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spectra have been generated on high resolu­
tion Fourier Transform spectrophotometers with 
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Authored by experts in the field of coatings 
infrared analysis, the 1024-page text consists of 
eight fundamental and comprehensive chap­
ters. including theory. instrumentation.IR instru­
mentation accessories. sample preparation, 
and qualitative and quantitative analysis. 
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the most complete bibliography published in 
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such as theory. general information. reviews. 
instrumentation . experimental techniques. 
compilation of spectra. quantitative analysis. 
coatings. polymers applications and pigment 
applications. Each section is in chronological 
order. 

This handsome set is packaged in a sturdy 
slip case for easy shelf storage. 

Also. a computerized database of a ll the 
spectra featured in the Atlas has been devel­
oped by the Nicolet Instrument Corp .. in coop­
eration with the Federation. The Nicolet Coatings 
Technology Database is available at additional 
cost from Nicolet to assist in computer searching 
during quantitative infrared analysis. 
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Good News for Customers: 
Miles' New Organic Pigments Plant 

It's a concrete demonstration of 
our long-term commitment to pigments 
customers worldwide: Miles Inc. is 
proud to announce that full -scale 
production has begun at its state-of­
the-art organic pigments facility near 
Charleston, South Carolina. 

And, building on more than 130 
years of experience, there's more good 
news for our customers in the coatings, 
plastics and fibers industries. 

Besides the most advanced 
manufacturing technologies, this new 

facility provides greatly expanded 
research and product development 
capabilities. Expertise that helps 
ensure you receive consistently high 
product quality and value-added 
technical service. Shipment after 
shipment, year after year. 

For more information on how 
our investment can work for you , 
write to Miles Inc. , Pigments 
Department, Mobay Road, Pittsburgh, 
PA 15205-9741 . Or call us at 
(412) 777-7700. 
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You' re keying on lasting quality and lower cost when interior 
paints are formulated with Ropaque OP-62 LO opaque 
polymer. Ropaque polymer delivers optimized hiding; 
brighter, cleaner colors; and outstanding durability: 

• Improved washability 

• Excellent abrasive scrub resistance 

Blend these Ropaque opaque polymer 
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• Tint retention 

• Resistance to chalking and fading 
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Comment 

Spring Week, Anyone? 

As anyone who plays tennis knows, a carefully developed strategy can increase the 
odds of winning. Simply hitting the ball across the net may work sometimes (if you are 
extremely lucky or your opponent is having a really bad day). Usually, though. the match 
goes to the player who is able to adjust to such variables as playing surface, weather 
conditions, and, most importantly, the strengths and weaknesses of the challenger. After 
considering these variables, a "plan of attack" can be implemented. 

When it comes to coating a particular substrate, developing a similar strategy can mean 
the difference between effective coverage and costly error. On May 18-19, at the South 
Shore Harbour Resort in League City (near Houston), Texas, the FSCT will assemble a 
panel of experts to assist attendees in formulating such strategies. Presented as part of the 
FSCT "Spring Week" activities and developed by the FSCT Professional Development 
Committee, the two-day program will focus on "The Influence of Substrates and Applica­
tion Methods/Techniques on Coatings Performance." 

Participants will examine the factors which are involved in the process of coating a 
substrate, including methods of application, the surface to be coated, the actual coating 
being applied, and other conditions which must be considered. 

Presentations will detail the characteristics and surface preparation requirements for 
coating such substrates as concrete and masonry, sheet rock, wood, hardboard, pressure­
treated wood, plywood, OSB and Com-Ply panels. In addition, attendees will benefit from 
discussions on application methods since paint formulators need to be concerned with the 
manner of applying paint as well as the applicators used. Panel discussions following each 
day's presentations will provide an opportunity for participants to ask questions on specific 
concerns and needs. 

The world of coatings can be a competitive one. To successfully overcome problems and 
meet the needs of end users, you must be armed with as much information as possible. 
Attendance at the program in League City is designed to give you the advantage- Game ... 
Set . .. Match. (Of course, don't forget to bring your racquet!) 

Vol. 65, No. 819, April1993 
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Abstracts of Papers in This Issue 
(Translations provided by: French-Montreal Society Member Alain Brisson, of Hoechst Canada, Inc. and 
Spanish-Francisco Gonzalez, of Institute Mexicano de Tecnicos en Pinturas y Tintas.) 

Polyurethane Polyols: Ester Bond· 
Free Resins for High Solids Coat­
ings-J.L. Gardon 

JCT, 65, No. 819, 24 (Apr. 1993) 

A new class of polyurethane (PPO's) was 
synthesized by reacting potyisocyanates 
with 1 ,2- or 1 ,3-diots at a stoichiometry of 
one mote of a dial per one equivalent of 
NCO group. Such dials were found to react 
with NCO groups single-endedly with at least 
90% efficiency. The single-ended reaction 
product is believed to be sterically hindered, 
effectively supressing further reaction with 
NCO groups. The predominantly single­
ended reaction caused the resultant PPOs 
to be only slightly more polydisperse than 
the precursor polyisocyanates. The reac­
tion of 1 ,2- or 1,3-diols with the nominally 
trifunctional isocyanurate of hexamethylene 
diisocyanate tends to have an exceptionally 
low polydispersity (Mj M0 ) of about 1.4 to 
1. 7. In contrast, dials with four or more car­
bon atoms between OH groups lead to very 
polydisperse or gelled products. Although 
steric hindrance seems to be the dominat­
ing cause for the single-ended reaction of 
1,2- or 1,3-diols, the selectivity of the reac­
tion is enhanced for asymmetric primary/ 
secondary dials compared to symmetric pri ­
mary dials. 

Oligomeric polyols prepared from sev­
eral nominally trifunctional isocyanates and 
hindered dials gave useful melamine-cured 
automotive high-solids coatings. Good acid 
etch resistance was achieved only if the 
precursor, 1,2- or 1,3-diols were based on 
backbcnes with five or more carbon atoms. 
It would seem that large alkyl groups on the 
PPO resins provide molecular shielding to 
the acid catalyzed degradation of the 
melamine crosslinked coatings. 

The best one-component melamine 
cured PPO coatings outperformed com­
mercial acrylic thermoset coatings with re­
spect to acid rain resistance , weatherability, 
and scratch resistance. Their utility was 
demonstrated on an automotive production 
line . 

Infrared Microscopic Analysis of 
Multiple Layers of Automotive 
Paints-D.J. McEwen and G.D. 
Cheever 

JCT, 65, No. 819, 35 (Apr. 1993) 

A five -layer paint system for sheet molding 
compound (SMC), consisting of molded 
coating , conductive primer, primer surfacer, 
basecoat, and clearcoat, was analyzed by 
infrared microscopy. The results of three 
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Polyols Polyurethanes: Resines san 
Liens Esters pour des Revetements 
a Hautes Teneurs en Matieres 
Solides-J.L. Gardon 

JCT, 65, No. 819. 24 (Apr. 1993) 

Une nouve lle classe de polyols 
polyurethanes (PPO) a ete synthetisee en 
regissant des polyisocyanates avec des di­
als, 1 ,2- ou 1 ,3- avec une stoichiometrie 
d'une mole de dial par equivalent de groupe 
NCO avec une efficacite d'au mains 90%. 
On croit que le produit de Ia reaction est 
encombre steriquement, empechant Ia 
reaction de se poursuivre avec les groupes 
NCO. La reaction pn3dominante a cause 
que les PPO resultanta sent legerement 
plus polydisperses queles precurseurs 
polyisocyanates. La reaction des dials 1,2-
ou 1,3- avec l'isocyanurate tri-fonctionnel 
de diisocyanate hexamethylene a tendance 
a posseder une polydispersite exception­
nellement basse (MjM") d'environ 1.4 a 1. 7. 
Par centre , les dials avec quatre carbones 
ou plus entre les groupes OH donnent des 
produits tres polydisperses. Meme si 
l'encombrement sterique semble etre le 
facteur dominant pour Ia reaction des dials 
1,2 - 1,3 -, Ia selectivite de Ia reaction est 
amelioree pour des dials asymetriques pri­
maries/secondaries compares aux dials 
primaires sym9triques. 

Les polyols oligomeriques prepares a 
partir de plusieurs isocyanates tri­
fonctionnels et dials entraves ant donne 
d'interessants revetements automobiles a 
haute teneur en matieres solides durcissant 
avec l'aide de Ia melamine. Une bonne 
resistance a l'acide a ete obtenue seulement 
si les dials 1,2 - ou 1,3 - etaient bases sur 
des squelettes de 5 atones de carbones ou 
plus. II semble que les larges groupes alkyl 
sur les resines PPO procurent une protec­
tion moleculaire pour Ia degradation 
catalysee a l'acide des revetements durcis 
avec Ia melamine. 

Les meilleurs revetements PPO durcis 
avec Ia melamine sont sup9rieurs aux 
revetements acryliques commerciaux pour 
Ia resistance aux pluies acides, resistances 
aux intemp9ries et Ia resistance aux 
egratignures. Leur utilite a ete demontree 
sur une ligne de production automobile. 

Analyse Microscopique Infra-Rouge 
de Couches Multiples de Peintures 
Automobiles-D.J. McEwan and 
G.D. Cheever 

JCT, 65, No. 819, 35 (Apr. 1993) 

Un systeme de revetement fait de 5 couches 
pour les composes de moulage de feuille 

Polioles de Poliuretano: Resinas 
Libres de Enlaces Ester Para 
Recubrimientos de Altos Solidos­
J.L. Gardon 

JCT, 65, No. 819, 24 (Apr. 1993) 

Se sintetiz6 una nueva clase de policies de 
poliuretano (PPOs), mediante reacci6n de 
poli isocianatos con dioles 1 ,2 6 1,3 en una 
relaci6n estequiometrica de 1 mol de dial 
par un equivalente de grupo NCO. Se 
encontr6 que tales dioles reaccionaron con 
grupos terminales NCO con una eficiencia 
de par lo menos el 90%. Se cree que el 
producto de Ia reacci6n de terminaci6n indi­
vidua l es estorbado estericamente , 
suprimiendo de manera efectiva Ia reacci6n 
posterior con los grupos NCO. La reacci6n 
predominante de terminaci6n individual 
ocasiona que los PPOs resultantes sean 
solo ligeramente mas polidispersados que 
los poliisocianatos precursores. La reacci6n 
de dioles 1 ,2 6 1,3 con el isocianurato 
nominalmente trifuncional del diisocianato 
hexametileno, tiende a tener una baja 
polidispersi6n (Mj M0 ) de alrededor de 1.4 
a 1.7. En contraste, los dioles con 4 o mas 
atomos de carbona entre grupos OH 
generan productos muy polidispersados o 
gelados. Aunque el impedimenta esterico 
parece ser Ia causa dominante de Ia 
reacci6n de terminaci6n individual, de los 
dioles 1 ,2 6 1,3, Ia selectividad de Ia reaccion 
aumenta con dioles asim9tricos primario/ 
secundario comparados con los dioles 
simetricos primarios. 

Los policies oligomericos preparados a 
partir de varios isocianatos nominalmente 
trifuncionales y dioles con impedimenta 
esterico , produjeron recubrimientos 
automotrices, de altos s61idos, curados con 
melamina. Se obtuvo buena resistencia al 
manchado con acido, solamente silos dioles 
precursores 1,2 6 1 ,3 estaban basados en 
cadenas de 5 6 mas atomos de carbona. 
Pareceria que los grupos alquilicos largos 
de las resinas PPO proporcionan protecci6n 
molecular contra Ia degradaci6n de los 
recubrimientos reticulados de melamina, Ia 
cual es catalizada par acidos. 

El mejor recubri miento monocom­
ponente de PPO curado con melamina, tuvo 
un mejor desempefio en exteriores 
comparado con recubrimientos acrilicos 
termofijos comerciales, con respecto a Ia 
resistencia a Ia lluvia 3cida, a Ia intemperie 
y Ia resistencia al rayado. La utilidad fue 
demostrada en una linea de producci6n 
automotriz. 

Journal of Coatings Technology 



THE PROVEN 
STANDARD. 

PROVEN EFFICACY -In intensive field tests by 
independent laboratories including the C.S. :'lavy, U.S. Forest 
Products Laboratory and Mississippi State University, TROYSAN 
POLYPHASE proved to be more effective against a broader 
spectrum of fungi and mildew, in a wider range of applications, 
than all other fungicides/mildewcides tested! 

PROVEN VERSATILITY- Formulators in more 
than 80 countries, working in all types of climates, have shown 
TROYSA.~ POLYPHASE to be compatible in a wide range of 
aqueous and non-aqueous systems. Paints, coatings, stains, 
wood preservatives, adhesives, caulks, sealants, metal working 
fluids, building materials, inks, dyes - virtually any formulation 
requiring a strong, safe, cost-effective fungicide should use 
TROYSAN POLYPHASE. 

PROVEN ECONOMY- A high degree of efficacy at 
lower concentration levels, combined with ease of handling and 
simplified inventory requirements, make TROYSAN POLYPHASE 
industry's proven standard. 

PROVEN SuPPORT- TROYSAN POLYPHASE, like 
all TROY products, is backed by one of the industry's most 
comprehensive Technical Service departments 11ith microbiol­
ogy, formulation and application laboratory facilities. TROY'S 
stalf of experts are ready to assist you in all phases of planning, 
manufacturing and marketing vour formulations. 

Speak to one of our application specialists about puning 
the proven standard to work for vou. We think vou will agree 
with the industry leaders that TROYSA.~ POLYPHASE is 
without a doubt the best way to control fungi and mildew, 
and at the same time improve the quality and profitability 
of vour formulations' 
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sample preparation methods were com­
pared: polishing the paint-SMC at 5 and go• 
to the top surface, and microtoming a paint 
chip. The quickest and easiest method was 
taking reflection spectra of the individual 
paint layers polished at 5° to the top sur­
face. The best infrared spectra were ob­
tained by the difficult procedure of 
microtoming a cross section of the paint 
and analyzing the individual layers by trans­
mission spectroscopy . Experience has 
shown that the 5• reflection method is the 
preferred method and the one we most fre­
quently use. 

Low-Temperature Curing Higher· 
Solids Polyester Coatings with 
Melamine-Formaldehyde Resins 
Crosslinkers-G. Chu and F.N . 
Jones 

JCT, 65, No. 819, 43 (Apr. 1993) 

Polyester (PE)/melamine-formaldehyde 
(MF) coatings that cure rapidly at low bakes 
( <BO•C) and appreciably at ambient tem­
perature are described. They are formu­
lated from enhanced-reactivity MF resins 
having very low levels of >NH and >CH,OH 
functional groups and from conventional 
higher-solids PE resins. Of the PE resins 
stud ied , those made from 1 ,4-
cyclohexanedimethanol are the fastest cur­
ing. Coatings with 0.5 parts per hundred 
(phr) of para-toluene sulfonic acid (p-TSA) 
catalyst develop hardness, solvent resis­
tance, and impact resistance that would be 
acceptable for many commercial applica­
tions at bakes of 60-?o•c for 30 minutes. 
With 1.5 to 2 phr of catalyst, ambient tem­
perature curing PE/MF coatings for certain 
applications appear feasible. The rate of 
apparent cure was correlated with the rate 
of disappearance of -OCH, groups ob­
served by FTIR. 

Recent Advances in UV-Curing 
Chemistry-C. Decker and K. 
Moussa 

JCT, 65, No. 819, 49 (Apr. 1993) 

The efficiency of newly developed photoini­
tiators and acrylic monomers has been 
evaluated in UV-curable resins, by using 
real-time spectroscopy techniques. The ki ­
netic profiles of these ultrafast 
photopolymerizations have been directly 
recorded by following either the monomer 
disappearance by infrared spectroscopy, or 
the photoinitiator loss by ultraviolet spec­
troscopy. The best performance was ob­
tai ned with formu lations based on a 
morpholino-type photoinitiator and on cy­
clic-carbonate monoacrylates. One of the 
great advantages of these new monomers 
lies in their high reactivity, which leads to 
fast and extensive cure upon exposure to 
UV-radiation or laser beams. Chain transfer 
reactions play an important role in the for­
mation of such strongly crosslinked poly­
mers. which exhibit remarkable mechanical 
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(SMC), consistant en un revetement moulu, 
appret conducteur, appret de surface , 
couche de fond et couche transparente, a 
ete analyse par microscopie infra-rouge. Les 
resultats de 3 methodes de preparation ont 
ete compares: polissage du revetement­
SMC a 5° et go• par rapport a Ia surface 
superieure et obtention d'un microtome 
d'une ecai lle de peinture. La methode Ia 
plus faci le et Ia plus rapide consistai t a 
prendre le spectre de reflectance des 
couches individuelles de peintures polies a 
5° par rapport a Ia surface superieure . Les 
meilleurs spectres infra-rouges ont ete 
obtenus avec l'aide des microtomes et 
!'analyse individuelle des couches par 
spectroscopie de transmission . II est 
demontre que Ia methode de Ia reflectance 
a 5° estla methode de choix, ainsi que celle 
qui estla plus souvent utilisee. 

Durcissement a Basse Temperature 
de Revetements Polyester a Haute 
Teneur en Matieres Sol ides avec des 
Resines Reticulantes a Base de 
Melamine-Formaldehyde-G. Chu 
and F.N. Jones 

JCT. 65, No. 819, 43 (Apr. 1993) 

Des revetements a base de polyester (PE) 
melamine-formaldehyde (MF) qui durcissent 
rapidement a basses temperatures ( < so•C) 
sont decrits. Its sont formules a base de 
resines MF contenant de bas niveaux de 
groupes fonctionnels > NH et > CH20H et de 
resines PE conventionnelles. Des resines 
PE etudiees, celles a base de 1,4-
cyclohexanedimethanol ont le temps de 
durcissement le plus rapide . Les 
reevetements avec 0.5 parties par cent 
(p.h.r.) d'acide sulfonique para-toluene (p­
TSA) ont developpe Ia durete, resistance 
aux solvants et Ia resistance a !'impact qui 
sont acceptables pour Ia plupart des appli­
cations commerciales pour des cuissons de 
60 -?o•c pour 30 minutes. Avec des 
catalyseurs a 1.5-2 phr, les revetements 
PE/MF durcissant a Ia temperature de Ia 
piece sont real isables pour certaines appli­
cations. Le taux de durcissement a ete 
correle avec le taux de disparition des 
groupes-OCH, observes par FTIR. 

Progres Recents de Ia Chimie des 
Revetements Durcissant aux Ray­
ons Ultra-Violets-C. Decker and K. 
Moussa 

JCT, 65, No. 819, 49 (Apr. 1993) 

L'efficacite de nouveaux photoinitiateurs et 
de monomeres acryliques a ete evaluee 
avec des resines durcissant aux rayons ul­
tra-violets, en utilisant des techniques 
spectroscopiques en temps reel. Les profits 
cinetiques de ces photopolymerisations ul­
tra-rapides ont ete enregistres en suivant 
so il Ia disparition du monomere par 
spectroscopie infra-rouge ou par Ia perle du 
photoinit iateur par spectroscopie ultra­
violette. La meilleure performance a ete 

Analisis Microscopico lnfrarrojo de 
Capas Multiples de Pinturas 
Automotrices-D.J. McEwan and 
G. D. Cheever 

JCT, 65, No. 819, 35 (Apr. 1993) 

Empleando Ia tecnica de microscopia de 
infrarrojo se analiz6 un sistema de pintura 
de cinco capas para el laminado de un 
compuesto (SMC) , el cual consisti6 en un 
recubrimiento moldeado, un primario 
conductive, un primario de superficie, un 
recubrimiento base y un recubrimiento clara. 
Se compararon los resultados de 3 metodos 
diferentes de preparaci6n de Ia muestra : 
puliendo Ia pintura-SMC a 5• y go• sabre Ia 
superficie alta y tomando una pequena 
muestra de Ia pintura. El metoda mas rapido 
y mas facil fue tamar el espectro de reflex ion 
de las capas individuates de pinturas pulidas 
a 5• sabre Ia superficie alta. El mejor 
espectro de infrarrojo se obtuvo por el 
procedimiento dificil, en el cual se tom a una 
muestra microsc6pica de Ia secci6n trans­
versal de Ia pintura y se analizan las capas 
individuates porIa tecnica de espectroscopia 
de transmisi6n. La experiencia ha mostrado 
que el metoda de reflexi6n 5• es el preferido 
y es uno de los empleados con mas 
frecuencia. 

Curado a Baja Temperatura de 
Recubrimientos de Poliester de AI· 
tos Solidos con Resinas Reticu· 
I antes de Melamina-Formaldehido­
G. Chu and F.N. Jones 

JCT, 65, No. 819, 43 (Apr. 1993) 

Se describen los recubrimientos de poliester 
(PE)/melamine -formaldeh ido (MF), los 
cuales curan rapidamente a bajan 
temperaturas de horneo (<so•c) y de 
manera apreciable a temperatura ambiente. 

Son formulados a partir de resinas MF 
de reactividad mejorada, las cuales tienen 
niveles muy bajos de grupos funcionales 
>NH y >CH,OH y tambien son formulados 
a partir de resinas de PE de altos s61idos. 
De las resinas estudiadas, las hechas a 
partir de 1 ,4-ciclohexanodimetanol son las 
de curado mas rapido. Los recubrimientos 
con 0.5 partes por cien de catalizador de 
acido para-tolueno sulf6nico desarrollaron 
dureza, resistencia at impacto, to cual seria 
aceptable para muchas aplicaciones 
comerciales a temperaturas de horneo de 
60-?0•C durante 30 minutos. Para ciertas 
aplicaciones parece factible el curado de 
recubrimientos de PE!ME con 1.5 a 2 partes 
por cien de catalizador. El promedio de 
curado aparente se correlacion6 con el 
promedio de desaparici6n de grupos -OCH, 
observados mediante FTIR. 

Avances Recientes en Ia Quimica 
del Curado Con Luz Ultravioleta-c. 
Decker and K. Moussa 

JCT, 65, No. 819, 49 (Apr. 1993) 

La ef iciencia de los fotoiniciadores 
desarrollados recientemente, asi como de 
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properties, such as hardness, scratch resis­
tance, flexibility, and impact resistance. 

