  s 25 

occurs more slowly than does the crosslinking of the 
corresponding non-styrenated alkyd. Again, basic studies 
may provide useful tools for the formulator. 

It is common to hear that one cannot apply epoxy- 
amine primers at low temperatures. No studies of the 
changes of T, during the room temperature cure of 
epoxy-amine primers have been reported. However, from 
studies of the changes of T, of other kinds of epoxy- 
amine systems that have been published, one can visual- 
ize the possible problem of curing epoxy-amine coatings 
at low temperature. In one case, an epoxy resin with a T, 
of -23°C yielded a crosslinked plastic with a T, of 
132°C after complete reaction with a polyamine.3" When 
the reaction was carried out at 26°C for 70 hours, the T, 
was reported to be about 50°C and the reaction was only 
70% complete. 

As noted earlier, solvent applied epoxy coatings can 
retain solvent in the film which can affect the T, and 
properties of the filni." Trrhl~ 2 shows percent solvcnt 
retention and T, of epoxy-amine coatings lilms which 
had been applied solvent-free and with three different 
solvents. All films were baked four hours at 8OoC fol- 
lowed by four more hours at 130°C. The extcnt reaction 
of the epoxy groups was in the range of 93-97%. 

Many variables affect the extent of reaction in epoxy- 
amine systems. It has been shown that amine structure. 
stoichiometric ratio, presence of catalyst, catalyst con- 
centration, temperature, and rate of heating all have sig- 
nificant  effect^.^' In designing an epoxy-aminc system 
for use at low temperatures, the T,'s of the epoxy resin. 
the amine crosslinker, and the fully reacted system must 
be such as to permit complete (or  at least adequate) cure 
at the desired temperature. Much further research is need- 
ed before quantitative predictions can be made but the 
basic concept can still be useful to the person formulating 
epoxy-amine coatings for low temperature application. 

From this brief summary, it is evident that much fur- 
ther research is needed to understand the relationship 
between free volume and the crosslinking of coatings. 
However, even with the present incomplete understand- 
ing, the general concepts can be useful in formulating 
coatings and understanding some kinds of problenls that 
are encountered with coatings. 

FREE VOLUME AND PROPERTIES OF FILMS 

Free volume availability can affect the application of 
coatings. The somewhat controversial question of the 
effect of free volume availability on the sagging of spray 
applied high solids coatings has already been mentioned. 

Popping of baking enamels when they are put into the 
oven can also be related to free volumc availability. I t  has 
been shown that the probability of popping increases as 
film thickness increases. Baking panels with differing 
film thicknesses of the coating under standardized condl- 
tions permits the determination of the critical niininiuni 
film thickness for popping for a formulation. Ttrhlo 3 
shows the critical film thicknesses for popping for a serie5 
of white baking enamels tiiadc with "water-soluble" 
acrylic resins with different T F ' h  One series of the coat- 
ings was reduced for application with solvent and the 
other series was reduced with water. Films were baked at 
150°C. The critical lilm thickness for popping increases 
as the T, of the copolymer decreases. When solvent is 
lost first from the top of the film. a high viscosity ( I O U  
free volume) laycr can form at the top of the lilm while 
substantial amounts of solvent still arc present in thc 
lower levels of the film. As the temperature increases. 
this solvent is vaporized leading to blistering (popping). 
Popping is more likely to occur with high T, resins since 
the viscosity of the top laycr of the film will be higher 
after the same amount of solvcnt has bcen lost. 

lntercoat adhesion and adhesion of coatings to plastlcs 
can be affected by the availability of free volume in the 
substrate. If the temperature of the substrate is above the 
T, of the substrate, migration of solvent molecules or. 
more importantly. resin ~nolecules into the free volume 
holes of the substrate can occur relatively easily. As a 
result, there will be an interpenetration of the top coat 
molecules into the matrix of the primer or plastic sub- 
strate. While adhesion is most easily achieved at tempera- 
tures above the T, of the substrate. it is also possible to 
obtain the necessary free volume by having the solvent of 
the top coat dissolve into the surface of the substrate 
hence acting as a plasticizer to increase the available free 
volume in the substrate and permit developnlent of inter- 
coat adhesion. 

The effect of the availability of free volume on the 
diffusion of resin molcculcs. solvent molecules. and reac- 
tive functional groups has bcen discussed so far. Analo- 
gously. diffusion of other ~nolcculcs such as water and 
oxygen is affected by the availability of free volume. 
Werner Funkc has shown that the major factor affecting 
corrosion control by coatings is the adhesion of the coat- 
ing to the steel in the presence c~f  water but the corrosion 
protection is also inllucnced by the pcrrneability of the 
coating liltn to water and Since an important 
factor affecting permeability of oxygcn and water is dif- 
fusion rate. the permeabilities of coatings will be affected 
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by free volume availability. Thus, an important factor is 
the (T-T,) of the coating. Since. as discussed earlier, 
some free volume is still available below T,, minimum 
diffusion of oxygen and water through the film should 
presumably be found when the temperature is below T2. 
However, crosslinking of the film requires that the tem- 
perature be above T,. This may be one reason that baked 
coatings almost always give superior corrosion protection 
to that afforded by similar composition air dry coatings. 
Studies of the free volume of these systems is more 
complicated than is the case with simple unpigmented 
coatings films. The presence of pigment can affect the T, 
and the permeability of the coating to water and oxygen. 
Charles Kumins has addressed some of' the factors in- 
volved in this interaction in his Mattiello Lecture." Also. 
the presence of the water can affect the T, of the film. 
Water can act as a p!asticizer for many lilms, particularly 
those. such as urethane coatings, which have strong inter- 
molecular hydrogen bonding. A recent study of moisture 
diffusion in epoxy-amine thermoset plastics illustrates the 
phenomenon. After oven curing, the plastic had a T, of 
124°C; however, when a sample was allowed to equili- 
brate with water. the T, came down to 97'C.j" Thus, the 
presence of the water reduces the T, of the system and, 
therefore, increases the rate of diffusion of not only water 
but also of oxygen. These considerations arc vital in 
formulating corrosion protection coatings. particularly 
coatings that are to be cured at ambient temperature. It is 
also critical to remember that free volume availability 
must be taken into consideration when testing corrosion 
protection of coatings. If the tests are run at high tempera- 
tures in order to accelerate corrosion, the results may bear 
no relation to results which may be obtained in actual use. 

The mechanical properties of coatings can bc pro- 
foundly affected by the availability of free volume. Coat- 
ings films are viscoelastic solids. The viscous response of 
such films is related to the availability of free volume. If 
the free volume is zero, the material will show a purely 
elastic response, that is, deformation will be proportional 
to the stress applied and when the stress is released the 
material will return to its original shapc. If the stress is 
sufficiently high. the material will break. Such a material 
is brittle. If. however. some free volun~e is available at 
the temperature at which the stress is applied, that is, if T 
is greater than T?,  viscous Row as well as elastic dcfor- 
mation can occur. Such a tnatcrial may be flexible. Its 
ability to withstand a stress without breaking will be 
dependent on the rate of application of stress. If the stress 
is applied rapidly so that there is little time for viscous 
flow, the responsc will be primarily elastic and there may 
be brittle failure. If. however. the stress is applied slow- 
ly. there will bc the opportunity for viscous Row to occur. 
relieving part of thc stress so that more strain can be 
applied before rupture occurs. The rnechanical properties 
of such a thermoplastic system will thus be controlled by 
the free volume available and the rate of application of 
stress. It is common to see as a definition of T,. that it is 
the temperature below which a material is brittle and 
above which it is flexible.' That is an erroneous delini- 
tion. Thcrnioplastic polymers exhibit a brittle-ductile 
transition temperature. T,,.'" Below this tenlperature, 

they are elastic and will break if their tensile strength is 
exceeded; above this temperature, they are viscoelastic. 
Different thermoplastic polymers show large differences. 
In the difference between T, and Th, for example, the 
polycarbonate of bisphenol A is still ductile 350 degrees 
below its T, while other polymers, such as polystyrene, 
are ductile until only about 10 degrees below T,. Reasons 
for such differences have not yet been fully elucidated. It 
may be that, in some cases, Th is related to T2. Perhaps 
the greater susceptibility of polystyrene to crazing at 
temperatures below T, as compared to polycarbonate 
plastics4' is related to this difference in temperature be- 
havior. 

When relatively low molecular weight polymers are 
crosslinked, initially, T, increases but after this, T, does 
not increase further. As the degree of crosslinking is 
increased further, the modulus above T, increases, the 
films are harder, have higher tensile strength, are less 
extensible and, therefore, more likely to break if suffi- 
cient stress is a ~ ~ l i e d .  The films will generally behave as . . " 
viscoelastic materials until the degree of crosslinking gets 
to be very high and hence the mechanical properties will . - . . 
depend upon the rate of application of stress as well as the 
temperature. Few studies of brittle-ductile transition of 
crosslinked polymers have been reported. Examples of 
crosslinked materials that have been described as ductile 
to differing degrees depending upon degree of crosslink- 
ing are amine cured epoxy resins42 and polyurethane 
coatings.43 Further research on brittle-ductile behavior of 
coatings could be of considerable practical value. 

Physical properties of coatings such as flexibility, im- 
pact resistance, abrasion resistance, and formability de- 
pend upon the availability of free volume and hence on 
the temperature and rate of application of stress. For 
further discussion of the relationship of temperature (free 
volume) and mechanical properties see references (2), 
(44). and (45). 

Physical properties of coatings will commonly change 
with aging of coatings. Unless the solvent is removed at a 
temperature substantially higher than T,, residual solvent 
will diffuse slowly out of the film, T, will increase, and, 
at any particular temperature, the film will become more 
likely to show brittle failure. Since latex particle coales- 
cence is slow in the late stages and since loss of coales- 
cing agent is slow due to limited free volume, properties 
of latex paints, such as dirt retention and blocking change 
relatively slowly with aging. Since, in many cases, ther- 
mosetting coatings, especially those applied and cured at 
ambient temperature, reach the stage of diffusion rate 
control of the crosslinking reaction before the reaction is 
complete, film properties can be expected to change with 
age. As has been shown earlier, plastics, and there- 
fore presumably coatings, which have been heated above 
their T, and then cooled will undergo annealing, densifi- 
cation, and increasing T, with aging. Such films would 
become more brittle with age. Hill suggests that property 
changes that have been attributed to slow solvent loss, 
long term additional crosslinking, and crosslinking due to 
outdoor exposure may actually be caused by densitication 
in some cases.47 
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SUMMARY 

The availability of free volume affects the properties of 
coating materials at all stages. An understanding of the 
relationships between the availability of free volume and 
the properties of coatings and coatings films can assist the 
coatings formulator in making more intelligent decisions 
in formulating coatings. In most cases, these concepts 
can, at this time, only be used qualitatively and much 
further research will be needed to achieve significant 
quantitative relationships. I hope that you will agree that 
the topic of free volume illustrate5 the Mattiello character 
of a bridge point between the art and the developing 
science of coatings. 
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The name to know 
for carrvina coatina ~ e r  formance 

You know our name for the outstanding performance of 
our products and the skill of our technical service people 
in helping you solve important problems in paint and 
coatings applications. You know our name for dependable 
biocides, driers, specialty coatings, additives, color systems, 
thickeners and anti-skinning agents. 

Now, as a Hiils company, we draw upon the vast 
resources of a $2 + billion international technology leader. 
And, the result is that we offer you a significantly expanded 
range of products and services to better meet your 
specific needs. 

For example, we are now the worldwide resource for 
isophorone chemistry derived coatings technology We 
can provide an exceptionally broad range of diamines, 
monomeric diisocyanates, polyisocyanates and polyure- 
thane systems. And, we offer adhesion resins that improve 
performance on metal and non-metallic surfaces. Special 
ketone resins and powder coating components add to this 
expanded product lineup as well as Polyoil stereespecific 
polybutadiene for corrosion protective coatings. 

Our propylene carbonate improves coatability And 
we can help to improve coatings performance with a 
broad range of special amines. 

Plus, we're the world's only source for nylon 12 
fluidized bed coating powders, marketed under the trade 
name VESTAMID WS (nylon 12). 

Get to know us for the many new ways our expanded 
resource base can help give your coatings performance a lift. 
For a copy of our corporate profile and more product infor- 
mation, call toll-free 1-800-FOR HULS, or write Nuodex Inc. 
(a Hiils company), PO. Box 365, Piscataway NJ 08854. 
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Evaluation of Photoinitiator Performance 

Dennis J. Gaber 
Eastern Michigan University* 

The purpose of this study was to determine the best 
photoinitiator performer in a UV cure system. Thin 
films, prepared by using reduced formulations and 
the photoinitiators of lrgacure 184, Vicure 10, and 
DEAP, were subjected to the common testing meth- 
ods of Sward Hardness, Impact Resistance, and 
double MEK rubs. Data proved lrgacure 184 to be the 
best in these tests, providing generally superior re- 
sults. 

INTRODUCTION 

The research conducted was to evaluate the performance 
o f  three photoiniriators: lrgacure 1X4° (I). Vicure 100 
(11). and DEAPflQ (111) in UV-cured coating formulation 
systems. Their structures arc as follows: 

The photoinitiators were used in reduced formulations 
prepared from the commercially available materials of 
Celrad 36000, an acrylated epoxy resin and the three 
reactive diluents o f  hexyl acrylate (IV), hexanediol dia- 
crylate (V), and trimethylolpropane triacrylate (VI), 
shown below: 

0 
II 

H2C = CH - C - 0 - (CH2)> - CH, 
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30,000 

viscosity 

Centipoise 

100% 801  60% 4111 20"' 0 I, 

Dlluenr Concentration 

Figure I-Brookfield Viscosity values 

Passes Under Lamp 

Figure 3-Sward Hardness values for HA at 40% reduced 
concentration 

Sward 
Hardness 

Passes llncler Lanp Passes Under Lamp 

Figure 2-Sward Hardness values for HA at 20% reduced Figure 4--Sward Hardness values for HA at 60% reduced 
concentration concentration 
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Figure 5-Sward Hardness values for HDODA at 20% reduced 
concentration 

Test data were obtained by measuring the viscosity and 
cure behavior of the formulations and the hardness and 
impact resistance of the coatings. Compatibility observa- 
tions were made on all reduced formulations on a clear1 
cloudy basis: all formulations were clear. 

METHODS AND MATERIALS 

The approach used to screen the three photoinitiators 
was to dilute Cclrad 3600 with hexyl acrylate (HA). 
hexanediol diacrylate (HDODA). and trimethylolpropane 
triacrylate (TMPTA) at 2 0 4 .  40%. and 60% concentra- 
tions by weight. The initial tests performed were com- 
patibility observations and viscosity measurements made 
on the retluced formulations using a Brookfield Viscom- 
eter. model R V F  (ASTM D 2196). Photoinitiators then 
were adtlcd slowly with constant mechanical mixing to 
each formula nt 2% by weight concentrations, on an 
equimolar basis at 22 2 2°C. Drawdowns were made 
using a #32 wire wound rot1 on 4" x X" x ,0200" (10.2 

Pdsses Under Lamp 

Figure 6-Sward Hardness values for HDODA at 40% reduced 
concentration 

x 20.3 x .05 cm) steel panels. The panels were passed 
immediately under one 200 wattlin.,  medium pressure 
mercury Hanovia lamp, at a height of 5.4 in. (13.7 cm) 
and at a line speed of 50  ftlmin (15.2 mlmin) in an air 
curing environment. Consistency of a 3 mil ( t 0.1) dry 
film was obtained by monitoring the film with a General 

Passes Under Lamp 

Figure 7-Sward Hardness values for HDODA at 60% reduced 
concentration 
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passes Under Lamp 

Figure 8-Sward Hardness values for TMPTA at 20% reduced 
concentration 

Electric magnetic mils-thickness meter (ASTM D 1 186). 
Degree of cure was determined by Sward Hardness 
(ASTM D 2134). and the number of double MEKiASTM 
D 3732) rubs needed to penetrate the film. These tests 
were performed % - I  hr after exposure. Impact resistance 
data was obtained from the steel panels using an extrusion 
force of a 2 Ib punch falling at various heights with a 
spherical head diameter of 0.50 in. (1.27 cm) at 22 ? 2°C 
(ASTM D 2794). The values were obtained on panels at 
maximum hardness. 

RESULTS AND DISCUSSION 

Brookfield Viscosity values are given in Figure I .  HA 
and TMPTA were very viscous formulations at 20% con- 
centration. Viscosities of all three standards decreased 
rapidly at 40% and 60% concentrations. At 20% concen- 
trations, photoinitiators were added and mechanically 
mixed, resulting in a high concentration of small air 
bubbles. The bubbles were removed from the solution 
over a standing period of three days. 

Upon completion of each pass, the panel was evaluated 
for Sward Hardness and double MEK (methyl ethyl ke- 
tone) values. Figures 2. 3.  and 4 show Sward Hardness 
values for HA at reduced concentrations of 20%. 40%. 
and 60% with all three photoinitiators. There is a rapid 
decline in the hardness values as diluent concentration 
increases. At 20% and 40% concentrations, however, 
Irgacure 184 gave higher values more rapidly with less 
degradation than did Vicurc 10 or DEAP. At 60% con- 
centration, very low hardness values were obtained and 
the differences in performance of the photoinitiators are 
probably insigniticant. 

Figure 9-Sward Hardness values for TMPTA at 40% reduced 
concentration 

Results of values obtained with Sward Hardness for 
HDODA reduced formulas arc contained in F i ~ l l r c ~ s  5. 6. 
and 7 for all threc photoinitiators. The crosslinking abil- 
ity of HDODA allows a degree of hardness higher than 
HA formulas to be obtained even at low resin concentra- 

Posses Under Lamp 

Figure 10-Sward Hardness values for TMPTA at 60% re- 
duced concentration 
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Table 1 -Degree of Cure by Number of Double MEK Rubs 

Hexyl Acrylate 
20% NO. Of . - . NO. Of 40% . .  NO. Of 60% 

Passes - - I r g  V i c  ~ DEAP Passes Irg Vic DEAP Passes - -- lrg Vic DEAP 
I . . . . . . .  100 1110 100 I . . . . . . .  100 82 100 I . . . . . . .  14 10 13 

2 - . . . . .  100 - 2 .  . . . . .  100 20 25 
3 . . . . . . .  - 100 82 
4 . . . . . . .  - 100 - 

Hexanediol Diacrylate 
NO. Of 20% 40% 60% 

. N0.Of . N0.of -. - -  - - - 
Passes Irg Vic DEAP Passes 
- -- 

Irg V i c  DEAP Passes 
- - - - -  

Irg Vic DEAP- 

I . . . . . .  100 100 100 I . . . . . . .  100 100 100 I . . . . . . .  100 100 100 

Trimethylolpropane Triacrylate 
NO. Of - - 20% - NO. Of 40% 60% No.01 
Passes 
- -  ~ - -  

I r g  Vic DEAP Passes Vic DEAP Passes 
- ! ! g - -  - ~ ~- - ~ 

Irg Vic DEAP 

I . . . . . . .  100 100 100 I . . . . . . .  100 100 100 I . . . . . . .  100 100 100 

tion. '  Again. the lrgacure 184 proved to be the better 
photoinitiator, giving a faster, harder cure. In the 20% 
and 6 0 4  concentrations. there was degradation of the 
film which was not observed with the 40% formula, and 
the DEAP initiated systems were the most consistent, 
with hardness values remaining Pairly constant. 

The formulations using TMPTA gave film cures that 
were high for all concentrations which is attributable to 
TMPTA's crosslinking ability. Fi,yltrc,.s 8. 9, and 10 show 
that Vicure 10 performed poorly in the 20% formula and 
significantly degraded in the 60% formula. DEAP, again, 
was consistent except for the 60% formula where it 
showed degradation at the fifth pass. 

It was observed that slight "degradation" or softening 
of the cured film took place in some instances after the 
fourth or fifth pass. This was an unexpected observation 
and is reminiscent of "cure reversion." However, this 
could be an artifact caused by the effects of coating 
thickness. heat. or relaxation processes. Further investi- 

Table 2-Reverse Impact Resistance--in.llbs at Failure 

Hexyl Acrylate 

20% 40% 609 
- 

Irg 184. . . . . . . . . .  . 3  lrg 1x4 . . . . . . . .  I ?  lrg 1x4. . . . . . . . .  .74 
VIC 1 0 . .  . . . . . . . .  . 5  VIC 1 0 . .  . . . . . . . .  I?  Vie I O . .  . . . . . . .  .X4 
DEAF' . . . . . . . . . .  . I  DEAP . . . . . . .  X DEAI' . . . . . . . . .  . h h  

Hexanediol Diacrylate 

Irg 184 . . . . . . . .  ? Irp 1x4. . . . . . . .  I Irg 1x4.. . . . . . . . . .  l 
VIC 10 . . . . . . . . .  . 2  Vic 1 0 . .  . . . . . . . . .  l Vic 10..  . . . . . . . .  1 
DEAP . . . . . . . . . .  . ?  DEAP . . . . . . . . . .  I IXiAP . . . . . . . . . . .  I 

Trimethylolpropane Triacrylate 

20% 40% 601  

Ir: 1x4 . . . . . . .  I Irg 1x4.. . . . . . . . .  I Irg 184.. . . . . . . . . .  1 
Vic 1 0 . .  . . . . . . . .  l Vic 10. .  . . . . . . . . .  l VIC l o . .  . . . . . . . .  l 
DEAP . . . . . . . .  I DEAI' . . . . . . . . . . .  I DEAP . . . . . . . . . . .  I 

gation would be warranted for a clear understanding of 
this phenomenon. 

Cure of the coating was also evaluated by double MEK 
rubs (Tctblc. 1). All of the reduced formulations of 
HDODA and TMPTA were considered cured after one 
pass, withstanding I00 MEK rubs. The 40% and 60% HA 
formulations are the only two that exhibited less than full 
cure at less than two passes of 50 ftlmin, as evidenced by 
double MEK rubs. lrgacure 184 performed the best in the 
60% HA formula taking only two passes to cure. In the 
40% formula, Vicure 10 needed only two passes to cure, 
whereas DEAP and Irgacure 184 cured after only one 
pass. 

Impact resistance was measured by using the extrusion 
method and is summarized in Table 2. All TMPTA for- 
mulations with each photoinitiator used proved to be very 
brittle, as each coating failed a force greater than I in.ilb, 
reflecting the hardness of the coatings. The HDODA 
formulations are brittle, with one exception being the 
20% concentration, where the coating could withstand an 
impact of 2 in./lb. Formulations with HA withstood the 
greatest impact, with the 60% concentrations able to take 
a force of up to 84 in./lb without cracking, attributable to 
its softness, adhesion, and compliance. Vicure 10 per- 
formed the best in all three HA concentrations, giving the 
highest impact resistant coatings, with DEAP and Irga- 
cure 184 performing nearly as well. 
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IonomerISemi-IPN Coatings 
from Polyurethanes and 

Vinyl Chloride Copolymers 

A.Patsis 
S t a t e  University of New York at  New Paltz* 

and  
H.X. Xiao, K.C. Frisch, and S. Al-Khatib 

University of Detroitt 

lonomer semi-IPN coatings were prepared from a 
carboxyl-containing vinyl chloride copolymer 
(VMCC) and polyurethanes (PU) w~th and without 
tertiary amine nitrogen in the polymer backbone at 
various PUiVMCC ratios. 

The morphology and physical properties of these 
ionomer semi-IPN coatings containing opposite 
charge groups were compared with those without 
opposite charge groups. The former exhibited higher 
mechanical properties and adhesive strength and did 
not reveal any phase separation a s  determined by 
SEM and TMA. 

INTRODUCTION 

Interpenetrating polymer networks (IPNs) are a unique 
blend of crosslinked polymers in which the chains of the 
two polymers are held together by permanent entangle- 
ments formed by homocrosslinking of the component 
polymers.' The degree of interpenetration depends upon 
the miscibility between the constituent polymers. Most 
polymer pairs are not compatible because, in contrast to 
low-molecular weight materials, the entropy of mixing 
two macromolecules containing a large number of seg- 
ments is relatively small while the enthalpy of mixing is 
usually positive or near zero, unless specific interactions 
are present.2-"' To achieve miscibility, the presence of 
specific interactions is usually required and these include: 
hydrogen bonding;"-" charge-transfer c o m p ~ e x e s ; ' ~ ~ ~ "  

'Ma1er1.l Rc\carth I.ith*. 1)cprrtmenl lo1 Cllest\lry. Ncw I';tIl,. NY I l5hl  
iPol>rner Inrlllutc. 4tUJ W. McNlchu l r  Rd . Delm~t.  MI 4X?ZI 

anion-cation i n t e r a ~ t i o n ; ~ - ' , ~ ' . ~ ~  and ion-dipole interac- 
t i o n ~ . ~ ' - ~ '  These specific interactions generally give rise 
to the remarkable properties of the resulting polymer 
blends, alloys, and IPNs. 

Semi- or pseudo-IPNs are combinations of linear with 
crosslinked polymers resulting in various degrees of in- 
terpenetrati~n."-'~ 

Interest in polyurethane ionomers has increased in the 
last decade because of their growing uses in water-based 
coatings, adhesives, medical, and semi-conductor appli- 
cations. However, relatively little information has been 
published regarding the synthesis and properties of ion- 
omer semi-IPNs. The purpose of the present study was to 
study the effects of opposite charge groups in ionomer 
semi-IPNs based on polyurethanes and a vinyl chloride 
copolymer. 

EXPERIMENTAL 

Raw Materials 

The raw materials used in this study are presented in 
Table 1. The polyether polyol and short chain diols were 
degassed at 80-90°C under vacuum overnight to remove 
any moisture. MEK was treated with molecular sieves 4A 
overnight to remove any moisture prior to use. The other 
materials were used as received. 

Procedures 

PREPARATION OF POLYURETHANES (PU): A resin kettle 
under dry nitrogen was charged with H12MDI. A mixture 
of 1,4-butanediol, or N-methyldiethanolamine, and poly- 
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Table 1-Raw Materials 

Designation Description Supplier 

Terathane" Poly(l,4-oxytetramethylene) 
1000 (PTMO) glycol MW11000 

H,,MDI . . . . . . . Dicyclohexylmethane- 
4,4'diisocyanate 

1.4 BD. . . . . . . . I ,4-Butanediol 
TMP. . . . . . . . . . Trimethylolpropane 

T-12. . . . . . . . . . Dibutyltin dilaurate 
N-MDEA. . . . . . N-methyldiethanolamine 
VMCC . . . . . . . . Poly(vinylchloride-vinyl 

acetate-maleic acid), 
MW = 15000, 
maleic acid= 1% 

Thermolite" 25 . Thermostabilizer of PVC 
MEK . . . . . . . . . Methylethyl ketone 

. . . . . . . . . . . . Molecular sieves 4A 

E.I. du Pant de 
Nemours & Co. 
Mobay Chemical Co. 

BASF-Wyandotte Co. 
Celanese Chemical 

Co. 
M & T Chemical Co. 
Pennwalt Co. 
Union Carbide Carp. 

M & T Chemical Co. 
Eastman Chemical Co. 
Union Carbide Carp. 

(oxytetramethylene) glycol (PTMO) was added at an 
NCOIOH ratio of 2: 1. 

The reaction was carried out at lO00C for about two 
hours until the theoretical isocyanate content, as deter- 
mined by the di-n-butylamine titration method27 was 
reached. The PU prepolymer with or without tertiary 
amine nitrogen groups was dissolved in dry MEK to 
obtain a prepolymer solution of 30-40% solids. It was 
then mixed with a mixture of I ,4-BDITMP (4: 1 by equiv. 
ratio) at an NCOIOH = 1.051 1.0 ratio in the presence of 
T-12 catalyst (0.05% based on total weight). The reaction 
mixture was cast in a metal mold treated with a release 
agent at ambient temperature. After standing 3-5 hr at 
room temperature, the mold was placed in an oven and 

Table 2-Mechanical Properties of Semi-IPN Coatings from 
PU and VMCC with and without Opposite Charge Groups 

Opposite Tensile Modulus 
Composition Charge Strength at Elongation H- 
of PUNMCC Groups psi 100%,psi % A D 

- - 
100:O - 2236 1098 347 77 - 

post-cured at lO00C for 16 hours. The samples were then 
conditioned in a desiccator for one week before testing. 

VINYL CHLORIDE COPOLYMER: A vinyl chloride-vinyl 
acetate-maleic acid copolymer (VMCC) (1% of maleic 
acid) was dissolved in MEK to obtain a homogeneous 
solution of about 30% solids. A stabilizer for VMCC. 
Thermolite 25, was added into the above solution at 0.5%- 
(by wt.) based on the solids content of VMCC. 

PREPARATION OF SEMI-IPNs: The prepolymer and 
VMCC solutions were mixed at different PUIVMCC ra- 
tios. The catalyst and the crosslinking agent of PU were 
added at an NCOIOH ratio of 1.05. The mixtures with 
different compositions were then cast in metal molds 
(treated with a release agent) at ambient temperature to 
obtain film samples of ca. 40-60 mils thickness for deter- 
mination of the stress-strain properties. The PU crosslink- 
ing reaction was carried out at 800C for 2-3 hr and post- 
cured at 100°C for 16 hr. The film samples were then 
conditioned in a desiccator for one week before testing. 
The above solutions with different compositions were 
also coated on aluminum panels for testing of the Gardner 
impact and lap shear strength. 

INSTRUMENTAL TECHNIQUES 
AND MEASUREMENTS 

The tensile strength, modulus, and elongation at break 
were measured by means of an lnstron Tensile Tester at 
a crosshead speed of 20 in./min (ASTM D-412) and 
the hardness by means of a Shore A Durometer (ASTM 
D-2240). 

Table 3--Lap Shear Strength of Semi-IPN Coatings from PU 
and VMCC with and without Charge Groups 

Composition Opposite Charge Lap Shear Strength 
of PUNMCC Groups psi (AIIAI) 
- - -  

100:O - 147 
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I -  1 0  0 10 
10010 l , / L  

PUIVMC Colnpnri t ru r i  

Figure l-Effect of different compositions of PUIVMCC on the 
tens~le strength of semi-IPN coatings w~th or without opposite 

charge groups 

The impact resistance of the semi-IPN coatings was 
measured on a Gardner-SPI modified Variable Height 
Impact Tester using both the dircct and thc indirect tech- 
niques. 

A TMS-2 Therniomcchanical Analyzer (Pcrkin-Elmer) 
was used to determine the glass transition tcnipcrature of 
the iononier senii-IPNs at temperatures ranging from 
- 100°C to + 100°C and 0.01 rnm of penetratinp range. 
80 g of penetrating weight. and a heating rate of ~ ~ " C l r n i n ~  

The chemical resistance was measured by placing the 
coatcd panels into a 10%. NaOH of HCI solution ;II room 
temperature for one week. 

The reverse sidc and the edges of the pancls were coatcd 
with wax to protect the metal surfaces from chcmical attack. 

To observc the morphology of the semi-IPNs with or 
without opposite charge groups. samples were prepared by 
freeze-fracturing in liquid nitrogen and applying a gold 
coating of approximately 200 A thickness. Micrographs 
were obtained by using a Phillips Scanning Electron Micro- 
scope Model SEM 505. 

RESULTS AND DISCUSSION 

Effect of Different C o m p o s i t i o n s  of PUIVMCC 
o n  t h e  Mechanica l  P r o p e r t i e s  of 

Semi-IPN C o a t i n g s  
with a n d  wi thout  O p p o s i t e  C h a r g e  G r o u p s  

As shown in Tohlrs 2 2nd 3 and I;ig~rrc,.v I and 2. tlic 
\emi-IPN coatings with opposite charge groups cxliibitcd 
improved properties due to quatcrnizntion of thc carboxyl 

group in VMCC by the tertiary amine nitrogen in the PU, 
as shown in the following schemes: 

I 
COOH 

I 
COO 0 

As a result, the miscibility between the PU network 
and the VMCC linear chains was greatly improved and 
both tensile and lap shear strength were enhanced com- 
pared to the materials without opposite charge groups in 
which only hydrogen bonding between carboxyl and 
urethane could be formed instead of ionic bonds. 

It has been known that the miscibility between poly- 
(vinyl chloride) and polyesters depends upon the CH21 
C = O  ratio.'x and that the chain length of the glycol in 
the esters plays an important role in the miscibility.2x 
Pandyopadhyay and shaw2" indicated that the polyure- 
thane based on PTMO exhibited poor miscibility with 
PVC compared to one based on polycaprolactone glycol 
due to the fact that the PTMO-based PU physically bond- 
ed with PVC could not be produced as readily as with 
polycaprolactone glycol-based PU with PVC.'* 

The hydrogen bonding between the carboxyl groups in 
VMCC and the urethane groups in the PU without tertiary 
amine nitrogen was not strong enough to improve the 
miscibility of the two polymer systems presumably due to 
the very low concentration of carboxyl groups in the 
VMCC. The semi-IPNs without opposite charge groups 
exhibited low stress-strain properties and low lap shear 
strength. On the other hand, the semi-IPNs with opposite 
charge groups, even at low concentration of ionic bonds, 
exhibited relatively high stress-strain properties and lap 
shear strength. 

PUIYMCC C u # l # p o s l  t i o r i  

Figure 2-Effect of different compositions of PUIVMCC on the 
lap shear strength of semi-IPN coatings with or without oppo- 

site charge groups 
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Table 4--Impact Strength of Semi-IPN Coatings from 
PU and VMCC with and without Charge Groups 

Composition Opposite Charge Impact Strength, in. Ib. 
of PUNMCC Groups Direct Indirect 

- 
100 0 - 160 160 

Table CSolvent and Chemical Resistance 
of Semi-IPN Coatings 

Compo- Opposite 
sition of Charge Solvent Resistancea Resistanceb 
PUNMCC Groups MEK Xylene 10% HCI 10%NaOH 

>50 >50 Failure Failure 

I 
95.5 - ~ B / - ~ 0 @ 4 8  45 Failure Para 

I 
I 

80:20 - N Bl -~0@48 45 Pass Pars 
I 
I 

70:30 - N 4 - ~ 0 0 0 4  1 40 Pass Par\ 
I 
I 

75:25 - N Bl - ~ 0 0 ~ 9  38 Parr Parr 

I 
I 

60:40 - N - ~ 0 & 6  35 Pasr Pass 
I 

Pass 

Failure 
Failure 
Failure 

Pass 
Pass 
Pass 
Pass 

Pars 

Failure 
Failure 
Failure 

Pass 
Pass 
Pass 
Pass 

(a) Douhle ruh with cotton vnruriltcd with !olvent the highe\t iuh tlmc without change of the  
surface war recorded 

(b) At room temperature fur one week. 

Increasing the concentration of VMCC resulted in 
more brittle materials with lower tensile and lap shear 
strength. 

The maximum tensile strength of the semi-IPNs ap- 
peared at about the 80:20 ratio of PUIVMCC for both 
semi-IPNs with and without opposite charge groups. Pre- 
sumably the maximum entanglement between the VMCC 
chains and the PU network also occurred at this composi- 
tion (Table 2 and Figure I). 

The maximum lap shear of the semi-IPNs, however. 
appeared at about the 75:25 composition for ionomer 
semi-IPNs with opposite charge groups and 70:30 compo- 
sition for the semi-LPNs without opposite charge groups 
(Table 3 and Figure 2) .  

All the semi-IPNs without opposite charge groups ex- 
hibited very poor elongation due to their poor miscibility. 
The relatively high tensile strengths of the 75:25 and the 
80:20 ratios of PUIVMCC could be due to the higher 
degree of interpenetration between the chains of VMCC 
and the PU networks resulting from improved miscibility 
because of hydrogen bonding between the carboxyl and 
urethane groups (Ttrblc 2 and Fiprre I ) .  

Gardner Impact Strength of Semi-IPNs 
with and without Opposite Charge Groups 

The ionomer semi-IPN coatings with opposite charge 
groups gave better results than the semi-IPNs without 
opposite charge groups due to their greater flexibility. 
The impact strength decreased with incrcasing conccntra- 
tion of VMCC due to its inherent brittleness (TtrBl~ 4). 

Solvent and Chemical Resistance 
of Semi-IPN Coatings 

As shown in Tabl i~5 ,  both semi-1PNs with and without 
opposite charge groups exhibited poor solvent resistance 
with increasing concentrations of VMCC due to the fact 
that VMCC is a thern~oplastic. linear polymer. In contrast 
to the solvent resistance, the chemical resistance of semi- 
IPN coatings increased with increasing concentration of 
VMCC. It is interesting to notc that the ionomer senii- 
IPN coatings with opposite chargc groups exhibited better 
solvent and chcmical resistance than those without oppo- 
site charge groups, presumably due to the fact that a high 
degree of interpenetration occurred bctween thc chain5 of 
VMCC and the PU networks. which was brought about by 
formation of ionic bonds between opposite chargc groups. 

Glass Transition Temperatures 
of Semi-IPN Coatings 

The Tg's for both semi-IPNs with and without ionic 
bonds (or opposite charge groups) bctween the two poly- 
mers are shown in Tttbl~, 6. lonomer scmi-IPNs with ionic 
bonds only gave single Tg's for cach composition. The 
Tg's increased with an increase of VMCC in PUIVMCC 
composition due to the introduction of rigid VMCC with 
a high Tg. In contrast, semi-IPNs without ionic bonds 
gave two Tg's for each composition except at 100% and 
9 5 5  ratios of PUIVMCC. These results imply that some 
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phase separation had occurred in these semi-IPN systems Table &Glass Transition Temperatures of Semi-IPN 
due to the fact that the free energy of mixing in the Coatings from PU and VMCC 
systems may be either positive or zero because of the lack with and without Opposite Charge Groups 

of physical interaction between the two polymers (ionic composition Charge Glass Transition Temperature 
bonds). of PUIVMCC Groups 

- -  -- 
by TMA, (K') 

-- - - 

As shown in Table  6, the glass transition temperatures 
of both PU and VMCC for semi-1PNs without ionic bonds 
were shifted inwards with the Tg of PU shifting to higher 
temperatures and the Tg of VMCC shifting to lower 
temperatures in the semi-IPN systems without ionic 
bonds. This implies that some interpenetration between 
the PU networks and the VMCC polymer chains had 
taken place. Only the 95:5 composition of PUIVMCC 
exhibited a single Tg,  presumably due to the fact that 
semi-IPNs with low concentration of VMCC could be 
compatible through the hydrogen bonding between the 
urethane groups and the carboxyl groups of VMCC. 

Morphology of Semi-IPN Coatings 
by Scanning Electron Microscopy (SEM) 

Micrographs of semi-IPN coatings without opposite 
charge groups are shown in Figure 3 (from A-l to D- I )  at 
different compositions of PUIVMCC and magnifications. 
Figure 3 (A-l and A-2) are micrographs of polyure- 
thanes only at 5 x lo3 and 10%agnification, respective- 
ly. In Figure 3 (B-l to D-I), the composition of PUI 
VMCC was changed from 80:20 to 5 0 5 0 .  All of the 

A-1 B - 1  C-1 
D-1  

PU/VMC$=lOO/O PU/VMC$=80/20 PU/VMC$=60 /40  
PU/VMC$=50 /50  

5 x 1 m a g n i f i c a t i o n  5 x 1 0  m a g n i f i c a t i o n  5 x 1 0  m a g n i f i c a t i o n  
5 x 1 0  m a g n i f i c a t l o n  

B - 2  C - 2  0-2  
PU/VMCC=80 /20  PU/VMCC=60/40 PU/VMCC=50/50 
l o 4  m a g n i f i c a t i o n  l o 4  magnification l o 4  magnification 

I I 
Figure 3-Micrographs of semi-IPN coatings from PU and VMCC at different ratios of PUIVMCC and magnification 

(by SEMI 
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5 x lo3 m a g n i f i c a t i o n  

Figure 4--Micrographs of ionomer semi-IPN coatings from PU and VMCC at different ratios of PUIVMCC and magnification 
(by SEMI 

micrographs exhibited obvious phase separation, in 
which the white particles of VMCC dispersed into the 
dark matrix of the PU. Increasing the concentration of 
VMCC, the area of the dispersed phase of VMCC was 
increased with the VMCC particles in close proximity to 
each other. 

In contrast, the micrographs of the ionomer semi-IPN 
coatings with opposite charge groups, Figure 4 (A-I to 
D-l), did not reveal any phase separation. No white 
particles of the VMCC phase were visible in the dark 
matrix of the PU phase. Presumably the ionic bonds 
between the carboxyl and tertiary amine groups provided 
the best opportunity for interpenetration between the lin- 
ear chains of VMCC and the networks of PU to prevent 
any possible phase separation from the ionomer semi-1PN 
microphase. The physical properties of ionomer semi- 
IPNs with opposite charge groups were obviously im- 
proved compared to the semi-IPNs without opposite 
charge groups as previously mentioned (see Tuhles 2 and 
3 and Figures 1 and 2). 

CONCLUSIONS 

The miscibility between poly(viny1 chloride) and poly- 
urethanes based on poly(oxytetramethylene) glycol can 
be improved by introducing opposite charge groups to 
form ionic bonds. The improvement in miscibility from 

ionic bonds between the two polymer systems provided 
the best chance for interpenetration between the linear 
chains of VMCC and the PU networks in order to obtain 
good physical properties of the ionomer semi-IPN coat- 
ings from PU and VMCC. 
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New SAC1 can be formdated 
look like ~aint, but it ~rotecl 
metal befter arid c d  less. 

New, high-solids SACI@ corro- 
sion inhibitor concentrates are based 
on a unique technology that gives you 
all the advantages of paint. plus a 
whole lot more. 

Just like paint they can be easily 
pigmented, sprayed on, or applied 
with a brush or roller. But that's 
where the similarities end. 

Far superior to paint. 
These SAC1 formulations can be 

applied in almost any kind of weather 
and will dry to hard, abrasion- 
resistant films in several hours; yet 
maintain enough flexibility to with- 

stand chipping and crackingalong 
with resistance to many solvents. 

If the surface is ever scratched, 
you'll really appreciate the way the 
dry film resists undercutting. thereby 
minimizing the exposed area. 

High-solids SAC1 concentrates 
range from 70 to 95 percent solids. 
This means low solvent emissions 
an important benefit today. 

Minimal surface preparation. 
Unlike paint, SAC1 coatings can 

be applied after only minimal surface 
preparation. In many cases, wire 
brushing is sufficient. This means big 

savings in time and money. 
You can formulate coatings that 

are ideal for a wide range of applica- 
tions: from automobiles. to storage 
tanks. to offshore drilling platforms. 
In fact. whatever you've been paint- 
ing(probab1y over and over again) is 
a good candidate for these new SAC1 
concentrates. 

Sonneborn Division. 
For moredetails. write to: 

Sonneborn Division. Witco Corpo- 
ration. 520 Madison Avenue. Neu 
York. NY 10022-4236. Or call 
212-605-3903. 



Solution Parameters of Linseed Oil Alkyd: 
Their Dependence on Solute-Solvent 

Interactions 

M.V. Ram Mohan Rao and M. Yaseen 
Regional Research Laboratory* 

lntrinsic viscosity, which characterizes the polymer in 
the state of infinite dilution, has been used for deter- 
mining various solution parameters of alkyd resin in 
good, intermediate, and 0-solvents. The relationship 
between intrinsic viscosity and weight average mo- 
lecular weight has been used for determining the 
Mark-Houwink constants, a and K, of the resin. 
These constants are found to depend on the nature 
of solute-solvent interactions. The solution param- 
eters, Kt,, f(i2),, 6, and X ,  obtained from Kurata- 
Stockmayer and Stockmayer-Fixman plots, are 
found to depend on solubility parameters of solvents. 
The solubility parameter of the alkyd has been esti- 
mated by taking into account the solute-solvent inter- 
action parameter x and the solubility parameters of 
solvents. The results indicate that several solution 
parameters of the alkyd resin can be obtained from 
measurement of solution viscosity. 

INTRODUCTION 

Solvents have distinct intluencc o n  rcsin-solvent misci- 
bility. resin-pigment interaction. tli\peraibility. rhcology. 
and ease o f  application in the wet state. Similarly, other 
factors like conipatibility. swelling, adsorption, viscos- 
ity. tolerance for non-solvents. ant1 evaporation also af- 
fect the appearance and pcrl'ormancc of the coating. The 
interaction between resin and solvent tlctcrmincs their 

various solvents. To obtain information about the solu- 
tion properties, the practical data are treated as hydro- 
dynamic and thermodynamic properties. 