Effect of Polyethyleneimine on 
Phosphate Coatings on Mild Steei­
U.B. Nair and M. Subbaiyan 

JCT, 65, No. 819, 59 (Apr. 1993) 

The interposition of a phosphate layer be­
tween a metal substrate and its paint finish 
has become a well known method of im­
proving adhesion between them. This pa­
per describes efforts to improve the protec­
tive and paint-base properties of phosphate 
coatings, through the incorporation of poly­
meric compounds as additives in 
phosphating compositions. In the present 
study, a high molecular weight, water-soluble 
polymer. polyethyleneimine (PEl ), was 
evaluated as an additive in an optimized 
Ca-Zn cold phosphating formulation. The 
incorporation of PEl in the bath resulted in 
the formation of coatings having desirable 
properties and good corrosion resistance. 
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obtenue avec des formulations basees sur 
des photoinitiateures de type morpholino et 
de monoacrylates cycliques. Un des plus 
grands avantages de ces nouveaux 
monomeres est leur haute reactivite qui 
mime a un durcissement rapide Iars de 
!'exposition aux radiations ultra-violettes ou 
rayons laser. Des reactions de transfert de 
chaine jouent un role important pour Ia for­
mation de tels polymeres hautement 
reticules qui exhibent des proprietes 
mecaniques remarquables, tels Ia durete, 
Ia resistance a l'egratignure, Ia flexibilite et 
Ia resistance a !'impact. 

Effet du Polyethyl!meimine sur les 
Revetements de Phosphate pour le 
Metai-U.B. Nair and M. Subbaiyan 

JCT, 65, No. 819, 59 (Apr. 1993) 

lntercaler une couche de phosphate entre 
un subjectile metallique et son fini de 
peinture est devenu une methode usuelle 
pour !'amelioration de !'adhesion entre eux . 
Cette publication decrit les efforts pour 
ameliorer les proprietes de protection des 
revetements de phosphate, a travers 
!'incorporation de composes polymeriques 
comme additifs dans les compositions de 
phosphatage . Dans cette etude, un 
poly mere soluble a l'eau possedant un haut 
poids moleculaire, le polyethylimeimine 
(PEl) a ete evalue comme additif dans une 
formulation de phosphatage Ca-Zn . 
L'incorporation du PE l dans le bain a permis 
Ia formation de revetements avec des 
proprietes interessantes et de bonnes 
resistances a Ia corrosion. 

los mon6meros acrilicos ha sido evaluada 
en resinas curables con luz ultravioleta, 
empleando tecnicas de espectroscopia con 
tiempos reales. Los perfiles cineticos de 
estas fotopolimerizaciones ultra-rapidas se 
han registrado directamente siguiendo ya 
sea Ia desaparici6n del mon6mero, por 
espectroscopia de infrarrojo, o Ia perdida 
del fotoiniciador mediante espectroscopia 
ultravioleta. 

El mejor desempeiio se obtuvo con 
formulaciones basadas en un fotoiniciador 
tipo morfilino y en monoacrilatos ciclo­
carbonados. Una de las grandes ventajas 
de estes nuevas mon6meros recae en su 
alta reactividad, Ia cual conduce a un curado 
mas rapido y extenso en Ia exposici6n a 
radiacion ultravioleta o a rayos laser. Las 
reacciones de transferencia de cadena 
juegan un papel muy importante en Ia 
formaci6n de tales polimeros fuertemente 
reticulados, lo cual exhibe propiedades 
mecanicas remarcadas tales como dureza. 
resistencia al rayado, flexibilidad y 
resistencia al impacto. 

Efecto de Polietilenimina en 
Recubrimientos Fostfatados Sobre 
Acero--U.B. Nair and M. Subbaiyan 

JCT, 65, No. 819, 59 (Apr. 1993) 

La interposici6n de una capa fosfatada entre 
un substrata metalico y su acabado (pintura) 
se ha convertido en un metoda bien 
conocido para mejorar Ia adhesion entre 
ellos. Este trabajo describe los esfuerzos 
para mejorar las propiedades protectoras y 
de Ia pintura de los recubrimientos 
fosfatados, mediante Ia incorporacion de 
compuestos polimericos en forma de 
aditivos en las composiciones fosfatizantes. 
En el presente estudio Ia polietilenimina 
(PEl), un polimero soluble en agua y de 
peso molecular elevado, se evaluo como 
aditivo en una formulaci6n fosfatizante tria 
optimizada con Ca-Zn. La incorporacion de 
PEEl en Ia cuba produjo Ia formaci6n de 
recubrimientos con propiedades deseables 
y con buena resistencia a Ia corrosion . 

Journal of Coatings Technology 



Committee Activities 

Federation Technical Advisory Committee 
and Society Technical Committee Chairmen 
Met Sept. 24-25, 1992, in Raleigh-Durham, NC 

Thirteen Soc iety Techni ca l Commiltec 
representatives met with members of the 
Federat ion 's Techn ica l Adv isory Commit­
tee (T AC) on September 24-25. 1992. at the 
Guest Quarte rs Suite Hote l in Rale igh­
Durham. NC. 

The meeting was ca ll ed to order by 
Technical Advisory Comm iuee Chairman 
Gai l Pollano with the fo llowing in atten­
dance: Mary Somerville (Balt imore). Roland 
Stapl es (Birm ingham ). Ben Car lozzo 
(Cleveland ). Dave Si ller (Houston). V.C. 
--sud .. Je nk ins (Los Ange les). Dani e l 
Letourneau (Montreal). Larry Wae lde (New 
York). Wa lter Naughton (Southern). and 
David Mohe r (Toronto). 

Technical Advisory Committee members 
in attendance were: Richard Max (Chicago). 
Rose Ryntz (Detro it ). Robert Athey (Golden 
Gate) . Ed Ferlauto (Northwestern ). and John 
Flack (Toronto). 

Guests attend ing the meeting inc luded: 
Col in D. Penny (FSCT President-Elec t). Bob 
Matyka (Piedmont). and Carter Johnson. 
guest speaker. 

Also present we re Patric ia D. Vio la. 
Editor. JouRNAL OF COATINGS T ECI-INOux;v. 

and Michael G. Be ll. FSCT Direc tor of 
Educational Services . 

Motivational Presentation 

FSCT Presi dent-Elect Colin Penny de­
li vered a presentation on the educat ional 
direction of the Federa tion. Mr. Penny stated 
that providing educational opportunities for 
the professiona l growth of FSCT members 
and the indust ry is a primary goal of the 
Federation. 

He sa id that while many FSCT members 
refe r to themselves as Paint Chemists. they 
arc rea lly Coat ings Technologists because 
of the many subjects that need to be mas­
tered in the industry. such as Chem istry. 
Phys ics. Phys ical Chemistry. Engineering. 
Hyg iene-related subjec ts. and Ecology. 
It is his fee ling that the industry tends to 
undersell it se lf and that Coatings Tec hnolo­
gists must be recognized as professionals. 

Mr. Penny a lso touched on the d iscus­
sions underway wi th NPCA regarding co­
operative effort s to benefi t the industry. He 
pointed out that if Coat ings Technolog ists 
do not develop products. the companies 
would not have a business. 

He encou raged the attendees to take th is 
message back to their companies. because 
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of the significance to the fut ure of the indus­
try. He feels there is a need to be more 
voca l about the importance of technical is­
sues. One method of achieving this is by 
support ing technical activities of the Socie t­
ies on the local level and of the Federation 
on the nat ional leve l. 

Mr. Penny urged every attendee to pro­
vide a written report to his or her superiors 
lO let them know what was or benefit at the 
meeting. and what the attendee pe rsonally 
got out of the meeting. He felt that this will 
help promote recognition of the profession­
al ism of the organization. 

Society Reports 

Baltimore 

C urrentl y working on fi ve projects: 
"Public Perception of the Performance of 
VOC Compliant Al kyd Enamels vs Non 
Compliant Alkyd Enamels ... was in itiall y 
presented at the March 1992 Society meet­
ing. and is now undergo ing more work . 
"Lead Pain t Abmement:· done in conjunc­
tion with the North western Society ... ··Ef­
fect of' Priming and Surface Preparation on 
Perfonnance of Architectural Coatings." will 
hopefully result in a point-of-sale video. 
'The Effect of Degree of Dispersion on the 
Physical and Performance Propert ies of Ar­
chitectural Coat ings: · was presen ted as a 
paper at the 1990 Annua l Meet ing. 

Birmingham 

The Birmi ngham Clu b has six members 
on its Techn ical Commi ttee . Hopes to 
present a paper at the 1991 Annual Meeting 
on ··solids/Densi ty.. The Club is stil l 
working on the Coatings Museum project. 
blll has suffered a slight setback due to the 
economics and has deferred the project for 
12 months Latest project is nearing 
completion. involving the collection of in­
formation on the carbon content of many 
solvents ... New projects include investi­
gating the various methods of measuring 
viscosi ties . . The seminar held in February 
1992 was a success and the Club plans to 
hold another in the winter of 1993. 

Chicago 

Currently working on project to create a 
centra l repository and distribution center 
containing Mate rial Safety Data Shee ts 

(MSDSs) fo r virtuall y every ra w material 
used by the coatings industry. Following a 
fi ve-step approach. the Committee investi­
gated C D-ROM vendors to develop the sys­
tem. The committee rev iewed a prototype 
on April 21 and FSCT staffviewed the same 
demo in June. Final demo was made 10 the 
FSCT Execu tive Commi uee in September 
and the unit wi ll al so be demonstrated at the 
1992 Annual Meeting and Paint Industr ies · 
Show in the FSCT booth . Comments re­
ce ived wi ll be evaluated and add it ional work 
will be done 10 improve fi nal resul t. 

Cleveland 

Presented two papers at 199 1 Annual 
Meeting. which each tied fo r first place in 
the Voss Award compet ition .. Two pa­
pers which we re presented at e;.trlier meet­
ings were published in .ICT this year ... The 
committee will present a paper at the 1992 
Annual Meeting entit led. ··Changes in Hid­
ing During Latex Film Formation- Part V'" 
.. Plans are in place to work on a corros ion 

study on--Clear Liqu id Separation .. for 1993. 

Detroit 

Two act ive projects currentl y underway: 
A research effort in conjunction with the 
Uni versity of Detroit -Mercy ent itled. 'The 
Effect of Si loxane Mod ification on the 
Phys ica l Attributes of an Epoxy-Ure thane­
Acry lic Interpenet rat ing Polymer Network 
(lPN)"' In conjunction with Eastern 
Michigan University. a project ent itled. ··The 
Role of 'Odor Quant ified' Solvents on the 
Viscosity Behavior of High Solids Resins 
and the Physica l Behavior of Formula ted 
Pai nts·· .. The comm iuee·s goal is to pre­
pare papers fo r the 1993 FSCT Annual 
Meeting in At lanta. 

Golden Gate 

The Society has I 0 to 12 part icipants. 
with three to four being ex treme ly active. 
The comm ittee's 199 1 project was a paper 
on uses of ground consumer waste recycled 
glass in pa ints and coatings as a pigment. 
albei t as an inex pensive fille r .. Current 
project is a coll aborati ve study of the penc il 
hardness test for prec ision and correlation 
to Sward Hardness ... Several projects are 
be in g cons ide red fo r the 1993 Annual 
Meeting. 
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Houston 

Presented a paper at the 199 1 Annual 
Meeting entitled. "Variable Characteri stics 
of Titanium Dioxide Using SEM and Par­
ticle Size Analysis" . Have expressed 
some concerns about the JCT review and 
requested assis tance of Technical Advisory 
Comm ittee in evaluating work for publi ca­
tion consideration in JCT . .. Also planning 
to complete work on project deali ng with a 
water-based epoxy, a vinyl-acrylic latex and 
an acrylic latex formu lation for evaluating 
pigment variabi lit y as re lated to th e 
micromorphology of the specific pigments 
... Hope to de liver paper at the 1993 An­
nual Meeting. 

Kansas City 

Difficulties getting full committee to­
gether due to the decline of the industry in 
the area . Currently work ing on three 
projects. ''Perfom1ance of Exterior Fi nishes 
on Medium Density Hardboard.'' "Compli­
ant Coatings: Artificial vs Natural Weather­
ing," and "Performance of Extender Pig­
ments in Exterior Latex Finishes. ·· Hope to 
be able to present findings at a future An­
nual Meeting. 

Los Angeles 

The Soc iety' s 1992 project is a paper. to 
be deli vered at the FSCT Annual Meeting. 
entitled. "Color Standards-Wet, Dry or 
Photometric" ... Developing handbook en­
titled, "G raffiti Abatement and Prevention" 
and are accepting art icles for input. with 
di stributi on plans to inc lude mun icipal 
leaders and newspaper edi tors wherever 
there is a graffiti problem ... Also working 
on another project. "The Limit of Paint Per­
formance as VOC Approaches Zero:· which 
will test a variety of low VOC coat ings to 
determine if they are suitable for use. 

Montreal 

Three projects currently underway: One 
is with the Northwestern Society and deals 
with the Effec ts of Acid Rain. Another deals 
with a new method to determine the oil 
absorption of organic pigments compared 
to old ASTM D 281-84 method. The final 
project is the study of the new Ultra-fine 
TiO, in latex varnish for the possible re­
placement of UV absorbers in coatings . 
Also worked with the Toronto Society in 
the preparation of a paper for the 1992 An­
nual Meeting. 

New York 

Thirty-s ix ac tive members on the com­
mittee ... Four subcommiuees are working 
on projects this year, with all projects well 
on the way to completion . They include: 
'' Defoamers in Wat erbo rne Sys tem s": 
"Color Computer Usage Survey": "Rheo­
logical Modifiers for High Solids Coatings": 
and "Si licone Additi ves for High Solids 
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Coatings" ... Seeking a co-chairman fo r the 
Technica l Committee this year. since the 
level of work is growing . . Comm ittee 
fo llows up wi th a phone call to each new 
member to get more partic ipation ... Hold 
short meetings prior to the monthly Society 
meetings ... Provide a technical committee 
report at the dinner meeting as a useful way 
of keeping the members info m1ed on the 
ac tions and accomplishments of the com­
mittee. 

Piedmont 

The Piedmont Soc iety has six to seven 
members on its Technica l Comm illee . 
Planning to hold a Mini Tech nical and Ex­
hibition Show on March 10. \99} in Hi gh 
Point. NC ... The theme for the technical 
session is "Compliance: Plain and Si mple·· 
... Pl ans are underway to begin the study 
"The Effects on Total System Hardness that 
is Comprised of a Hard Aqueous Topcoat 
Over a Softer Aqueous Undercoat or Sealer." 
The substrate will be Mapl e Veneer. 

St. Louis 

Subm itl ing a paper at the 1992 Annua l 
Meeting. The paper deals with the applica­
tion of the color computer method to ground 
in corrosion inhibiting pigments. This project 
is now com pleted and the Society is looking 
for new ideas as we ll as a new committee 
chairman for the Tech nical Committee. 

Southern 

Seeking help to bring together the mem­
bers of the Society. since it covers such a 
large geographic are<.~. Need to have some 
mechani sm to bring these people together. 
Several ideas were suggested for th is. 

Toronto 

Currenlly planning to deli ver a paper at 
1992 Ann ual Meeting in Chicago. in coop­
erat ion with the Montreal Society. The title 
of the paper is ''A New Method for Deter­
mining the Vehicle Demand of Organic 
Pigments" ... Two other projects currently 
underway deal wi th mildewcides in latex 
paints (in final stages of evaluation and in­
terpretation) and a study of heat aging and 
weathering behavior of bas ic coil coating 
polyesters (now being analyzed at exposure 
sites). 

Overview of Technical Advisory 
Committee Activities 

Guide for Society Technical Directors 

John Flack addressed the meeting re­
garding the revised ed ition of the "Guide 
for the Society Technical Director" which 
was di stri buted at the meeting. He said the 
gu ide provides answers to the questions that 
the Tech Chairs have. He st ressed that the 
piece is a living document and thus requires 

constant improvement and input from the 
users. He closed by say ing the Technical 
Advisory Committee we lcomed any com­
ments from the attendees. 

Collaborative Testing Services 
Update 

Richard Max reviewed the FSCT Profi­
ciency Testing Program. done in conjunc­
tion wi th Collaborative Testing Services in 
Reston. VA. He provided the attendees 
with the history of the relationsh ip and how 
it came to be that the Technical Advisory 
Comm ittee became involved in monitoring 
the prog ram over the last three years. 

He stated that CTS is withdrawing from 
the coatings testing program for several 
reasons. He requested feedback from the 
attendees regarding the need for such a pro­
gram . He added that the TAC would be 
providing input to the FSCT Executive 
Committee and Board of Directors regard­
ing possible alternati ves to the program. 

Mr. Max asked the attendees to provide 
input to the subcommittee which was fanned 
to monitor the program. This group is look­
ing for the most use fu l tests for this type of 
program. any organizations which do these 
tests, and othcrdata which wil l be helpfu l in 
analyzing the program. 

He also stated that one reason for the 
dropping of the program was that it was 
never effect ively marketed to the proper 
audience. 

ASTM/NIBS Update 

Ed Ferlauto reported on the status of this 
act ivity on Lead Abatement and sa id that 
the committee is monitoring the program 
and prov iding input as needed. 

Presentation on a Technical 
Committee Success Story 

Ben Carlozzo. Tech nical Committee 
Chai r of the Cleveland Society, addressed 
the meeting and discussed the factors which 
make the Cleveland Soc iety a success in 
presenting technical papers at the FSCT 
Annual Meeting. 

He stated that most of the areas he 
planned to discuss were included in the 
"Gu ide for Soc iety Technical Directors." 
Mr. Carlozzo ex plained that four things are 
very important for a successfu l technical 
project: Good Leaders. Good Volunteers , 
Good Projects, and Good Style. 

GOOD LEADERS- He asked each at­
tendee to consider how he or she got the job 
as Technical Cha ir and said it most li kely 
was because of leadership skills. It is up to 
the Tech Chair to be a good motivator and 
cheerleader for the projects. 

He added that another skill the Technical 
Chair should possess is the ability to tie the 
entire project together, using the input of all 
the participants. 
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G ooD V oLUNTEERs-Y ou need to ask 
everyone possible to partic ipate, and most 
people will be flatte red at being asked . He 
stressed the importance of never wasting 
the time of volunteers. This can be done by 
delineating the activities so no one is wast­
ing time. and is best accomplished by being 
organi zed at a ll times and knowing exactly 
what needs to be do ne. 

Gooo PROJECTs-Have a good idea what 
you want to do in advance, since most 
projec ts de termined by consensus of com­
mittee do not work . Stick with the things 
that you know. This is not to say that the 
committee should not be consulted on the 
selection of projects. but that it is important 
to have an idea of what to pursue in advance 
of any meeting to prov ide a foundation on 
which to build the project. 

G ooo STYLE-This means having the fi ­
na l projec t appear very we ll in print and 
goes further than having good writing sk ill s. 
Thi s includes supplementing the paper with 
graphs and o the r things that look good in 
print. Thi s he lps the reader analyze trends. 
and can be a source of future topics. 

He stated that eve ry pape r he has worked 
on was pre pared in accordance with the JCT 
s tyle and he encouraged people to adhere to 
the "Gu ide for Authors." He stressed the 
importance of this because the ultimate goa l 
of any T echnical Committee is to have a 
paper published. 

Mr. Carlozzo then listed the steps to 
wri t ing: ( I ) Compile Data. (2) Chart or 
Graph the Data. (3) Work on Procedure . (4) 
Write the Results Sec tion. (5) Write Dis­
cussion , and. finall y, (6) Write the Intro­
duc tion After You Know What You Are 
Doing. 

M r. Carlozzo ci ted several miscellaneous 
points regarding the preparation of projec ts: 
you do not need expensive equipment to do 
good science and you should al ways set a 
time frame for the amount of commitment 
you need from a volunteer. 

He closed by ci ting a potential prob lem. 
dea ling with the use of labs for projec ts. 
Thi s is due to legal reasons. He sugges ted 
that all lab work be done as quickly as time 
penn its and that you sho uld try to find pa r­
ticipants from potential labs for testing. 

He said the Voss Award was a lways 
something worth shooting for and that most 
of the Cleve land Soc iety's success was due 
to the fac t that it fo llowed the simple plan 
he explained. He gets good response from 
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people who participate and they real ize the 
added bene fit s received from this acti vity. 
The participant ga ins background experi ­
ence in a varie ty of subj ects and receives 
valuable training for future use. 

Demonstration on Planning an 
Effective Technical Presentation 

Carte r Johnson. of Buying Time Semi­
nars. in Darien. IL. addressed the group 
regarding the deve lopment and de li ve ry of 
winning presentat ions. He began by saying 
that we always are involved in a variety of 
presentations ( technical. sales ... save your 
job." etc .) and the way these are done de te r­
mines the success or failure of the proposal. 

A ccording to Mr. Johnson. every time 
you speak, it is in a sense a presentation and 
every presentation has something to sell. 

He stressed the importance of using the 
audi ence to do the work and to exe rt control 
over the audience to see the point yo u are 
trying to ge t across. 

He sa id it is important to ex amine the 
presenta tion area before you give your talk 
and to learn the good and bad points of the 
room . A good idea is to speak with the 
mai ntenance staff in advance of the meet­
ing. since they usuall y know from experi ­
ence the best way to arrange a room. 

M r. Johnson stated that a presentation is 
a " spoken message punc tuated by visual 
aids: · and a winning presentation is "a spo­
ken message designed to elicit a predeter­
m ined audience response . completely c ued 
by reinforcing visuals:· The visuals should 
be s lides . viewfoil s or handouts-all which 
accentuate the message. 

He rev iewed the attitude of the audience 
and how it is important to know what is 
going on with the audience ·s feelings. The re 
are six categories of audiences . each wi th 
different characteri sti cs in the areas of atti ­
tude and interest: 

POS ITI VE/HIGH-They love your topic and 
are eager to hear you. 

NEUTRAL/HIGH- They need to make a 
decision based on your presentation. 

NEGATIVE/HIGH- An unexploded bomb! 
POSITIVE/Low-It ·s nice. but they' ve 

heard it befo re. 

NEUTRAL/Low- They 're bored be fore 
you start . 

NEGATIVE/Low-They don ' t want to be 
there and they do n' t like you or your sub­
jec t. 

He also covered the design of the visu­
a ls and said you should design the las t vi­
sual fi rst because this is the major and con­
c luding thes is and it a llows you to know 
where you are going. From there you can 
de te rmine the sub-benefit s that yie ld the 
major benefit. The major thesis includes 
what you are ta lk ing abo ut and why your 
audience should be listening to you. This 
includes determini ng what is the major ben­
efit to them. 

Afte r designing the first visual. you then 
design the additional visuals in the order 
they will be presen ted. The visua ls you use 
should have the fo llowing logical fl ow to­
ward its conclusion and request: Intra­
Description- Benefit- Benefit- Benefit­
Conclu sion. 