The properties o f  dilute solution of a polymer which 
depend on solute-solvent interactions have been ex- 
plained in  terms o f  hydrodynamic models.'-' Flory and 
Fox" suggested that viscosity o f  polymer solution de- 
pended on the volume occupied by the polymer molecule 
and treated it as hydrodynamic sphere. The solution 
parameters o f  polymers specifically known as hydro- 
dynamic parameters are usually derived from the data on 
the thermodynamics o f  solute-solvent interactions.'-"' 
They can be determined precisely by the measurement o f  
the How properties of polymer solution. The interpreta- 
tion o f  results in  terms o f  the size and structure enables 
the characterization o f  the polymer. 

Molecular Weight Dependency 
of lntrinsic Viscosity 

The How properties o f  polymeric materials in dilute 
solutions are widely used for determining the thermo- 
dynamic and hydrodynamic paranieters.J~"~7~"' lntrinsic 
viscosity, one o f  the properties which characterizes the 
polymer in the state o f  infinite dilution, has been used 
extensively for the determination o f  solution param- 
eters."-" The molecular weight dependency o f  intrinsic 
viscosity is given by the well-known Mark-Houwink 
equation:'" 

miscibility and can be estimatctl by the properties of the ~T,I = k ~ , , ' ,  ( 1 )  
dilute solution o f  the resin. lntrinsic viscosity, the most 
frequently measured property of dilute solution. has been Here, K and a. the Murk-Houwink constants which are 
used for determining the interaction of alkyd resin with characteristics o f  a particular polymer solvent conibina- 

tion, depend on the nature o f  solute-solvent intcrac- 
'KL.F#OI~II Kc \P .~~L~ I  I . , thor i~ lo t~ .  II\~l~~~.~h.td illll 11117. 111111.1 

tions, II.IJ.I~ K depends on solute-solvent interaction; the 
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state of polymer solution is defined by a. Usually," the 
value of a is in the range of 0.5 to I .  In the extreme case 
of a maximally extended chain, a < 1. 

Intrinsic Viscosity in 0 State of Solution 

The polymer solution where the decrease in coil densi- 
ty and the corresponding increase in viscosity occurs 
because of little solvation by the solvent is known as the 0 
state and the solvent is the 0 solvent. 

In the case of 0 solutions," the partial molar free 
energy due to polymer-polymer, polymer-solvent interac- 
tion is zero and a = 0.5. This represents the condition of 
limiting solubility of the polymer in a solvent and it is 
also called the 0 state in which the molecules are unper- 
turbed. In this state, the polymer molecule contracts and 
the intrinsic viscosity-molecular weight relationship is 
e x p r e s ~ e d : ~ ~ . ~ '  

where Ke is the value of K in unperturbed state and [TI,, 
is the [q] in 0 solvent. 

Unperturbed Dimensions 

The hydrodynamic properties of a polymer coil in solu- 
tion depend on short range and long range interactions 
between chain segment of the polymer. In the state of 
good solute-solvent compatibility, long range interac- 
tions are favored and they give rise to an excluded volume 
effect." In 0-state of the polymer solution, the short 
range interactions are related to unperturbed dimensions. 
The root mean square end to end distance (f'),, of the 
polymer segment can be calculated by the following 
equation: 

where the hydrodynamic constant, +, = 2.68 X 10". 
Ideally, unperturbed dimensions are determined using 

viscosity data of dilute polymer solutions in 0 solvents. 
However, measurements made on solutions in non-0- 
solvents can also be used with suitable extrapolation of 
data,h.7.22-25 

Solution Parameters: Kurata-Stockmayer 
Equation 

Kurata and S t ~ c k m a y e r ' ~  suggested the following 
equation for estimating the unperturbed dimensions of a 
polymer in non-0-solvents: 

The term B in equation (4) is the long range interaction 
parameter and is dependent on the thermodynamics of 
solute-solvent interactions. The relation of B to X .  the 
solute-solvent interaction parameter, is given below: 

The symbols, t, N,  and V, represent partial molar specif- 
ic volume, Avogadro number, and molar volume, respec- 
tively. The function of g (a,) in equation (4) is defined 
below:2' 

Here, a, is the linear expansion f a ~ t o r . ~  

Stockmayer-Fixman Equation 

Stockmayer and F i ~ m a n ' ~  suggested the following 
simplified form of Kurata-Stockmayer's equation, which 
is applicable only when a, < 1.5: 

The Mark-Houwink constants a and K as well as the 
parameters K,, f (f'),,. B,  and x have been used for 
characterizing the nature of solute-solvent interac- 
tions,?h.27 

Interaction Parameter-Solubility Parameter 

Lipson and Guillet" used the data on ,y obtained from 
GLC studies for determining the solubility parameter of 
the polymer using the following equation: 

Here, s1 and 6' are the solubility parameters of solvent 
and solute. respectively. and X ,  is entropic contribution 
to X. 

Present Study 

The solution viscosity of five fractions of semi-poly- 
merized linseed oil-pentacrythritol phthalate alkyd was 
measured in good, intermediate. and poor solvcnts. The 
solubility parameter of alkyd was estimated using cqua- 
tion (9) with the valuc of x derived from equation ( 5 ) .  
This value was compared with thosc obtained from the 
plots of other solution parameters for alkyds. i.c.. a. K .  
and K, as function of 6 of solvents. 

EXPERIMENTAL 

Resin Fractions 

In organic coating formations. alkyds form the ~ilajor 
part of the total consumption among the rcsins. With this 
consideration. and with prior knowledge about sonie of 
its physico-chemical properties. a 66'X linseed oil-pen- 
taerythritol phthalate alkyd was selected.'" This alkyd. 
which had an acid value less than 10 in solid content = 
100%. was fractionated by using toluene-methanol as 
solvent-non-solvcnt system." The repeated operation of 
this process produced sufficiently purificd narrowly dis- 

Journal of Coatings Technology 



SOLUTION PARAMETERS OF LINSEED OIL ALKYD 

SOLVENTS 

I ETHYL ACETA 

A ETHYLBENZE 
BENZENE 

0 1OLUENE 
A METHYETHYL 

6-  VALUE 

I E  27  
NE 2 1 

2 0 
1 9  
. - 

Figure I-Double logarithmic plots of intrinsic viscosity [v] 
of alkyd fractions vs molecular weight. M, in different sol- 
vents. "A" is an arbitrary constant used to displace lines 

vertically for clarity 

tributed fractions of the alkyg. Five fractions with weight 
average molecular weights M,. in the range of 3.800 to 
12.000, were selected. 

Molecular Weight of Resin Fractions 

The number of average molecular weight. M,,, of alkyd 
fractions was determined by the freezing point depression 
method using benzene s o l v ~ n t . ~ "  Kohan" referred to 
~ lory ls"  views that in linear condensation polymcriza- 
tion M, and M,, might be related to the extent of reac- 

Figure 2-Double logarithmic plots of intrinsic viscosity [q] 
of alkyd fractions vs molecular weight. M, in different sol- 
vents. "A" is an arbitrary constant used to displace lines 

vertically for clarity 

tion. P. ~ o u n g , ~  while describing the molar mass distri- 
bution, has reported the following equations for the linear 
condensation product. 

M 
M,, = -- 

( I  - P I  (10) 

and 
- l l f P ) M  M, =- 

(I - P) 
( I l l  

where M is the molecular weight of the polymer repeating 
unit. It was presumed that the polymerization of alkyd 

Table I-Intrinsic Viscosity, [q] and Mark-Houwink Constants, a and K: Their Dependence on solubility parameter 6 of solvents 

Mark-Houwink 

[TI dL/g of Alkyd Fraction F, in Different Solvents 
Constants from 
Plots 01 Lo-g [y] 

- 

R Fi F2 F3 F4 Fs vs Log Mw - 
Solvents (cal icc)' M,= 12,765 M,=9,659 M,=6,771 8.=5,213 M,= 3,801 a KxlO" 

I .  Cyclohcxt~nc . . . . . . .  
2. Methyl ihohutyi kct<inc 
3 Ethyl henrune . . . . . . . .  
1. Tolucnc . . . . . . . . . . . . .  
5. Ethyl i~cctatc . . . . . . . .  
6 .  Brn7enc . . . . . . . . . . . .  
7. Mcthyl cthyi kctonc . . .  
8. Tetrahydrofur;~n . . . . . .  
9. Cyclohcxanone . . . . . .  
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Figure 3-Kurata-Stockmayer plots for alkyd fractions in dif- 
ferent solvents. " A  is an arbitrary constant 

was linear during the initial stages of condensation. On 
the basis of this assumption, the above c q ~ ~ t i o n s  were 
used for determining M, of alkyd from its M,,. The cal- 
culation of molecular weight of polymer repeating unit of 
alkyd is described e l ~ e w h e r e . ~ "  

The weight average molecular weight of the alkyd 
fraction was also determined by gel pcrnieation chroma- 
tography and it was found not to differ much from that 
obtained by the above procedure. The spectroscopic anal- 
ysis of the fractions showed no variation in the coniposi- 
tion of fractions with molecular weight. As the increase 
in the molecular weight of the individual fractions is due 

Figure 4-Stockmayer-Fixman plots for alkyd fractions in dif- 
ferent solvents. " A '  is an arbitrary constant 

to the growth of molccul;tr chain. thc dilute solution of 
higher tnolecular weight fractions was uhed for the \.I\- 

cosity nieasuremenls. 

Solvents 

Analytical reagent grndc solvcnts with solubility pa- 
rameters in the range of 8-10 (cal lcc) '  ' wcrc hclccted on 
the basis of physico-chcniical pa~umctcrs  of' solute and 
solvents for viscosity measurement. The expected holu- 

Table 2-Solution Parameters of Alkyd Obtained from Plots of Kurata-Stockmayer Equation 

Solvents 

I .  Cyclohexanc . . . . . . . . . .  
2. Methyl isohutyl Letonc . 
3. Ethyl benzene . . . . . . . . .  
4. Toluene . . . . . . . . . . . . . .  
5. Ethyl acetate . . . . . . . . . .  
6 .  Benzene . . . . . . . . . . . . .  
7. Methyl ethyl kctonc . . .  
8. Telrahydnifuri~n . . . . . .  
9. Cyclohcxanonc . . . . . . .  

Solution Parameters of Alkyd in Different Solvents 
Long Range lnteraction Parameters Short Range Interaction Parameters 

fi [(:)Dl x t017 
(calicc)' x loz6 x K,, x lo3 Mw 
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Table 3-Solution Parameters of Alkyd Obtained from Plots of Stockmayer-Fixman Equations 

Solution Parameters of Alkyd in Different Solvents 
~ -- 

Long Range Interaction Parameters Short Range Interaction Parameters 
8 [(il)o] x loi7 

Solvents (call cc)"' B x 10'" X K,, x l o 3  
-p---pppp ~ - - -- Mw 

I .  Cyclohexane . . . . . . . . . . . . . . . . . . . . . .  8.18 0.0 0.5 0.799 2.98 
2. Methyl isohutyl ketone . . . . . . . . . . . . . .  8.57 0.354 0.442 0.875 3.26 
3. Ethyl benzene . . . . . . . . . . . . . . . . . . . . .  8.80 0.396 0.415 0.925 3.45 
4. Toluene . . . . . . . . . . . . . . . . . . . . . .  8.91 0.400 0.41 1 0.950 3.54 
5. Ethyl acetate . . . . . . . . . . . . . . . . . .  9.10 0.408 0.401 1.000 3.73 
6. Benzene . . . . . . . . . . . . . . . . . . . .  9.15 0.430 0.407 0.980 3.66 
7. Methyl ethyl ketone . . . . . . . . . . . . . . . .  9.27 0.446 0.404 0.970 3.62 
8. Tetrahydrofuran . . . . . . . . . . . . . . . . . . .  9.52 0.350 0.443 0.875 3.26 
9.  Cyclohexanone . . . . . . . . . . . . . . . . . . .  9.88 0.0 0.5 0.799 2.98 

bility parameter of the alkyd is around 9.1 ( c a l l c ~ ) ~ "  and 
solvents which have their &-values close to that of the 
resin are likely to be good solvents for it and vice-versa.*' 
The likely order of preference of solvents for alkyd is 
ethyl acetate, benzene, toluene, and MEK (with their 6 = 
9.1 ,  9.15, 8.91, and 9.27, respectively) good solvents; 
ethyl benzene, THF, and MlBK (6 = 8.8, 9.52, and 
8.59) intermediate solvents; and cyclohexane (6 = 8.18) 
and cyclohexanone (6 = 9.88) poor solvents. 

Viscosity Measurements 

Alkyd solutions of different concentrations ranging 
from 0.3 to 1.5 g/dL were prepared by the successive 
dilutions of stock solution (concentration 2 g1dL). The 
solvent was weighed to improve the accuracy and con- 
verted to volume. The viscosity was measured at 25 t 
0.004"C (Schott Geratte thermostatic control) using cali- 
brated Ubbelohde capillary viscometers and AVSlN Sys- 
tem which automaticallv records the tlow time of the 
liquid to 0.01 of a second 

Intrinsic Viscosity 

Intrinsic viscosity [I] was determined using conven- 
tional procedure of plotting rl,,lC versus C,  the conccn- 
tration. 

'j = I l l  + K,,  h12 C Hugliwl5 
' (' - ,, (12) 

The Huggins constant, KkI,  depends on solute-solvent 
interactions. 

RESULTS 

The values of Mark-Houwink constants a and K de- 
rived from the extrapolated plots of log 111 and log M, 
(Figures I and 2) along with the weight average molecu- 
lar weight of each fraction and their intrinsic viscosity in 
different solvents are reported in Trrhlc~ I. The short range 
interaction parameters K,, and f (T'),, and the long range 

DISCUSSION 

Mark-Houwink Constants a and K 

The values of constants a and K derived from plots in 
Figures 1 and 2 are found to depend on the type and 
solubility parameters of solvents. When alkyd solutions 
are prepared in solvents which have characteristics simi- 
lar to those of the solute, the values of a do not differ 
much from each other. For example, they are in the range 
of 0.733 to 0.746 with respect to solvents, toluene, ethyl 
acetate, benzene, and MEK (Table I) .  Hergenrother and 
 els son'^ also observed similar results while studying the 
viscosity molecular weight relationship for fractionated 
polyethylene terephthalate. 

interaction parameters B and x obtained from plots of 8 o 9 o 10 o 

Kurata-Stockmayer and Stockmayer-Fixman equations 6 ,  
(Figures 3 and 4) are given in Tctblc~s 2 and 3 along with ~igure5-interaction parameter, X, vssolubility parameter, 8, 
the solubility parameters of each solvent. of solvents 
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Solvents, cyclohexane (6 = 8.18) and cyclohexanone 
(6 = 9.88) which are not as compatible with the alkyd 
and which also have wide differences in their solubility 
parameters were selected to study the nature of their 
interactions with the resin. It is interesting to note that the 
value of a for alkyd solutions in these solvents is 0.5. 
Hence, cyclohexane and cyclohexanone may be consid- 
ered as 0 solvents for 66% linseed oil pentaerythritol 
phthalate alkyd. 

The constant K is also dependent on the type of sol- 
vents. For example, the values of K are 1.64 and 1.65 x 

with respect to benzene and ethyl acetate and 7.94 
X for cyclohexane and cyclohexanone. 

Solution Parameters of Alkyd Resin 

Solution parameters of polymeric materials depend 
largely on their conformational and thermodynamic prop- 
erties which, in turn, are influenced by the short range 
and long range interactions between the chain segments 
of the polymer. The interaction parameters, KO and B ,  
obtained from plots in Figures 3 and 4 and the param- 
eters, f ( ~ ~ ) ~  and X ,  derived from equations (3) and (5) are 
found to depend on the solute-solvent interactions (Tuble 
3). The solute-solvent compatibility can be characterized 
by taking into account the dependence of these short 
range and long range interaction parameters on the type of 
solvents. 

Figure 6-Mark-Houwink constant, a, vs solubility parameter, 
8, of solvents 

The behavior of a polymeric material in solution can be 
explained in 0 and non-0 conditions. In 0 condition, the 
short range interactions between atoms and groups which 
are near neighbors determine the unperturbed dimensions 
which are independent of the nature of solvent." The 
solution parameters KH and f(F2),, of alkyd resin with 
respect to solvents cyclohexane and cyclohexanone are 
independent of the nature of these solvents. 

The variation in the values of KH and f(F2),, in non-0 
condition is attributed to the fact that the specific solvent 
effect on the thermodynamic interactions between poly- 
mer segment and solvent causes an alteration in the 
geometric parameters such as bond angles and bond 
lengths, etc." With a further increase in the therniody- 
namic efficiency of a particular solvent to dissolve the 
polymer, KO and f ( ~ ' ) ~  increase and attain optimum val- 
ues. Because of this, in solvents. such as ethyl acetate 
and benzene, which have good interaction with alkyd. 
values of solution parameters Ke and f(F")o are the maxi- 
mum (Table 2). 

The thermodynamic behavior of a polymer in solution 
can also be explained in terms of long range parameters B 
and X. In the unperturbed state, the values of parameters 
B and x are 0 and 0.5, which represent the state of 
limiting solubility. The value of B = 0 and that of x = 

0.5 for alkyd solutions in cyclohexane and cyclohexanone 
indicate the state of limiting solubility of alkyd in these 
solvents (Table 3). 

Figure 7-Mark-Houwink constant, K, vs solubility param- 
eter, 8, of solvents 
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Figure 8-Unperturbed dimension, K,,, vs solubility param- 
eter, 8, of solvents 

Limitations of Kurata-Stockmayer Equation 

The calculated values of the function g (a,,) is not 
more than 1.265 for the alkyd-solvent system described 
here. The Stockmayer-Fixman cquation is recommended 
to have good applicability whcn the value of function g 
(a,) is less than 1.5. As the value of function g (a,,) is 
much lower than 1.5. the solution parameters of alkyd 
calculated by using Kurata-Stockmaycr and Stock~iiayer- 
Fixrnan equations d o  not differ rnuch from each other. In 
the case of the Kurata-Stockniayer equation. more varia- 
bles are involved in plotting the data than with the Stock- 
rnayer-Fixman equation. a modified form of Kurata- 
Stockmayer equation. I t  may be preferable to use 
Stockmayer-Fixman equation for estimating solution 

of polymers if the limiting conditions are 
satisfied. 

Solubility Parameters of Alkyd 

In the past. because of thc polymeric form of alkyds. 
indirect methods were used for determining the solubility 
parameter of alkyds."'.-'4 In thc present study. the dcpcn- 
dence of x on solubility parameters of solvents has bccn 
used for directly estimating thc solubility pararncterofthe 
alkyd from the slope of thc plot of Lipson and Guillct's 

equation (9) (Figure 5).  The value of 6; obtained from 
the plot of data is given below: 

6 1  = 9.05 (callcc)"' for linseed oil-pcntaerylhritol-phthalatc alkyd 

To support the above findings, the values of solubility 
parameter of alkyd were derived from the plots of a vs 6,  
K vs 6, and KO vs 6. The plots of constants a and KO in 
Figures 6 and 8 have distinct maxima and that of constant 
K versus F has a clear minimum in Figure 7. Such types 
of definite inflections in the plots can be equated to the 
state of optimum interaction between resin and solvent. 
Hence the value on the &axis which corresponds to the 
inHection point of the plot was equated to the solubility 
parameter of the resin. The values of solubility parameter 
of linseed oil alkyd obtained from plots in Figures 6 ,  7, 
and 8 i r e  9.06, 9.06 and 9.08 (calicc)"'. 

SUMMARY 

The advantage of determining interaction parameter x 
from solution viscosity is that it does not involve compli- 
cated steps. Further, solubility parameter of the polymer 
calculated by using data on x may be compared with that 
obtained from other solution parameters. 

The values of Mark-Houwink constants a and K for 
linseed oil alkyd-obtained from the double logarithmic 
plots of [q] and M, are found to be affected by the type 
of solvents used in viscosity determination. 

Cyclohexane and cyclohexanone are 0 solvents for 
66% linseed oil pentaerythritol phthalate alkyd. 

The solubility parameter of an alkyd can be determined 
from solution parameters obtained using various solvents. 
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Coatings Technology-Why We Don't Get 
Enough Respect 

Marco Wismer 
PPG Industries. Inc.* 

Introduction 
For many ycars-long hcforc i t  hccamc 
fashionable-l was an outspoken advo- 
cate for research and tcchnology in our 
industry. I t  was lonely work. Sometimes 
I felt l ike the ancient prophcts muht have 
felt-condemned to preaching the gospel 
of science to largely unreceptive audi- 
ences. Occasionally people listcncd; but 
more often. they didn't. 

So I know how loncsome i t  can be to 
do technical missionary work i n  an indus- 
try as stccpcd i n  tradition as ours is. But I 
also know how rewarding the succcss o f  
that mission can be-both in a profes- 
sional and i n  a material scnse. 

Even though thc valuc of advanced 
tcchnology to our industry has hccn clear- 
ly  established by now-end cvcn though 
the value o f  our products to society has 
been incalculably great-and even 
though the quality o f  sciencc which takcs 
place i n  our industry is frcqucntly out- 
standinp-we havc stil l not won the rc- 
spect o f  our peers i n  othcr industries. The 
consequences o f  non-recognition havc 
been taking their toll: rccruitmcnt. re- 
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search support, product innovation, and 
self-respect are all among its victims. 
Thercfore. I ' d  like. lirst, to take a closer 
look at why our achievements arc rou- 
tinely ovcrlooked and, second, to pro- 
pose some remedies which can help to 
turn that situation around. 

An Industry Problem: 
Unappreciated Successes 

As I see it, the tendency o f  people 
outside our industry to overlook coatings 
tcchnology stems from two very different 
sources-our successes and our failures. 
The problem with our successes is that 
the contribution which a coating makes to 
a product is usually interprctcd as a char- 
acteristic o f  the product itself. A beauti- 
fully finished car, for example, is seen as 
a bcautiful car rather than a beautiful car 
c.otrting. The same applies to other manu- 
factured goods as well. Our successes are 
hidden in the goods to which our products 
have been applicd. 

Even worse are coatings whosc func- 
tion is to prevent you from noticing 
things which would otherwise offend 
you. Take. for example, the coatings 
used i n  becr cans to kccp any metallic 
taste from affecting the product. Do  peo- 
ple drink from the can and then comment 
on its wonderful coating'? O f  coursc not: 
they talk about thc beer. And. in the un- 

l ikely event that they give i t  any thought 
at all. they probably conclude that alumi- 
num simply doesn't affect its taste. 

The sad fact is that i t  is almost always 
the least sophisticated component o f  a 
coating - its color - that people think 
o f  when they think about our industry's 
products. Unfortunately, that applies to 
technically educated people as much as i t  
does to laymen. So, one o f  the first jobs 
we've got to do is to educate our profes- 
sional peers to recognize our successes 
when they see them. After that, we can 
turn our attention to the generel public. 

The central message has to be that the 
value-to-performance ratios o f  coatings 
are higher than essentially any other 
products on the market. For example, a 
coating with a fi lm thickness o f  only 
three mils represents less than one per- 
cent o f  the total cost o f  an average auto- 
mobile. Yet i t  protects the car's value by 
resisting corrosion and greatly enhancing 
its appearance. The same is true o f  food 
packaging. A cwating with a fi lm thick- 
ness equivalent to just one-tenth o f  a hu- 
man hair extends the shelf l ife o f  a food 
or beverage can by  an order o f  magni- 
tude. I t  also protects its tastc and pre- 
serves the appearance o f  the finished 
product. Yet i t  represents less than four- 
tenths o f  one percent o f  the total product 
cost. Likewise, a housepaint generally 
accounts for only one-fifth thc total cost 
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Table 1 -R&D Expenditures 
as Percentage of Sales 

Industry 

Semiconductors.. . . . .  
Information Systems . . 

.......... Aerospace 
Electronics . . . . . . . . . .  
Chemicals . . . . . . . . . .  

. . .  Industrial Coatings. 
Coatings. . . . . . . . . . . .  

Percentage 

. . . . . . . . . . . . . . . .  . 8 . 2  

. . . . . . . . . . . . . . . .  .7 .4  

................ .4.5 

. . . . . . . . . . . . . . . .  .4.3 

. . . . . . . . . . . . . . . . .  3.1 

. . . . . . . . . . . . . . .  . 2 .6  

. . . . . . . . . . . . . . .  .1.9 

Sources: 1983 Operdalng Co\l Survey INI'CAI. Rnrr,trr.s 
Wcrk-July X. 1985 

of a paint job, yet i t  protects the entirc 
house from deterioration and greatly cn- 
hances its value. Thc list o f  cxamplcs 
could go on and on. 

Failures and Shortcomings: 
Need for Stronger Commitment 

But not all o f  our industry's problcms 
stem from its unappreciated succcsscs. 
We must also face up to the fact that we 
have some legitimate failures and short- 
comings as wcll. At one level, thcsc in- 
clude simple product failures-coatings 
which don't perform as wcll as pcoplc 
expect. Of course. sometimes thcir ex- 
pectations arc unrealistic. and at othcr 
iimes a consumer-annlicd nroduct fnav bc . . .  
misapplied. In  thosc cases. a customer's 
failure bccomcs construed as an industry 
failure. But apart from those instanccs. 
the actual performance of  coating prod- 
ucts rc~cills doos vary quite a hit. Our 
comrnitmcnt to quality has hccn uneven. 

A lot of that. I 'm sure. has to do with 
the nature of  our industry. Paint< havc 
been produccd for all o f  recorded history. 
Unti l  very recently, paintniaking was 
definitely an art, not a scicnce. 'l'hc trans- 

To a certain extent. that's still truc. 
There are well over a thousand paint man- 
ufacturers in the United States today- 
some of them are littlc more than mixing 
sheds. The products they make arc gcncr- 
ally unsophisticated and thc markcting 
practices they use arc evcn less relined. 
It's not a situation that encourages re- 
spect for our industry. evcn though its 
overall size-$22 billion in sales last 
year-should certainly command attcn- 
tion. 

But apart from thosc circu~nstanccs and 
from thc resulting fact that most pcoplc 
think of  commodity-typc consumer paints 
as what we're all about, thc rcality is 
that our industry has much lcss commit- 
ment to R&D than many othcrs do. Com- 
pare what we spend on K&D to this rcpre- 
sentativc group of  high-tcch industries 
(Tcrblc I ) .  Wc'rc way. way down thcrc. 

So onc of the first things I would advo- 
cate to enhance the vitality o f  our induh- 
try and earn the respect o f  our pccrs is to 
incrcasc our rcscarch cfforts. Thcrc's 
plcnty of  opportunity for that. At thc Icv- 
el of basic scicnce. thcrc is growing cx- 
citcment ovcr discovcrics concerning 
phenomcna which occur cxclusivcly on 
surfaces. And in the applied sciences. thc 
past few ycars havc sccn trc~ncndouh 
breakthroughs in polynicr chemistry and 
material synthesis. 

Leapfrog Products and 
Incremental Improvements 

I f  you look at the pioneering scicntilic 
work involved in coating technology to- 
day. you see an imprcssivc array ofdi\ci-  
plincs. They includc: polymcr chemistry. 
organic chemistry. inorganic cheniistry. 
analytical chemistry. elcctrochc~nistry. 
surface and colloid chcmistry. rhcology. 
color physics, chemical engineering, cor- 

" A  product or process has to be developed 
before it is needed; when it is.needed, it is 
too late. " 

formation of paint manufacture into a 
modern industry happcncd just within the 
span of  a few dccadcs. I can clearly rccall 
seeing varnish makcrs hovering ovcr thc 
resin kettles where thcir secrct recipes 
of gums and oils wcre being preparcd. 
Thcrc wcre no standards of composition. 
performance, or evcn appearance back 
then. And paint manufacturers wcrc 
everywhere; i t  was csscntially a cottagc 
industry. 

rosion, adhcsion. m;~tcrial scicncc. mi- 
crobiology, photochcn)istry. and physics. 
We havc the porc,r~~itrl for bccoming one 
of  the most cxciting and attractive indus- 
tries to this country's top graduate stu- 
dents. But for thc most part. that potential 
rcmains unfulfilled. There's something 
still missing: it's the cxcitcnicnt and chal- 
lcnge that comes fro111 kipplying thosc 
skills to breakthrough pro,jccts. Let me 
explain. 

Table 2-Leapfrog Product 
Developments 

Nitrocellulo?,~ 
Alkyd?, 
Titanium Dioxide White Piyncnrs 
Latex Paints 
Epoxy Bascd Paint* 
Urethanc 
Cathodic Electrodeposited Coatings 
Universal Top Coat?, 
Clcar Over Color Top Coat\ 

In every industry. you can divide the 
rcscarch pro,jccts into two broad cateyor- 
ies: ( I  ) leapfrog products and procc\\c.s. 
and (2) incremental improvc~ncnts. I dc- 
fine Icapfrog product or proccss a a tech- 
nical advancc o f  such ~iiagnitudc that it 
forces the cntirc industry to change. I t ' \  
the homerun of dcvclopnicntal tcchnol- 
ogy. Some cx;~mplcs fro111 our own indus- 
try arc included in Ttrhli, 2. 

Unfortunatcly. not that ~iiany Icapfrog 
projccts havc really changcd thc coating\ 
busincss ovcr the ycars. Much of our in- 
dustry rcmains rooted in the arti\an tradi- 
tion. But i f  this industry i s  to groN and 
nicct its truc potential. we will necd to 
rcdoublc our tcchnic;~l efforts. We will 
necd to conccntntc morc on leapfrog 
pro.jccts. And to make sure we direct 
thosc efforts to whcrc tlicy're rcally nced- 
cd, wc  nus st anticipate the future rcquire- 
mcnts of  our custonicr\ better than \\c 
havc in the past. 

A product or process has to he dcvcl- 
oped hqfirc~ it is nccdcd: once i t ' \  nccd- 
ed, i t ' s  too late to start. But in ortlcr to 
anticipate what wi l l  be ncctlctl far cnough 
in ndvancc to be prcpnred. we nccd to get 
much, much clohcr to our cuatol)icr\. And 
I don't liniit that to just our \ales and 
markcting pcoplc. I Incan our technical 
and scicntilic people ax wcll. 

At PPG. wc have a \cries of  team\ 
consisting of  onc ~I;II-keting pcrson and 
one technical pcrson who have ;I \hareit 
responsibility for custo~ncr cont;rct. Wc. 
havc thcsc tc i~~i is  operating in every husi- 
ncss scgnicnt. That pattern has sivcn u\ a 
trcmcndous advantage in a~~ticipatiny our 
future niarkcts. And a h  wc ;~ddrc\\ thoxe 
needs. wc concentrate on dcvcloplng 
Icapfrog solutioos-products or pro- 
cesses which arc so much superior to any- 
thing clsc available. that we I'rcqucntly 
end up with ;I m;~rl\ct all to ouraclvcs. 
That'\ thc coni~ncrcial signilicancc of 
leapfrogs. 

Thc list o f  iniportant inerc~iicntnl dc- 
vclopmcnts in our industry is ~i iuch largcr 
than our list o f  Icapfroga. Ccrtainlx. 
many morc will be irddcd ovcr time. and 
othcrs may havc hccn ovcrlookcd which 
ought to bc on this list right now. ITi~blc 
3). Evcn so. wc huvc quite a fcx. Incre- 
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mental improvements arc important to 
our staying in busincss. Without thcm. 
our customers would not bc wcll scrvcd. 
But incremental improvements won't 
protcct our industry against the inroads of 
competing technologies which arc orient- 
ed to protecting and enhancing surfaces. 
To do that. wc nccd to look toward some 
technical challenges which arc currcntly 
on the horizon (Tuhlc 4). 

Three Managerial Challenges: 
Planning, Policy and People 
But even our succcss in mccting thcsc 

technical challcngcs won't propcl us into 
the vanguard of high tcchnology. Wc also 
face some important managerial chal- 
lenges. In my capacity as a coatings rc- 
search dircctor. I brokc thcsc challcngcs 
into thrcc catcgorics-thc thrcc P's. as 
I called them-Planning. Policy and 
People. 

Planning: We must plan our rcscarch in 
such a way that our long-rangc plans 
dovetail with thc long-rangc nccds of our 
customcrs. Thcy must also correspond 
with current trends in tcchnology and 
emerging social nccds. I rcalizc that's 
casicr said than donc. For cxaniplc. our 
customcrs don't always rccognizc thcir 
own futurc nccds: wc frcqucntly havc to 
anticipatc those nccds for thcm. As I not- 
ed carlicr. a product has to hc dcvclopcd 
btforc it's nccdcd: by thc timc it's nccd- 
cd. it's too latc. 

A related part of thc planning process 
rcquircs us to think of oursclvcs as a scr- 
vicc industry rathcr than as a manufactur- 
ing industry. Wc must dcvclop ways to 
surround our customcrs with scrvicc so 
that wc can solvc thcir problcms as thcy 
arisc. I call this customer obsession. 

Table 3-Outstanding Incremental 
Product Developments 

-- - 

High Gloss Latex Paint5 
Semigloss Latex Paints 
Waterbased High Gloss Alkyds 
High Solids Coatings 
Flow and Dip Primers 
Photoresists 
Optical Fiber Coatings 
Elastomer Coatings 
Latices with Good Wct Adhesion 
Organic Coatings to Rcplacc Porcelain 
Elastomeric Coating5 for Concrete 

- Refinish Coatings li~r Metal Siding 
Fire Prooling Coating fur Structural Stccl 
Two Pack Durahlc Urethane Coatings 
Water-borne Autoniot~ve Bahecoat 

. Water-borne Can Coatings 
Polyvinylidcne Fluoride Coil Coatings 
Nontoxic Anticorrosive Pignicnt\ 
Vapor Cure Coatings 

Policy: It must be our policy to invest a Table 4-Future Technical Challenges 
significant share of the available research 
dollars into leapfrog products and pro- 
cesses. Othcrwisc, wc ncglcct our indus- 
try's future and the future of our custom- 
ers as well. Of course. I realize how 
tempting it is to put all of your technical 
manpower into incremental projects; that 
pacifics our markct managers and satis- 
fies the immediate nccds of our custom- 
ers at the samc timc. But it won't advance 
our customcrs' long-rangc intcrcsts. nor 
will it protect our own. 

Pcoplc: Howcvcr, thc most significant 
of the thrce P's is peoplc. Without good 
pcoplc, no tcchnical program. can sur- 
vivc. I havc oftcn askcd mysclf: what 
charactcristics make for a succcssful 
R&D pcrson? And I'vc concludcd that a 
successful R&D professional has to havc 
three important capahilitics: imagination. 
know-how. and hard work. 

Without imagination. there can be no 
creative process. And without that crc- 
ativc process, invcntions won't bc made. 
It takes imagination to anticipatc thc 
necds of your customcrs and imagination 

Low Cost Replacement [or Titanium Dioxide 
White Pigment 

Auto Refinish System Free from Toxic Effects 
Consumer Paint which Eliminates Messiness of 

Painting 
Solventless Paint which Can Be Applied by 

Conventional Methods 
Non-toxic Coating which Cures at 250°F or Less 
Non-toxic Corrosion Inhibiting Pigment which 

Is as Effective as Chromate5 
Superior Adhesion Promoters. Better Adhesion, 

Better Corrosion Resistance 
Coating for Mixed MetalIPlastic Substrates on 

Line 
Improved Coatings for Galvanized Steel 
Temporary Coating5 for both Painted and 

Unpainted Substrates 

to redouble our R&D efforts. Wc fclt if 
hc, werc thinking anodic, then our com- 
petitors werc probably thinking that way, 
too. S o  we concluded that it was worth 
the risk of trying to develop a cationic 
process that really workcd. If wc suc- 
ceeded, we knew we'd havc the ficld to 
oursclvcs. 

" . . . a successful R&D professional has to 
have three important capabilities: imagination, 
know-how. and hard work. " 

to translate thcm into quality rcscarch 
projects. 

Without know-how, invcntionscan't bc 
developed and solutions can't bc imple- 
mcntcd. A solid technical cducation with 
a firm grounding in thc sciences is a must 
for the successful R&D profcssional. 

Finally, without hard work. inventions 
just don't get donc. Inspiration must bc 
accompanied by perspiration. Inventions 
often rcsult from thc unexpcctcd. And thc 
only way you can obscrvc thc uncxpcctcd 
is whcn you work, whcn you cxperimcnt. 
when you gcncratc rcsults, whcn you act. 

Another kcy ingrcdicnt of invention is 
risk-taking. I rcmcrnbcr whcn we con- 
ducted thc first cxpcrimcnts with cationic 
rcsins for cathodic clcctrodeposition. Thc 
Rrst panel wc madc was tcrriblc. The 
coating had cratcrs; it had bubbles: it 
looked like the face of thc moon. Thcn 
we showed it to a consultant and told him 
that it was a cationic-clcctrocoat film. Hc 
immediately ran to thc blackboard. drew 
a fcw equations. and cxplaincd how thc 
cathode gencratcs twice as much gas as 
thc anodc. You could ncvcr get a smooth. 
pinhole-free film from thc cathodc, hc 
explained. Thosc cornmcnts prompted us 

The rest, as thcy say, is history. The 
moral of the story is that wc havc to 
cncouragc risk-taking. Wc must crcatc an 
atmosphcrc in our industry which sup- 
ports innovation. And an important part 
of creating that environment is to resist 
the impulsc to punish risk-takers for their 
occasional failures. We learn froni our 
failures cvcn more than we learn from our 
succcsscs. If somconc isn't frcc to fail. 
they're not really free to succeed, either. 

Conclusion 
Let me emphasize that the work we're 

doing today is something in which we can 
all takc pride. But with additional effort. 
we could also bccomc thc cnvy of cvery 
researcher in the industrial world. If we 
commit ourselves to leapfrog rcscarch, to 
uncomproniising quality, to outstanding 
customcr scrvicc. and to attracting thc 
best available scientific talcnt, our future 
will be in good hands. Our customers will 
be wcll served, our carcers will be more 
fulfilled, and thc respcct which has elud- 
ed us for so long will have linally been 
secured. 
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your RMCaown 
and his satisfaction up..: 

MAINCOTE TL-5 water- 
borne acrylic polymer a an 
economical approach to higl 
gloss, tile-like coatings. You 
realize significant raw materi- 
als savings when formulating 
with MAINCOTE TL-5 poly- 
mer because it is a low priced 
epoxy crosslinker, less epoxy 
is required m formulations, 
and expensive solvents are re- 
placed with water. 

Saving on raw materials 
costs is just one benefit of 
MAINCOTE TL-5 polymer, 
which has performance char 
acteristics similar to those of 
two-component, solvent- 1 
borne epoxy wall coatings 
used in institutional environ- 
ments. Your customers will 
like the easy stain removal 
properties offered by @ 

coatings based on 
MAINCOTE TL-5. And, 
they'll enjoy low main- 
tenance costs as a result o 
the ability to remove stain 

Other advantages of coatings 
based on MAINCOTE TL-5 polymer inc 
not only hlah aloss, low odor, and easy clean- 
up, b& also rklstance to chemicals used in industrial cleaners. 

Do yourself and your customer a favor . . . contact your Rohm 
and Haas technical representative today for 
details on MAINCOTE TL-5 polymer or write 
our Marketing Servlces Department, Indepen- lHAAS RoHMm dence Mall West, Philadelphia, PA 19105. Pnll lOELPHli l  19905 

with MAINCOTE'TL-5 polymer - 
for tile-like wall eoatinQs. 
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High cost is the one thing TiO, can't hide. 1 
; Engelhard's kaolin extender 
; pigments save you money by 
I replacing expensive TiO, - 

while maintaining high hiding 
performance. 

With the high price and short sup- 
ply of TiO,, extender pigments that 
maintain opacity or hiding proper- 
ties at lower TiO, levels are more 
important than ever. 

Kaolin pigments are the most 
cost-effective TiO, extenders and 
Engelhard offers the broadest and 

1 most innovative line of specialty 
kaolin extender pigments. 

In fact, Engelhard extender pig- 
ments replace TiO, up to 15% in 

, high quality paints and even more 
, in lower cost paint lines. 

Engelhard offers two major 
extender pigment product lines: 
ASP@ hydrous or delaminated alu- 
minum silicates and SATINTONE@ 
calcined aluminum silicates. Within 
each line there are grades available 
to meet your individual formulating 
needs. 
And Engelhard continues to 
develop new grades to help build 
even more value into products, 
while lowering your total cost. Like 
ASP@-NC2 and SATINTONEa 
PLUS. These new specialty extend- 
ers offer high opacity and ultra- 
high brightness for clean tints, 
whiter whites and low sheen for 
pleasing flats. 
To complement these product lines, 
Engelhard also offers the most 

comprehensive technical service 
support and largest R&D facility in 
the kaolin-based products industry. 
And our expansive distributor net- 
work makes our products available 
to paint manufacturers around 
the world. 

For more information bn Engelhard 
kaolin extender pigments, contact 
Engelhard's Technical Service 
Department at 1-800-932-0444; in 
New Jersey 1-800-624-0818. Or 
write: Engelhard Corporation, Per- 
formance Minerals Group, Menlo 
Park, CN 28, Edison, NJ 08818. 

Let Engelhard extend both your 
paints' performance and your 
profitability. 

Copyright D Engelhard Corporat~on 1986 



Revised and updated edition of thls manual (previously titled "Exposure Standards Manual") has been 
compiled in conjunction with the American Society for Testing and Materials, and includes definit~on. 
description, and photographic standards for each of the tollow~ng defects: Adhesion: Blistering: Chalk- 
ing; Checking; Cracking: Erosion: Filiform Corrosion; Flaking; Mildew: Print; Rust: Traffic Paint Abra- 
sion and Chipping. 

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

Bound in handsome 10" x 11 'Vr" It/>'' three-ring, vinyl-covered binder which read~ly accommodates 
additional material as it is developed. 

Complete manual . . . $80 (includes shipping charges)' 
Individual Standards . . . $2 each, plus $2 for each photograph. 

Record Sheets (pad of 100 sheets) . . . $2.50 

Please make al1,checks payable in U.S. funds. 
'Pennsylvania residents add 6% sales tax. 

Send orders to: Federation of Societies for Coatings Technology 
131 5 Walnut St., Suite 832, Philadelphia, PA 191 07 

Federation of Societies for Coatings Technology 



Society Meetings 

CDlC . . . . . . . . . . . . . . . . . . . . SEPT. 
"Polyethylenes and Waxes" 

Incoming Society President Joseph W. 
Stout. o f  Hanna Chelnical Coatings, was 
presented the Nuodex Gavel by Don 
Rvettker, of B.H. Roettker Co., Inc. The 
full slate o f  1986-87 CDlC Officers were 
then recognized. They include: Vice-Presi- 
dent-Andy Nogueira. Fischer Industrial 
Coatings: Secret;~ry-Carolyn Tully, Sun 
Chelnical Corp.; Treasurer-N. Jay Huber, 
Jr.. Paint America Co.; and Society Repre- 
sentative-Lloyd R. Rcindl. Flanagan As- 
sociates. Inc. 

Next, Mr. Stout ~tlade an appeal to the 
membership for Technical and Environ- 
mental Chairpersons. 

Educational Chairman Jim Flanagnn, of 
Flanagan Associntcs. Inc.. intr~~duced the 
Educational Speaker o f  the evening. Rob- 
ert Hcllebush. of01nni Man;tgcnlcnt, Inc.. 
\poke on "TAX RI..I.(IIIM I087 - BI:I.oI<I.. 
.AN) AF I.I..~. '' 

George Goodwin. o f  Daniel Products. 
provided the technical talk. "AIIVAN IA(II:S 

O F  ~ ~ l ~ , ~ > l ~ l ~ l ; ~ ~ l ~ l ~  ~ O l . ~ l ~ ~ ~ ~ l ~ l . l , N l ~ ~  ANI )  

W.\xt:s IN HI(;II PI..KI.OI<MAN(.I; COKI INC~S." 

Mr. Goodwin discussed the applications 
and properties of slip additives noting th:~t 
additives are used in finishes for f~lrniturc, 
appliances. Hat \tack, cans, paper. and 
leather. He thcn told ofthe two major prop- 
erties which d ip  additives impart: thcy 
lower the coefficient o f  friction. which in)- 
proves metal marking resistance ;~nd re- 
duces damage in for~ning coated metals: 
and they increase the apparent f i l ~ i i  hartl- 
ness, improving hlock, abritsion. ;lnd rub 
re\istance. 