Mr. Johnson recommended inc luding a 
sentence or thesis on every visual. He 
stressed the need to avoid using organiza­
tional charts in presentations and that any 
input of over six at a time chal lenges the 
memory. He proved thi s to the audience as 
he asked them to list numbers in sequence. 
As the list got longer. the number of attend­
ees with the right answer diminished. 

He c losed by urging the audi ence not to 
fi ght the simple technique o f addressing vi­
suals because it work s. Th is technique is: 
Read the thes is-Ex pla in the g ra ph ics. 
symbols. and acronyms-A ccent important 
items-M ove on to next visual. 

Open Forum 

The attendees made suggestions to the 
T AC request for assistance in planning future 
meetings . In addition, the TAC discussed 
items of interest to participants. 

Dinner Speaker 
Jim Berry o f the Environmenta l Protec­

tion Agency was the dinner speake r and he 
prov ided the attendees with the opportunity 
to discuss their concern s. He rev iewed the 
1990 C lean Ai r Act and explained some of 
the ways the EPA func tions both in North 
Caro lina and throughout the United States . 
He encouraged attendees to ask questions 
and his answers covered a wide variety of 
topics. 

Plant Tours 
The attendees attended a plant tour and 

presentation at Re ichho ld Chemical plant 
and a to ur o f the EPA faci liti es. 
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Regulatory APRIL 1993 

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

Hazardous Materials Transportation; Registra­
tion and Fee Assessment Program-The Research and 
Special Programs Administration is reminding all those who 
transport or offer for transportation certain hazardous mate­
rials that they are required to register with the Department of 
Transportation (DOT). The final rule implementing this re­
quirement, which was published in the Federal Register on 
July 9, 1992 (57 FR 30620), requires that "after September 
15, 1992, each person as defined by the Hazardous Materials 
Transportation Act, who engages in any of the specific ac­
tivities relating to the transportation of hazardous materials 
register annually with the DOT and pay a fee." The proceeds 
will fund a grant program available to states for emergency 
response planning and training. 

Those affected by the rule include anyone who offers or 
transports any of the following materials: 

I. Any highway route controlled quantity of a Class 7 
(radioactive) material; 

2. More than 25 kilograms (55 pounds) of a Division 
1.1 , 1.2, or 1.3 (explosive materials) in a motor vehicle, rail 
car, or freight container; 

3. More than one liter ( 1.06 quarts) per package of a 
material extremely toxic by inhalation (Division 2.3, Hazard 
Zone A, or Division 6.1, Packaging Group I, Hazardous 
Zone A); 

4. A hazardous material in a bulk packaging having a 
capacity equal to or greater than 13,248 liters (3,500 gallons) 
for liquids or gases or more than 13.24 cubic meters (468 
cubic feet) for solids; or 

5. A shipment of 2,268 kilograms (5,000 pounds) gross 
weight or more (in other than a bulk packaging) of a class of 
hazardous materials for which placarding of a vehicle, rail 
car, or freight container is required for that class. 

The registration requirement is now in effect. If those 
people subject to the requirement have not filed a registration 
statement or paid the $300.00 fee, contact RSPA immediately. 
Failure to register for the registration year in which that 
ac tivi ty occurred wi ll result in civil penalties for each day a 
covered function is performed. A late fee and interest in 
addition to a civil penalty may also be imposed. 

For further information, contact David Donaldson, Office 
of Hazardous Materials Planning and Analysis, Hazardous 
Materials Safety, RSPA, Department of Transportation, 
Washington, D.C., (202) 366-4 109. 

Hazardous Materials Transportation; Computer­
ized Tracking System-A study on a nationwide com­
puter tracking system for shipments of hazardous materials 
has been pushed back until late April by the Transportation 
Research Board. 

The controversial study, which was due to be released in 
November 1992, was mandated by the 1990 amendments to 
the Hazardous Materials Transportation Act. During consid­
eration of the implementing legislation, Rep. Douglas 
Applegate (D-OH) aggressively pushed for a computerized 
tracking system to be required by the 1990 amendments. 
Under his plan, shippers and carriers would have been charged 
fees to pay for the multi-billion dollar system. The plan was 
strongly opposed by both industry and the DOT because it 
was "costly, unnecessary, and probably unworkable." Ac­
cordingly, Congress instead ordered a study of the idea. The 
National Academy of Sciences ' Transportation Research 
Board was directed to establ ish a committee to oversee the 
research. 

The research. which will take into account various, ex­
isting computer technology and use of the current hazardous 
materials placarding system, is expected to be completed 
·•sometime in March." The delay is being attributed to pro­
duction problems and general bureaucracy. Once the study is 
released, the DOT has six months to review it and make 
recommendations to Congress as to whether a national 
computerized tracking system should be approved. Report­
edly, the committee will probably not recommend the 
implementation of a single nationwide system. 

Hazardous Substances-Do March I, the White 
House Office of Management and Budget (OMB) agreed to 
let the Occupational Safety and Health Administration 
(OSHA) release a proposed worker health standard that would 
regulate four glycol ether chemicals suspected of damaging 
the reproductive systems of exposed workers. OMB also 
signed off on a job safety standard known as the lockout/ 
tagout rule. 

These are the first two worker health and safety standards 
cleared by the new Administration since OMB put a hold on 
all regulatory notices prepared at the end of the Bush Ad­
ministration. 

Under the proposed glycol ethers standard, four sub­
stances used as chemical intermediates, jet fuel additives, 

The Regulatory Update is made available as a service to FSCT members, to assist them in making independent inquiries about matters 
of particular interest to them. Although all reasonable steps have been taken to ensure the reliability of the Regulatory Update, the 
FSCT cannot guarantee its completeness or accuracy. 
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and industrial coatings and solvents would be regulated. The 
substances are 2-methoxyethanol and its acetate and 2-
ethoxyethanol and its acetate. The lockout/tagout rule includes 
requirements for disconnecting and locking or tagging ener­
gized equipment to prevent injury to workers during main­
tenance and general workplace functions. 

While OMB 's clearance of the two rules allows the De­
partment of Labor to publish them as policy in the Federal 
Register, no date for publication has been set. 

Regulatory Negotiations-As a result of a February 
I 0 executive order signed by President Clinton requiring all 
federal agencies to reduce the present number of committees 
formed under the Federal Advisory Committee Act (FACA), 
two regulatory negotiations (reg neg) have been put on hold­
one of which is the development of the wood furniture 
regulations. Reportedly, a limit on FACA groups could inhibit 
EPA' s abi lity to develop regulations in consultation with 
outside groups. 

In determining a regulatory negotiation, EPA forms a 
group consisting of industry, environmentalists, state and 
local regu lators, and public interest groups for the purpose of 
developing specific regulations acceptable to all sides. Re­
portedly. reg negs have been used more frequently in recent 
years because when all sides are in relative agreement, the 
amount of lawsuits filed against EPA rules and regulations 
significantly decline. 

Because of the apparent confusion over the impact of the 
executive order, EPA is moving slowly on certain issues for 
which reg negs have been considered. It is uncertain as to 
when a final determination will be made. 

Process Safety-Representatives from the government, 
unions and trade associations will sponsor a series of con­
ferences throughout the United States in April, May, and 
June to help employers comply with the OSHA's process 
safety rule. 

The process safety rule, most of which took effect in May 
1992, is designed to reduce the risk of injury or death to 
workers in the petrochemical and chemical industries. The 
rule requ ires employers to analyze highly hazardous chemi­
cal processes, identify potential risks, and develop measures 
to avert chemical releases. 

Included in the conferences will be seminars conducted 
by OSHA, the U.S. EPA, the National Petroleum Refiners 
Association, the American Petroleum Institute, the Chemical 
Manufacturers Association, Organization Resources Coun­
selors, Inc., and the Synthetic Organic Chemical Manufac­
turers Associat ion. Union representatives include the Build­
ing and Construction Trades Department; AFL-CIO; the 
United Steelworkers; and the Oil, Chemical and Atomic 
Workers Union. 

The seminars will highlight employer compliance with 
the process safety standard and the process safety management 
compliance mandate. Also on hand will be OSHA enforce­
ment personnel who will provide details on the agency's 
latest interpretation of employer performance criteria. During 
the second day of meetings, discussion wi ll center around 
EPA 's proposed risk management regu lations, which are 
expected to be published in November. 

The conferences will be held as follows: Philadelphia­
April 13- 14, contact: Joanne Liohard, ORC, ( 402) 293-0963; 
Houston-April 27-28 contact: Ken Leonard, API, (202) 
682-8 135; Los Angeles-May 11-12, contact: Joy Orteza, 
CMA, (202) 887-1326; Chicago-May 25-26, contact: 
George Dominguez, SOCMA, (202) 262-1316; and Hous-
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ton-June 8-9, contact : Helen Kutska, NPRA, (202) 457-
0480. 

Indoor Air Quality-A revised indoor air bill is ex­
pected to be reintroduced by Rep. Joseph Kennedy II in late 
March. Rep. Kennedy 's proposal wi ll exclude language from 
his earlier indoor air bills that would have required the 
OSHA to set standards. Instead, the measure will focus on 
funding for additional research much like Sen. Mitchell's 
legislation that passed the Senate last year. Sen. Mitchell is 
expected to re-introduce similar legislation later this year. 

The Kennedy bill would drop such controversial provi­
sions as a product emission labeling requirement and an 
OSHA venti lation-based standard. Those provisions brought 
last year' s bill to a standstill . 

An essential element to passage of an indoor ai r bill will 
be the support of the Clinton Administration. However, at 
this point in time, it is difficult to predict the priority status of 
the issue because two key positions-the assistant adminis­
trator for ai r and radiation at the U.S. EPA and OSHA 
administrator-have yet to be filled. 

Water Quality- According to an announcement by Sen. 
Max Baucus (D-MT), Chairman of the Senate Environment 
and Public Works Committee, Sen. Bob Graham (D-FL) 
will, over the next few months, begin developing a compre­
hensive plan to reauthorize the Clean Water Act. 

The reauthorization discussion will focus primarily on 
funding, pollution prevention and non-point pollution source 
control. Congress will also debate such issues as allowing 
states to use revolving loan fund money for projects mandated 
under the safe Drinking Water Act. Currently, the fund may 
only be used for sewage treatment projects. The Clean Water 
Act authority to eliminate pollutants that pose special threats 
to water quality, wildlife, and human health will also be 
reviewed. 

Other issues that will undoubtedly resurface during the 
debate include the need to provide a concrete funding base 
for water programs, problems associated with small com­
munities ' waste water compliances costs, and storm water 
discharges and combined sewer overflows. 

The Senate Environment and Public Works Committee 
also has jurisdiction over infrastructure and public works 
projects-a top priority for the Clinton Administration. Ac­
cordingly, it is still too early to predict a time frame for the 
Clean Water Act debate. 

EPA Cabinet Legislation-Legislation to elevate the 
U.S . EPA to Cabinet level has been temporarily withdrawn 
at the request of the Clinton Administration. 

The Senate Government Affairs Committee has scheduled 
a markup of the EPA Cabinet bill (S. 171 ) for February 25 
but withdrew the bill after the White House requested addi­
tional time to reconcile several crucial issues. Reportedly, 
the key controversy is the abolition of the White House 
Council on Environmental Quality (CEQ). 

On February 8, President Clinton announced he would 
abolish the CEQ and create a new Office of Environmental 
Policy (OEP). It was initially predicted that OEP would fi ll 
the requirements of the CEQ, but according to a White 
House Office of Management and Budget draft that is circu­
lating among administration officials, that wi ll not be the 
case. 

The draft reportedly indicates that all CEQ functions will 
be taken over by the EPA. EPA will also be authorized to 

Journal of Coatings Technology 



veto actions by other federal departments that are determined 
to be environmentally objectionable. An EPA veto decision 
could on ly be overturned by the President. 

Sen. Glenn (D-OH), Chairman of the Senate Government 
Affai rs Committee and sponsor of S. 171 , intends to amend 
the CEQ elimination to the bill. 

Further complications have also arisen in recent weeks. 
In addi tion to jurisdictional conflicts between House and 
Senate committees with authority to elevate the EPA to 
Cabinet level and comm ittees that govern CEQ, many sena­
tors are concerned over attempts to add non germane and 
excessive amendments to the bill . On top of that , there are 
still persistent rumors that the new head of the Office of 
Environmental Policy would be given CEQ authority. 

Despi te the controversy surrounding the legislation, Ad-

ministration support for the issue remains high, and markup 
could begin shortly after the spring recess. 

Truck Back-Billing- Legislation that would address 
back-billing claims against shippers has been re-introduced 
in the Senate. The Undercharge Equity Act of 1993 (S. 412), 
sponsored by Sen. James Exon (D-NE), would establish a 
settlement procedure where shippers would pay significantly 
less than they owe under current law. Currently, back-billing 
claims are estimated to total $32 billion. The bill is pending 
before the Surface Transportation Subcommittee, and markup 
is expected in late March or early April. Similar legislation 
passed the Senate last year, but the House-reportedly because 
of opposition by the International Brotherhood of Teamsters­
never considered the bill. 

States Proposed Legislation and Regulations 

Arizona 
Lead- AZ H. 2376 (E. Richardson) relates to lead and 

chemical poisoning; establishes a lead poi soning prevention 
program; provides that the state is to develop a way to screen 
children and pregnant women for high lead levels; requires 
that nursery schools and preschools obtain screening certifi­
cates: imposes requirements for reporting by hospitals and 
doctors: makes it illegal to use paint with more than .5% 
metallic lead: sets standards for tableware glazes. The bill 
was introduced on February 9 and referred to the House 
Committee on Health. 

Arkansas 
AirQua/iry-AR S. 638 (Bradford) gives the Commission 

on Pollution Control and Ecology 45 days to rule on appli­
cation for permit for relief from provisions of Clean Air Act 
and an additional 30 days to consider any appeal of that 
decision: defines the term Commission as Arkansas Com­
mittee on Pollution Control and Ecology. The bill was in­
troduced on March 3 and referred to the Senate Comm ittee 
on Public Health, Welfare and Labor. 

California 
Lead (Regulatory Acriviry)-On February I, 1993, the 

California Department of Health Services ' long awaited 
regulations to implement the Childhood Lead Poisoning 
Prevention Act of 1991 were approved by the State Office of 
Administrative Law. While the final regu lations included a 
tax or fee on the sale and distribution of paints and coatings 
in the state, the paint industry's share of the total assessment 
is much lower than in earlier drafts of the regulations. Fur­
thermore, a joint proposal by the California Paint Council 
(CPC) and the Western States Petroleum Association (WSPA) 
to include additional parties-including businesses that 
continue to use lead in their products of industrial process­
was partially adopted into the funding mechanism. 

Adopted as emergency regulations, a process which es­
capes the usual notice and comment requirements of the 
Administrative Procedures Act. the new rules impose "fees'' 
on paint distributors, petroleum distributors, and faci lit ies 
reporting emissions of lead under SARA Title Ill. Exact 
amounts to be collected from each group will vary from year 
to year. 

While earlier vers ions of the funding mechanism divided 
responsibility for historical environmental lead contamina­
tion equally between the paint and petroleum industries, the 
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final rules hold the paint industry responsible for .less than 
16% while deeming leaded gasoline accountable for the 
remaining 84%. With the inclusion of present sources into 
the funding scheme, the paint industry's share, once set at 
$7.5 million per year, wi ll not exceed $2.5 million annually. 
Still, however, the CPC and other industry groups are opposed 
to the regulations and will continue to support the California 
Manufacturers Association (CMA) in an anticipated lawsuit 
to have the regulations and the law authorizing them de­
clared invalid. 

The CPC's opposition to the regulations remains strong, 
according to CPC Executive Director Matt Dustin, although 
he admits that the final regulations " leave us in a much better 
position than we were before, should the lawsuits not tum 
out as we hope they wi ll." He went on to state that CMA 's 
decision of whether to proceed with litigation will likely be 
made "very soon," and that the increase in the petroleum 
industry's share wi ll likely mean an even greater push from 
WSPA and its members. 

The paint and coatings industry 's share of the total fees 
will be assessed distributors on the basis of their sales in the 
calendar year two years prior to the annual assessment. The 
State Board of Equalization has already sent the "fee returns," 
which will be used by individual companies to determine the 
amount owed by them, to over 55,000 companies that dis­
tribute architectural coatings in the state. While CPC is 
exploring the possibility of a pre liminary injunction to stop 
the collection of the "fees" or an extens ion of the due date for 
the fees returns, Mr. Dustin warned individual companies to 
be prepared to pay the " fees" on April I, in case an extension 
or an injunction on the collection of fees pending the outcome 
of litigation is not granted. 

The childhood Lead Poisoning Prevention Act autho­
rizes the DHS to collect $16 million in the first year to fund a 
program to screen children under the age of six for elevated 
blood-lead levels. CPC, WSPA, and CMA have argued that 
the "fees" to be collected are actually taxes and that the law 
is therefore invalid because it was passed by only a simple 
majority in both houses of the California legislature. California 
law requires bills imposing a tax to be passed by a two-thirds 
vote of both the Senate and Assembly. For further informa­
tion, contact CPC' s Matt Dustin at (9 16) 443-5095. 

Graffiri-CA A. 612 (Connolly) revises a list of offenses 
authorizing a traffic hearing officer to hear and dispose of 
cases in which a minor is charged to include the unlawful 
purchase or possession of an aerosol container of paint, as 
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specified. The bill was introduced on February 22 and re­
ferred to the Assembly Committee on Public Safety. 

CA A. 663 (Baca) requires the court to consider whether 
any defendant who has been convicted of a nonviolent and 
nonserious offense and ordered to participate in community 
service as a condition of probation shall be required to engage 
in the removal of graffiti or in the performance of hospice 
services for senior citizens in the performance of community 
service. The bill was introduced on February 23 and referred 
to the Assembly Committee on Public Safety. 

CA A. 839 (Basa) authorizes a city or county to enact an 
ordinance or ordinances that provide that the parent or legal 
guardian of a minor adjudicated guilty of a violation of 
provisions prohibiting affixing graffiti shall be financially 
responsible, up to a specified amount, for the cost incurred 
by the governmental entity for the removal of graffiti under 
this provision, in order to reimburse the city or county fund. 
The bill was introduced on February 25. 

CA S. 527 (Presley) defines "maintain' ' and "mainte­
nance," for purposes of the Landscaping and Lighting Act, to 
specifically include cleaning, sandblasting, and painting of 
improvements to remove or cover graffiti. The bill was 
introduced on March I. 

CA S. 583 (Lewis) requires a minimum of 40-hours 
community service as punishment for any person who writes, 
sprays. scratches, or otherwise affixes graffiti on or in the 
facilities or vehicles of governmental entities, as specified. 
for which any of the entities incur costs of less than $250 for 
cleanup, repair, or replacement. The bill was introduced on 
March I. 

CA A. 169 (Horcher) provides that every person who 
maliciously sprays, scratches, writes on, or otherwise defaces 
any real or personal property with paint or any other liquid is 
punishable as a misdemeanor or felony depending on the 
amount of the defacement. damage, or destruction. Provides 
that in addition to the penalty that may be imposed for a 
misdemeanor violation, a person violating this offense may 
be required to perform community service of at least I 00 
hours. The bill was released from the Assembly Committee 
on Public Safety on March I, amended and re-referred to the 
committee. 

CA A. 1121 (Nolan) makes the offense of affixing graf­
fiti a misdemeanor if the amount of the defacement, damage, 
or destruction is equal to or less than $400 and a felony if the 
amount of the defacement, damage, or destruction is greater 
than $400 or if the person has been previously convicted of a 
violation of this offense. The bill was introduced on March 2. 

CA A. 1179 (Epple) makes it a misdemeanor or a felony 
for a person having been convicted of maliciously defacing, 
with paint or other liquid, damaging, or destroying any real 
or personal property not his or her own and having served a 
term therefore in any penal institution or having been im­
prisoned therein as a condition of probation for that offense, 
to be subsequently convicted of that offense. The bill, aimed 
at repeat offenders, was introduced on March 2. 

CA A. 1416 (Haynes) provides that any person who 
writes, sprays, scratches, or otherwise affixes graffiti on any 
real or personal property not his or her own is guilty of a 
misdemeanor punishable by a fine of $1 ,000, imprisonment 
in a county jail for not to exceed one year, or both the fine 
and the imprisonment if the amount of the defacement, 
damage, or destruction is less than $1,000. Requires the 
court to order any person convicted to participate in com­
munity service, or graffiti cleanup, or both. 

CA A. 1530 (Caldera) provides in the cases of a person 
who maliciously defaces with paint or any other liquid, 
damages or destroys any real or personal not his or her own, 
that the burden of proof to raise a reasonable doubt that the 
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property was that of the accused or that the act was done with 
the consent of the owner shall be upon the person charged 
with committing a violation of these premises. The bill was 
introduced on March 4. 

CAS. 374 (Hill) provides that upon conviction of acts of 
vandalism consisting of writing graffiti , the court, in addition 
to any other punishment imposed under existing law, shall 
order the defendant to complete a minimum of 24 hours of 
community service, not to exceed 48 hours for the first 
offense. Also provides that upon the second subsequent 
conviction, the court shall order the defendant to complete a 
minimum of 48 hours of community service, not to exceed 
96 hours. Introduced in February, the bill was referred to the 
Senate Committee on Judiciary on March 3. 

Spray Paint Restriction-CA S. 375 (Hill) provides that 
every retailer selling or offering for sale, in this state, aerosol 
containers of paint capable of defacing property shall keep or 
display the containers in an area inaccessible to the consumer. 
Provides that the retailer, or his or her representative, shall 
make an aerosol container of paint accessible to a consumer 
only upon request of the consumer. Introduced in February, 
the bill was referred to the Senate Committee on Judiciary on 
March 3. 

CAS. 808 (Ayala) provides that every retailer selling or 
offering for sale, in this state, aerosol containers of paint 
capable of defacing property shall keep or display the con­
tainers in an area inaccessible to the consumer. Provides that 
the retailer, or his or her representative. shall make an aero­
sol container of paint accessible to a consumer only upon 
request of the consumer. The bill was introduced on March 
4. 

CA A. 1361 (Kamette) provides that a city, county, or 
city and county with a population over I 00,000 may adopt 
ordinances or regulations, that further restrict the size or use 
of aerosol containers of paint or the storage of those containers 
prior to sale. Provides that these ordinances or regulations 
also may include penalties for enforcement purposes. 

Recycled Paint--CAS. 734 (Rosenthal) requires all state 
and local public agencies to purchase refined automotive 
lubricants, recycled or nonrecycled antifreeze made of pro­
pylene glycol, recycled solvents and recycled paints all of 
which is defined by this bill. The purchase of the listed 
materials is required only when they are available and of a 
fitness and quality equal to their nonrecycled counterparts. 
The bill was introduced on March 3. 

CAS. 1091 (Killea) specifies in the State Assistance for 
Recycling (STAR) Markets Act of 1989 that public agencies 
are required, when purchasing paint. to give a preference to 
suppliers of recycled paint that meets the recycled product 
requirements of the act. The bill was introduced on March 5. 

Air Quality--CA A. 223 (Quackenbush) would abolish 
existing air quality management districts and grant all regu­
latory authority to the State Air Resources Board. The bill 
was referred to the Assembly Committee on Natural Re­
sources on February I. 

Occupational Safety and Hea/th-CA S. 55 (Leonard) 
establishes maximum expenditures for rehabilitation services. 
and otherwise revises benefits and makes other changes 
relative to rehabilitation service for workers' compensation. 
Limits compensation under the workers' compensation sys­
tem to injuries that are specific and serious, and requires that 
employment be the predominant cause of the injury. Imposes 
additional requirements for compensation for psychiatric in­
juries. Provides employers with certain rights in regards to 
insurers. On February 24, the bill was released from the 
Senate Committee on Industrial Relations, amended on the 
Senate Floor, andre-referred to the committee. 
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Environmenral Marketing---CA A. 1112 (Sher) revises 
the definition of "recyclable" for purposes of regulating 
advertising. The bill was introduced on March 2. 

Colorado 
Recycling-CO H. 1146 (Gordon) requires all documents 

submitted to state agencies to be on recycled paper, beginning 
January I, 1994. The bill passed the House on February 24. 
On March 2, it was reported favorably with amendments 
from the Senate Committee on State, Veterans, and Military 
Affairs. 

Connecticut 
CT H. 7193 (Committee on General Law) requires 

"conspicuous warning labels" for drying oil and drying oil 
products. The bill was introduced on March 9 and referred to 
the Joint Committee on General Law. 

Florida 
Recycling-FL H. 1367 (Brennan) requires nonpaper 

products to contain recycled content: provides recycled­
content standards for glass containers and plastic containers 
and recycling standards for certain rigid plastic containers 
used for foods, drugs, or cosmetics: requires periodic certi­
fication and reporting by manufacturers. The bill was intro­
duced on February 9 and is currently in the House Commit­
tee on Natural Resources. 

Packagin~:-FL S. 978 (Brown-Waite) prohibits the use 
of certain toxic materials in packaging; prohibits the use of 
certain packaging materials; provides exceptions; allows the 
Department of Environmental Resources to grant exemptions; 
prohibits certain false representations about effects of con­
sumer products on the environment; creates the Florida 
Packaging Waste Reduction Council; provides for council 
membership, purposes. duties. and organization; requires the 
council to report annually to the Governor and the legislature. 
The bill was introduced on February II and was reported 
with amendments from the Senate Committee on Natural 
Resources and Conservation on February 19. 

Georgia 
Lead--GA S.R. 136 (H.A . Ragan) creates the Senate 

Childhood Lead Poisoning Study Committee. The bill was 
introduced on February 5 and referred to the Senate Com­
mittee on Rules. 

Returnable Containers--GA H. 369 (Holmes) relates to 
selling and other trade practices; prohibits the sale. offering 
for sale, or giving to consumers a nonreturnable container. 
The bill was introduced on February I and referred to the 
House Committee on Natural Resources and Environment 

Hawaii 
Lead-HI H. 1787 (Shon) provides that before the sale of 

residential real estate property, the seller shall test the prop­
erty for unacceptable levels of lead-based paint; provides 
that any real property which the purchaser will be receiving 
"as is," with all defects which may exist. shall also be subject 
to a test for unacceptable levels of lead-based paint: provides 
that the seller shall furnish to the purchaser a residential 
property disclosure statement to include the result of a test 
for unacceptable levels of lead based paint. The bill was 
withdrawn from the House Committee on Housing on Febru­
ary II but is being considered by both the House Committee 
on Energy and Environmental Protection , and the Committee 
on Consumer Protection and Commerce. A companion bill , 
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S. 1609 (Chang), is currently in the Senate Committee on 
Judiciary. 

Air Quality-HIS. 1691 (Aki) relates 10 clean air; defines 
"covered source" and "regulated air pollutant": provides 
public display of emissions and enforcement data. The bill 
was amended and released from the Senate Committee on 
Government Operations, Environmental Protection, and 
Hawaiian Programs on February 19. It is currently in the 
Senate Committee on Judiciary. 

Idaho 
Inhalant Ahuse- ID S. 1012 (Committee on Judiciary 

and Rules) relates to possession of inhalants by minors: 
prohibits the possession of inhalants or aerosol spray products 
by minors for the purpose of utilizing the contents to become 
under the influence of such aerosol substance; defines "in­
halant"; provides that minors illegally possessing inhalants 
shall not come under the purview of the Youth Rehabilitation 
Act unless the court orders otherwise. The bill passed the 
Senate on February 4 and was sent to the House. 

Illinois 
Gra.ffiti-IL H. 272 (Martinez) makes it illegal for a 

person to possess a can of spray paint. with intent to hann, on 
a public way between I 0:00PM and 6:00AM. The measure 
defines a can of spray paint as an aerosol can that contains 
paint, dye, or other like substance. On February 17 the bill 
was referred to the House Committee on Judiciary II. 

Note-The Illinoi s Paint Council supports the bill. 
IL H. 329 (Frias) imposes an additional 5.25% sales tax 

on spray paint. On February 17 the bill was referred to the 
House Committee on Revenue. 

Note- The Illinois Paint Council reports that the sponsor 
of the bill has indicted that he will amend the measure to 
make it a statewide user fee of $ 1.00 per can instead of the 
higher sales tax. The user fee will be deposited in the Crime 
Victims of Graffiti Fund. 

IL H. 574 (Martinez) provides for automatic adult criminal 
prosecution of a minor, at least 15 years of age, who knowingly 
damages the property of another. by defacing, deforming, or 
otherwise damaging that property by use of paint or any 
other similar substance. The bill was referred to the House 
Committee on Judiciary II on February 26. 

Note-The Illinois Paint Council is closely monitoring 
this bill. 

Air Quality-IL H. 389 (Schoenberg) relates to toxic 
chemicals emissions fee; imposes a fee of 15 cents per pound 
on emissions of certain toxic chemicals into the air. with the 
revenues to be used to support programs relating to air 
pollution. hazardous waste management. and monitoring of 
health effects; creates the Toxic Air Pollution Reduction 
Fund. The bill was introduced on February 17 and referred to 
the House Committee on Environment and Energy. 

Packaging-IL H. 551 (Ostenburg) amends Municipal 
Code; authorizes cities to regulate product packaging in 
order to encourage reduction of packaging material and use 
of recyclable materials. The bill was introduced on February 
23 and referred to the House Committee on Environment and 
Energy. 

Recycled Comenr o[Containers-IL H. 560 (Cowlishaw) 
establishes the Container Fee and Deposit Act; imposes a 
refundable advance disposal fee on certain containers that 
are not being recycled at a rate of at least 50%: requires 
payment of a refundable deposit on the containers: sets pen­
alties for business offenses. The bill was introduced on Feb-
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ruary 23 and referred to the House Committee on Environ­
ment and Energy. 

IL H. 695 (Kotlarz) requires publishers of phone directo­
ries and manu fac turers of glass containers and rigid plastic 
containers to have their products contain a certain percentage 
of recycled material s; provides for certain exemptions: sets 
penalties and fines for violations. The bill was introduce on 
February 25 and referred to the House Committee on Envi­
ronment and Energy. 

Indiana 
Container Safety-INS. 295 (Weatherwax) concerns the 

safety and maintenance requirements for containers used to 

transport hazardous materials to the list of Federal Regulations 
enforced in Indiana. The bill passed the Senate on February 8 
and is currently in the House Committee on Environmental 
Affairs. 

Iowa 
Lead-lA H. 179 (Bemau) establishes a lead inspector 

and lead abatement contractor training and certification pro­
gram, and provides a penalty. Introduced on February I 0. the 
bill is in the House Committee on Human Resources. 

Kansas 
Container Laheling-KS S. 133 (Oieen) prohibits the 

distribution or sale of any pl astic bottle or rigid plastic con­
tainer. unless it is labeled with a code indicating the plastic 
resin used to produce it. The bill passed the Senate on 
February 24 and is currently in the House Committee on 
Energy and Natural Resources. 

Maine 
Trihutyltin (TBTi-ME H. 7 (Heino) repeals an increase 

in the restriction on the release oftributyltin from antifouling 
marine paints. States that the current standard of release of 
4.0 micrograms per square centimeter per day remains in 
effec t. The bill was released from the Joint Committee on 
M arine Resources on M arch 2. 

Lead-ME S. 244 (Conley) concerns violations of the 
Lead Poi soning Control Act and eq uitable re lief. The bill 
was introduced on M arch 2. and referred to the Joint Com­
mittee on Judiciary. 

Maryland 
Lead-MD H. 852 (Anderson) creates a state debt with a 

matching fund requirement. for a grant to the Board of 
Directors of St. Ambrose Housing Aid Center. Inc. to plan, 
design. repair. renovate. rehabilitate , reconstruct, construct , 
and equip buildings in the Baltimore area by the Center in 
order to sell or to rent to low-income families and individu­
als. to prov ide maintenance assistance to low-income 
homeowners. and to test for and eliminate lead paint in the 
buildings. The bill was introduced on February 4 and referred 
to the House Committee on Appropriations. An identical bill 
was introduced in the Senate (S. 488- Lapides) and referred 
to the Senate Committee on Budget and Taxation . 

MD H. 1325 (Thomas) increases the membership of the 
Lead Paint Poisoning Committee. The bill was introduced on 
February II and referred to the House Committee on Envi ­
ronmental M atters. 

Container Safety-M D S. 258 (Boozer) requires a 
manufacturer of rigid plastic containers solid , offered for 
sale, or used in association with the sale or offer for sale of a 
product in the state to ensure that the container meets the 
established requirements; specifies exemptions; requires the 
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manufacturer of those plastic containers to maintain records 
that certify the designated information: requires the Depart­
ment of the Environment to review periodically those certi­
fications for compliance with the Act. The bill passed the 
Senate on March 4 and is currently in the House Committee 
on Environmental Matters. 

Massachusetts 
Lead- MA H. 1650 (Fitzgerald) prevents lead poisoning 

through increased deleading and through more equitable 
di stribution of ex isting funding. The bill was introduced on 
February 6 and referred to the Joint Committee on Health 
Care. 

MA H. 20 IS (Local Sponsor) improves safety and reduces 
the cost of lead-paint abatement. The bill was introduced on 
February 6 and referred to the Joint Committee on Health 
Care. 

MA H. 2017 (Local Sponsor) increases the availability of 
lead safe housing and reduces chronic childhood lead poi­
soning. The bill was introduced on February 6 and referred 
to the Jo int Committee on Health Care. 

MA H. 2162 (Peters) increases the scope of the special 
committee of the House established to make an investigation 
and study of the lead paint laws to include the subject-matter 
of prov iding a non-refundable credit under the income tax 
laws for owners or tenants for the removal of lead paint from 
dwellings. The bill was introduced, considered, and released 
from the House Committee on Ways and Means on February 
II. 

MA H. 2798 (Jehlen) authorizes the use of market share 
liability in civi l actions brought against certain producers or 
manufacturers of lead-based paints. The bill was referred to 
the Joint Committee on Health Care on February 25. 

MA H. 2967 (Mariano) helps pinpoint the real sources of 
lead poisoning. The bill was referred to the Joint Committee 
on Health Care on February 25 . 

MA H. 2969 (Mariano) further regulates the covering of 
lead paint or material. The bill was referred to the Joint 
Committee on Health Care on February 25. 

MA H. 20 14 (Local Sponsor) re lates to the bill to en­
courage lead abatement and reduce its financial burden. The 
bill was referred to the Joint Committee on Health Care on 
February 19. 

MA H. 2016 (Local Sponsor) reduces the incidence of 
chronic childhood lead poisoning. The bill was introduced 
and referred to the Joint Committee on Health Care on 
February 6. 

Automotire Paint-MA H. 2082 (Angelo) prohibits the 
sale of automotive paint to any person not registered pursu­
ant to chapter I OOA. The bill was referred to the Joint Com­
mittee on Public Safety on February 19. 

MA H. 2349 (Valianti and Durand) regulates the sale of 
automotive paint products. The bill was referred to the Jo int 
Committee on Commerce and Labor on February 23. 

Michigan 
Lead-Ml H. 4099 (Stallworth) establishes Lead Poi­

soning Screening Program for children ages two-five. The 
bill was introduced on February 2 and referred to the House 
Committee on Public Health. 

Minnesota 
Lead-MN S. 613 (Berglin and Benson) re lates to lead 

abatement programs; specifies that residence assessments 
must be conducted regardless of availability of state or federal 
fundin g and must be conducted by lead inspectors licensed 
by the Commissioner of Health ; requires contractor to give 

Journal of Coatings Technology 



notice before beginning work at each lead abatement work site; 
imposes surety bond requirement on lead abatement con­
tractors; allows local boards of health to adopt more stringent 
standards; requires contractor analysis in older residence. 
The bill was introduced March I and referred to the Senate 
Committee on Health Care. 

Missouri 
Lead-MO H. 160 (Troupe) requires the Department of 

Health to establish a lead poisoning information reporting 
system. Attending physicians of patients of lead poisoning 
would report, in writing, specific information regarding the 
patients involved. The bill was released from the House 
Commiuee on Public Health and Safety on February 15 and 
amended on the House floor on March I. 

Toxics-in-Padaging-MO S. 100 prohibits the selling 
of packages. packing material or components containing 
spec ified concentrations of lead, cadmium mercury or 
hexavalent chromium . The bill was amended on the Senate 
floor in mid-February and is currently in the Senate Comminee 
on State Budget Control. 

Montana 
Liquified Petroleum Containers-MT H. 165 (Larson) 

defines liquified petroleum containers and identifies unlaw­
ful acts regarding such containers. The bill was signed by the 
Governor on February 18. 

Nebraska 
Container Laheling-NE L.B. 63 (Elmer) creates the 

Plastic Container Coding Act to prohibit the manufacture or 
distribution of any plastic boule or rigid plastic container 
unless it is imprinted with a code identifying the appropriate 
resin type used to produce the st ructure of the container. The 
bill passed the Legislature on March 4 and was sent to the 
Governor for signature. 

New Hampshire 
Lead-NH S. 231 (Shaheen) relates to lead poisoning 

and control and continually appropriates a fund to the Director 
of Public Health Services; concerns lead paint laws. The bill 
is currently in the Senate Committee on Public Institutions. 
Health and Human Services. 

New Mexico 
Environmental Marketing-NM H. 456 (Picraux) pro­

vides for the use of environmental marketing claims. The bill 
was released from the House Committee on Consumer and 
Public Affairs on February 19. It is currently in the House 
Committee on Judiciary. 

Graffiti-NM S. 792 (Benavides) bans the sale of spray 
paint cans to minors. The bill introduced on February 18, 
released from the Senate Comminee on Judiciary on March 
4, and is currently in the Commiuee on Public Affairs. 

New York 
Environmental Marketing-NY A. 3460 (Cochrane and 

Townsend) requires recyclable materials to be labeled as 
"recyclable" if offered for sale, sold or distributed in New 
York. The bill was introduced on February II and is currently 
in the Assembly Commiuee on Consumer Affairs and Pro­
tection. 

Lead-NY A. 1789 (Lento!) requires physicians, health 
care facilities and health maintenance organizations to screen 
all patients less than 72-months old for lead poisoning, sets 
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forth screening schedule for diagnosis of lead poisoning in 
children; mandates the report of lead poisoning cases to the 
Commissioner. and sets forth criteria for determining whether 
or not certain children are at high risk for lead poisoning. The 
bill was introduced on January 26 and referred to the Assembly 
Commiuee on Health. 

NY S. 2578 (Mendez) establishes a Division of Prevention 
within the Department of Health; provides for appointment 
of a Director of Health Commission and establishes powers 
and duties of such division in the areas of prevention and 
recognition of lead poisoning and/or iron deficiency in young 
children. The bill was introduced on March I and referred to 
the Senate Commiuee on Health. 

NY A. 5244 (Crowley) prohibits the manufacture and 
sale of toys, furniture. and other articles intended for the use 
of children which have been painted with paint containing 
lead; allows commissioner to place warning or demand dis­
continuance of a hazard on any property of a lead contami­
nated area. The bill was introduced on March 2 and referred 
to the Assembly Commiuee on Health . 

TRI Reportin~:-NY A. 4930 (Brodsky and Dianpoli) 
enacts the multi-media toxic chemical release inventory act; 
requires reporting on facilities where toxic chemicals are 
stored; provides for assessment of data, fees per facility and 
related provisions. The bill was introduced on March 2 and 
referred to the Assembly Committee on Environmental 
Conservation. 

Packaging-NY S. 3366 (Spano) mandates scheduled 
reduction in the amount of packages or packaging components 
for sale, lease, distribution. or promotion by packagers, thus 
reducing the amount of solid waste disposed of within the 
state. The bill was introduced on March 2 and referred to the 
Senate Committee on Environmental Conservation. 

Oregon 
Environmentai!OSHA Crimes-OR H. 2996 (Local 

Sponsor) directs a public contracting agency to disqualify a 
bidder convicted of a crime relating to environmental pro­
tection or worker health or safety. The bill was introduced on 
February 17 and referred to the House Commiuee on General 
Government. 

Pennsylvania 
Toxics-in-Packagin~:-PA H. 337 (Vitali) regulates toxic 

materials used in packaging and components thereof. Provides 
for additional duties of the Department of Environmental 
Resources. for certain procedures. for remedies and for en­
forcement. and for civil and criminal penalties. Prohibits 
packaging that includes inks, dyes. pigments. adhesives, 
stabilizers. or any other additives containing lead, cadmium 
mercury or hexavalent chromium which has been intention­
ally introduced as an element during manufacturing. The bill 
was referred to the House Committee on Conservation on 
February 8. 

Hazardous Waste (Regulation)-On January 16, the 
Pennsylvania Environmental Quality Board adopted major 
amendments to the state 's hazardous and solid waste program, 
including the definition of what constitutes a "hazardous 
waste.'' For further information, contact the Pennsylvania 
Department of Environmental Resources' Bureau of Waste 
Management at (717) 787-6239. 

Rhode Island 
Em·ironmental Marketing-RI H. 5316 (Palangio) pro­

hibits the labeling, with a triangle of arrows, of plastic bottles 
or rigid plastic containers if the bottle or container cannot be 
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presently recycled in Rhode Island . The bill was introduced 
on February 3 and referred to the Joint Committee on Envi­
ronment and Energy. 

Lead- RI H. 5639 (Newsome and Mesole lla) prohibits 
the Department of Administration from purchasing paint 
products or contract ing for the painting of public buildings 
using lead-based paints. The bill was introduced on February 
23 and referred to the House Committee on Finance. 

Rl H. 565 1 (Newsome) relates to lead poisoning preven­
tion; creates a restricted receipt account for the prevention of 
lead poisoning and funds said account wi th an increase in the 
state gasoline tax. The bill was introduced on February 23 
and referred to the House Committee on Finance. 

RI H. 6238 (Newsome) relates to tax credit for residential 
lead abatement. The bill was introduced on February 23 and 
referred to the House Comm ittee on Finance. 

Rl H. 6807 (Coderre) re lates to lead paint poisoning. The 
bill was introduced on February 24 and referred to the House 
Committee on Health, Education and Welfare. 

Rl S. 756 (lzzo) provides a tax credit for homeowners for 
residential lead removal or abatement. The bill was introduced 
on February I I and referred to the Senate Committee on 
Finance. 

South Dakota 
Occupational Safety and Health (Tax)-SD S. 309 

(Committee on Commerce) provides for taxation of worker's 
compensation insurance policies and for payments in lieu of 
premium taxes to fund the promotion of safety in the work­
place and the automation of the administration of the worker 's 
compensation laws. The bill passed the Senate on February 
22 and was referred to the House Commi ttee on Judiciary. 

Texas 
Inhalant Abuse-TX H. 1235 (Place) relates to offenses 

and puni shments involving controlled substances. simulated 
controlled substances, dangerous drugs. and abusable glues 
and aerosol paints. The bill was introduced on February 26. 

Containers-TX H. 1439 (Oakley) relates to symbols 
imprinted on or molded into certain plas tic containers. The 
bi II was introduced on March 3 and referred to the House 
Committee on Environmental Affairs. 

Air Quality (Regulation}--{)n February 22,the Texas Air 
Control Board proposed amendments to the program that 
regulates the construction or modification of major stationary 
sources of air pollutants (the New Source Review Program). 
For further information, contact the Texas Ai r Control Board 
at (5 12) 908-1451. 

Occupational Safety and Health (Regulation}--{)n Feb­
ruary 9, the Texas Department of Health adopted new regu­
latory workplace standards concerning threshold limit values 
of airborne contaminants. exposure to tox ic and hazardous 
substances, respiratory protection, vent ilation, and access to 
employee exposure and medical records. For more informa­
tion, contact the department at (5 12) 834-6600. 

Utah 
Recycled Content for Containers-UT H. 294 (David) 

establishes criteria for minimum percentages of recycled 
plastic in plastic containers; requires reporting; provides 
penalties for violations; and provides procedures for waivers 
or reductions of percentages. The bill was introduced on 
February 9 and referred to the House Committee on Health 
and Environment. 
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Vermont 
Lead- VT S. 198 (Rivers) establishes a program for the 

training, certi fication and licensing of lead hazard abatement 
workers; makes blood lead screening and testing of children 
available upon the request of parents and mandatory if war­
ranted; provides for the inspection and testing of child care 
facilities; ensures that lead-based paint hazards are disclosed 
in the sale or rental of pre- 1978 housing; specifies a standard 
of reasonable care on the part of the owners of pre-1978 
housing and day care facilities. The bill was introduced on 
February 25 and referred to the Senate Committee on Health 
and Welfare. 