Next. the speaker summarisctl the ad- 
vancement o f  the ;~dditives. Historically. 
he cxpla~~ietl. two methods wcrc used to 
give slip to intlustrial finishes. One method 
involved spraying ;I light oil over the co;tt- 
ed \urface. and the other incclrporated a 
lubricant +uch as motor oil. heeswi~x, or 
pumftin to the wet co;tting. Both ~iicthods 
were effective but required that the greasy 
re\itlue hc removed heli~re the filiishetl 
product could be soltl. In the 1950's. low 
molecular weight polycthylcncs came into 
u\e. They wcrc effective in i~iiproving the 
surlhce properties, hut their use waa l i~n i t -  
ed a they lowcretl gloss and proved tlilfi- 
cult to incorporiltc. In the 1960's silicone 
polynicrs dcvclopctl th;lt were easy to in- 
corporate antl c f ic t ive  in lowering the co- 
efficient o f  friction. However. they c;luscd 
prohlems in interco;~t ;~tlhc\ion. crawling. 
and cratering. Mr. Gootlwin expl;linctl that 

the deficiencies o f  silicones steered the 
search for slip additives back to synthetic 
waxes. 

The development o f  synthetic waxes was 
thcn described by Mr. Goodwin. He noted 
that the problem of  incorporation o f  syn- 
thetic wax was alleviated by the develop- 
ment o f  two techniques for particle size 
reduction: dry grinding and wet grinding. 
In dry grinding. the wax particle is micron- 
ized to a certain size. In wet grinding, the 
process takes place in a pebble or media 
mill, where all particles remain in the mill 
until reduced to optimum, uniform particle 
size. He added that further developments 
in wet grinding have generated different 
grades in a variety ol' solvents. Mr. Good- 
win also noted that for a polyethylene or 
wax to pcrfornm effectively in a coating, it 
lnust float to the surface during the bake 
cycle and ideally i t  should lie on the sur- 
face o f  the film where, he explained, it acts 
as hall bearings forming a discontinuous 
layer that imparts slip. Conversely, a parti- 
cle trapped in the film is ineffective. and 
those situated just at the surface may cause 
loss of gloss or cratering. 

Lastly, Mr .  Goodwin listed the benetits 
o f  prcdispcrsed polyethylenes and waxes. 
He mentioned that both materials eliminate 
the problcm of incorporation since thcy are 
reatly to use and can be mixed with low 
energy. and that the wet grinding process 
employed in developing ultratine dispcr- 
sions has virtually no effect on gloss and 
clarity in high gloss clear coatings. In addi- 

tion, he explained that the availability o f  
waxes and polyethylenes dispersed in a va- 
riety o f  solvents has greatly expanded the 
range o f  applications in coatings systems. 

Q. Can you totcrlly eliminate metal 
marking on low gloss systems? 

A. Generally not. With a hard polyeth- 
ylene, you can significantly reduce it. I f  
the extender pigment is very hard or abra- 
sive, i t  is almost impossible to eliminate 
metal marking. 

Q. Can you ejjiectively prerlisperse a 
high molecular weight polyc,tltylene; can it 
be readily incorporatetl:~ 

A. Yes, they can be predispersed so that 
they can be added as a liquid in the last step 
o f  the let-down. 

CAKOI.YN TULI.Y. Secretary 

CHICAGO.. . . . . . . . . . . . . . . SEPT. 
"Acid Catalyst Trouble Shooting" and 

"Polycarbodiirnides" 

Incoming President, Ronald Kleinlein, 
o f  Sherwin-Williams Co., announced that 
the Society is in need o f  a Photographer- 
Reporter. Those interested should contact 
him. Mr. Kleinlein also reported that the 
Chicago Safety Council on Laboratory 
Safety would be conducting a seminar. 

CDlC OFFICERS for 1986-87 (left to right): Vice-President-Andrew Nogueria; 
President-Joseph W. Stout; Secretary-Carolyn L. Tully; and Treasurer-Jay 

Huber 
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1986-87 OFFICERS OF THE BIRMINGHAM CLUB: Standing, left to right: Social 
Officer-John R. Green; Society Representative-Ray 6. Tennant; President-Elect 
Designate-Stanley J. Mitchell; Robert E. Arnold; John N. Hitchin; Roy Ingleston; 
and Technical Committee Chairman-Roland L. Staples. Seated (left t o  right): 
Treasurer-Stan V. Brettell; President-Graham W. Fowkes; President-Elect- 

Gerry J. Gough; and Secretary-David M. Heath 

Education Committee Chairman. Ted 
Fuhs, o f  Southern Coatings and Chemical. 
informed members o f  the Coating Short 
Course. The 16-week class wi l l  begin in 
January o f  1987. 

Program Chairman. Ray Cziczo, of Re- 
liance Universal, introduced the technical 
speakers for the evening. Leonard J. 
Calbo. o f  King Industries, provided the 
first talk. Dr. Calho spoke on "ACII) CATA- 
LYST TKOIJRLE SHOO.I.ING IN HIGII-SOL.II>S 
AND WATER-BOKNE COAI.IN(:S." Charles 
B .  Mallon, o f  Union Carbide Corp.. ad- 
dressed the topic o f  "P~I.YCAK~~IIIIMII)~S 
AS CKOSSI.INKS I-OK WA.I.~:R BOKNI:- 
COATIN(;S." 

EVANS AN(II;I.~s. .TP(.~cI(II? 

DALLAS.. ............... SEPT. 
"Synthetic Amorphous Silica" 

The slate o f  nominees Ibr 1986-87 Soci- 
ety Oflicers ofticers was read. A l l  were 
approved by a unanimous vote. Thc newly 
elected Oflicers are: President-Ashwin 
Parikh. Coulter Electronics; Vice-Prcsi- 
dent-Noel L. Harrison. Western Specialty 
Coatings Co.; Secretary-Bruce Alvin. 
DeSoto, Inc.; Treasurer-Steve Stephens, 
Ribelin Sales, Inc.: and Society Represen- 
tative-William E. Wentworth. Jones- 
Blair Co. 

John Rother~ncl, of Sherwin-Williams 
Co., proposed that the Socicty honor the 
late Fred Couch, o f  Sherwin-Willia~ns. 

Van G .  Falconc, o f  Koppers Co.. was 
presented with a plaque for his work as 
Membership Chairman for 1985.86. 

Robert Thomas. o f  PPG Industries. Inc.. 
provided the technical presentation. "SYN- 
THF.I.I(. AMOKI'HOIIS SII.ICAS IN COAI.IN(IS." 

The talk included a discussion o f  the 
various types o f  amorphous silicas avail- 
able conitncrcially to coatings rnanufactur- 
crs. In addition. Mr. Thomas detailed their 
applications and advantages in various 
types o f  coatings. The relative costs in- 

volved when choosing a silica for a par- 
ticular application werc also explored by 
the speaker. 

BKIICI: ALVIN. SP(.~OI(III 

GOLDEN GATE .......... SEPT. 
Past-Presidents' Night 

The meeting opened with a presentation 
o f  a Twenty-Five Year Pin to Bert Colc, 
retired from Abbot1 Cole & DeGraf. b> 
outgoing Socicty Presitlcnt Bob Miller. of 
Dunnc Quality Paints. 

Incoming President Patricia Shaw. o f  
Davlin Coatings. Inc.. introduced the 12 
Past-Presidents in attendance. 

The 1986 Alfred Apfcl Memorial Schol- 
arship Awards wcrc then presented by Mr. 
Miller. Two $1  .OOO scholarships wcrc he- 
stowed to children o f  Society ~i~ernbers. 
The recipients werc: Chriwphcr EhmLc. 
son o f  Ronald Ehnikc. Pacific Dispersions. 
who wi l l  be entering San Francisco State 10 

txa.jor in Chemistry: and Pauline Chang. 
daughter o f  Steven Chang. O'Bricn Corp.. 
who wi l l  be attending U.C. Berkeley to 
major in Biochemistry. 

Mr. Miller then presented Certificate\ o l  
Apprccii~tion to all o f  the Committee 
Chairpersons serving the 1985-86 term. 
Recipients included: Education;~l-Dan 
Gilbert, VIP Enterprises: Environmcntnl 
Control-Robert Minucciani. G11ddc.n 
Coatings ant1 Resins: Manufacturing- 

withan Honorary ~enlhershipforhis more OFFICERS OF THE CLEVELAND SOCIETY, 1986-87, (left to right): Robert Brom- 
than 40 years of service in the coatings field; Treasurer-Ilona Nemes-Nemeth; Vice-President-Richard Eley; Past-Presi- 
industry. The motion was zipproved unani- dent-Scott Rickert; President-Madelyn K. Harding; and Secretary-R. Edward 
mously. Bish 
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Louis F. Sanguinetti, Jasco Chemical Co.; 
Membership--Karl Sauer. Pfizer, Inc.; 
Program-Pat Shaw, Davlin Coatings, 
Inc.; Publicity-David Filson. Clorox; 
and Technical-Timothy G. Specht. The 
Flecto Co. 

Society Vice-President Jim Donlin, of 
Pacific Coast Chemical, announced that he 
will be the instructor of the Society course 
"Introduction to Coatings Technology." 
The course will run from September 17, 
1986 until February 19. 1987, and is being 
held at the O'Brien Corp. 

Manufacturing Committee Chairman 
Louis Sanguinetti announced that the topic 
of the 1987 Manufacturing Conference will 
be Toxic Waste and HMIS. He invited new 
members to join the committee. 

Technical Committee Chairman Bob 
Athey, of Athey Technologies, reported 
that committee member Tim Spccht will be 
presenting a paper at the Atlanta Show on 
"Cycle Variation in the Fluorescent Con- 
densation Test Apparatus and Gloss Reten- 
tion in Consumer Alkyd Enamels." 

Ted Deldonno, of Rohm and Haas Co., 
spoke on "WA.I.I..K-BOKNI~ INI ) I ISTKIAI .  
COATINC;~." 

Using a slide presentation. Mr. Del- 
donno discussed thin film coatings of the 
following aqueous resins: aqueous disper- 
sion (latex), water reduciblc (alkyd and 
acrylic), and colloidal dispersions. In addi- 
tion, he addressed the topic of formulation 
design. This. he explained, centers on uti- 
lizing a combination of the latex and water 
reducible types to arrive at good thin film 
coatings for the protection of steel. Proper 
combination of the two types enables the 
formulator to overcome shortcomings of 
each when used alone and to obtain the 
beneficial attributes of each polymcr rcsin 
type. These characteristics include: gloss. 
hardness, chemical resistancc. flexibility. 
durability, pigment wetting, and water re- 
sistance. 

Lastly. the speaker reviewed how the 
drying environment affects thin film for- 
mation. The environmental constr;~ints 
mentioncd were forced air How, tcmpera- 
lure variation, and relative humidity. 

EKNIIST J. SOI.I)AVI N I  . SFL.TCILIT\. 

LOS ANGELES.. . . . . . . . . . SEPT. 
"Water-Borne Industrial Coatings" 

A moment of silence was observcd in 
honor of four members who rccently died: 
Larry Goodmanson, rctired from Frcder- 
icks-Hansen Co.; wife of Robert Hunter, 
formerly associated with thc Samson 
Chemical Co.; Ronald J .  Schubert. of 

1986-87 OFFICERS and Committee Chairpersons of the Western New York Society 
(left t o  right): Membership Chairman-Richard A. Foss; Secretary-Marko K. 
Markoff; Publicity Chairman-Charles C. Tabbi; President-Michael L. DePietro; 

Treasurer-Gerald F. Ivancie; and Vice-President-Jean L. Luck 

Ameritone Paint Corp.; and Ron Dae, of 
W.W. Henry Co. 

The new slate of officers was introduced 
by outgoing President Michael Gildon, of 
Guardsman Chemicals. They are: Presi- 
dent-Henry J .  Kirsch, Trans Western 
Chemicals, Inc.; Vice-President-Ray Di- 
Maio. Koppers Co.; Secretary-Parker 
Pace. Behr Process Corp.; Treasurer-Me- 
linda Rutledge. Allo Chemical Co.; and 
Society Representative-Jan P. Van Zelm, 
Byk Chemie USA. 

Wayne Cochran, of Nuodex, then pre- 
sented the Nuodex Gavel to incoming 
President Henry Kirsch. 

Mr. Kirsch announced the 1986-87 
Committee Chairperson appointments. He 
noted the special qualities needed for these 
positions and requested that anyone desir- 
ing to assist or discuss the committees con- 
tact the committee heads as needed. 

Frank Peters, of Dunn-Edwards Corp.. 
presented diplomas to the 32 recent Paint 
Technology Course graduates. Due to a tie, 
the "Outstanding Student" honor was 
awarded to two individuals. The recipients, 
both employed with Products Research and 
Chemical Corp.. were Nairi Kazorian and 
Anic Kazorian. Mr. Peters noted that the 
new Paint Course would begin on Septem- 
ber 25 and urged that those interested 
should pre-register as soon as possible. 

Ken O'Morrow addressed thc meeting 
with an update from the Environmental 
Committee. He warned that there is going 
to be a landfill ban effective on November 
8, 1986. The situation is very confused. he 
explained, but politically there is little like- 
lihood that there would be any withdrawal 
from the outright ban of the disposal of 
almost all paint related wastes. Mr. O'Mor- 
row also reported that the landfill owners 

stated that they would not accept paint 
wastes after the October I deadline. 

The evening technical presentation was 
delivered by Theodore Deldonno, 
of Rohm and Haas Co. He discussed 
"WATER-BORNE INDUSTRIAL COATINGS." 

Mr. Deldonno focused on water-home 
coatings based on latex emulsions noting 
that they have enjoyed growing use in the 
general industrial finishing areas as VOC 
regulations have toughened. To successful- 
ly employ these resin systems, the user 
must pay careful attention to formulation 
and film formation, he explained. Newer 
latex polymers are designed specifically for 
the industrial area and offer the user an 
easier route to achieve much of the same 
performance and latitude enjoyed by sol- 
vent-based systems, concluded Mr. Del- 
donno. 

PARKER PACE, Secretary 

NEW ENGLAND.. . . . . . . . . SEPT. 
"ReJlections on the Phenomenon 

of Fading" 

The guest speaker was Ruth Johnson- 
Feller, of Mellon Institute. She provided a 
slide p~csentation and talk entitled "RE- 
FI.ECTIONS O N  T H E  PHENOMENON OF 

FADING." This presentation, the 1985 Mat- 
tiello Lecture, was published in the May 
1986 issue of the JCT. 

R W ~ R  WOODHULL, Secretary 

PHILADELPHIA . . . . . . . . . . SEPT. 
"MetalliclOrganic Coatings" 

The meeting opened with a moment of 
silence for Emory Fleming, Past-President 
of the Society, who passed away during the 
summer. 
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Constituent Societv Meetinas : etaries 

John Catino, of Lehigh University. one 
of the winners of the Southern Society's 
"Alfred L. Hendry Award" for the best 
paper by a graduate student, was intro- 
duced. 

tnd Secr 
I BALTIMORE (Third Thursddv- 

" 
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ievern St., Ba) .. ..,..,. 

ket Square, 1 
Itimore, MD 2 . ... 
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Regulatory Chairman. Dick Kiefer. Mc- 
Closkcy Corp., asked mcmbcrs to write to 
their Pennsylvania State Kcprcscntative in 
support of Bills HB-2425 and HB-2426 
covering 'lbrt Reform. 

it Thursday- 
ace Ctgs. Ltd , 
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im, England). 
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Executive Inn. Near Love- 
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Bordesley Gre 
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Sun Chemtcal 

Mr. Kicfer thcn installed thc oflicers for 
the 1986-87 year: President-Donald F. 
Denny. E.W. Kaufniann Co.: Vicc-Prcw 
dent-Thomas L. Pcta.  C . J .  Osborn  
Chcrnicals: Secretary-Lawrencc J .  Kelly. 
Pcltz Rowlcy Chemical Co.:  Treasurcr- 
Orville Brown. M.A. Brudcr 81 Sons. Inc.: 
Assistant Treasurer-Frcd Lipson. LPC 
Ltd; Scnior Member at Large-Christopher 
H. Huhn. Loos and Dilworth, Inc.: and 
Junior Member at Largc-Peter Kurrna. 
V.I.P. Chemical Corp. 

Thc Nuodcx Gavcl was prcscntcd to in- 
conling Presidcnt Donald F. Dcnny b) 
Frank Gaffncy, of Harry W. Gaffncy Co.. 
Inc. 

Mr. Dcnny prcscntcd the Past-Prc\i- 
dent's Pin to outgoing Presidcnt Phll RCI- 
tano, of Charles A.  Wagncr Co.. Inc. 

e tn Columhu 
t ~ o ~ ~ ~  TULLY, 
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est Motor Hot 
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Dr. Richard Gran;~tit. Assistant Director. 
Corrosion Laboratory of the Sinclair Labo- 
ratory at Lchigh University, providcd the 
meeting's technical presentation: "COKKO- 
S I ~ N  MI..CIIANISMS 01: M I . : ~ A I . I . I ( ~ / ~ U ( ; : \ ~ I <  
COATINLS." 

Covering some of thc fistors involved in 
metal corrosion. Dr. Grnnata Ihcu.;cd on 
thc cffcct of divalcnt metal ionr on the 
metill intcrfacc between a poly~iicr coa:ing 
and a steel substmtc. He said that by intro- 
ducing rnctal ions to a stecl suh\tn~tc.  the 
intcrfacc adhc \ ion  and dclaniination 
caused by water and oxygen pcnncating 
polymer coatings can he controllcd and 
blistcring mininlizcd. 

Implanting stccl \ubstratcs with rnctal 
ions such as titanium or itluminutii can dru- 
nlatic~llly improvc hlistcring rcsistancc b) 
ncutrali~ing the OH ions that m;~y  reach the 
n1ct;llIcoating intcrfitcc in acid cnviron- 
mcnts such as wlfuric acid. Dr. Gntnata 
thcn described and interpreted thc tc\t 
methods used in ~ncasuring intcrface corro- 
slon. 
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Future Society Meetings 

Baltimore HIGH P~KPOKMANCC COAT~NCS"-E~~O (Feb. 12)-FEDERAT~ON NIGHT. "NEW 
Cohen. Daniel Products Co. 

(Jan. I ~~-FI:I>LKA.I.ION NI(;IIT. L h T o o ~ . ~  INSIGHT INTO CHEMISTRY OF SILICONE FOR 

THE COATINGS INDUSTRY"-Speaker from 
AND Rul.ES 01: AIIHESION SCIENCE"- Byk-Chemie U.S.A. 
Douglas B. Rahrig. S.C. Johnson & Son, 

(Mar. 1 2)-EDUCATOKS' NIGHT. "EM- 
Inc. Los Angeles 

PI.OYMENT~PPORTUNITIES IN THECOATINGS 

( J ~ ~ ,  14+uEFFk:(..rIVk F ~ ~ ~ ~ , , . ~ . ~ ~ ~ ~  OF ~ N D U S T R Y " - S ~ ~ ~ ~ ~ ~ S  10 be announced. 

INIIVS~KIAI. Co~.r~~(;s"-Carney Likens, 
Birmingham Commercial Filters. 

(Jan. X)-"PAK.~ICI.I..-SIZI; R~I>LICI.ION IN 

WET SYSI.IMS"-D. Palmer, Marchant 
Broa. Ltd. 

(Feb. S)-"EIY)XY-CUKIN(; Ac;I:N.I.s"- 
W. Burrell. Anchor Chemicals Ltd. 

(Mar. ~ t " D l : l ~ l : ~ ~ l ~ h . l . l O ~  0 6  SHOKT 
AND LONG TI:KM PKOI-E(.I.ION OFI.~;K~;II BY 

CHKOM,VI I:-FK~I.. AN.I.I-COKKOSION PAINTS" 
-Mr. Nitsche. BASF Stuttgart. 

(Apr. ~)-M~.MOKIAI. L~.c..I.I:KE FOK E.A. 
BI:VAN "AMINO RI:SIN D~VF.I.OI>MI:N.I"- 
R. Barrctt, B.I.P. Chemicals Ltd. 

Chicago 
(Jan. S)-"TIII: PVC 01. L ~ r k x  PAINIS 

ANO F~KMIII.A OI>I.IMILAII~N"-W~II~~I~ 
Meadows. Cyprus Intiustr~al Minerals. 

(Feb. ~)-"WHI~.N'I .~II~OSH~ INSP~..C I.oK 
CAI.I.S. BI: PKI:I~AKI..I) I ~ Y  ES.~AI<I.ISIIIN(; 
P~oc.t..l)C~~lis"-Hoh;~rt G. Miller. Label. 
"ON SI.I.I. RI:~.OVI:KY ANI) EPA COMIJI.I- 
,\~c.l:"-Fred Slock. Progrcssivc Recov- 
eN. Inc. 

(Mar. 2)-"How CI.OSI: Is CI.OSI., 
ENOLI(;II"-Terry Downes, Applied Color 
Systems. Inc. "EH.I:(-~IVI: FII.IKAI.ION 01. 
IXI)LIS.I KIAI COA r~~(;s"-Carnq Likens. 
Commercial Filters. 

(Apr. 6)-"NIW INSI(;II.I~ 1 ~ 1 . 0  1111. 
C I I ~ M I ~ ~ K Y  01: SII.I(.ONI..S I,OK TIII. 
COAIIN(IS ~ N ~ ) I ' s I . R Y " - s ~ c ~ ~ c ~  hOlll Byk 
Chemic USA. "HI(;II SOI.II)S UKI:.I.IIANI: 
COAIIX~;S"-Bernard Taub. Spcnccr Kcl- 
logg Products. N L  Chcmicals/NL Indus- 
tries. Inc. 

Golden Gate 
(Jan. IO)-"EI.I.I:C-I IVI: FIILIKKI ION 01. 

I%I)~~SIKIAI. Co~.~~~( is" -Carney Likens. 
Cornmerci;rl Filtcrs. 

(Mar. I 6)- "NI :~ Dl:vlrl.ol~~l:h..rs 1s 
HI(;II so1.11)~ COA.~IN(;S"-Richard John- 
son. Cargill. Inc. 

(Apr. ~~)-"VINYI RIII,OI.O(;Y M ~ I ) I -  
r-11.11 SYS.II:MS"-Rick Cnudwell, Reich- 
hold Chem~cals, Inc. 

(May IX)-"AI>VAN.IA(;I.S 0 1 .  PKI.I)IS- 
1'1-KSH) P~I.YI.I.HYI.~NI..S ANI) WAXI:~ IN 

(Mar. I l )-"NEW DEV~~LOPMENTS IN 

HIGII SOI.II)S C~~.r~~( ;s" -Richard John- 
son, Carpill, Inc. 

(Apr. 8)-"VINYI. RHROLOGY MOI>IFI~:D 
SY~.I.I~MS"-Rick Caudwell, Reichhold 
Chemicals. Inc. 