Air Quality-VT S. 149 (Ready) adopts measures re­
quired to meet the state's obligations underthe Federal Clean 
Air Act Amendments of 1990; establishes a requirement that 
fi xed sources of air contaminants obtain operating permits; 
requires a plan be developed and implemented for the re­
duction of hazardous air contaminants from sources affecting 
areas which may exceed the relevant standards for those 
contaminants; requires new motor vehicles to meet emissions 
standards identical to those adopted in California. The bill 
was introduced on February 18 and referred to the Senate 
Committee on Natural Resources and Energy. 

Virginia 
Occupational Safety and Health-Y AS. 982 (Gartlan) 

establishes a register of contractors who flagrantly violate 
the Occupational Safety and Health Act laws and regulations; 
forbids the use of any contractor on the flagrant-violation 
register on construction projects of any state agency; requires 
that the register will be establ ished and maintained within 
the Department of Labor and Industry. The bill passed the 
Senate on February 9 and was sent to the House. 

Lead-VA S.J.R. 245 (Schewe!) establishes a joint sub­
committee to study the abatement of lead-based paint in 
Virginia. Introduced on January 26, the bill passed the Sen­
ate on February 10 and the House on February 23 . 

Washington 
Air Quality-W A H. 1089 (Kohl) revises the funding 

sources for operation of the state operating permit program 
approved by the Federal Clean Air Act. The bill was released 
from the House Committee on Environmental Affairs on 
February 22. It is currently in the House Committee on 
Revenue. 

Water Quality-WAS . 5215 (Talmadge) strengthens the 
regulation of the Puget Sound water quality . Revises provi­
sions establishing the Puget Sound water quality authority. 
Extends the termination date to June 30, 1997. Authorizes 
the counties to create one or more watershed protection 
districts. Revises provisions for stonn water management. 
Establishes requirements for sealer disclosure of septic sys­
tem in sensi tive areas. Revises pesticide application guidelines 
to protect water quality purposes. The bill was released from 
the Senate Committee on Ecology and Parks on March 3. It 
is currently in the Committee on Ways and Means. 

Paint Contractors Certification- WAS . 54 12 (Prentice) 
requires the adoption of a program to educate, test, and 
certify paint and coatings applicators in handling hazardous 
materials applicable to paint or coatings application; estab­
lishes monetary penalties for employer and employee in­
fractions; creates the paint and coatings applicators account. 
The bill was amended and released from the Senate Commit­
tee on Labor and Commerce on March 3. It is currently in the 
Committee on Ways and Means. 
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or enter credit card number and expiration date below: 

Credit Card : 

Card# 

0 AMEX 0 VISA 0 MASTERCARD 

Expiration Date 

Room Reservations Guaranteed only with deposit or major credit card . 

CHECK IN TIME IS 3:00 PM, CHECK OUT TIME IS 12:00 NOON. 
Reservations must be made no later than April16 to guarantee availability and rates. 

Return completed form and check(s) to : Federation of Societies for Coatings Technology 
492 Norristown Rd., Blue Bell, PA 19422-2350 
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1993 PAINT INDUSTRIES' SHOW 

Aceto Corp. 
Advancnl Coating T~..:chno l ogit:s 

Advancnl Software Designs 
Air Products & Chemicals, Inc. 
Alcan-Toyo America, Inc . 
Alcoa Industrial Chcmic;lls 
Allied Signal Corp. 
Alt-Chcm lntcrn:nional 
ACS/C& E News 
American Felt & Filter Co. 
American Paint Journal C o. 
ANGUS Chemical Co. 
Anker Lahdcrs USA, lnt: 
Aqualon Co 
Arco Chl.'mical Co. 
At];\S Electric Devices Co. 
Ashland Cht.:mical Cn., JC&S Div. 
Aztec Ca.t;J]yst Co. 

B.A.G. Corp. 
BASF Corp. 
Blackmer Pump 
Bohlin lnstrull1L'OIS, Inc. 
Brinkmann lnstrumt:nts, Inc 
Brookfield Engineering Labs, Inc. 
Brooklwvcn ln!-itrumcnts Corp. 

Buckm:m Labtnatorics 
Buhk:r Inc. 
Bulk Lift l nt~..:rnatinnal 

Burgess Pigmc111 Cn. 
BYK-Chcmic USA 
BYK-Ganlner, Inc. 

Cabot Corp., Cah-0-Sil & Special 
Blacks Div 

Caframo Ltd. 
C dgon Corp. 
Cappel!~.: Inc. 
The Carborundum Co., Fiht: rs Div. 
C a n lolite Corp. 
Cargill, Inc 
Carri-Med Americas, Inc. 
Ca rroll Scientific, Inc 
C B Mills, Div. Chie;1go Boiler Co. 
CCP Polymers 
Cdite Corp 
Chemical Marketing Reporter 
Chemical Wee k Associates 
CIBA-GE IGY Corp. 
The Coat ings La.boratory Inc. 
Coatings Magazine 
Color Corp. of America 
Colorg~.:n, Inc. 
Colortt:c Associates Inc 
Columbian Chemicals Co. 
Compli:mce SL·rvices, Inc. 
Consolidated Research, Inc. 
Cookson Pigmen ts Inc. 
Coulter Corp 
C PI Purchasing Magazine 
C PS Cht:mica l C o ., Inc. 
C R Minerals Corp. 
Cray V<lliey Products 
Crnsfie ld Co. 
Cuno, Inc ., Process Filwn ion Prods. 
CYT EC Indust ries 

D / L Laboratories 
D<miel Products Co., Inc. 
Da tacolo r International 
DeFclsko Corp. 

Current List of Exhibitors 
Degussa Corp 
University of Detroit-Mercy 
Distii-Kieen, Inc. 
Dominion Colour Corp 
Dow Chemicll 
Dow Corning Corp 
Draiswerkc, Inc. 
Drew Industrial 
Dry Branch K<IOiin Co 
DSA Consultin).\, Inc. 
Du Punt Co. 

[aglt.:-Picht:r Mim.:rals, Inc. 
Eagle Zinc Co 
Llstern Michig<lll University 
Eastman Chemical Co. 
Ehonex Corp. 
ECC lntern;nion;d 
Eigcr Machinery, Inc 
Elcktro-Physik USA, Inc. 
Elf Atochcm 
Elmar Worldwide 
EM Industries, Inc. 
Engelhard Corp. 
Epworth Mf,L\. Co., Inc 
Etn<l Products, Inc ., Specialty 

Chemical Div. 
Exxon Cht:mical Co 

Fawct:tt Co., Inc. 
Federation of Societies for Coatings 

Technology 
Filte r Specialbts, Inc 
Fischt..-r Tcchnology Inc. 
Fluid M;magt:::tm:nt 
FMJ International Public;ltions Ltd. 
H.B. Fulkr Co. 

Paul N. Gardne r Co., lm:. 
Thc BFGondrich Co., Spccialty 

Pnlymcrs &. Chemicals Div 
The Gomlye;lr Tin.: & Ruhber Co., 

I 
Chemical Div. 

Gr;ICC Davison !W.R. Grace & Col 
Gucrtin Polymers 

H<wke Inc . 
Halox Pigments 
Harems Pigments, Inc. 
Hcnkd Corp., Coatings&. Inks D iv. 

1 ~~l:·:~;~~~~~i~~~~lhoratorics, Inc. 

Hockmcycr Equipment Co. 
Hocchst Cclam·se Corp., Pigments 
Hoechst Cclanese Corp., Waxcs, 

Lubricants&. Polymers 
J.M. Huber Corp 
HUls Americ;l Inc. 
Hunter Associates Laboratory, Inc. 

Ideal Manufacturing & Sales Corp. 
Industrial Finishing Magazine 
International Compliance Center 
International Rcsourct..·s, Inc. 
lntern;nional Specialty Products 
ISP Filters, Inc 
ITT Marlow/ ITT A-C Pump 

SC johnson Polymer 
Journal of Coatings Technology 

K-T Feldspar Corp. 
Ken rich Petrochemicals, Inc. 
Kint:tic Dispersion Corp. 
Kcmira, Inc. 
King Industries, Inc . 
KRONOS, Inc. 
KTA -Tator, Inc . 

Lahsphcrc, Inc. 
LaQw: Center for Corrosion Tt:ch. 
Leeds&. Nonhrup/Microtrac Div. 
Liquid Controls Corp. 
The Luhrizol Corp. 
Luzcn;IC America 

3M, Industria l Chemicals Prod. Div. 
.1M/Zeclan Industries, Inc. 
Macbeth, Div. of Koll morgen, Corp. 
Magnesium Elcktron Inc. 
M;livcrn Instruments, Inc . 
M;dvern Mincmls Co. 
McWhorter, Inc. 
The Mearl Corp. 
Michelm;m, Inc. 

Micro Powders, Inc 
Micromeritics Corp 
Mid-States Eng.&. Mfg. 
Millipore Corp. 
Mineral Pigments 
MiniFIBERS, Inc . 
Minolta Corp. 
Mississ ippi Lime Co. 
University of Missouri -Roll:\ 
Modern Paint &. Coatings 
Morehnuse-Cowles Inc. 
Morton lntt:rnational, Inc., 

Universal Color Dispersions 
Mountain Minerals Cu., Ltd. 
Myers Engineering 

Nacan Products Ltd 
National Chemical Co., Inc. 
Netzsch Inc. 
Neville Chemical Co. 
New Way Pacbging Machinery Inc. 
North Dakota State University 
NYCO Minerals, Inc. 

Obron AtLmtic Corp. 
Ohio Polychemic;ll Co. 
Olin Chemicals 
Opticolor, Inc. 
Ortcch lntcrnational 

Pacific Micro Software Engineering 
Paint &. Coatings Industry 

Magazine 
Pen Kem Inc. 
Peninsula Polymers 
Philips Conwiner Co. 
Physic.1 USA 
Pioneer Packaging Mo1chinery, Inc 
Plastican, Inc 
Polar Minerals 
Poly -Resyn, Inc. 
PPG lndustrit:s, Inc., Silica Prods. 
PPG Industries, Inc., Spec. Chems. 
PQ Corp. 
Praxair, Inc. 
Premier M ill Corp. 
Progressive Rccovery, Inc . 
Pyosa, S.A de C.V. 

Q -Pancl Co. 

Raabe Corp. 
RadTech Inti. North America 
Ranbar Technolo~y, Inc . 
Rcichhold Chemicals Inc. 
RHEOX, Inc. 
Rhone-Poulenc Inc. 
Rohm and Haas Co. 
Rohm Tech Inc. 
Ronningen- Petter 
Rosedale Products, Inc. 
Charles Ross & Son Co 
Russell Fin ex Inc. 

Sandoz Chemicals Corp. 
Sanncor Industries, Inc. 
Sanomcr Co 
Schold Machine Corp . 
Schuller Filtration 
SCM Chemic.ds 
Scott Bader, Inc. 
Semi-Bulk Systems, Inc. 
Serac, Inc. 
Shamrock Technologies, Inc 
Sheen Instruments Ltd. 
Shdl Chemical Co. 
Sherwin-Wi lliams Co. 
Shimadzu Scientific lnst. , Inc. 
Silber! inc Manufacturin~ Co., Inc. 

I Sino-Amer ican Pigment Systems 
South Florida T est Service 
Southern Clay Products, Inc. 
University of Southern Mississippi 
Spartan Color Corp. 
Specialty Minerals Inc. 
Stecl Structures P:.~inring Council 
Sub-Tropical Testing Serv ice 
Sullivan Chemical 
Sun Chcmic.d Corp. 

I Systech Environmental Corp. 

Taber Industries 
Tego Chemit: Service USA 
Texaco Cher:1ical Co. 
Thiele Engine~.:ring 
Troy Corp. 
21st Century Containers, Ltd. 

U.S. Silica Co. 
U.S. Sack Corp. 
Union C arbide Corp. 
Union Process Inc . 
United Catalysts, Inc. 
United Mineral & Chemical Corp. 
United States Testing Co. 

Van Waters & Rogers Inc 
R.T. Vanderbilt Co., Inc . 
Vdsicol Chemical Corp 
Versa-Matic Pump Co. 
Voni-Siv Oiv., of M&.M Ind., Inc. 

Wacker Silicones Corp. 
Warren Rupp, Inc., a Unit of ldex 
Wilden Pump & Engineering Co. 

I WitcoCorp. 

X- Rite, Inc. 

Zeneca Resins 
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Government and Industry 

Paint Industry Caucus Provides Responses 
At AIM Reg-Neg Meeting, February 11-12 

The National Paint and Coatings Asso­
ciation (NPCA). Washington. D.C.. has re­
ported that the Paint Industry Caucus pre­
sented detailed responses to questions and 
issues raised concerning its initial proposal 
to control the volatile organic compound 
(YOC) content of archi tectural and industrial 
maintenance (A IM) coati ngs through a na­
tiona l command-and-control rule during the 
regulatory negotiation (reg-neg) meeting 
held February 11 - 12. in Newport Beach, 
CA. 

The initi al proposal was made to the full 
AIM Reg-Neg Commi ttee during a meeting 
in January . The proposal included suggested 
YOC limits for AIM coatings which we re 
based on the resu lts of a recent ly tabulated 
industry-wide emissions survey. As pro­
posed. the rule would achieve an est imated 
7.5% nationwide reduction in VOC emi s­
sions from AIM coatings compared to 1990 
emissions, based on projected data from the 
survey. 

In response to the industry's initial pro­
posal. other members of the AIM Reg-Neg 
Committee- including representatives from 
environmental organ izations. state regu la­
tory agencies. and the U.S. Environmental 
Protection Agency--<ieveloped a list of 24 
issues and quest ions concerning the proposal 
that they wanted the industry group to ad­
dress. 

In response to this request. the paint 
industry representatives presented detai led 
oral and written responses to the questions 
and issues posed. According to offic ials at 
NPCA. data from the emissions survey will 
continue to play a crucial role during the 
negotiating process. Also, paint companies 
who have not completed the survey are still 
urged to do so as soon as possible. 

The Environmental/State Caucus of the 
AIM Reg-Neg Committee is now expected 
to review the paint industry's new data and 
answers. and to provide a written response 
to the industry caucus. This response. ex­
pected to be in the form of a counter pro­
posal, is expected to be com pleted thi s 
month. The next reg-neg meeting tentatively 
is scheduled for April 22-23 . 

In other news. NPCA announced that 
the second and fina l exploratory meeting to 
consider whether to use the regulatory ne­
gotiations process in the development of air 
pollution control regulations for the wood 
furniture manufacturing industries was held 
January 26-27, in Raleigh. NC. 
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The purpose of the meeting was to pro­
vide the convener with a sense of whether 
there was sufficient common ground among 
potentia lly affected groups to make nego­
tiations likely to succeed. If the convener 
recommends that a reg-neg is feasible and 
should go forward. and the EPA accepts 
that recommendat ion. a full reg-neg wou ld 
begin somet ime this spring. 

Participants in the meeting included 
members of the wood furniture and kitchen 
cabinet coatings manufacturing industry. 
along wi th wood. business. and inst itutional 
furniture manufacturers: kitchen cabinet 
manufacturers: and mi sce llaneous wood 
parts manufacturers. Also present were state 
regulators and representatives from public 
interest and environmental groups. 

During the meeting the following issues 
were discussed: the scope of rules that wou ld 
be addressed: the feasibili ty of d ifferent 

regu latory approaches which might be con­
sidered: pennitting and market incenti ves: 
and consideration of adequate representa­
tion of small businesses. particularly small 
furniiUre and cabinet manufacturers. 

This meeting was a fol low-up to the first 
exploratory meeting. held last December. in 
Chapel Hill. NC. 

If successfully chartered. this reg-neg 
will address the development and eventual 
issuance of either a Control Technique 
Guideline iCTG) or a National Emission 
Standard for Hazardous Air Pollutants 
(NESHAP). or both. EPA is required to 
publish a CTG for the wood furniture in­
dustry by November 1993. and a NESHAP 
by November 1994. 

For more reg-neg infonnation. contact 
Al len Irish or Bob Ne lson. NPCA. IS!Kl 
Rhode Island Ave .. N.W .. Washington. D.C. 
20W5. 

Construction Contracting Rises 7% in January 
Newly started construction in January 

increased 7%, reversing a two month decline. 
according to the F.W. Dodge Division of 
McG raw-Hill , New York. NY. 

Both nonres idential and res idential 
building remained fairl y close to the levels 
reported in December of last year. A surge 
in the often volatile nonbuilding construction 
sector (public works and utilities) was re­
sponsible for January's increase. The pattern 
of nonbuilding construction often reflects 
the impact of very large projects (in Janu­
ary. the inclusion of three power plant starts 
and a large was te treatment facility boosted 
the nonbui lding total). 

Dodge officials stated that ·· the sharp 
declines for nonresidential building appear 
to be over. while housing is taking a breather 
from the strong gains of recent months." 

Nonresidential construction was up 3% 
in January. A rebound for the institutional 
categories (schools. hospitals. detention fa­
·cilit ies. passenger tenninals, etc.) was the 
source of the nonres idential advance . 
Meanwhile. office construction in January 
rema ined ext reme ly depressed, and new 
store projects fe ll from the improvement 
shown at the end of 1992. 

January's residential construction re­
ceded 2%. Single-family housing eased back 
from the preced ing month' s robust amount, 
while the multifamil y side of the market 

held close to the very weak leve ls over the 
past year. 

Nonbuilding construction rose 4 1 °/r1 in 
Jan uary. spurred by the start of four huge 
projects and a rebound for public works 
from December' s very weak level. The three 
large power plant projects (located in Mas­
sachusetts. New York. and South Carolina) 
has a combined value in excess of $600 
million. These projects, together wi th the 
start of aS 178 million waste treatment fa­
cility, accounted for 2 1% of January's 
nonbui ldi ng surge. The balance of the in­
crease came from the public works catego­
ries bounc ing back from a lack luster De­
cember and does not itse lf represent a major 
shift for this market. The average for De­
cember 1992 and January 1993 is wi thin 
I% of the genera l level of public works 
activity reported in 1992. 

On an unadjusted basis. January's con­
tracting for new construction. at $ I 6.4 bil­
lion. was down 2% from the same month a 
year ago. The South Atlantic. with a 20% 
gain . was the only region to show consider­
able growth . T wo regions held close to last 
year's volume-the Northeast, up I%, and 
the South Central, down 2%. Two regions 
had a substantially weaker January-the 
West, down II %. and the North Central, 
down 18%. 
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Dr. Larry F. Thompson, of At& T Bell Laboratories 
To Receive 1993 Roy W. Tess Award in Coatings 

The 1993 Roy W. Tess Award in Coal­
ings will be prese nled 10 Dr. Larry F. 
Thompson. of AT&T Bell LaboraiOries. The 
presen1a1ion of lhe award. besiOwed by I he 

American Chem ical 
Sociely ·s (ACS) 
Di vis io n of Poly­
me ri c Mat eri als: 
Science and Engi­
neering. will tak e 
plac e durin g 1he 
2061h Meel ing o f 
ACS, on Augusl 22-
27. 1993. in Chi­
cago, IL. 

Th e Roy Tess 
Award. whi ch is 
given in recognition 

of outstanding achievement in the areas of 
coatings sc ience. technology. and engineer­
ing, will be given to Dr. Thompson for his 
se minal contributions to the f ield of 
micro lilhographic resisls. Beginning in 1970. 

wilh his prom ising work in I he fie ld of high 
sensitivity electron beam resist materials. 
and continuing in an unbroken arc of acti v­
ity to his most recent publications on the 
chemiSiry and processes for deep-U V re­
sisls. have eslablished Dr. Thompson's pre­
eminence in lhe fie ld of modem lilhography. 

Hi s invenlion of COP !poly (glycidy l 
melhacry lale-co-elhyl acry lale)i. PBS !poly 
(bulene-1-sulfone)]. GMC Jpoly (glycidy l 
melhac ryhll e-co-c hl oros lyre ne)J. NPR 
(Novolac Posi li ve Resisls). and many Olher 
imporlanl polymers used as high resolulion 
electron beam resists has fanned the basis 
for modern lilhography. and his develop­
ment of critica l processes and manufactur­
ing methods has resulted in the acceptance 
of these material s as standards for the 
manufacturing of ve ry large scale integrated 
circuils (VLS I). 

Dr. Thompson received lhe B.S. and 
M.S. Degrees in Chemislry-Nuc lear Engi­
neeri ng from T ennessee Technological 

Universily. and 1he Ph.D. Degree from lhe 
Un ivers i1 y of Mi ssour i-Ro ll a. He joined 
AT&T Bell Labora10ries immedialely upon 
gradual ion . 

His 17 patents inc lude six which cover 
all negat ive resists used in the electron beam 
lilhographic fabrica1ion of bolh masks and 
integrated circuit devices. Another impor­
tant patent covers the novolac-based posi­
tive electron beam res ist coating material 
NPR I hal is used inlhe d irec1 fabricm ion of 
solid-state dev ices. and yet another disc loses 
lhe use o f hal ogen <lloms in a po lymer 
structure to prov ide increased rad iati on 
sensitiv ity. contrast. and resolution. Through 
75 innoval ive and highly crea1ive publica­
lions and 73 presenlalions (50 inviled). Dr. 
Thompson has demonstrated hi s exceptional 
abi li1y 10 apply fundamemal science and 
engineering principles to technologicall y 
relevant areas. International recognition of 
his work resuhed in 1wo IR 100 Awards. an 
R&D Award. and lhe 1992 New Jersey In­
ventor of the Year Award. among others. 

Amoco Chemical to Build Polyester Raw Material Plant; 
Plans Underway to Exit Resin 18 Business on June 1 

In 19H9. Dr. Thompson was e lecled 10 
1he Nat ional Academy of Engineering. and 
he se rves as a member of the Advisory 
Council oflhe Deparlmenl of Chemica l En­
gineering. Cornell Unive rsity. He is Chair­
man of the National Science Foundat ion's 
Advisory Commiuee. and a member of lhe 
Sleering Commillee for I he Gordon Research 
Conference on "Chemistry of Electronic 
Maleria ls." Thi s monlh, Dr. Thompson be­
came lhe rec ipicnl of lhe ACS Award in 
lnduSirial Chemi slry. sponsored by Akzo 
Chemicals Inc. He also is a member of the 
Edilorial Board of Solid Srate Tecluw/ogr. 
and an Advisory Edilor fo r bolh Solid State 
Technology and the Journal(~{ MilTorlec­
tronic Engineering. Dr. Thompson served 
as Chairman of lhe ACS Di vision of Or­
ganic Coalings and Plaslics (now PMSE) in 
1979, and served from 19R5- 1992 as a 
Cou ncillor for I he PMSE Di vision. 

Amoco Chem ical Company. Chicago, IL, 
has received board approva l 10 build a 
commercial facilily 10 produce Amoco NDC 
(TM). a polyesler raw maleri al. 

Amoco NDC is dimelhyl-2 . 6-naphlha­
lenedicarboxylale (Amoco NDC). 

The plant will be cons1ruc1ed a1 1he 
company's Decatur. AL. site. where para­
xy lene and purified lerephlhalic acid (PTA) 
currently are produced. Construction of thi s 
new fac ilily is expec1ed 10 begin in mid­
year. S1ar1up is anlicipaled dur ing 1he firsl 
quarler of 1995. Cosls of lhe projecl were 
nol disclosed. 

The new facility will have an initial ca­
pac ily of 100 million pou nds per year of 
naphlhalenedicarboxylic ac id (N DA). This 
feeds10ck fac il ily will be li nked 10 I he NDC 
unit. 

NDC is a raw maler ia l used in the pro­
duclion of polyelhylene-2. 6-naphlhalale 
(PEN), which has applicalions in magnelic 
recording tapes, and in electronic and spe­
cially fi lms. 

Also. Amoco Chemical has s1ar1ed pro­
duclion of pu ri fied isophlhalic ac id (PIA). 
1he highesl qualily isopl11halic ac id ava il ­
able. 

The producl will be markeled as Amoco 
PIA , and is being produced a1 1he company's 
Jo li el. IL , fac ili1y. Planl expansion and 
modification al Jo liel and at Amoco' s Geel , 
Belg ium planl is expected. The annual pro­
duction capaci1y a1 1he Jo liel and Geel plams 
will be 200 million and 260 mil lion pounds, 
respec1ively. 
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Costs of the expansion projects were not 
disc losed. 

In other news. Amoco Chemical has an­
nounced 1ha1 il will wilhdraw from lhe Resin 
I R manufacturing and marketing business 
effecli ve June I. 1993. 

The company. which has produced Resin 
18 since 1962. currently makes approx i­
mately 23 mi llion pounds of lhe product 
an nua ll y a1 i1s Texas Cily. TX planl. 

Offic ia ls a1 Amoco have disclosed lhal 
the decision to ex it the business is based on 
its inabi lity to meet the standards of busi­
ness performance and strateg ic criteria es­
lab li shed for prod ucl lines wi lhin lhe com­
pany. 

ARCO Dedicates New PO/SM Plant; 
New Propylene Glycol Ether Facility Approved 

ARCO Chemi cal Company, Newlown 
Square, PA, formally ded icaled a new slale­
of-lhe-an propy lene ox ide/slyrene monomer 
(PO/ SM) planl a1 ils Channelview , T X 
complex. 

The plan l can p roduce 500 mi ll ion 
pounds of propylene ox ide and I, 125 mil­
lion pounds of Slryene monomer. The slarlup 
brings lhe Channelview facilil y 10 a 101al 
PO capac i1y of 1.1 00 mill ion pounds, and 
lhe lolal SM capacily up to 2,5 25 million 
pounds. 

The plan I a lso produces 30.0<X) barrels a 
day of melhy l 1e r1iary butyl e1hcr, and 260 
mill ion pounds of slab polyol. 

In o1her news, ARCO announced 1ha1 ils 
Board of Direclors has approved 1he con­
slruclion of a new propy lene glycol ether 
plant at the site of its subsidiary in 
Rouerdam , Nelherlands. 

The plam will produce 70,000 melric 
IOns a year of propy lene g lyco l e1hers. 
Construclion will begin lhis year, and slarlup 
is ex pecled in mid- 1995. 
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Member of 

Since 1922 

36th Annual Cleveland Society Conference 
on 

Advances in Coatings Technology 

"Advances in Environmentally Compliant 
Coatings Technology: Predicting the Durability of Coatings" 

Tuesday, May 18, 1993 

Executive Catering at Landerhaven 
Mayfield Heights (Cleveland), OH 

Lunch and breaks will be supplied. 

Meet the Speaker Social Hour and Past-Presidents' Nite Dinner/Meeting. with after-dinner speaker on ··Art Conservation." to follow . 

Conference Registration: 

Name: ________________________________ ___ 

Company Name: __________________________ _ 

Mailing Address: __________________________ _ 

City/State/Zip : ----------------------------

Telephone Number: -------------------------

If FSCT Member: ___ ____ Society 

Send registration to: 
M. Bridget Vaughn 

Cleveland Society for Coatings Technology 
2603 Canterbury Rd. 

Cleveland Heights, OH 44118 
Phone: (216) 371-8505 

FSCT Member Conference Registration ..... ( 
Member Registration with Banquet ............. ( 
Retired Member-Conference Only ............ ( 
Full-Time Student-Conference Only ....... .. ( 
Retired/Student-Conference & Banquet ... ( 
Non-FSCT Members, Add ..... . ........ ( 
Registration after May 1, Add ....... .............. ( 
Speaker Social and Banquet Only ......... .... • ( 

Banquet Dinner Choice: 

$110.00 
135.00 
45.00 
45.00 
70.00 
10.00 
10.00 
30.00 

Steak Ch1cken Vegetarian __ 

Total Amount Enclosed: 

Accommodations: 
Holiday Inn- Beachwood 

3750 Orange Place 
Beachwood , OH 44122 
Phone: (216) 831-3300 

$ __ _ 

Please make your reservation directly with the Holiday Inn. Use CSCT Conference Rate of $69.00 for Standard Room. 

Shuttle from airport available with Hopkins Airport Limousine Service (216-267-8282). Shuttle service will be provided to and from Landerhaven from the 
Holiday Inn- Beachwood 
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John L. Gardon 

John Gardon rece ived his Chemical Engineering Degree at the Swiss Federal Institute of Technology. Zurich. in 195 I . 
and his Ph.D. at the McGill Un iversity/Pu lp & Paper Research Inst itute o f Canada. Montreal. in 1955. His fi ve 
publications from this research concerned polye lectrolytic properties o f lignin sulfonatcs. pol ymer frac tionation by 
dialysis and ultrafiltra tion. and correction of osmometry for imperfec t semipenn eability. 

For three years. Dr. Gardon was employed by the Canadian Inte rnational Paper Company. The re he developed lignin­
based dispe rsants and them10setting binders. resulting in two patents and two publications. 

Following this. he began his ten-year employment \vith Rohm and Haas as a Senior Chemist in the Tex tile Finishes 
Laboratory. Late r. he became a Group Leader in coatings. a Research Associa te. and last ly the Manage r of the Leather 
Finishes Laboratory . In two publications. he established quantati ve corre lations between crosslink density and wash-and­
wear properties of cotton. He obta ined the Roon Award for hi s correction of the solubility parame ter concept for polarity. 
In fi ve papers. he established corre lations between solubility paramete rs. crit ica l surface tensions. ultimate strength of 
po lymers and metal s. and of adhesive bonds. His interes t in adhes ion led to two papers concerning a continuum analysis 
of peel strength. Ten of Dr. Gardon's papers provided a detailed. theore tica l analysis of em ulsion pol ymerization and 
ex tensive expe rimental data. He extended the Smith-Ewart theory for quantative pred ic tion of particle sizes. molecular 
weights. and kinet ics. He showed how radicals can accumu late in particles under certain conditions. He a lso extensively 
studied emuls ion copolymerization and the swe lling of latex particles by monomers. The author of fiv e patents on text ile 
and leather finishing and on nonaqueous di spersion . he parti<.:ipatcd in the deve lopment o f many commerciall y SL!l'Cess ful 
products. including latexes. nonaqueous dispers ions. lea ther and text ile finishes. ami binde rs for non woven fabrics. 

Subseq uentl y. Dr. Gardon became employed by the M&T Chemica ls suhsidiary of American Can/Elf Aquitaine. For 
fi ve years. he was Director o f Corporate Research and for fi ve years Director of Research of the Coatings and Ink 
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instrumental in deve loping the first commercial UV -c urable ink and end-varni shes 
for beer and beverage cans. His group pioneered the usc of latexes in industrial 
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Polyurethane Polyols: 
Ester-Bond Free Resins 

For High Solids Coatings 

John L. Gardon 
Akzo Coatings Inc.* 

A new class of polyurethane polyols (PPOs) was 
synthesized by reacting polyisocyanates with 1 ,2- or 
1 ,3-diols at a stoichiometry of one mole of a diol per 
one equivalent of NCO group. Such diols were found 
to react with NCO groups sing le-endedly with at least 
90% efficiency. The single-ended reaction product is 
believed to be sterically hindered , effectively sup­
pressing further reaction with NCO groups. The pre­
dominantly single-ended reaction caused the resul­
tant PPOs to be only slightly more polydisperse than 
the precursor polyisocyanates. The reaction of 1 ,2· 
or 1 ,3-diols with the nominally trifunctional isocyan­
urate of hexamethylene diisocyanate tends to have 
an exceptionally low polydispersity (Mw/Mn) of 
about 1.4 to 1.7. In contrast , diols with four or more 
carbon atoms between OH groups lead to very poly­
disperse or gelled products. Although steric hin­
drance seems to be the dominating cause for the 

1. INTRODUCTION 

1.1 Molecular Weight Distribution of Resins for 
High Solids Coatings 

The des ign of polyols for high solids coati ngs traditional ­
ly involves a compromise concerning the number and 
weight average molecular weights (Mn and Mwl· The 
commonly used acry l ics, polyesters, and alkyds are poly­
disperse so that the number of OH groups per molecule 
varies wi thin each res in . If a significant fract ion of mole-
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single-ended reaction of 1 ,2- or 1 ,3- diols, the selec­
tivity of the reaction is enhanced for asymmetric pri­
mary/secondary diols compared to symmetric pri ­
mary diols. 

Oligomeric polyols prepared from several nominal­
ly trifunctional isocyanates and hindered diols gave 
useful melamine cured automotive high solids coat­
ings. Good acid etch resistance was achieved only if 
the precursor 1 ,2- or 1 ,3-diols were based on back­
bones with five or more carbon atoms. It would seem 
that large alkyl groups on the PPO resins provide 
molecular shielding to the acid catalyzed degrada­
tion of the melamine crosslinked coatings. 

The best one-component melamine cured PPO 
coatings outperformed commercial acrylic thermoset 
coatings with respect to acid rain resistance , weath­
erabi lity, and scratch resistance. Their utility was 
demonstrated on an automotive production line. 

cules contains less than 2 OH groups, these molecules will 
incorporate ineffic iently into the melamine or isocyanate 
cured network , resulting in weak points in the film. Some 
fraction may even be OH free. To counteract thi s, it is 
customary to design polyols with about 2.5 to 4 OH 
groups per average molecule to assure the presence of at 
least I or 2 OH groups on molecules at the low end of the 
distribution. 

For many high so lids systems, an OH equivalent 
weight of about 250 to 600 seems to gi ve the best results. 
For example. an OH equi va lent weight of 400 at a number 
average functional ity of 3 corresponds to an Mn of 1200. 
For good phys ical and chemica l properties of cured films , 
even higher Mn may be desirable if the polydispersity is 
high. 
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Table 1 - Properties of PPOs Derived from Tolonate HOT-LV 
and 1,2-Hexaned iol , 1,2-0ctaned iol, 1,2-Dodecanediol , 2-
Ethyl-1 ,3-Hexaned iol, 1 ,4-Pentanediol, and 1 ,5-Hexanediol. 
Commercial Type Thermoset Acryl ic Controls Developed 
Coating Damage alter 2-Hr Acid Exposure for the Data of 

Tables 1-3 

Coating 
Primary- Resin Acid Test 

Secondary Diols M.IM, Hours 

1.2-HDO CH,- CH - lCH,),- CH, 
I I 1.52 

OH OH 

1.2-0DO CH,- CH - (CH,I,- CH, 
I I 1.65 

OH OH 

1.2-DDO CH,- CH(CH,I, - CH, 
I I 1.86 12 + 

OH OH 

2-E- 1.3-HDO CH,- CH - CH(CH, ), - CH3 

I I I 1.40 12 + 
OH C, H, OH 

I ,4-PEDO CH,- (CH21, - CH- CH, 
I I 3.21 

OH OH 

1.5-HDO CH,- (CH 2),- CH - CH, 
I I 3.61 

OH OH 

For practical hi gh so lids coalings , the resi n viscos ity 
must be kept as low as poss ib le. The res in viscos ity 
increases with the Mw. Consequently, the co mpromise 
for des ig ni ng o ligomeric polyols for hi gh so lids coatings 
requires max imal Mn and minima l Mw. i.e. , low pol ydi s­
pers ity, as meas ured by the MwiM0 ralio. 

The idea l " mosl probab le" mo lecu lar weigh! di stribu ­
tion achieved in the synthes is of linear. free radica l pol y­
meri zed acrylics and of linear polyester condensation 
polymers leads to an Mwi M0 ratio of 2. Specia l synl hes is 
techniques allow reduc tion of MwiM0 to abo ut 1.8 for 
acry lics. For achieving re latively hi gh OH functionalit y, 
pol yesters and alkyds must be branched . For such no nlin­
ear polymers , the value of MwiM .. is much higher than 2. 1 

" Living" ionic or group transfer polymerizations pro­
vide almost monodisperse polymers with M..IMn substan­
tiall y less than 2. However, these symhesis techniques have 
limited utility in the coatings industry due to the difficulties 
in large scale production. 

A purpose of the present work is to provide nonlinear 
oligomeric polyols which are convenient to manufacture 
with MwiM0 < 2, and suitable for thermosetting high solids 
coatings. 

1.2 The Role of Ester Bonds in Conventional 
Coatings Resins 

The conventi o nal acrylic , pol yester , and alkyd resins 
for cross linkab le coatin gs have OH groups tied to the 
mai n po lymer backbone through este r bonds. A hypoth­
es is unde rl y ing the prese nt work is that the ester bonds 
conlribute to the poor acid ra in resistance of commerc ial 
melam ine cured automotive coatings. As will be show n 
later. thi s hypo thesis is fruitful , but does not fully exp la in 
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acid e tch re sistance . Also it was found that the new 
coatings have outstanding UV -rel ated weatherin g resis­
tance. This is like ly to be due to the absence of the es ter 
bonds. 

In thi s context. it should be emphasized that modern 
needs for automotive coatings include both low VOC and 
good acid rain res istance 2

·
8 With respect to ac id etch 

res istance , two-compo nent ac ryli c urethanes are better 
than melamine cured. o ne-compo nent acrylic the rmose ts. 
but are ex pensive to apply . The present work re sulted in a 
one-component high so lids coatin g sys tem with an exce p­
tiona ll y good aci d e lch resi stance. 

1.3 Background to Polyurethane Polyols 

Urethane modified polyesters and alkyds are common­
ly used in industri a l coatings . but have not shown parti cu­
lar merit for VOC or ac id etch control. Such res ins , 
un like the polyurethane polyols (PPOs) of thi s work , 
contain ester bonds. In thi s paper, a new class of PPOs is 
desc ribed which are es ter bond-free. mu lti functio nal , low 
in molecu lar weight. and less polydisperse than linear 
acrylics and pol yeste rs. These properties were achieved 
by exploiting the discovery th at 1.2- and 1. 3-dio ls (i .e . , 
with two or three carbon atoms between OH groups) react 
predominantl y single-endedly with NCO groups if the 
ratio of reactan ts is one mo le of such dial per one equiv­
a lent NCO. Melamine cross linked hi gh solids coatings 
based on some PPOs synthesized in thi s manner gave 
exce ll ent ac id etch re s istance . 

Relati vely mo nod isperse and ester bo nd-free PPOs 
were described in the past by Ambrose9 and Blank. 10 ·

12 

Ambrose reacted a large stoichiometric excess of dials 
with polyisocyanates , thus fo rc ing the reaction to become 
predominantly s ing le-e nded. Ambrose ' s reaction prod­
ucts are rich in unreacted d ials. which are difficult to 
re move. Blank prepared monodi sperse pol yurethane dials 
by the reaction of cyclic carbonates with diamines. Nei­
ther of the se authors described hi gh solids coatings hav­
ing good ac id e tch res istance . 

2. EXPERIMENTAL 

2.1 Preparation of PPO Derived from 
1 ,3-Butaned iol and Hexamethylene Diisocyanate 

lsocyanurate Trimer 

A 1000 mL fo ur-nec k round bottom fla sk , equipped 
with a mechanica l stirrer , heatin g mantle , reflu x condens­
er , and inle ts for nitroge n and the addition of reage nts 
was used . The initi al charge consisted of 150 .3 g of I ,3 -
Butanediol (BO) ( 1.67 mo les, Koda k Fine Chemicals) , 
97.0 g of methy l amy l ketone (MAK) , and 0.45 g of a 
10% n-butyl acetate solutio n of dibutyltin di laurate (T- J2®, 
Air Products. 0.01 % based on theoretica l resin so lids). 
Afte r heating the react ion mi xture to 70°C , a solution of 
302 .3 g of he xameth yle ne dii socyanate (HMO!) trimer 
(HOT-LV®. 1.67 eq , eq wt = 181 , Rhone Poulenc) and 
97.0 g of MAK was added over 2.5 hr. After stirring for 
an additiona l 45 min. the heating mantle was removed 
and the so luti on allowed to cool to room temperature . 
Complete reacti on of isocyanate was confirmed by loss of 
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the IR band at 2250 em - ' . The fina l product was a water 
white liquid with a viscos ity of 2 120 mPaS and a % NY of 
68 .2 (theoreti ca l % NY = 70 .0 ). 

2.2 Preparation of Other Polyurethane Polyols 

Other PPOs were prepared in a manner s imilar to those 
prev io usly shown , with I ,3-BD replaced by other glyco ls 
on an equ imolar basis. T in catalyst was maintained at 
0.0 1% based on res in so li ds (BORS ). and MAK was 
adj usted to maintain a theoret ical solid content of 70%. 
Such PPOs we re also successfull y prepared on a commer­
c ial scale in a 3000 ga l standard acy li c reactor. The 
exoth erm ge nerati on and st irring requirement s are s imilar 
to those in acrylic polyme rization. 

2.3 Molecular Weight Determination 

Molecu lar we ights were meas ured on a Waters GPC 
equipped w_i th a refractive index detector using a bank of 
IOOA, 500A. and mixed bed linear co lu mns. The ca libra­
tion curve was deve loped with a mi xture of monodi sperse 
po lyethylene glyco l and po lysty rene standards fo r the low 
and hi gh molec ular we ight reg ions. respective ly. 

2.4 Measurement of Residual Glycols 

The overa ll so li d content and some meas ure of the 
residual glyco l we re dete rmin ed by drying at ll0°C for 
one hour using 0.5 g samples di luted with one ml of 
MAK. If the I .2- or I ,3-di o ls were used in the reac ti on. 
the measured solid contents we re in the 68-69% range 
(below the theoretical 70%), correspond ing to a d io l con­
version o f 90 to 94%. These grav ime tri c data wi ll not be 
further di scussed because of the ir lac k of precis ion when 
high bo iling g lycols are used. Residual g lycol for the data 
of Tables 6 and 7 was measured by GC using a 25 m X 

0 .2 micro n HP-5 capi llary co lum n, with an initi al tem­
perature of 80°C. temperature programmed at l0°C/min, 
with decane as an internal standard. The injector port 
temperature was kept at 135°C. The more prec ise GC data 
on a si ngle sample are di sc ussed in detail in Sectio n 4 in 
the contex t of Tables 6 and 7. 

2.5 Preparation of Clear Coat ings for 
Acid Spot Testing 

Hexamethoxy methylmelamine (HM MM. Cyme!® 303 , 
American Cyanamid ) and PPO resins were combined at a 
rati o of 40:60 based on so lids, combined wit h 0.5% 
blocked dodecy lbenze nesulfonic ac id (DDBSA. Nac ure® 
5226. Kin g Industrie s). and modified with 0 .05% poly­
(bu ty l ac rylate) ft ow a id (Coroc® A-620-A2. Cook Paint 
and Varni sh Co. ) . After reduction to abo ut 60'k NY wi th 
tetrahydrofuran . the coatings were applied to taupe 
primed panels (Advanced Coatings Techno log ies. Inc .. 
Code APR 18353) with a #55 ro ll bar. ftas hed for 10 min 
at ambien t condi t ions . and cured fo r 17 min at 265°F in a 
Despatch fo rced a ir oven. 

2.6 Preparation of Spray Applied 
Automotive Clearcoat 

The spray app li ed clearcoat was prepared using a 
6 1. 1:38.9 ratio o f the PPO (or commercial-type ac rylic 
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Table 2- Properties of PPOs Derived from 
Totonate HOT-LV and Ethylene Glycol, 1,3-Propanediol, 

1 ,4-Butanediol, 1 ,5-Pentanediol , and 1 ,6-Hexanediol 

Symmetric Coating 
Primary Resin Acid Test 

Dlols MwiM11 Hours 

CH, - CH, 
EG I I 1.97 

OH OH 

CH, - CH,- CH, 
1 . .1- PDO I I 1.60 

OH OH 

CH, - (CH,l, - CH, 
1.4- BDO I I 7.5 1 

OH OH 

CH, - (CH,)_.- CH, 
1.5- PEDO I I Gel 

OH OH 

CH,- (CH, l, - CH, 
1.6- HDO I I Gel 

OH OH 

polyo l) to HMMM . Based on res in so lids. it a lso con­
ta ined 3 .46% of Sanduvo r® 3206 UY absorber (Sa ndoz 
Chemica ls Corp . ). 1.38% of T inuvin® 440 hi ndered 
ami ne li ght stab ilizer (HALS . Ciba-Ge igy) . 0. 4% of a 
nonsilicon ft ow aid . and 0 .4% of blocked DDBSA. The 
solve nt blend fo r the coating was co mposed of a mi xture 
o f MAK. methyl propyl ketone . n-butanol. and 2- butoxy­
e thylacetate. Final let down wi th Solvesso 100 res ulted in 
a pa int with a measured YOC of 3.5 lb/ga l. 58.0 wt % 
NY. 52. 0% volume so lids . and 8.3 1 lb/gal de nsi ty at a 
spray viscos it y of 30 sec . Ford # 4 cup at 80°F. The 
clearcoat was sprayed wet-on-wet over a conventio nal 

Table 3- Properties of PPOs Derived from Tolonate HOT-LV 
and from 1 ,3-Propanediol, 2-Methyi-Propanediot, Neopentyl 
Glycol , 2,2-Diethyi-Propanediol, and 2-Ethyi-2-Butyt-Propane-

1.3-PDO 

MPDO 

NPG 

DEPD 

BEPD 

diot 

1-3 Diprlmary 
Propane Diols 

CH.- CH .- CH, I - - I-
OH OH 

CH. - CH - CH. 
I - I I. 