(May I J ) - ' L A ~ ) ~ ~ ~ r ~ ~ ~ : ~  01: PKL:I)IS- 
PI..KSI:O POI.YI:I.HYL~NP,S AND WAXES IN 

Hl(il l PI:KI:OKMAN(.E COATINGS"-E~~O 
Cohen, Daniel Products Co. 

New York 
(Jan. 13)-"T~k. C ~ s t  FOR IN-Houst 

SOI.VFN.I. R t ~ o v t ~ ~ " - M i c h a e l  Schrnut- 
zer, Disti. Inc. 

(Fcb. ~~)-JoIN. I .  Ml;t:r~~(; w1.1.~ 
NYPCA. "LI:(;ISI.ATIVI: UI~I)A.~I~." 

(Mar. 1 0 ) - L L H ~ ~ ~ ) ~ ~ ~ ~ ~  FOR EPOXY 
Co~-rl~c;s"-John Sinclair. Pacific Anchor 
Chemical. 

(Apr .  ~ ) - "U I , I )A .~~  ON POWI>I..K 
Co~ l~ I~ ( i s " -S id  Harris. Consultant. 

(May 12)-PASI -PKI:SIIIHN.I-S' NIGII~.. 
PAVAC AWAKIIS PKI:SI:N.I.A.I.ION. 

Pacific Northwest 
Portland, Seattle, and 
Vancouver Sections 

(Jan. ~~-~~)-"E~I.I-.(,IIvI.. FII.I.KATION 
OF INI)IISI.KIAI. Co~\.r~~(is"-Carney L i -  
kens. Comnierciul Filters. 

(Mar. 17- l9)-"N1:w DI..V~.I.OI>MI:N.~S IN 

HI(;II S~I.II)S Co~.r~~(;s"-RichaTd John- 
son, Cargill. Inc. 

(Apr .  14- l 6)-"VINYI. RHI;OI.OGY 
MOI)II:II:I) S ~ s . r ~ : ~ s " - R i c k  Caudwell, 
Reichhold Chemicals. Inc. 

(May 19-21 )-"AIIVAN I.AC;~S OP 

PKI:I)ISIF.KSI..I) POI.YF:I.FIYI.ENIS ANI> WAXM 
IN HIGII PEK~OKMAYC.~  COATINC;S"-E~~O 
Cohen. Daniel Products Co. 

Philadelphia 
(Jan. 21)-J01~.1. MI:I:TING WI.I.H PPCA. 

" N I : ~  T A X  R ~ ~ O K M  LAWS"-Speakcr 
from Intcrnal Rcvcnue Service. 

Piedmont 
(Jan. 21)-"APPLICATION OF JEFF- 

AMINE@ COATINGS IN THC INDUSTRY"- 
W.C. Crawford, Texaco Chemical Co. 

(Mar. I 8)-FBD~RA.I.ION NIGHT. 
(Apr. ~ ~ ) - - ' L C ~ ~ ~ ~ ~  ENIIANCRMENT"- 

Richard Fayssoux, Jr., Eastman Chemical 
Products, Inc. 

(May ~O)-"CCJRRI~NTD~S~~~:RSION MILL- 
ING M~~lron"-Arrnin Szdtmaly. Premier 
M i l l  Corp. 

(June 17)-"AN IN~'KODUC.~~ON TO AP- 
PV.AKANC'E A ~ ~ ~ . ~ s ~ s " - R i c h a r d  W. Har- 
old. Hunter Associates Laboratory, Inc. 

Pittsburgh 
(Jan. 5)- "F~.ow AND LEVI~LING OF 

Co~.r~~c;s"-Robert Vash. Byk-Chernie 
USA. 

(Feb. ~)-"EFF~:c.I.s OF GOVEKNMENT 
R l ia~ r l .~ . r l o~s  ON LAB FAT.TOKY SCALE- 
UI,"-Hillary Holste, PPG Industries, Inc. 

(Mar. ~)-"EIY)xY CUKING AGENTS"- 
Wheeler Crawford. Texaco. 

(Apr. 6)-"NEW EPOXY RI:SINS TECH- 
~ o ~ o c ; ~ " - M a r ~ e l  Gaschkc, C IBA-  
GElGY Corp. 

(May  ~ ) - " I N - S I - O K ~  COMI~UTER 
M ~ r c ~ l ~ r , " - D e n n i s  Dernpsey. Color 
Corp. o f  America. 

Rocky Mountain 
(Jan. ~~)-"EI:~I:~.TIV~: FILTRATION OF 

INI>CIS~KIAL C~ATIN~;S"--Carney Likens. 
Commercial Filter.\. 

(Mar. 9)-"NEW DI:VI:I.OI>MI:NTS IN 

HIC~II S~I.II>S Co~.r~~c;s"-Richard John- 
son. Cargill. Inc. 

(Apr. 6)-"VINYI. RIIEOI.O(;Y MOI)IFIEI) 
Systems"-Rick Caudwcll, Reichhold 
Chemicals, Inc. 

(May I I )-"AI)VAN.I.A(;I:S 01: PK61>1S- 
PI:KSEO POI.YIITIIYI.I:NI:S ANI) WAXES IN 

HIGH PI~KPOIIMANCI< COA.I.IN(~S"-E~~O 
Cohen, Daniel Products Co. 

Vol. 58, No. 743. December 1986 



bb 1. I think I have 
lumbago. 

2.1'm type Z 
negative. 

3.1'm on the 
grapefruit diet. 

4. I gave six 
months ago. 

5.1 just got back 
from Monaco. 

6 . n e  lines are 
thirteen blocks 
long. 

7.My mother won't 
let me. 

8. I didn't sign up. 
9.1'm going out 

of town. 
10.Asthma runs in 

my family. 
1 1. I forgot to eat 

this morning. 
12. I'm allergic t o  

flowering 
magnolia. $77 

Each one's a doozy, 
but we're hoping you 

won't use any of them. 
Give blood through the 

Arnericxn Red Cross. 
Please, don't chicken out. 

EXCUSES DON'T SAVE LIVES. 
BLOOD DOES. 

American 
Red Cross 

C-D-I-C 

NI~MI~C,  MAI 111l.w L.-Wz~hssh Pr<~ducts Co.. 
Terre Hautc, IN. 

HAILIK~CHI. MONIVA M.-NL Chen~icil l \ i  
Nl. Industries. Inc.. Looi\ville. KY. 

IRVIN~. W. BKI.N-T~~-M~I~ C ~ r p  . H~LIII~~IOII. 
OH. 

DALLAS 

ACI;I,P 

AIIAM~, J~~-Adanl \  Paint M k  CO.. I.uhh~ck. 
TX. 

GOI)WIN. OAVII) K.-NDRC Lab(~r i~tor ie\ .  
Garland. TX. 

M11.k.s. Ko~~),\-Union Carh~de Corp.. Garland. 
MIII). JUI~Y A.-Hilton-Dav~\ Chemicz~l. 

Carrc~llton, I'X. 
PARSONS. GARY D.-Sherwln-Willia111s CO.. 

Garland. 
KICII~.RS(IN. JOIIN A.-R~ilch Paint Co.. Illtllas. 

TX. 
SIUM~NS. HARRY C.-Sherwi~l-WiIl~a~i~\ Co.. 

Garland. 
SM~IH. ROHI.KI. E.-WeIco MI!. CO. 01. Texi~s. 

Dallas. 
WRI.N. H ~ N R Y  K.-[)el P i ~ ~ n t  M i g .  Co..  

Oklaholna City. OK. 

NICKI 1.1.. GROVI.R I,.-RI~ Materials Corp., 
Dallas, TX. 

RI.I:I). LAN(.I. D.--Ot(ilwa Silica CO.. Arlington, 
I'x . 

SMI~II, S ~ I S A N  S.-DOW Cheniici~l USA, Dallas. 

LOUISVILLE 

GOIIHI-Y. E. FI.~YI). Jn.-Reliance Univerwl, 
Inc.. Looisville. KY. 

LI:I(~I~I.NI~R. WII.I.IA\I C.-Porter Paint Co.. 
Louisville. 

BI.I.\s. GI.~R<;I;-DA Chi1111pheIl C(I., 111e.. 
Cincinnati. OH. 

CORI~KI I. CIIRIS J.-Chelncr.nlraI. Inc. .  
Louisville. KY. 

NEW ENGLAND 

COO(~AN. RI(.IIARI) G.-POIYVIIIYI Chenlici~l 
Ind.. Wilmington. M A  

DIXON, BRIAN G.-C;lpe Cod Rchcarch. 
Bur%ilrd\ Bay. MA.  

1 GAU. DI-IIRA A.-Perl~lltthanc-I)iv. of ICI. 
Peabndy. MA.  

G(II I)I:N. KKIIIY H.-Polyvinyl Chcmic;~l Ind.. 
Wilmington. 

MOIIRI.. I~ONAI.I) A.-R:~fti alltl Swanson. Inc.. 
Willnington. 

PAOI 1 . ~ 1 1  . MI<.IIAI.I ' I ' . - ~ ' ~ ~ I ~ I U ~ I I ~ I I ~ C - ~ ~ ~ ~ ,  o i  
ICI. Peahody. 

WI.INIII.K(I, JOSI 1'11 H.-l'er~~~~~thane-Div. of 
ICI. Pcz~hody. 

WINSIIAII. MAYNAKII K.-Glyptcl Inc . 
Chel\ea. MA.  

CAI.II~IIN. EIIWAKII H.-COF Corp. .  
Marshlicld. MA.  

M~HI.NRY. MI(.II~I I. A.-John K. He\\ and 
Sons.. Providence. KI  

SI.AIII.. WII I IAM 1:-CL Haothaway Inc . L p n .  
MA.  

S 111.1 . WI.NIII. L..-Hereole\ I~icorpor;~~ed. Mont 
Clare. PA 

WARI.III%II-. GARY C.-PoIy\,ili~I Chellllcal 
Ind.. Will~lingt<]n. MA.  

NEW YORK 

Ai.tirr 

Aslt. MOHAMMAI+NUO~CX II~c.. 1'1sc~ta~ay. 
NJ. 

DAI.I.AC~O. RAY~IONI) P.-Lli i~l~~(~nd Shz1111rocL. 
Chcn~. Co.. Morristown. NJ. 

FKI:IMAN. AARON-Mercury P:IIII~ Gorp.. 
Br<x)klyn. NY. 

G~lncc.1. ANIII~NY J.-Minwax Co.. Inc . 
Montvalc. NJ. 

HI.KMI:I.I.. JoI.I.\ J.--Polymer Pla\ t ic \ .  
Hiluppaugc, NY. 

MARVIIS. ROI~I.RI T --Mz~cheth D i \ .  
Kallmorgcn. Ncwhurgh. NY. 

JAIII.ON. MI~.H,\II-~~CII;~I~~~I~ MIIOTC & CO.. 
Ncwzirk. NJ 

VI.I.IS. P1.1)no I.-NI. C~CI~IIC~I~\. H~ghtslonn. 
NJ. 

ASJO(.~(IIP 

BARON, (i1.1 l \ i ~  S.-Hercules Incorporated. 
L i~kc Hiz~wathii. NJ. 

BKIN(.A.~. I.OIIIS A.-Moh;ly Cheniicz~l Corp.. 
Hzllcdon. NJ. 

GI-N(.o. PAIII. V.-NLIO~CX IIIC.. Pi\cati~uay. 
NJ. 

HOI.I.ANII. TIIOMAS J.-EM Induhtrlcs. Inc.. 
Hawlhorne. NY. 

SAN/. GI-~KI~INA M.-Sti~ufkr-W'lcker SIII. 
Edison. NJ. 

S ~ I I ~ H .  RI .X S . ~ - P i l o t  Chcmical  Co.. 
W<xrdbridgc Center. NJ. 

VI.RIIACII.N. 1.1 N-HOC~IIIC~C~ Equ~p. C ~ r p . .  
Harrison. NJ. 

NORTHWESTERN 

J~.NI.II. F.. WIIIIAM-(IS(; Corp.. Cloquet. 
M N  
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Joseph D. Giusto has bccn promoted to 
Vice-President of Operations for Lcnmar. 
Inc.. in Baltimorc. MD. Mr. Giusto joincd 
Lcnmar. Inc.. in 1975 and was elcvatcd to 
Operations Manager in 1985. Hc is now 
responsible Ibr all production. purchasing, 
and cnginccring at Lcnmar. Mr. Giusto is a 
Past-President of thc Baltimorc Socicty and 
is currcntly Socicty Rcprcsentativc to the 
Fcdcration Board. 

Kevin Joesel has been appointcd Salcs 
Representative for Bochlc Chcmicals. Inc.. 
Southfield. MI. He will bc rcsponsiblc for 
Michigan and northwestern Ohio. Mr. Joe- 
sel is a member of the Chicago Socicty. 

Everett W. Campbell has bccn na~ncd 
Director of Production for Goodycsr's 
Chemical Div. in Akron. OH. He succecds 
William B. Hirsch, Vice-Prcsidcnt of the 
newly formed Polycstcr Divirion. 

Mr. Canlpbcll, n~ost rcccntly Manager 
of Goodycar's Beaumont, TX chen~ical 
plant. will be rcplaccd by John D. Fisher, 
former Managcr of  chemical plants cngi- 
nccring. 

Fcrro Corporation has named James H. 
Cavlenski, Product Coordinator, PERC 
Porcelain Enamel Powder Coatings. for the 
Coatings Div.. Clcvcland. OH. Mr. Gav- 
lcnski will bc rcsponsiblc for coordinating 
the licld technical activities fi)r PERC. 

John Boehle, Jr., has been appointed 
Vice-president in charge of the Additives 
Department of the Plastics dt Additives 
Div. at CIBA-GEIGY. Hawthorne. NY.  
He succeeds William Considine, a mem- 
ber of  the New York Socicty. who has 
retired alier 18 ycars with thc corporation. 
Assuming Dr. Boehlc's former position as 
Vice-president in charge of  the division's 
Pigments Department will be H.E. "Tad" 
Kinne. 

Dr. Bochlc will be responsible for the 
marketing, sales, production, and research 
activities for the Additives Department. He 
has been with GEIGY Chcmical Corp. 
since 1968. 

Mr. Kinnc, a member of the GEIGY 
Chemical Corp. since 1965. will direct all 
Pigments Department activitics. 

J. D. Giusto K. Joesel 

Michael J. Kenny has been appointed 
Vice-President, Marketing-U.S. for N L  
Chemicals. Hightstown, NJ. He will be 
responsible for directing N L  Chemicals' 
sales and markcting, product management, 
advertising, customer service, technical 
service, and distribution efforts. He has 
been with NL Chemicals since 1969. 

John R. Chapman, President of N L  
Chemicals North American Opcrations. 
has retired. 

Two scnior level markcting executives at 
Avecor. Inc.. San Fernando. CA, have 
new assignments. Richard Woolsey has 
bccn named National Accounts Managcr 
and Reginald Hi l l  is Mid-Western Sales 
Managcr. 

Mr. Woolsey, who joincd Avccor in 
1983, will be responsible for coordinating 
sales for large firms with multiple plants 
located throughout the country. 

Mr. Hill. with Avccor sincc 1977. is 
bascd at the firm's North Kansas City, MO 
plant, and will supcrvisc a salcs organiza- 
tion that covers eight mid-wotcrn states. 

The CAB-O-SIL Div.. Cabot Corp.. 
Tuscola. IL, has namcd Brad Thorburn 
Wcstcrn Salcs Manager with salcs rcspon- 
sibility for the Southwest and Wcst Coast. 
Mr. Thorburn has bccn with Cabot for 25 
ycars and most rcccntly scrvcd as South- 
west Regional Salcs Managcr. He is a 
mcmbcr of the Houston Socicty. 

In addition, former CAB-O-SIL Market 
Analyst Craig Nelson has bccn named 
Southwest Rcgional Managcr. Dallas. TX. 
Mr. Nclson and Wcst Coast Rcgional Man- 
ager John Collins both report to Mr. 
Thornburn. 

M. J. Kenny W.W. McPhillips 

E.C.C. America, Inc., Atlanta, GA, a 
subsidiary of EEC International, has pro- 
moted W. Warren McPhillips to Vice- 
President of Sales. Mr. McPhillips has 
been with ECCA for nine years and most 
recently served as Director of Domestic 
Sales. In  his new position, Mr. McPhillips 
will be responsible for directing sales ef- 
forts worldwide. 

Insilco Corp. has announced that 
Donald Gels, President of its Red Devil 
Paint Company Div., has also assumed re- 
sponsibility as President and Chief Execu- 
tive Officer of its Enterprise Cos. division. 

Each company will continue to operate 
autonomously with Harry True continu- 
ing his responsibility as Executive Vice- 
President o f  the Enterprise Cos., Wheel- 
ing, IL, and Barry Douglas continuing on 
as Executive Vice-president of Red Devil 
Paint Co., Mt. Vernon, NY. 

Mr. True is a member of the Chicago 
Society. 

The Kelco Div.. Mcrck &Co.. Inc., San 
Diego. CA, announccd that Beverly J. 
Holman has joined the staff as Associate 
Technical Rcprcsentative for thc Industrial 
Div. Ms. Holman previously worked for 
Dow Corning Corp.. Midland. MI .  

Arthur D. Little, Inc., Cambridge. MA, 
has namcd Stephen Rudolph the new 
Manager of its Product Technology Prac- 
ticc. He succeeds Derek Till, who is rctir- 
ing after 35 years with thc company. Mr. 
Rudolph joined Arthur D. Little in 1976 
and previously scrvcd as Manager of the 
Organic and Polymer Chemistry Unit in the 
Product Technology Section. 
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As a result o f  an expanding customer 
base i n  the Southeast, DeSoto, Inc., Des 
Plaines, IL, has named Mike Berger Ac- 
count Manager for the Appliance and Prod- 
uct Finishes Group. He wi l l  service new 
and existing business in the Southeast re- 
gion. Mr. Berger joined DeSoto in 1982 
and was named the Industrial Coatings 
Div.'s Salesman of  the Year i n  1983. 

Alvin H. May has been appointed Divl- 
sion Vice-President, Corporate Sales, for 
the Nalco Chemical Co., Naperville, 1L. 
Mr. May joined Nalco in 1974 as a District 
Representative. I n  1984 he was namcd 
Executive Account Managcr in Corporate 
Sales. 

The Bee Chemical Co.. Lansing. IL, 
announced that Kim Stephens has been 
promoted to Managcr. Business Machinc 
Coatings. She wi l l  be responsible for the 
functional and decorative coatings in the 
electronic industry and for conductive coat- 
ings, including the l ~ o l e x @ ~  line o f  EMliRFl 
shielding paints. Ms. Stephens joined the 
Bee Chemical Co. as a Product Managcr in 
1984. 

Universal Color Dispersions, Laking, 
IL, has promoted Charles B. Fritze to 
General Manager. He wi l l  be responsible 
for coordinating the marketing and sales 
operations through 19 agency salcs distrib- 
utors in the United States and Canada. Mr .  
Fritze joined UCD in 1984 and previously 
served as National Salcs Manager. He is a 
member o f  the Chicago Socicty. 

Brian W. Burrows has joined USG 
Corp.. Chicago. IL. as Director. Rcscarch 
and Dcvelopment. He wi l l  be rcsponsihlc 
for opcrations o f  the Grahani J. Mol-g;~n 
Research Ccntcr. Lihcrtyvillc. IL .  Mr .  
Burrows is author or co-author o f  26 publi- 
cations in physical chemistry. elcctro- 
chemical science and technology. and en- 
crgy conversion. 

Heinz Rzehak has been appointed Man- 
ager. applied research and technical service 
for Degussa Chemical I l iv. ,  at the tinil's 
new Allendale. NJ, lahor:~tory. In this po- 
sition, Dr. R~ehak wi l l  be responsible for 
implementing and enhanci~ig technical \er- 
vice for the company's hydrogen peroxide. 
feed additives, polymcr, and new products. 

Obituary 

Francis Scofield, retired Vice-Pre\i- 
dent o f  technical alfairs for the National 
Paint and Coatings Association. d ~ e d  on 
September 6. Hc was 80. 

An  honorary member o f  the Fcderat~on 
of Societies for Coatings Technology and 
the Baltirnorc Society. M r .  Scofield 
served the NPCA nlore than 35 years. 

A nativc o f  Lanha~n. M D .  Mr .  Scoficld 
earned a B.S. degrec fro111 Lehigh Uni- 
versity. M r .  Scolicld wits President ofthc 
Division o f  Paint. Varnish and Plastic\ 
Chemistry o f  thc American Chemical So- 
ciety, was active in ASTM. the American 
O i l  Chenlists' Society. the Oplical Soci- 
cty o f  Amcric:~. thc Anicricnn Socict! of 
Agricultural Engineers, ant1 the Amcrl- 
can Institute of Chemists. He was a re- 
cipient 01' thc 1957 H~~II~;III H. SI1ugt.r 
Memorial Award o f  the Baltimore Paint 
Association. 

Mr .  Scofieltl is surv~ved hy two daugh- 
ters: Mrs. Ronald Rowland, o l  Florence. 
V T  and Mrs. Lindsay Dawson o f  Bclln 
Vista. AR: ;I brother: ant1 a \ ~ \ t c ~ - .  

Whenvou need a 
pigmeiit errtender, 
you need GENSTAR. 

CAMEL-WITE'&~AMEL-WITE SLURRY" The industry CAMEL-CARB: A 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 
CAMEL-TEX: Fineground general purpose grade of call CAMEL-CAL" &CAMEL-CAL SLURRY.' New from Genstar 
cium carbonate produced from extremely white Calcite. Ultra-fineground calcite limestone with extender eff iciency 
Low vehicle demand, rapid dispersibility. and hiding power of precipitated calcium carbonate. 