OH CH_. OH 

CH, 
I 

CH.- CH - CH, 
I . I I-

OH CH, OH 

c,H, 
I 

CH.- C - CH, 
I - I I 

OH CH, H, OH 

C.~ H 9 
I 

CH,- C -
1 - I 

OH C, H, 

CH. I -
OH 

Coating 
Resin Acid Test 
MwfMn Hours 

1.60 

1.60 

1.45 II 

1.34 12 + 

1.4 1 12 + 
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0 

OCN~N)J-__N~NCO 

0 

HO/R,o}l,_,NH 

oJ-N_., 
~NCO 

R 

+ ' HO .1"""-..0H 

Figure 1-ldealized presentation of the reaction of one mole 
of HMDI isocyanurate trimer with three moles of a diol in a 
manner that a triurethanetriol is obtained. Critical for the out­
come of this reaction is the structure of the diol symbolized 

by the " R" group 

ac rylic dark blue metallic basecoat to a dry film thickness 
(DFT) of 1.8 to 2.0 mils , and baked at 250°F for 30 min. 

2.7 Preparation of Spray Applied Black 
Automotive Topcoat 

The spray applied black monocoat was prepared using 
a 65:35 (BORS) ratio of the PPO to HMMM. Based on 
resin so lids , it also contained 3.0% of Sanduvor 3206 UY 
absorber . 1.0% ofTinu vin 440 HALS , 0.2% of a nonsili­
con flow aid , 0.4% of blocked DDBSA. and 1.8% carbon 
black. The carbon black was ground directly into the PPO 
resin in a steel ball mill to fu ll deve lopment of jetness 
(with the aid of 7.5% . based on pigment. of a pigment 
wetting age nt ). The solve nt blend for the coating was 
composed of a mixture of MAK , meth yl propyl ketone 
n-butanol , and 2-butoxyethyl ace tate. Final let down with 
Solvesso 100 resulted in a paint with a measured YOC of 
3.9 lb/gal , 53.0 wt % NY, and 8.32 lb/gal density at a 
spray viscosity of 30 sec , Ford #4 cup at 80°F. A formula 
identical to this was also prepared without the UY absorb­
er and HALS. Some acry lic coatings were used for pur­
poses of compari son and were fo rmul ated in a similar 
man ner. The coatings were baked at 250°F for 30 min. 

2.8 Measurement of Acid Etch Resistance 

The testing so lution was prepared by combining I N 
so lutions of acids in the vo lume proportions of 65 parts 
sulfuric. 30 parts nitric. and 5 parts hydrochloric. Test 
panels were marked with a grid co ntain ing 12 rectangles. 

10000 

v-
rr 

~ 
~v "-----

1000 
Molecular Weight 

80% 

60% 

40% 

20% 

100 

Figure 2-GPC results of the reaction product of one mole of 
TMXDI and two moles of EHDO 
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Each test spot was begun by placing three drops of the 
ac id so lution in the middle of the rectang le . A new spot 
was added every hour, at whi ch time the evaporated 
liq uid from the older spots was replenished to maintain a 
roughly constant drop size. After 12 hr , all the drops were 
rinsed off the panel with di st illed wate r. and wiped with a 
soft cloth to remove any salt. The number of hours of 
exposure leading to the first barely vis ib le surface dam­
age are shown in Tables 1-3. An alternate test is described 
in the caption of Figure 3. 

3. PPOs BASED ON ISOCYANURATE 
TRIMER OF HMDI 

3.1 General Principles 

The two HMDI isocyanurate " trimers" investigated, 
Tolonate HDT -L Y (R hone Pou lenc) and Desmodur 3390 
LV (Mi les Inc.). are in fact not trifunctional. According 
to suppliers . both conta in about 3.25 NCO groups per 
number average molecule. T hi s is believed to be due to 
the prese nce of higher molecular weight adducts. The 
M w! M, was determined by GPC of the methanol blocked 
forms to be I . 2 I . 

T he schematic presentation of Figure I ignores the 
actua l polydispersity of HDT-LY (or Desmodur 3390 LV) 
and shows its ideal trifunct ional state. For conven ient 
illustration of the principles of synthesis , Figure I shows 
the reaction of the ideall y trifunctional isocyanate with 
exact ly three moles of a dial. In actual expe riments, the 
To lonate HDT-LY was reacted with dial s at a ratio of one 
mole of HDT-LY and 3.25 moles of the dial. (One NCO 
eq ui valent per one mole of dial. ) 

The schematic presentation of Figure I also shows an 
ideally monodisperse po lyu rethane trio! as the so le reac­
tion product. In fact, a 3.25 functional PPO was the 
pri ncipa l reaction produc t of 1.2- and 1. 3-diols. How­
ever. as mentioned in Section 2.4, about 6 to I 0 % of such 
d ia ls remained unreacted at the end of the reaction when 
all NCO groups had disappeared . Consequentl y. small 
amounts of higher than 3. 25 to I adducts were also pro­
duced. Tables I-4 show the MwiMn values of the PPOs to 
be higher than 1.21 , the value for Tolonate HDT-LY. 
This increase in polydispersity will be explained in Sec­
tion 4 . 

In the first phase of the present work, the effect of the 
st ruc ture of the dial on it s reac ti on wi th Tolonate 
HDT-LY was es tab lished. T he structu re of the dial s is 
symboli zed by the group "R" in Figure I. 

3.2 Structure of PPOs Based on Primary/ 
Secondary Diols and Tolonate HOT-LV 

An early hypothes is was that asymmetri c primary/sec­
ondary dia ls would react wit h isocyanates select ively. 
The I ,2- and I ,3-d iols of Table I gave narrow polydis­
persity, I .40 to I .66 , actuall y lower than commercial 
high so lids acry li c polyols, which usually have polydis­
persity of 2 or s light ly hi gher. The data of Table I also 
show that I ,4- and I ,5- primary/secondary dio ls did not 
fulfill this expectation. but led to MwiMn values of 3.21 
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Table 4- Comparison of Symmetric and Asymmetric 1 ,4· and 
1 ,5-Diols in Their Reactivity with Tolonate HOT-LV 

Tolonate HOT-LV-

Diols Based on 5-7 
Based PPOs 

Carbon Atoms M, M.IM, 

Typical 1,2 Dlols and 1,3 Diols 1390-1660 1.35-1.52 

1,4 Diols 

CH 2 - iCH 2),- CH - CH, 
1.4-PEDO I I 2528 3.21 

OH OH 

CH, - iCH 2),- CH, 
1.4-BDO I I 3446 7.51 

OH OH 

CH,- CH(CH 2),- CH - CH, 
2.5-HDO I I Gel Gel 

OH OH 

1,5 Diols 

CH, - (CH 2 ) .,- CH- CH, 
1.5-HDO I I 2733 3.61 

OH OH 

CH 2 - (CH 2>.•- CH, 
1,5-PEDO I I Gel Gel 

OH OH 

and 3.61 , subslantia ll y higher th an that ofTolonate HOT­
LV, 1. 21. 

Not shown in Table I are the number average molecu­
lar we ights , Mn. The Mn values were between I ,500 and 
I , 700 for the I ,2- and I ,3-diols, and > 3000 for I ,4- and 
I ,5-diols. 

The reaction product of 2-ethyl-1 ,3-hexanediol with 
Tolonate HOT-LV was subjected to NMR analysis. If the 
se lecti vity of the isocyanate/dial reaction wou ld have 
been so lel y due to the reactivity difference between the 
primary and the secondary OH groups , the resultant PPO 
would have contained only secondary OH groups. In ­
stead , the NMR data showed that 60% of the OH groups 
on thi s PPO were secondary and 40% primary. It is now 
concluded that the asymmetry of primary/secondary diols 
contributes to selective reaction, but the effect of steric 
hindrance inherently due to the structure of I ,2 - or I ,3-
diols/NCO adducts is more important. This wi ll be further 
discussed in Section 4. 

3.3 Acid Etch Resistance of Melamine 
Crosslinked Coatings Based on PPOs Derived 

from Primary/Secondary Diols and Tolonate HOT-LV 

Table I shows exce llent (> 12 hr) ac id etch resistance 
(cf. Sections 2.5 and 2.8) for PPO/melamine coatings de­
rived from PPOs based I ,2-dodecanediol and 2-ethyl- 1 ,3-
hexanediol. The I ,2-octanediol-based resin gave a respect­
able nine hour rating in the acid etch test. It should be noted 
that in thi s test thermoset acrylic coatings (formulated simi­
larl y to the PPO-based coatings) showed only two hours 
acid etch resistance. even less than those which are based on 
PPOs synthesized from diols containing six or fewer carbon 
atoms. 

It now seems that being ester-bond free in itself does not 
maximize the acid etch resistance of PPOs. It is also very 
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important that the OH groups attached to PPOs be shielded 
by bulky alkyl groups. 

3.4 Adducts of Symmetric Primary Diols and 
Tolonate HOT-LV 

The results of Section 3.2 sugges ted that I ,2- and I ,3-
diprimary diols would also react selective ly with Talon­
a te HOT-LV , since such diols are struc turall y simi lar to 
their primary/secondary counterparts. Consistent with 
this hypothesis, the pattern of results with diprimary 
diols , shown in Tables 2 and 3, is quite analogous to the 
results of Table I. 

Nine diprimary diols were tested. Five of these were of 
the I ,3-type and led to MwiMn of 1.30 to 1.60 with Mn 
in the 1500 to 1800 range. The on ly I ,2-diol of this 
series , ethylene glyco l, gave MwiM" of 1.90, but in a 
different so lven t system, a less polydisperse resin was 
prepared. The reaction product of I ,4-butanediol had 
MwiM" of 7.51; the I ,5- and I ,6- diprimary diols gave 
ge ll ed reaction products. 

With respect to acid etch resistance , the results with 
diprimary I ,3-diols followed the previously obtained pat­
tern. Melamine cured PPOs based on diols with seven or 
nine carbon atoms gave more than 12 hr acid etch res is­
tance (2,2 -diethyl- and 2-ethyl-2-butyl-1 ,3-propanediol). 
Neopentylglycol with five carbon atoms gave a respect­
able II hr acid etch rating. All other lower molecular 
weight diols with not enough shie lding for the pendant 
OH group gave poorer acid etch resistance of seven 
hours, although better than the two hours acid etch resis­
tance obtained with melamine cured acrylic polyols. 

4. FACTORS CONTRIBUTING TO 
POL YDISPERSITY OF PPOs 

Tables 1-3 show that both the asymmetric (primary/ 
secondary) and the symmetric (diprimary) I ,2- or I ,3-
diols give about the same polydispersity. Apparently , the 
MwiMn val ues obtained with these diols do not discrimi-

COMMERCIAL ACRYLIC BASED 
CLEARCOATS 

Temperature 
·c 120 50 Melamine% 

Acid 
Etch 

Ratings 

Figure 3-Results of acid etch testing conducted at Akzo 
Coatings GmbH in Germany. Clearcoated panels were cured 
for 25 min at the temperatures indicated. After immersion at 
room temperature in a 28% H2S04 solution for 24 hr and 
rinsing, the damage was rated against a standard ; 5 is 

perfect, 0 is very bad 
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PPO-BASED CLEARCOATS 

~~-5 

Temperature 
·c 120 50 Melamine% 

- 4 Acid 
Etch 

Ratings 

Figure 4-Same tests as in Figure 3, conducted with a PPO 
based on Tolonate HOT-LV and 2-ethyl-1 ,3-hexanediol 

Table 5 - Properties of Polyurethane Diols Prepared from 1 
Mole Diisocyanate and 2 Moles of a Hindered or Unhindered 

Diol 

Diisocyanate (DI) 

lsophorone Dl 

Trimethyl hexamethylcne DI 

Methylene dicylohcxyl Dl 

Oligomer Oligomer 
Dioi(DO) M" M.IM" 

2.2-Dicthyl-1.3-Propane 
DO 677 

2-Ethyl· 1.3-Hexanc DO 6 18 
1.6-Hexane DO 16 13 

2-Butyi-2-Ethyl-1. 
3-Propane DO 727 

Neopentyl Glycol 835 
1.6- Hexane DO 1178 
Cyclohexane - 1.3-

Dimethanol 1024 

2-Bulyi-2-Ethyl-1.3-
Propane DO 853 

1.6-Hexane DO 1153 

I 18 
1.12 
1. 5 1 

1.1 8 
1.27 
1.53 

1.60 

1.1 7 
1. 60 

Initi al Gloss 2500 kJ Exposure 

Figure 5-Biack monocoat durability in xenon arc weather­
ometer 
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na te between sy mmetric and asymmetric struc JU res. 
though the NMR observations of Section 3.1 indicate 
some preferential reactivity of primary re lat ive to secon­
dary OH groups. For I .2- and 1.3-diols. the steri c hin­
drance seems to be the do minat ing cause for reaction 
se lectivity. Once the first OH gro up of suc h a dial for ms a 
ureth ane link . the second OH group becomes less reac ti ve 
than any OH group on an as ye t unreacted dial molecule. 

Table 4 compares 1.4- and 1.5-d io ls in their reactiv ity 
toward To lonate HDT-L V. It is ev iden t th at 1.4- or 1. 5-
asymmetric (pri mary/secondary) d ia ls give lower poly­
dispersity and lower molecu lar we ight s than ana logous 
symmetri c (d iprimary) dial s . Actually , 1,5-pentanedi ol 
led to ge l formation. Interesting ly. the symmetri c disec ­
o ndary dial wi th four carbons be tween the OH groups 
(2 ,5-hexanediol ) also caused ge lat ion . 

The di scrimination of select iv ity of I ,2 - or I ,3-hin ­
dered dials is also notable when compared to two unhin­
dered dia ls (HDO and cyclohexane dimethanol) in the ir 
reaction wi th three different d ii socyanates lead ing to 
diurethane dia ls. Table 5 shows th at the hinde red di a ls 
(DEPD . EHDO, BEPD. and NPG) gave lower molecu lar 
weights and lower MwiMn va lues than the unhindered 
o nes. 

The se lecti vity of 1he reaction of hinde red d ia ls wi th 
isocyanates is not perfect , si nce the Mwi Mn of the PPO is 
a lways somewhat hi gher than th at of th e precu rsor poly­
isocyanate. T he observed degree of se lectivity must be 
the consequence of the differing reaction rates of various 
types of OH groups with an NCO group. An OH group of 
an as yet unreacted dial molec ule reacts faster than an OH 
group pending on a PPO molecule . In the absence of 
kinetic data, the se lecti vity of the reaction is assessed 
below from the conversion of the dial at the end of the 
reaction. 

Tetrameth y lxy ly lene dii socyanate (TMXD!) is practi­
ca ll y monodi sperse being > 99% pure according to the 
data of the Ame rican Cyanamid Co. At the end of it s 
reac tion wi th 2-et hyl-1 ,3-hexanediol. 7.84% of the dia l 
was found to remain uncon ve rted (cf. Section 2.4) . 

Table 6 shows a mathematical model to calcu late the 
mo le fractions of the 211, 312, 413, and higher adducts in 
the reac ti on mi xture from the fractional diol conversion. 

The GPC data of Figure 2 provide a basis for compari­
son of the theoretical and expe rimenta l data in Table 7. 
The agreement is remarkably good. For example , the 
calcul ated and expe rimental Mn va lues are 61 1 and 622, 
and the M .. IM 0 ratios are 1. 103 and 1. 120, respec ti ve ly. 

It should be noted that the fractional conversion of 
EHDO in it s reac ti on with TMXDI and Tolonate HOT­
LV is about the same. The increase in po lyd ispersi ty is 
higher with Tolonate HDT-LV as a result of its hi ghe r 
initi al functi onality. 

Based on the availab le results, it may be justifi able to 
assume that the hindered d ia ls react se lecti vely with at 
least 90% effic iency. 

It should be noted that all PPO react ion prod ucts pre­
pared with h indered dia ls inherent ly contain small 
amounts of unreac ted precursor d ia ls. These dials ac t as 
reactive diluents and at low leve ls do not seem to detract 
from the properties of the coat ings. 
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Figure 6-0UV durability at 3500 hr black monocoat 

5. PRACTICAL COMPARISONS BETWEEN 
ANALOGOUS PPO/MELAMINE AND 
ACRYLIC/MELAMINE COATINGS 

5.1 Various Resin Structures 

Many versio ns of PPO resins have been in vesti gated . 
In particu lar. th e biuret trimer of HMDI . the isocyanurate 
trimer of I POI , and the tri-IPDI adduct of trimethylolpro­
pane were a lso used as isocyanate precursors. These we re 
combined with the hindered I ,2- or I .3-diols previously 
described , and gave resins differing from those based on 
the isocyanurate trimer of HMDI o nl y in subtle ways. All 
these resins had low po lydispersi ty and gave cross linked 
coatin gs havi ng good acid etch res is tance. Various meta­
mines and blocked isocyanates were success fully used as 
c ross linkers. Several. but not all . of these resi n/cross­
lin ker combi natio ns gave VOC values less than 4lb/ga l at 
spray viscos ity. 

The prac ti ca l performance of the PPO resin prepared 
from To lo nate HOT-LV and 2-ethy l- 1.3-hexaned iol was 
extensive ly compared to acry li cs in HMMM crosslin ked 
coatin gs. Typical automoti ve grade ac ryli c resins have 
about the same viscos ity as th e PPO resin (2000 to 3000 
mPaS at abou t 70% so lids) and have similar OH equi v­
a lent weight. about 400. Unlike the PPO , these ac ryli c 
resins are linear and have Mw!Mn of at leas t 2 at an Mn 
higher th an that of the PPO . Formulating guidelines are 
shown in Sect io ns 2.6 and 2.7. 

5.2 Response to Melamine Level and to 
Cure Temperature 

Figures 3 and 4 show that the PPO-based coatings g ive 
bett er acid etch resistance than the acry lic coatin gs ove r a 
wider range of melamine leve ls and curin g temperat ures. 
Not shown in these data is the fi nding th at , if the ac id 
catalyst leve l is increased , PPO/HMMM coatings cure 
very we ll at low temperature repai r conditions (8SOC at 20 
min ) and have UV and ac id etch resis tance s imilar to the 
coatin gs baked under regul ar conditions ( 125°C, 30 min ). 
The acrylics do not respond that we ll to low temperature 
bake even w ith increased acid cata lyst. 

5.3 Field Experience and Results Obtained in 
Accelerated Weathering 

Coatin gs desc ribed in Table 8 and in Sections 2.6 and 
2. 7 were exposed in Jackso nvill e, FL , in three consecu-
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Figure 7-Biack monocoat QUV exposure 

ti ve summers by automoti ve companies and by Akzo. The 
PPO/ melamine coatings consistentl y o utperformed the 
commerc ial high so lids thermose t ac ryl ics wit h respec t to 
acid rain resistance . As far as information is avai lab le. 
the PPO/ melamine coatin gs were the o nl y high soli ds. 
one-component coatings giving good res ults in Jackso n­
vi ll e, although recent lite rature' describes other chem ica l 
approac hes for hi gh so lids. one-component. ac id etch 
res istant coa tin gs. Ac id ra in res istance of PPO/melamine 
coatings approac hed those of th e best quality. two-com­
ponen t ac ry lic ureth anes. It shou ld be stated that some , 
but not all . expe rimental two-compo nen t coat ings , reput ­
ed ly based o n fluoropolymers or s ilicone mod ifi ed pol y­
mers. gave be tte r acid rain resistance th an the one-com­
ponent PPO/melamine coat ings. 

The ava ilab le in forma ti on o n the chemi stry of vario us 
coat ings used in the Jacksonville tests is adm ittedl y cu r­
sory. At its face va lue. this in formati on indicates that 
coatings based on some very polar res ins (PPO/ HMMM 
o r ac ry lic urethane) and some possib ly nonpo lar (fluorine 
or s ilicone conta ining) resins performed very we ll . 

Sec ti o ns 3.2 and 3.3 show that not a ll PPO res ins are 
suited for opt imal ac id etch res istant coatings. No such 
structure/property re lat ionships are currentl y ava il able for 
other classes of coatin gs designed to be acid e tch resi s­
tan t. 

Accord ing to tests run by automot ive compani es , the 
PPO/melamine coat ings have outstanding scratch and car­
was h res istance. It is poss ible th at the reg ul ar spacing of 
cross links helps to achieve these properties. 