GENSTAR 
G<,,,\I,<, .\l,,,,<,P,<,<l,,<,, 
Hl,,ll V,,lb~" Mrl > I 0  < I  
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XVlllt h FATIPEC Congress Attracts 900 to Venice, Italy; 
Lothar Dulog, of Germany, Elected President for 1987-88 

More than 900 persons attcndcd the neous translation o f  plenary papers only 
XVl l l th  Congress o f  FATIPEC in Venice. through special radio headphones. 
Italy. September 21-26. The Presiding Two papers were presented on behalf o f  
Chairman was Dr. Anilcto Poluz7.i. o f  thc the Federation o f  Societies for Coatings 
Italian Association, and Vice-president o f  Technology (FSCT): "Fire Protective 
FATIPEC in 1985 ant1 1986. Coatings for Structural Steelw-A.J. Sein- 

FATlPEC is the Federation of Associ- er and A.T. Ward, o f  PPG Industries. Inc., 
ations o f  Technicians i n  the Paint, Varnish. and "Color Simulation and the Coatings 
Lacqucr, and Printing Ink lndustrics of Industryv-R. Stanziola, Consultant. Oth- 
Continental Europe. I t  is composed o f  sev- er papers o f  U.S. origin were: "The Domi- 
en member associations: Fri~nce. Belgium. nant Role o f  Solvents in High Solids Coat- 
Holland. Germany. Italy. Switscrland, and A, poluzzi G. Varasi ings and Electrostatic Spraying o f  High 
Hungary. The o f ic i ;~ l  languages of FATI- Solids Coatings"-W.E. Wellman, C.J. 
PEC are French. German. and English. Bouboulis. A. I .  Yezrielev, and J. Troxell 
The site o f  the bicnnial Congress rotates (Exxon); "Application o f  Computers in 
among the memhcrs. Coatings Fornlulation Work" and "Predic- 

Christian Rourgery. a founding member. Technology): the James Strauss' (Micro 
has served as ~ecretary Gcncrai o f  FATI- 
PEC since its establishment in 11)50. H i \  
oftice is i n  Paris. 

Americans in Attendance 
Among the rcg is t~~nts  wcrc 30 A~neri-  

cans: FSCT Presidcnt R i l l  Mir ick ant1 
Mary: FSCT Executive Vice-President 
Frank J. Borrelle and Rose: Ahcl Ranov 
(A~nc,r-ic,o~r Pcrirrl ./iir~rrrcrl); Ross Ilowbcnko 
(PPG): Terry Downcb (Applied Color): the 
Will iam Goltons (DuPont); Don;~ltl Hall 
(Applied Color): Isitlor H;~/nn (DuPont): 
the R~chard Hiniicb (D i~n ie l  Products): 
Shimomi K a ~ u k i  (HASF Inniont); Tinh 
Nguyen (National Bureau of St;tntl;~rds): 
the Hnroltl Peter\ (El  Paco Chenlic;~ls): the 
Leonard Schaeffers (Lcnet;~): the Ernie 
Schellers (Silherlinc): the J~I-ry Seiners 
(PPG): Ralph St;~n/iola (Intlu\tri;~l Colol- 

~owdcrs);  Will iam Wcllman (Exxon): the 
Marco Wismers (PPG): and D.W. Wu 
(DuPont). 

Other Registrants 
According to the published roster. the 

balance o f  thc registrants came from 22 
other countries. Included were the follow- 
ing Past-Presidents o f  FATIPEC: C. Bour- 
gery, E.V.  Schmid. D .  Pagani. H .  Rcch- 
mann. J. Roire, L .  Kovacs, A .  Toussaint. 
and R. Capanni. The President in 1985.86 
w a  G.  Varasi. 

110 Papers Presented 
One hundred and tcn papers (fro111 au- 

thors world-wide) were presented during 
the four 11111 d;~ys o f  program sessions. 
They wcrc presented by the authors in one 
of the threc ollici;~l langui~~es with simulta- 

J. Seiner R. Stanziola 

tion o f  Viscosities o f  Liquid Measures by a 
Group Contribution Methodv-D.T. Wu 
(DuPont): "Detection o f  Micron-Size Cor- 
rosion on Steel Under Coatings" and 
"Degradation Mechanisms of Epoxy Coat- 
ings on Steel Under Corrosion Environ- 
ment"-T. N ~ u v c n  (NBSI. 

A l l  papers 'ha've been published in the 
official FATIPEC Congress Books. For in- 
formation about price and availahility. 
write to: AITIVA. Piaz~a Morandi 2, 1 
20121 Milano. Italy. 

FATIPEXPO 
Running concurrently with thc program 

sessions in the Excelsior Hotel and Palazzo 
del Cinema were the exhibits undcr the 
name. FATIPEXPO. Therc were 43 ex- 
hibitors and among them these familiar 
names i n  the FSCT'F Paint Show: Applied 

Members of the International Coordinating Committee who attended the FATIPEC C()I(jr Systems. Arc0 Chemical. Alcan 

Congress i n  Venice. Left t o  right: Kenjiro Meguro, Christian Bourgery, Dante TOYO. Ashland Chemical. Ciba-Geigy, 
Pagani, Amleto Poluzzi, William Mirick, and Jacques Roire (COII~~I~I~P~ 011 1111,qe 78) 
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FATIPEC Congress Held In Venice (continued from page 77) 

Dow Chemical, Merck, Hoechst, Huels. 
NL Chemicals, Pacific Scientific, Poly- 
vinyl Chemicals, Sandoz, Silherline, and 
Tego Chemie. 

International Coordinating 
Committee 

The International Coordinating Commit- 
tee (ICCATCI) held its annual meeting 
during the Congress. Present were: FATI- 

PEC-A. Poluzzi, D. Pagani, J. Roirc. C. 
Bourgery, and Mrs. Bourgery, who served 
as interpreter: O i l  und Colour Chcttlists 
A.ssn.-Frank Redman. President: Sccr~~cli- 
nuviun Fc,dcrotioc~ of Puitlr c l t d  Vcirt~ish 
Terhnologisrs-Arja Saloranta. President . 
and Charles Hanscn; Jcrpun Soc i~~ry  rf 
Colour Mulericrl-Kcnjiro Meguro. Prcsi- 
dent, and S. Yoshida: FSCT-W. Mirick 
and F. Borrellc. 

NATURAL RESINS 
A ser 
used 

,ies of generic raw materials long 
as film forming components to a 
broad range of products. 

* * * 

Safe in storage, manufacture and usage. 
* * *  

FDA approved. 

Interesting for their individual 
characteristics as bases for 

formulation and as additives. 

For information call or write- 

0. G. INNS CORPORRTION 

Committees in Charge 
Committees responsible for the Con- 

gress wcre: 
0r~cr11i:irl~: President-Gianfranco 

Brenni: A. Maschiadri. H. Junghanns. A. 
Poluzzi, and G. Guainazzi. 

I G. 
L. Dulog 

1 S(ic,t~ti/ii: Prcsilcnt-Dmtc I'agmi. A. 
Poluzzi. G.  Guiainazzi. P. Honors. G. 
Torriano. M. Pegoraro, A. Priola. G. Sa- 
vini, and M .  Poggi. 

Sc,(.rcrorior: Prc\ident-Amhrosia Villa. 
C. B;~razzone. A. Carlini. A .  Zanlhrlni. 
and L .  Gi~hu;~ldi. 

Next President of FATIPEC 
The 19x7-19x8 Prcsitlcnt ol FATIPEC 

wi l l  he Lothnr Dulog. 01- Forschungsintitut 
Pignlcntc. Stotlgart. Ger~llany 

XlXth FATIPEC Congress 
The next Congrc\\ o f  FATII'EC wi l l  hc 

held in Aachcn. Germany. Scptcmhcr IX- 
25. The thcrne wi l l  hc "Science and Tcch- 
nology o f  Paints and Their Co~nponcnt.- 
Today and in the Future." 

SSPC Annual Meeting 
To Be Held, Jan. 19-22 

The 37th annu;ll meeting and \ynpo- 
siunl ol'thc Stccl Structures Painting Coun- 
ci l  is schctluled li)r .January 19-21. 1987. at 
the Fairmont Hotcl. in Ncw Orleans. LA.  
Thc li)cus o f  thi\ year's symposiun~ is the 
"Impact o f  Regulations itnd Litigation on 
the Protective Co;~tings Induslry." Program 
Chairman is Dr. Robert F. Rradv. Jr.. of the 

I I U.S. Naval Rcse;~rch Li~horatory. 
The symposium wi l l  I'caturc 10 \ched- 

ulcd sneakers who wi l l  discuhs method\ of 

I I / ccdures to 'improve con>ition\ in 'the 

Natural and Processed Resins 
21 East 40th Street 
New York, NY 10016 

Phone (21 2) 679-61 80 Telex 4251 68 I i protcclivc c(~atings lntluslry. 
For additional information. contact 

Aimec Beggs. S~ecl Slructures Painting 
Council. 4400 Fifth Avc.. P~tt\hurrh. PA 

avoiding litigation. complying with envi- 
ronrnenlal regulations, and meetin: health 
and safety rcquircmcnts. Committee mcm- 
hers wi l l  dcliheratc during 2.5 technical ses- 
sions about pccilication\. guide\. and pro- 
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Quantity 

ORDER FORM 
Price Total 

Journal of Coatings Technology: 
U.S. and Europe Other 
Canada (Air Mail) Countries 

- 1 Yr. $27 $50 $37 
- 2 Yrs. 51 97 71 

3Yrs. 73 142 103 

New Federation Series on Coatings Technology ($5.00 ea.) 
"Film Formation"-Z.W. Wicks, Jr. (7M86001) 
"Radiation Cured Coatingsw-J.R. Costanza, A.P. Silveri, and J.A. Vona 

(7M86002) 
- "Introduction to Polymers and Resinsn-J. Prane (7M86003) 

"Solvents"-W.H. Ellis (7M86004) 

AudioIVisual Presentations (Slideltape except where noted) 
Causes of Discoloration in Paint Films ($40) 
The Setaflash Tester ($1 00) 

- High Speed Dispersion ($65) 
Introduction to Resin Operation ($65) 

- A Batch Operated Mini-Media Mill ($60) 
Operation of a Vertical Sand Mill ($75) 

- Laboratory Test Procedures (VHS format) ($50) 
Federation Training Series on Test Methods ($70) 

- PaintlCoatings Dictionary (Mbr.-$30: Non-Mbr.-$50) 

Infrared Spectroscopy Atlas (Mbr.-$75; Non-Mbr.-$100) 

Color-matching Aptitude Test Set ($400) 

Pictorial Standards of Coatings Defects 
Complete Manual ($80) 
Individual Standards ($2 ea., plus $2 per photo as noted) 
- Adhesion (1) - Blistering (4) - Chalking (1) 

Checking (1) Cracking (1) Erosion (1 )  
Fillform Corrosion (3) - Flaking (2) 

- Mildew (3) Print (1) Rust (4) 
Traffic Paint Abrasion (2) Traffic Paint Chipping (2) 

- Record Sheets (pad of 100 sheets) ($2.50) 

Glossary of Color Terms ($6.00) 

. . . . . . .  Subtotal - 

.... . . .  Pa. Residents please add 6% Sales Tax - 

Total . . . . . . .  - 

I ALL INFORMATION BELOW MUST BE COMPLETED 
! 

YOUR COMPANY 
;heck the one block wh~ch appl~es 
nost spec~f~cally to the company or or- 
enlzat~on w~th wh~ch you are aff~l~ated 

1 7 Manufaaurers of Paints. Varntshes. 
Lacquers. Prtnflng Inks. Sealants, elc 

! 3 Manufadurers of Raw Maferlals 
, _1 Manufaaurers of Equuprnenl and 

Conlalners 
1 _1 Sales Agent for Raw Materials and 

Equ~pment 
U 1 Government Agency 
P 7 Research TesttngfConsultlng 
P _ Educat~onal lnst!tutlon L~brary 
( Pam! Consumer - 

Other 
(please specrfy) 

YOUR POSITION: 
Check the one block which best de- 
scribes your posit~on in your company 
or organ~zation. 

A I I ManagernentlAdrn!n~strat~on 
B I I Manufaaurlng and Englneerlng 
C I I Ouallty Control 
D I Research and Development 
E 1 Technlcal Sales Servlce 
F l Sales and Marketing 
G I Consultant 
H I I EducalorlStudent 
J I I Other 

(please speclfy) 

Signed Date 

Name 

Company 

Address 

City 8 State 

Country Mail Code 

Make checks payable to: 
Federation of Societies for Coatings Technology 
Postage and handling charges will be added to all orders requiring billing 

i ' FSCTMember Non-Member All checks must be payable on a U.S. Bank 

I 

Federation of Societies for Coatings Technology 
131 5 Walnut St. Philadelphia, PA 19107 21 51545-1 506 



Vapor Cure Technology 
A recently released brochure describes 

the vapor cure process for curing coatings 
on various substrates at room temperature. 
The process is designed to cure coatings on 
heat-sensitive materials such as plastic. 
wood, electronic components, and fully as- 
sembled parts without damage. For more 
information, write to Vapocure Technol- 
ogy, Inc., 45 McBride Ave. Extension. 
Paterson, NJ 0750 1. 

Liquid UV Absorber 
A liquid U V  absorber specifically for 

coatings is described in a technical data 
sheet. The product reportedly is soluble in 
common coating solvents and compatible 
with coatings resins. For additional infor- 
mation which details key physical proper- 
ties, write the Additives Dept., CIBA- 
G E I G Y  Corp. ,  Three Sky l ine  Dr.. 
Hawthorne. N Y  10532. 

Rheological Additive 
A rheological additive for high perfor- 

mance coatings applications is described i n  
literature. The product is designed to sim- 
plify the formulation and manufactl~re o f  
high performance coatings. For more infor- 
mation and a sample, write to N L  Chemi- 
cals, Inc., P.O. Box 700, Hightstown, NJ 
08520. 

Solvent Recovery Literature 
A four-color brochure covering system 

features, technical characteristics, utility 
requirements, and standard systems pro- 
duction data of a solvent recovery system 
has been published. For a copy of the 
eight-page brochure, write to Morehouse 
Industries. Inc., 1600 W. Commonwealth 
Ave.. P.O. Box 3620, Fullerton. C A  
92632. 

Coatings lnformation Kit 
A coatings information ki t  for the design 

engineer and technical information on 
polyurethane coatings was recently made 
available. For a free information kit on 
Chemglazea and Photoglazem coatings, 
contact Lord Corporation, Industrial Coat- 
ings Division. 2000 West Grandview 
Blvd., P.O. Box 10038, Erie, PA 16514- 
0038. 

High Speed Paint Mixer 
A recently released product bulletin in- 

troduces a new high speed paint mixer able 
to handle pints to five gallon containers. 
For further details on the 5050 High Speed 
Mixer, write to Red Devil. Inc., 2400 
Vauxhall Rd.. Union, NJ 07083- 1933. 

Structured Pigments and a 
Super Extender 

lnformation on the developnment o f  two 
new grades o f  structured pigments and the 
development o f  a super extender has been 
made available in literature. The structured 
pigments are used in the production o f  rub- 
ber products and bonding systems. The su- 
per extender replaces titanium dioxide in 
flat and eggshell paint li>rnmulations. For 
technical literature and samples o f  Sam- 
flex-475'". Sanmtlex-585 "', and Satnhide- 
583"'. contact T.G. Florea or Dr. S.K. 
Wason, Huber Clay Division. Rt. 4, Ma- 
con. GA 31298. 

Heat Stabilizer for PVC 
Information is available on a ncw heat 

stabilizer recommended for light stable 
PVC formulations used in window protiles 
and siding. For morc inlhrmation. write the 
Additives Dept.. CIBA-GEIGY Corp.. 
Three Skyline Dr., Hawthorne, N Y  10532. 

Spectroscopy 
An application note furnishes an intro- 

duction to high resolution NMR spectros- 
copy o f  solids. Two major causes of line 
broadening in solids are examined. Copies 
of G565-9546-1 are available from I B M  
Instruments; Inc., Orchard Park. P.O. 
3332. Danbury. CT  068 13. 

Synthetic Silicates Brochure 
A brochure describing how synthetic 

silicates are used for dry liquid conccn- 
trates, conditioning and carricr applica- 
tions, and as anti-caking and grinding 
agents in the paint, agricultural. chemical. 
food processing. waste disposal, and ruh- 
her industries is available. For a free copy 
of the four page Micro-Celm and Celkate"" 
synthetic silicates hrochure, FF-22, writc 
to Manville Service Center, I601 23rd St.. 
Denver, CO 802 16. 

Wet Abrasion Scrub Tester 
An abrasion scrub tester designed to 

measure abrasion resistance o f  heavy duty 
coatings is described i n  literature. The in- 
strument is designed with standard hogbris- 
tle brushes and a resettahle five digit count- 
ing mechanism allowing a predetermined 
number o f  strokes to be set and the instru- 
ment left to operate unattended. For more 
details, write to Paul N. Gardncr Co., Inc., 
316 N E  First St.. Pompano Beach. F L  
33060. 

Temperature Meter 
A product bulletin introduces a tempera- 

ture meter designed to meet a wide variety 
o f  telnperaturc measurement applications. 
For more infornmation. write Sheen Instru- 
ments. Ltd.. 8 Waldengrovc Rd.. Tedding- 
ton, Middlesex TW I I XLD. 

Fifth Generation Microprobe 
A l i l ih generation instrument, used for 

high spatial resolution surface chemical 
analysis. has been introduced in a new 
product bulletin. For more information on 
the PHI 660 SAM. contact Bob Adamzak 
or Lor i  Broecker. Perkin-Elmer. Physical 
Electronics, 6509 Flying Cloud Dr.. Eden 
Prairie. M N  55344. 

Organometallic Coupling Agents 
Eleven new organomctellic coupling 

agents having applications in dilTcrent ther- 
mosets. coat inp. ~hcrnioplastics. elas- 
tomers. ;tnd ceramics have heen introduced 
in literature. They arc inclutlcd in a revised 
and expanded edition ol'a distributed rcfer- 
ence manual. For further inli)rnmation about 
the Kenrich coupling agents. or a copy of 
the revised "Kcnrich Reference Manual." 
writc Kenrich Petrochc~nic;lls. Inc.. P.O. 
Box 32. Bayonne. NJ 07002-0032. 

Surface Analyzing Instruments 
A rcccntly relca\ed pmtluct bulletin in- 

troduces a series line o f  surl'i~ce analysis 
instru~lientatiiin. The inslru~mments nccom- 
modatc fully intact sn~nplea up to eight 
inches i n  diameter. For more inhrnmation 
on the 5000 LS ESCA Series line. contact 
Bob Adamzak or Lori Brocckcr at Pcrkln- 
Elmer. Physical Electronic. 6509 Flying 
Cloud Dr., Eden Prairie. M N  55344. 
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Solvent Selection System 
A computer aided solvent selection sys- 

tem aimed at hclping paint ~nanufacturers 
and forniulators nlotlil'y or tlcvclop solvent 
systems is the topic of technical literature. 
For more ~nli)rmation on CASS, contiict 
Joy Hutchinson. The Dow Chetiiical Com- 
pany. Midland. M I  48640. 

Piping Containment System 
A new piping containment and access 

systern for steel underground storage tanks. 
designed to contain pipe leaks and tilling 
spills. is described in recently released lit- 
erature. A l l  external components including 
the pump, piping, gauge. and fittings are 
located in one place. Additional iniornia- 
tion is available from the Clawson Tank 
Co., 4701 White Lake Rd.. Clarkston. M I  
38016-0350. 

Stabilizer Blends for Plastics 
Literature describing two new stabilizer 

blends li)r plastics is available. For data 
and samples of these two products, write 
the Additives Dcpr.. CIBA-GEIGY Corp.. 
Three Skyline Dr.. H;~wthorne. N Y  10532. 

Chromate Pigments 
The latest toxicological and cpidcmi- 

ological tindings on chronlatc pigments are 
summari~ed in a recently puhlished report. 
A copy o f  the 24-page publication is avail- 
able from Hcubach. lnc.. Heubach Ave., 
Newark, NJ 071 14. 

Butadiene-Acrylonitrile 
Copolymer 

Information on a buladicnc-aclylonitrilc 
copolymer in dry, free-flowing forni is 
available. The protluct is designed to liniit 
the migration and volatility ol'thc plasticiz- 
ers in a compound. Adtlitional infortnation 
on the product may he obtained by writing 
Goodyear Chcmic;~l Data Center. P.O. Box 
91 15. Akron. O H  44305. 

Combating High Temperature 
Corrosion 

A comprehcnsivc tligest of  ncwcr ~neth- 
ods to c ~ ~ i i h i ~ t  high tcliiperilture corrosion 
with arc sprayed coatings ofoluminum and 
nickel-chromiu~n ;~lloys has been com- 
piled. The digest provides dnta on types o f  
coatings. specilied thicknesses, ant1 tncth- 
ods o f  application l i l r  a r;tngc of  service 
conditions. For a frec copy. cont:st Frank 
M. Velapoldi. TAFA Incorporittcd. Dow 
Road. P.O. Box 1157. Bow (Concoril). N H  
03301-1157. 

Phthalocyanine Green Pigments 
Three new plastics grade phthalocyanine 

green pigments are introduced in recently 
released literature. The pigments reported- 
l y  have heat stability. migration resistance, 
IightPastness, and dispersibility for plastics 
applications. For more information, write 
the Plastics & Additives Div., CIBA-  
GElGY Corp.. Three Skyline Dr.. Haw- 
thorne. N Y  10532. 

Mini Glossmeter 
A niini glosanictcr is descrihed in a re- 

cently rclcased product bulletin. The gloss- 
meter reportedly is suitable for gloss mea- 
surements on a wide variety o f  materials 
including paint films. plastics, and packag- 
ing. For more dctails, writc to Sheen 
Instrunients. Ltd.. X Waldcngrove Rd., 
Tcddington. Middlesex T W I  I 8LD. 

Dibutoxyethyl Phthalate 
Information is now available on a prod- 

uct that is designed to meet the needs o f  
cellulosic and urethane polymer formula- 
tors. For additional information and free 
samples o f  Plasthall@ DBEP, contact Cle- 
land Rector, Marketing Manager, The C.P. 
Hall Company, 7300 S. Central Ave., Chi- 
cago, IL 60638. 

Copper Conductive Coating 
A recently released product bulletin in- 

troduces a new, non-oxidizing. modified 
copper conductive coating for EMlIRFl 
shielding. The product is designed for ap- 
plication involving shielded rooms, moni- 
tors, printers, keyboards, and facsimile 
machines. For addition,tl information write 
the Bee Chemical Co.. 2700 E. 170th St.. 
Lansing. IL 60438. 

AN INFRARED 

lor the Coatings lndurtry 

896 Pages-Over 1,400 Spectra-Over 1,500 References 

Thls revlsed and expanded 896-page b w k  (by the Chlcago Soclety lor Coallngs Technology. 
1980) conlalns a compllal~on of 1433 spectra, tully Indexed, of materlals commonly used In the 
coatlngs ~ndustry Spectra of many recenlly marketed materlals are ~ncluded, as well as exam- 
ples ol Four~er transform ~nlrared spectra 
The texl cons~sts of nlne fundamenlal and comprehenslve chapters lncludlng theory, qualltatlve 
and quantltatlve analys~s. Inslrumentatlon. IR lnstrurnenlatlon accessones, and sample prepara- 
tlon A chapter concerning appllcatlons conlalns a comprehenslve text whlch should be InVal- 
uable to anyone practlclng ~nfrared spectroscopy 
A lully Indexed Illeralure survey conlalns over 1500 references and represenls the most 
complele blbllography pubt~shed In th~s type 01 lext It IS organ~zed Into sections, such as theory. 
rev~ews lnstrumentatlon experlmenlal techniques, compllal~on ol spectra and plgrnent appllca- 
tlons and each sectlon 1s In chronolog~cal order 

8'/2 x 11 in., casabound. ISBN 0-934010-00-5 

S 75.00-Federation Member 
S1OO.OO-Non-Member 

PLEASE MAKE ALL CHECKS PAYABLE IN U S  FUNDS 
Federation of Soc~etles lor Coaungs Technology . 131 5 Walnul Slreet Ph~ladelph~a. PA 19107 

W".l".N.1Mnl. C.ue4mrr*.mx 

AVAILABLE IN THE U K FROM 
Blrmrngham Palnt Varnish and Lacquer Club 

c o Mr Ray Tennanl Carrs Patnts Llmlled Westmlnsler Works Alvechurch Rd 
Bnmbnqham 831 3PG England 
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Federation of Societies for Coatings Technology 

AUDIO/VISUAL 
PRESENTATIONS 

V 
(All AIV presentations include slides, cassette tapes and scripts) 

CAUSES OF DISCOLORATION 
IN PAINT FILMS 
Some of the common causes of paint discoloration, 
such as mildew, sulfide staining, dirt retention, and 
staining by cedar or redwood, are illustrated on houses 
and on painted panels. Chemical tests for distinguish- 
ing between these types of stains are shown. A test for 
distinguishing efflorescence and chalking of paint films 
is also described. 15 minutes (37 slides) ........ $40 

THESETAFLASHTESTER 
Produced by the Technical Committee, 
Birmingham Paint, Varnish and Lacquer Club 
The Setaflash Tester offers the capability to quickly 
ascertain the flash point of a volatile product. This 
presentation describes the equipment and explains 
the procedures for determining flash point in two tem- 
perature ranges (ambient to 110" C; O" C to ambient) 
by both the flashlno-flash method and the definitive 
method. 54 minutes (134 slides) . . . . . . . . . . . . . .  $100 

FEDERATION TRAINING SERIES 
ON TEST METHODS* 
Volume II 
(3 Lessons) Lessons vary 
from 7 to 11 mtnutes (79 slides . . .  $70 

Producing 
Lessons Society 
A Simple Method to Determine 

Microbiological Activity . . . . . . . . . .  Philadelphia 
A Salt Spray (Fog) Testing 

Cabinet . . . . . . . . . . . . . . . . . . . . . . .  Golden Gate 
Wet Film Thickness Gages . . . . . . . .  Golden Gate 

'Volume I not available at this time 

HIGH SPEED DISPERSION 
Produced by the Manufacturing Committee, 
Montreal Society for Coatings Technology 
The program covers theoretical and practical tech- 
niques used for dispersion In paint plants, showing 
laboratory test equipment and plant scale manufactur- 

. . . . . . . . .  ing procedures. 20 minutes (60 slides) $65 

INTRODUCTION TO RESIN OPERATIONS 
Produced by the Manufacturing Committee, 
Toronto Society for Coatings Technology 
This presentation has been developed to assist in the 
selection and training of resin plant operators, and 
focuses on basic concepts of manufacture and the role 

. . . . . .  of a resin operator. 12 minutes (58 slides) $65 

A BATCH OPERATED MINI-MEDIA MILL 
Produced by the Manufacturing Committee, 
New York Society for Coatings Technology 
This presentation describes the design and operatlon of 
a batch operated mini-media mill, and was developed 
to assist in the tralning of plant personnel to operate 

........ such equipment. 8l/2 minutes (51 slldes) $60 

NOW AVAILABLE! 
OPERATION OF A VERTICAL SANDMILL-(Produced 
by the Manufacturing Committee, Kansas City Society for 
Coatings Technology). This program describes the des~gn 
and operation of a vertical sandmill, to assist in the train- 
ing of plant personnel to operate such equipment. 14 
minutes (73 slides). . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $75 

Causes of Discoloration in Paint Films.. . . . .  $40 n High Speed Dispersion . . . . . . . . . . . . . . . . . . .  $65 

The Setaflash Tester. . . . . . . . . . . . . . . . . . . .  $100 U Introduction to Resin Operations. . . . . . . . . . .  $65 

Volume II, Test Methods.. . . . . . . . . . . . . . . . .  $70 A Batch Operated Mini-Media Mill.. . . . . . . . .  $60 

. . . . . . . . . . .  Operation of a Vertical Sandmill $75 

ORDER FROM: Federation of Societies for Coatings Technology 
1315 Walnut Street . Philadelphia, PA 19107 

Please make all checks payable in U.S. Funds Pennsylvania residents, please add 6% sales tax. 
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by Earl Hill 

ACROSS 

2. Red iron oxide 
' 4. Decorative band 

6, Horizontal Umber 
8. Lake pment base 
9. Packing matefial (mineral) 

12. Laoped yam bundle 
13. Holds our products 
14. Artistic water cob 
17. Alkyd {Syn.) 
19. Permanent, e.g.. 

color- 
21. Natural calcium carbonate 

t 23. Processed press cake 
24. Offwhite 
26. A t e e n  
27. Ionic crosslinked resin 
29. Tyw of wW (angfasperm) 
34. Sulfwicacid 
aa. M~~SSBLI~W~I 
37. ConrnM empen t  
se. aloohal, C6 

No. l', 

DOWW 

1. Smatl @artlck!s - L  I. 

% A@-Mn &micat + ;- 
4. RhegIoaf@temt I: 
5. p m ~ n  mtaiya, E- ,: o <  = 
6. P M ~  mtq&A~n~iss,'~, 3; 
7. Phosphttte p w m f  4W.l " 

10. Y&lowish &rriswn ' - 
1 1. Elastomer (Svn.) 
?2. yeibw pigmy@ ' 

14. Intaglio prhfing m W  
15, Siccative+fSynJ " 
I$. Tc? t&sf& be*  .-: L:< 
$7. y&t@ w.e . : "? 
ra. k,mwwiaw&$'; 

8 0 .  -*@&? * "4) 

2e. ~inehsss ni-wf+, 
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Coming Even& 

FEDERATION MEETINGS " 'i6r3 

For information on FSCT meetings, contact FSCT, 1315 Walnut St., (Oct. 19-21)-66th Annual Meet~ng and 53rd Paint Industries' 
Philadelphia, PA 19107 (215-545- 1506). Show. McCormick Place, Chicago, IL. I 

(March)-Seminar on Statistical Process Control. Sponsored 
by FSCT Professional Development Committee. Scheduled by re- 
gion: March 2-3-Marriott Hotel, Chicago O'Hare Airport, Chicago, 
IL; March 9-10-Atlanta Marriott (downtown), Atlanta, GA; March 
16-17-Marriott, Philadelphia Airport, Philadelphia, PA; and March 
30-31 -Marriott, Torrance, CA. 

(Apr. 29-May 2)-Combined Federation Spring Week and Pacif- 
ic Northwest Society Symposium. The Westin Hotel, Seattle, WA. 
FSCT Society Officers Meeting on April 29; FSCT Board of Directors 
Meeting on April 30; Seminar on May 1-2. Concludes with a dinner 
dance on May 2. 

(Oct. 5-7)-65th Annual Meeting and 52nd Paint Industries' 
Show. Convention Center, Dallas, TX. 

ECLIPSE 
m N I S , =  
SUBSIDIARY OF AEROSYSTEMS TECHNOLOGYCORPORATION 

(Feb. 23-25)-Southern Society 14th Annual Water-Borne and 
Higher-Solids Coatings Symposium. New Orleans, LA. (Dr. Gordon 
L. Nelson, Chairman, Department of Polymer Science, Univers~ty of 
Southern Mississippi, Southern Station Box 10076, Hattiesburg, MS 
39406-0076). 

(Feb. 23-25)-Western Coatings Societies' Symposium and 
Show, Monterey Convention Center, Monterey, CA. (Barry Adler, 
Royell, Inc., 1150 Hamilton Ct., Menlo Park, CA 94025). 

(Apr. 1-3)-Southern Society. Annual Meeting. Dutch Inn, Lake 
Buena Vista, FL. (C. Lew~s Davis. 802 Black Duck Dr., Port Orange, 
FL 3201 9). 

(Apr. 7-8)-Chicago Society's Symco '87 "Risky Business: , 
Technology of Our Times." Knickers, Des Plaines, IL. (William Fot~s, 
The Enterprise Cos., 1191 S. Wheeling Rd., Wheeling, IL 60090). 

(Apr. 29-May 2)-Combined Federation Spring Week and Pacif- 
IC Northwest Society Symposium. The Westin Hotel, Seattle, WA. 
April 29--FSCT Society Off~cers Meeting; April 30-FSCT Board of 
Directors Meeting; PNW Golf; PNW Even~ng Activities; May 1- 
Seminar; May 2-Seminar continued; PNW Sports Competition; 
Dinner Dance. 

(June 12-13)doint meeting of St. LOUIS and Kansas Clty Soci- 
eties. Holiday Inn, Lake of Ozarks. (A.E. Zanardi, Thermal Science, 
Inc., 2200 Cassens Dr.. Fenton, MO 63026). 

(Apr. 13-15)-Southern Soc~ety. Annual Meeting. Charleston, 
SC. (Scott McKenzie, Southern Coatings Co., P.O. Box 160, Sumter, 
SC 291 50). 

(Apr. 28-30)-Pac~fic Northwest Society. Annual Symposium. 
Vancouver, B.C., Canada. (Yvon Poitras, General Paint Corp.. 950 
Raymur Ave., Vancouver, B.C., Canada V6A 3L5). 

(Mar. 13-15)-Western Coatings Societies Symposium and 
Show. Disneyland Hotel. Anaheim, CA. (Andy Ellis, NL Industries, 
Inc., 200 N. Berry St., Brea, CA 92621). 

OTHER ORGANIZATIONS 

1 $18 i 

P.0. Box E. Cork Hill Road. Franklin, N.J. 07416 2011827-7878 (Jan. 19-22)-Annual Meeting, Technical Symposium and Coat- 
ings Technology Expos~tion of Steel Structures Paintlng COU~CI~. 
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Fairmont Hotel, New Orleans, LA. (James G. Busse, SSPC, 4400 
F~fth Ave., Pittsburgh, PA 15213). 

(Feb. 4-6)-"Formula" Forum on Chemical Specialties spon- 
sored by the Societe Francaise de Chimie, Nice. (Societe Francaise 
de Chimie, Departement Congres. 250 rue Saint Jacques 75005 
Paris, France). 

(Feb. 8-1 1)-Inter-Society Color Council. Williamsburg Confer- 
ence on "Geometric Aspects of Appearance." The Lodge, Colonial 
Williamsburg, VA. (Dr. D.H. Alman, Du Pont Co., P.O. Box 2802, 
Troy. MI 48007). 

(Feb. 17-19)-"Coatings Failure Analysis" course sponsored by 
KTA-Tator, Inc., Pittsburgh, PA. (William Corbett, KTA-Tator, Inc., 
11 5 Technology Dr.. Pittsburgh. PA 15275). 

(Mar. 3-5)-"Coating Inspection of Industrial Facilities" course 
sponsored by KTA-Tator, Inc.. Pittsburgh, PA. (W~lliam Corbett, 
KTA-Tator. Inc., 115 Technology Dr., Pittsburgh. PA 15275). 

(Mar. 9-13)-CORROSIONl87. National Association of Corro- 
sion Engineers. Moscone Center, San Francisco, CA. (NACE, P.O. 
Box 218340, Houston, TX 77218). 

(Mar. 17-19)-Powder Coatings '87. G-MEX Exhibition Center, 
Manchester, England. (Mewyn W.K. Little, Specialist Exhibitions 
Ltd.. Grantleigh House, 14-32 High St., Croydon, Surrey CRO lYA, 
England). 

(Mar. 20-25)-The lnternational Paint Industry & Anti-Corrosion 
Technology Exhib~t~on, Beijing, People's Republic of China. (Sino 
Trade Promotions. 15A Wing Cheong Commercial Bldg., 19-25 Jer- 
vols St.. Central, Hong Kong). 

(Mar. 26-29)-Colour 87-the lnternational Exhibition for Paint- 
ing Techniques and Colour Appl~cation. Cologne. Germany. (Koln 
Messe, Postbox 210760, D-5000 Cologne 21. Germany). 

(Apr. 5-7)-Inter-Society Colour Council. Annual Meeting. "ln- 
dustrlal Problems in Color Science." Barclay Hotel, Philadelphia, PA. 
(Dr. A. Rodrigues, Du Pont Co., 945 Stephenson Hwy.. Troy, MI 
48084). 

(Apr. 5-10)-ACS, Div. of Polymeric Materials: Science & En- 
gineerlng. Anaheim, CA. (T. Davidson, Ethican, Inc., Route 22, 
Somersville, NJ 08876). 

(Apr. 6-7)-27th Annual Symposium of the Washington Paint 
Technical Group. Sponsored by the National Paint & Coatings Asso- 
ciatlon. Marriott Twin Bridges Hotel. Washington, DC. (Ken Zachari- 
as, NPCA, 1500 Rhode Island Ave., N.W., Washington, DC 20005). 

(Apr. 7-9)-"Bridge and H~ghway Structures Coatlngs Inspec- 
tlon" course sponsored by KTA-Tator. Inc.. Pittsburgh, PA. (William 
Corbett, KTA-Tator, Inc., 115 Technology Dr., Pittsburgh, PA 
15275). 

(Apr. 21-23)-"Coatings Specifiers" course sponsored by KTA- 
Tator, Inc., Pittsburgh. PA. (William Corbett, KTA-Tator, Inc.. 115 
Technology Dr., Pittsburgh, PA 15275). 

(Apr. 29-May 1)-26th Annual Marine and Offshore Coatings 
Conference. Sponsored by the National Paint & Coatings Associ- 
ation. New Orleans Hllton Hotel. New Orleans, LA. (Ken Zacharias, 
NPCA, 1500 Rhode Island Ave., N.W., Washington, DC 20005). 

(May 12-14)-HAZTECH Canada Exhibition and Conference. 
Toronto lnternational Centre, M~ssissauga, Ontario. (Beverly Gibson, 
Exhibition Management Company, 6143 S. Wlllow Dr., Suite 100, 
Englewood, CO 801 11). 

(May 18-21)-Surface Coating '87. Chem~cal Coaters Associ- 
atlon. Milwaukee, WI. (CCA, Box 241, Wheaton, IL 60189). 

(May 31-June 5)-Sixth lnternational Meeting on Radiation Pro- 
cessing. Skyline and Holiday Inn Hotels. Ottawa, Ont., Canada. 
(Mrs. E. Golding, lnternational Meeting on Radiation Processing, 
P.O. Box 13533, Kanata, Ont., Canada K2K 1x6). 

(June 17-19)-"Chem~cally Modified Surfaces" Conference co- 
sponsored by Colorado State University and Dow Corning Corp. 
Holiday Inn, Fort Collins. CO. (Ward T. Collins, Mail Stop C41C00, 
Dow Corning Corp., Midland, MI 48686-0994). 

(June 17-20)-Oil and Colour Chemists' Association Bienn~al 
Conference. Eastbourne. England. (Mr. R.H. Hamblin, Director & 
Secretary, OCCA, Priory House, 967 Harrow Rd., Wembley. Middle- 
sex HA0 ZSF, England). 

(August 6-9)-Oil and Colour Chemists' Association Australia. 
29th Annual Convention. Wrest Point Convention Center, Hobart, 
Tasmania, Australia. (OCCAA, 6 Wilson Ave., Felixstow. South Aus- 
tralia, 5090 Australia). 

(July 13-16)-SURIFIN '87 Chicag~lnternational Conference 
& Exhibit of Electroplating and Surface Finishing. McCormick Place, 
Chicago, IL. (AESF, 12644 Research Parkway, Orlando, FL32826). 

(Aug. 23-28)-"Copolymerization" Symposium. Sponsored by 
the Polymer Div. of the Royal Australian Chemical lnstitute and the 
Div. of Polymer Chemistry of the ACS. Sydney, Australia. (Prof. D. 
Tyrell, Polymer Science & Engineering, Univ. of Massachusetts, 
Amherst, MA 01 003). 

(Sept. 13-18)-"Mechanisms and Measurement of Water Va- 
por and Liquid Water through Materials" Symposium co-sponsored 
by ASTM Committees C-16, D-1, D-8, D-10, D-20, and F-2. Philadel- 
phia, PA. (ASTM, 1916 Race St., Philadelphia, PA 19103). 

(Sept. 15-18)-XVllth Congress of AFTPV (French Association 
of Paint and Varnish Technicians) and Eurocoat. Nice, France. 
(J. Roire, 5, Rue Etex, 75018 Paris, France). 

(Sept. 20-23)-Canadian Paint and Coatings Association. 75th 
Annual Convention. Four Seasons Hotel, Vancouver, B.C. (CPCA, 
51 5 St. Catherine St. W., Montreal, Que., H3B 184 Canada). 

(Oct. 14-16)-SURTEC '87 Berlin. lnternational Congress Cen- 
ter, Berlin. (Gabriela Thal, 1625 K St., N.W., Suite 500, Washington 
DC 20006). 

(Nov. 7-1 1)-10th lnternational Congress on Metallic Corrosion 
sponsored by Central Electrochemical Research lnstitute on behalf 
of lnternational Corrosion Council. Madras, India. (Dr. V.I. Vasu, 
Chairman, ICMC Organizing Committee, Director CERI, Karaikudi 
623006, Tamil Nadu, India). 
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My, how tlme does fly. Here ~t is October and tradit~on- What better g~ft  to our readers than to share w~th them 
nay, my Edltor-lnslsts that this IS the time for happy some further br~ll~ant advlce as collected by that dlst~n- 
hol~day greetings and warm w~shes for the New Year. At gushed purveyor of w~sdom, Howard Jerome. 
th~s time In my I~fe, I can't afford to rush the seasons l~ke If you can't get your work done In 24 hours, work nights. 
that. On the one hand, I say In shocked surprise, "What? A pat on the back IS only a few centmeters from a k~ck 
Aga~n? Already? I haven't really cleared the fog from last in the butt. 
New Year's Eve." But, then a small happy voice plpes up It doesn't matter what you say you do. It only matters 
from w~thln, "It's not really here It's st111 October. There's what you say you've done and what you're golng to do. 

You can go anywhere you want ~f you look serlous and 
So, readers as you open up this Journal time capsule, carry a clipboard. 

you have the cheery words of a younger "Humbugv- Eat one l~ve toad the f~rst th~ng in the mornlng, and 
"Much joy of the season and a blessed New Year to you nothing worse will happen to you the rest of the day. 

If at f~rst you don't succeed-try, try agaln. Then qu~t. 
No use be~ng a damn fool about it. 
There will always be beer cans rolling on the floor of 
your car when the boss asks for a r~de home from the 
offce. 
The last person who quits or was fired w~ll always be 
held respons~ble for evetyth~ng that goes wrong-unt~l 

-Wife, trying to cheer up husband, "Look at it th~s way- the next person qu~ts or IS f~red. 
you may be low man on the totem pole at work, but here If You are good, You will be asslgned all the work. If you 
you're second ~n command." are really good, you'll get out of ~ t .  

-While weeding out his wardrobe, a man came across a 
sports jacket he hadn't worn for years. He found a cla~m 
check In a pocket for a pair of shoes he had left for repalr If Howard doesn't meet your ph~losophical needs, we 
and forgotten. Out of curlosity, he went to the repalr shop can fall back on Bob Ahlf, and I mean-"fall back." Tom 
and presented the stub The cobbler when to the back M~randa, who bravely delivers these dlre messages from 
room, returned moments later and sald, "They'll be ready Bob should try to remember what happened to messen- 
Tuesday." gers l~ke h ~ m  in the good old days of the absolute mon- 

-The Llon archs 
Once you get up there, it's all downh~ll. 
Tlme fl~es l~ke an arrow. Fru~t flles llke a banana. 
The problem w~th belng a genlus IS that ~t takes another 
genus to know he IS. 
Old age a~n't for slssles. 

Scrawled on a New York bu~ld~ng wall was the follow~ng- Japan has four times as many engineers as we do, but 
"I love gr~ls"; the next day this was crossed out and In ~ t s  we have f~fteen tlmes as many lawyers. 
place was wntten, "I love g~rls"; on the th~rd day was In th~s world there IS a lot more dlrty laundry than clean. 
asked, "What about us gr1ls7" Tall, bald people are the f~rst to know when the raln 

A large group of a~ l~ng  people were llned up in front of a Starts' 

new free clln~c early one morning. One little man walked 'Ome can talk can hardly see the 
past everyone and headed for the front of the I~ne. The 'IpS 

crowd howled In protest and pushed hlm back to the end 
of the Ilne. 

The lrttle guy muttered to hlmself and agaln started to 
the front. Aga~n he was pushed back. A th~rd tlme he tr~ed 
and th~s tlme he was hosted bodlly and thrown back- 
fists fiy~ng from all sldes. He got up, dusted h~mself off and -Herb Hillman 
thundered "Just push me back once more-and I won't Humbug's Nest 
open the clin~c." P.O. Box 135 

-from Parts Plus via Roy Tasse Whitingham, VT 05361 



now just - 

With the flow 
New Acrysol' RM-825 makes thickening easy. 

Latex paint thickeners have never been easy to work performance by providing superior flow and leveling, 
with, particularly the dry cellulosic kind. But all of increased film build and excellent spatter resistance. 
that is about to change. It's the easiest way to improve the performance 

Because now there's new Acrysol RM-825 rhe- of all your latex paints. 
ology modifier from Rohm and Haas. To learn more about this 

A smooth, lower viscosity liquid, Acrysol RM-825 contact your Rohm and Haas 
1)F" is both easier to handle and easier to incorporate. Or write to Marketing Service 

And that easy-going manner carries right over into West, Philadelphia, PA 19105. 

, " , 
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1H 

Acryrol is a mgistendtndnnark Of R o b  and HaasCMapany. 01986 Rohm and Haas Company PHILAOLLWI.~. c(: lsl.~ 
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of 91 powder 

for a very good year. 
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