The commo nl y used Kesternich test , mentioned in 
Table 8, involves exposure of coated panels to a humid 

Table 6- Calculation of the Molecular Weight Distribution 
from the Fraction of Unreacted Diol for the 

Reaction Product of 1 Mole of Tetramethyl Xylylene 
Diisocyanate and 2 Moles of 2-Ethyi-1 ,3-Hexanediol 

Model: Monodisperse Di isocyanate. TMXDI ( I mole), "Selecti ve"' Diol. 
EHDO (2 moles) 

X = Fraction of unconverted EHDO at the end of reaction = 0 .0784 (by 
experiment) 

P 1 = 1·2X = probability that any NCO group is auached to single-end· 
edly reacted diol 

P2 = (P1)
2 = ( 1-2X)2 =probability that both NCO groups on a single 

TMXDI molecule are attached to single-endedly reacted diol 
M2 = P, = mole fract ion of 2/ 1 (diolrTMXDI) adduct 
M l = P1

2 (l - P1
2 )/2=mole fraction of a 3/2 adduct 

M~ = P1
2 (I - P1

2
)

2/3 =mole fraction of a 4/3 adduct 
M5. 
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Figure 8-White monocoat QUV exposure 

Table 7 - Frequency Distribution of Adducts and 
Corresponding Weight Dist ribut ion Calculated by the Model of 

Table 6 from the GPC Data of Figure 2 

EHDOITMXDI Molecular Calculated Experimental 
Adduct Ratio Weight Mole-% Mole - % 

2: I 536 H4_74 85,62 
3:2 926 12.24 12,39 
4:3 13 16 2,36 I ,7H 
5:4 1706 0 ,5 1 0_2 1 
6:5 2096 o_ 12 

7:6 2484 0,03 

Calculated Experimental 

Mn 61 1 642 

M. IM" 1. 10,1 1.1 20 

Table 8 - Properties of Spray Applicable Coatings Prepared 
f rom a PPO and Cymel 303 

Wet Paint Properties Clearcoat Black Monocoat 

voc 3_50 _1_90 
'k NV 58 ,00 53,00 
Weight/gallon. lb. 8_3 1 8,32 

Dry Film Properties Clearcoat Black Monocoat 

DOl 94 99 
20° Gioss 95 93 
Tukon hardness ( KH N) 12,0 12,3 
MEK double rubs 200 + 200+ 
Gravclomcte r 5A 5A 
Keslcrnich Pass Pass 

SO~ atmosphere, Comme rc ia l automoti ve coatin gs tend 
lo show crac king in thi s test. The PPO/me lamine coatings 
are comp lete ly slabl e_ The grave lo meter lest (SAE J-400) 
rated the PPO coatings 10 be sli ghll y better th an c urre nl 
comme rc ia l syste ms_ 

Black PPO/melam ine mo nocoats have o ut standin g 
g loss re1en1ion in arti fic ia l weathe rin g teSis with or wilh~ 
o ul stabili zin g anti ox idani / UV absorber additi ves. and are 
in thi s respe'C t far supe rior to 1he commerc ia l ac ry lic 
contro ls. whi ch are formu lated wilh stabil iz in g addili ves 
(cf. Secti ons 2_6 a nd 2_ 7)_ These results are' shown in 
Figures 5-7_ 

The pho10oxida1io n res islance of additi ve free PPO/ 
me lamine coa ling was tes led by a me thod deve loped al 
Ford Research Laboratori es_ '-'- 14 Hydroperox ide concen­
trat ion was fo llowed iodome trically as a functi on of 
xeno n arc " li ght only" ex posure time_ In thi s method a 
low sustained hydroperox ide co nce nt ra ti on pred icts better 
o utdoo r weatherab il ity_ Accord ing to pri vate co mmu nica­
ti on fro m Dr. Ge rl ock , PPO/me lamine hydroperox ide 
conce ntration remained near the lowe r detectio n limit of 
th e iodo metri c tec hniqu e for the duration o f the exposure. 
substanti a ll y lowe r than the hydrope rox ide concentra­
ti on profil es observed for conve nti onal ac rylic/me lamin e 
coat ings_ 

The data of Figures 7 a nd 8 and of Table 9 are based on 
coatings cont a ining stabi liz ing additi ves. The white PPO/ 
me la min e coating (cf. Figure 8) is no t qui te as good as 
the black coating in it s res ista nce to acce le rated weather­
ing . T he cata lyt ic e ffect of Ti02 in UV degradat ion was 
not comple te ly ove rcome by the PPO/me lamine. T he 
commerc ial white acry li c coatin g lost gloss almost co m­
plete ly aft er 1.000 hr QU V (B-Iamp ) ex pos ure , whil e the 
PPO/me lamine coating re tai ned 92% of its initi a l gloss. 
The g loss re te nt ion a ft er 2.500 hr e xpos ure was 74%. 

A PPO-based cl earcoat reta ined g loss and di stinctn ess 
of image (DOl ) ve ry we ll aft er 4 .500 hr QUV ex pos ure . 
much bette r tha n the commerc ial thermoset acry lic. ac­
cordin g to the data o f Table 9. It is note worth y th at 
overbaki ng caused seve re de teri oration in the weather­
ing resis tance of the acry lics, but not of the PPO-based 
coatin g. 

T he PPO/ me lamine coatings are be ing ex posed in Flor­
ida. The blac k mo nocoat and the clearcoat show very 
lilt le change to date (two years for the bl ac k monocoat , 
three years for the c learcoat). The exposure is co ntinuin g. 

Success ful producti on line app licati on of PPO/me la­
mine paints in Ford Motor Company's Atlanta , GA , fa­
c ility in volved T auru s cars. Three car bod ies were paint­
ed with PPO/me lam ine blac k monocoats and about 5.000 
full y asse mbled cars we re produced us ing a PPO/me la-

Table 9 - QUV Exposure Results Obtained with Acrylic Basecoat Overcoated Either with an Acrylic or with a PPO Based Clearcoat 

Acry lic. 
PPO . 

(~I S1llllC cra.: lo...n 11. . 
!b) 5<.'\'t:rc crad:i~!! -

32 

Initial 

99 
94 

Standard Bake: 17 Min at 265°F 

20° Gloss 
4500 Hr 

83' 
91.7 

Initial 

9 1 
94 

DOl 

4500 Hr 

88" 
93 

Initial 

99 
94 

Overbake : 30 Min at 265°F 

20° Gloss 

4500 Hr 

3.3" 
91 

Initial 

94 
94 

DOl 

4500 Hr 

1.5" 
93 
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mine c learcoat ove r a blue me ta lli c thermoset acrylic 
basecoat. The PPO/ me la mine c learcoated cars showed no 
s ignifi can t ac id e tc h damage when stored outdoors w ith ­
o ut a temporary' ' tran s it coating ... whi ch is normall y put 
over conve ntionall y coated cars for protecti on aga inst 
ac id e tc h damage. None of these cars required repai ntin g. 
Con trary to thi s, cars c learcoated durin g the sa me period 
of time with conve nt io nal acrylic/ me lam ine paints sus­
tained considerab le acid rain damage. regardle ss whe th er 
protected by transi t coating or not, and many of th em had 
to be repa inted. 
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Infrared Microscopic Analysis of Multiple 
Layers of Automotive Paints 

David J. McEwen* and G. Dale Cheevert 
General Motors Corporation 

NAO Research and Development Center 

A five -layer paint system for sheet molding compound 
(SMC), consisting of molded coating , conductive primer, 
primer surfacer, bas ecoat , and clea rcoat, was ana­
lyzed by infrared microscopy. The resu lts of three sample 
preparation methods we re compared: polishing the 
pa int-SMC at so and goo to the top su rface , a nd 
microtoming a paint chip. The qu ickes t and easies t 
method was taking reflection spectra of the individual 
paint layers polis hed at so to the top s urface . The bes t 
infrared spectra were obtained by the difficult proce­
dure of microtoming a cross section of the paint a nd 
analyzing the individual layers by transmission spec­
troscopy . Experience has shown that the so reflection 
method is the preferred method and the one we mos t 
freque ntly use . 

INTRODUCTION 

Automoti ve paint systems are composed of multiple layers 
having diverse compositions and functions. The primers are 
applied to protect the substrate and prov ide adhesion for the 
topcoat layers. The topcoat layers provide appearance and 
protec t the substrate and primer layers. Substrates in auto­
motive use are metals, thermoplasti cs, and thermoset com­
posites. 

In the present work , a thermoset compos ite called sheet 
molding compound (SMC) was used as the substrate. SMC 
consists primarily of glass fibers and calcium carbonate in a 
polyester matri x. The fi ve coatings on the SMC are : (I ) a 
molded coating applied in-situ during compress ion molding 
o f the SMC that prov ides a smooth surface for the pa int 
system and limits solvent migration into the SMC substrate; 
(2) a conducti ve primer that also limits solvent migrati on and 
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aids in e lectrostatic application of subsequent layers; (3) a 
primer surfacerthat can be sanded if necessary for a smoother 
contaminant-free surface; (4) a basecoat for appearance; and 
(5) a clearcoat for high gloss and smoothness. An important 
part in the quali ty control of a paint system is having suitable 
methods for analyzing the individual layers and determining 
the ir composition. 

Infrared methods for analyzing the exposed paint surface 
are well developed.' However, surface characteri zation alone 
is often not adequate because defects arise in any of the 
layers or interfaces 2 Prior to the advent of infrared micros­
copy, the analysis of multi ple pa int layers requi red abrading 
away each successive layer and anal yzing the resulting dust 
or ex posed layer of interest.H 

Infrared microscopy has now permitted the direct analy­
sis of cross-sectioned paint layers, each of which vary in 
thickness fro m about 15 to 50 micrometers. The standard 
procedure is to cross section the paint into thin films with a 
microtome, and examine each layer by infrared transmit­
tance microscopy.7·8 To enlarge the exposure of the paint 
layers fivefold, Stoeckle in and G loger9 microtomed paint 
chips at an angle of 10° to the top surface. They obtained 
good in frared transmittance spectra of each laye r, but 
microtoming is an exacting and time-consum ing procedure . 

In the present study, we have extended the analysis of 
paint layers to include infrared refl ectance. The paint sample 
was poli shed at an angle of 5° to the top surface to enlarge 
the dimensions of the exposed layers tenfold, and then a 
reflectance spectrum was taken of each paint layer. How­
ever, reflectance spectra of strongly infrared absorbing mate­
rials are not as well-defined or as sensitive as transmittance 
spectra. They need to be adjusted for refracti ve index changes 
with a Kramers-Kronig algorithm, and calibrated for infrared 
band shifts relati ve to the more customary transmittance 
spectra. But once the adjustments and calibrations have been 
made , reflectance spectra can be as useful as transmittance 
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1 2 3 4 5 

Figure 1-Photograph of infrared microscope and spectrometer: (1) Perkin-Elmer 186-0421 air dryer; (2) Spectra-Tech 0044-0050 
infrared microscope; (3) Microscope atmosphere chamber; (4) SMC specimen embedded at 90' in epoxy ; (5) Panasonic AG-EP70 video 
printer; (6) Panasonic CT-1381Y video monitor; (7) Panasonic WVCL300 video camera ; (8) Fiberoptic Specialties LS86-110-21ight; (9) 
Nicolet 740 FTIR spectrometer; (10) C.ltoh C310 printer; (11) Nicolet computer and monitor for 740 FTIR; and (12) Zeta Graphics 

912 plotter 

spec tra and much easier to obtain. In thi s report , the reflec­
tance method is demonstrated and compared to the transmit­
tance method with the analysis of a fi ve- layer SMC paint 
system. 

EXPERIMENTAL 

SMC and Paint System 

The description of the SMC substrate and paint system is 
given in Table I. 

Paint-SMC Preparation tor Analysis 

Four methods were used to prepare the pain t and paint 
layers on the SMC for analys is. 

MICROREFLECTION, S0
: The painted SMC was glued with 

beeswax to a so bevel mount (Solid State Measurements, 
Inc., Mode l I-SS- IS) and polished at so to the top surface 
with I 000-mesh carborundum paper. 10 The beve l mount had 
an actual angle of S.72°, so the paint layers were exposed ten 
times wider than their normal th icknesses . 

MICROREFLECTION, 90°: The painted SMC was cast in ep­
oxy (Fisher 12-270-2) and polished at 90° to the top surface 
with Linde A polishing compound. This procedure exposed 
the paint layers at their normal thicknesses. 

36 

MICROTRANSM ITTANCE: A paint chip removed from the 
SMC was mounted on the end of a slit dowel and immersed 
in epoxy in a polyethylene cup (Ernest Fullam S4080). After 
the epoxy hardened, the polyethylene cup was cut away, and 
the chip-i n-epoxy was microtomed to 3-micrometer thick­
ness with a Re ichert-Jung mode l FC4E microtome. The 
resulting paint sli vers were straightened and flattened by 
pressing them between two 0.3 mm thick KBr wi ndows in a 
pellet press. We tried to cut the chip at a large angle, but only 
achieved cuts at about S0° to the top surface, so the exposed 
paint layers were about 1/3 wider than the normal paint layer 
thicknesses. 

MACROTRANSM ITTA NCE: Indi vidual uncured coatings were 
smeared on KBr or ZnSe windows and cured at 120°C for 30 
min. The sampling was done before and after stirring the 
coatings to mi x the settled fillers , so that spectra were ob­
tained of the pol ymers without and with the fillers. 

Instrumentation 

The infrared spectra were obtained with a Spectra-Tech 
IR-PLAN microscope fitted with 4X and lOX glass objec­
tives for the visible region. and with a ISX Cassegra in- type 
objecti ve for the infrared/visible region. The 32X objecti ve 
was also used to examine the microtomed paint sli vers. The 
examination of the paint layers was greatly facilitated with a 
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Table 1-Description of SMC and Paint System 

_ Bake 
Material __________ C~o~m~p~o~s~it~io~n _______ ~m~in __ o~F ____ _ 

SMC .................... ... Styrene crossl inked polyester 
resin , glass fibers and ca lcium 
carbonate 

Molded coat ing ...... Epoxy-acrylic res in. talc 
and carbon black 

Conductive primer . Melamine-formaldehyde resin , 30 300 
barium sulfate and carbon black 

Primer surface r .. .... Melamine cross linked polyester 30 250 
resin, barium sulfate and 
titanium dioxide 

Water-based ........... Melamine-formaldehyde resin wet-on-wet 
basecoat and a luminum flake 

Clearcoat .... ... .. .. ... . Melamine cross linked polyester 30 250 
and epoxy-acryl ic res in 

color video camera and monitor. The microscope was con­
nected to a Nicolet model 740 Fourier-transform infrared 
spectrometer (FTIR), as shown in Figure 1. The spectrom­
eter was operated under conditions outlined in Table 2. 

For the microreflectance studies, the spectra were dis­
torted because the weak reflectance signal from the strongly 
infra red absorbing paint layers is dependent on the infrared 
absorption coeffic ient and the refractive index of the paint. A 
Nicolet algorithm called Kramers-Kronig was used to math­
ematically separate the two functions, so the spectra prima­
rily represent the absorpt ion coefficient. Al so for the 90° 
microreflectance study, the detector was operated at such a 
high gain that the s ignal was quite noi sy . Consequentl y. the 
spectra were smoothed with a 2S-data point smoothing al go­
rithm. 

RESULTS 

Photomicrographs of Paint Layers 

Photomicrographs of the five paint layers plus SMC and 
potting epoxy are shown in Figure 2. Figures 2A and 2B 
represent the surface of the paint samples that were polished 
at angles of S and 90° to the top surface, respectively. (The 
photograph for Figure 2A was reduced I 0 times to match 
Figure 2B.) Because of the small polishing ang le of S0

, the 
boundaries of the paint layers are not as clear cut in Figure 
2A as they are in Figure 28. These paint surfaces we re used 
in the microscope reflection studies. The layers exposed 
after a so polish were sufficientl y wide to avoid any spectral 
contam ination from adjacent layers, but for the sample pol­
ished at 90° there was spectral contamination for layers 
thinner than about 2S micrometers when a I SX microscope 
objecti ve was used. 

Figure 2C shows the paint layers exposed by microtoming 
a paint chip held in an epoxy matrix. This sample was used in 
the microscope transmission studies. The paint was cut at 
S0° to the top surface, exposing the paint layers about 1/3 

wider than normal at 90°. (The photograph for Figure 2C was 
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reduced by 1/> to match the dimensions of Figure 28.) The 
microtoming of the paint caused striat ions and wrinkling of 
the cut paint sli ve r. Eve n after pressing the sli ver between 
thin K8r windows, the striations and wrinkles are still visible 
in Figure 2C. The boundary between the clearcoat and epoxy 
is almost indi stingui shable, because the refractive indices of 
the clearcoat and potting epox y are similar. 

Infrared Analysis Molded Coaling 

The first coating that is applied to the SMC is an epoxy­
acry lic res in with talc and carbon black. It is added and cured 
in the mold with the SMC, hence the name molded coating. 
Six spectra are shown in Figure 3 that compare the results of 
the various sample preparation methods for infrared anal yz­
ing the molded coat ing. The top two are reflectance spectra 
of the molded coating poli shed at S and 90° to the top 
surface, the middle two spectra are transmittance spectra of a 
thin microtomed sli ver, and the bottom two are transmittance 
spectra of cured smears of reference paints. 

In the spectra of Figure 3, the main bands that represent 
theepoxy-acryli c resin are 172S, IS09 , 1247,and 11 83cm· ', 
and 1020 em· ' for talc (Spectrum #824 11 ). Other bands are 
li sted in the legend of Figure 3. In addition , the molded 
coating on the SMC has some polystyrene (1494, 760, and 
700 em· ', Figures 3A-3 D). which was not found in the refer-

A B c 

Figure 2-Photomicrographs of cross-sectioned paint layers. 
(A) 5° and (B) 90' polished cross sections used for infrared 
reflectance studies. (C) 50° cross section microtomed to 3 mi­
crometer thickness and pressed between two 0.3 mm thick KBr 
windows, used for infrared transmittance studies. The various 
layers and thicknesses in micrometers are: (1) SMC; (2) molded 
coating-54 ; (3) conductive primer-17; (4) primer surfacer-
29; (5) basecoat-22; (6) clearcoat-39; and (7) potting epoxy 
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ence material (Figures 3E and 3F). The reference spectrum 
that was used for polystyrene was Spectrum #380. 11 

In comparing the spectra in Figure 3, the band max ima 
are considered to be at the same wavenumber if they are 
within a range of ±5 em·', since thi s study was done at a 
resolution of 4 em·' . The band wavenumbers of the transmit­
tance spec tra (Figures 3C to 3F) are all within thi s range. but 
the corresponding bands of the refl ectance spec tra (Figures 
3A and 38 ) are at a higher waven umber. For example, the 
main talc bands are at I 020 em·' for transmittance and at I 050 
em·' for refl ectance. This 30 em· ' difference was due to the 
refl ectance spectral distortion and subsequent Kramers-Kronig 
adj ustment. Weaker bands have smaller waven umber differ­
ences between transmittance and reflectance spectra. Know­
ing the extent of the wavenumber di ffere nces, plus the over­
a ll appearance of the spectra, allows one to spectrall y com-
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CURED SMEAR 

Figure 3-lnlrared spectra of molded coating. Microscope re­
flectance with a 15x objective of a 54-micrometer layer, cross 
sectioned at (A) s• and (B) go•. Spectra adjusted with a Kramers­
Kronig algorithm. Microscope transmittance with (C) 32x and (D) 
15x objectives of a 54-micrometer layer microtomed at so· to 3 
micrometer thickness. Regular beam transmittance of smears 
with (E) and without (F) carbon black and talc, and cured on 
ZnSe windows at 12o•c lor 30 min. Polystyrene: 1494, 760, 700 
em·•. Talc : 3676, 1020, 670,466,451,425 em·•. Epoxy-acrylic: 1725, 

1608, 1509, 1407, 1295, 1247, 1183, 1043, 985, 829, 809 em·• 

38 

pare refl ectance and transmittance spectra for coating identi­
fication. 

CoNDUCTI VE PR IMER: Five spectra were obtained of the 
conductive primer: one reflectance spectrum for the 5° sample, 
and four transmittance spectra (Figure 4 ). A re fl ectance 
spectrum of the 90° polished sample is not shown because 
the conducti ve primer layer was too thin ( 17 micrometers) to 
get a refl ectance spectrum that was free of infrared bands for 
adjacent paint layers when a ISX object ive was used. The 
band shift in the reflectance spectrum after adjustment wi th 
the Kramers-Kronig algori thm (Figure 4A) was 20 em·' 
higher for the 1292 em·' band, while the other bands were 
only shifted 5-7 em·' higher than the corresponding bands in 
the transmittance spectra. 

The transmittance spectrum obtained with the ISX ob­
jective (Figure 4C) shows a slight contamination from the 

A 

- B TRANS 32X C TRANS lSX 

1075 
112:3 

MI NUS BAR tuM SULFATE - 0 CURED SMEAR 
1728 

Figure 4-lnfrared spectra of conductive primer. (A) Microscope 
reflectance with a 15x objective of a 17-micrometer layer cross 
sectioned at s•. Spectrum adjusted with a Kramers-Kronig algo­
rithm. Microscope transmittance with (B) 32x and (C) 15x objec­
tives of a 17-micrometer layer microtomed at 50° to 3 microme­
ter thickness. Regular beam transmittance of smears with (D) 
and without (E) carbon black and barium sulfate, and cured on 
ZnSe windows at 12o•c tor 30 min. Melamine resin: 1552, 1486, 
1175,1123, 1074, 815 em·•. Ester: 1728, 1273 em·•. Barium sul-

fate: 1175, 1122, 1075, 980, 635, 610 em·• 
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primer surfacer: the 1270 em·' band has a shoulder at 1252 
em·'. and the 1075 and 11 23 em·' bands for barium su lfate 
are somewhat higher relative to the 1270 em·' band (Spec­
trum #792 11 ) . The 32X objective was more suitable than the 
ISX objective for analyzing thi s thin layer as shown in the 
transmittance spectrum of Figure 4B. Here there is no dis­
cernible spectra l contamination from infrared bands for 
components of adjacent laye rs. 

Figure 4D represents the clear liquid phase of the con­
ductive primer before stirring the carbon black and barium 
sulfate that had settled to the bottom of the container. Figure 
4E represents the whole sample after stirring the contents. 
All the spectra have the same overall appearance, so it is 
relatively easy to identify the conductive primer from any 
one spectrum , including the reflectance spectrum, as a 
melamine-formaldehyde resin with carbon black and barium 
sulfate. 

PRIMER SuRFACER : The spectra for the primer surfacer are 
shown in Figure 5. The primer surfacer was thick enough 
(29 micrometers) to give useful refl ectance spectra for samples 
poli shed at about 5 and 90°. As with the other coating layers, 
the band wavenumbers for the reflectance spectra were shifted 
to higher wavenumbers compared to the transmittance spec­
tra. One of the bands for the strongly absorbing barium 
sulfate ( 1102 cm·1, Figures SA and SB) was shifted 26 em 1 

higher than the same band for the transmittance spectra 
(1076 em·' , Figures SC and SD). Figures SE and SD, re­
spectively, represent the clear and mixed samples before and 
after sti rring the contents to mix the settled barium sulfate 
and titanium diox ide. The spectra indicate the primer sur­
facer to be a melam ine-crosslinked polyester with barium 
sul fate and titanium dioxide fillers. 

BASECOAT: The spectra for the basecoat are shown in 
Figure 6, which represent a methylated me lamine-formalde­
hyde resin with a luminum flake. The transmittance spectra 
are well -defined (Figures 6C and 6F), but the reflectance 
spectra are distorted (Figures 6A and 6B). The bands in the 
reflectance spectra are broad and not well separated , prob­
ably a result of a Kramers-Kronig adjustment of a spectrum 
for a highly reflecting surface due to the presence of alumi ­
num flake. 

The basecoat layer was too thin (22 micrometers) to be 
examined with the ISX microscope objective without getting 
some spectral contamination from bands for barium sulfate 
in the primer surfacer (Figures 3B and 3D). The most 
prominent barium sulfate bands were I 097 and 1185 em·' . The 
absence of these bands in Figure 3C indicates that the 32X 
microscope objective was suitable for measuring a 22-mi­
crometer layer, but the 15X objective was not (Figures 3B and 
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Figure 5-lnfrared spectra of primer surfacer. Microscope re­
flectance with a 15x objective of a 29-micrometer layer cross 
sectioned at (A) so and (B) 90°. Spectra adjusted with a Kramers­
Kronig algorithm. Microscope transmittance with (C) 32x and (D) 
15x objectives of a 29-micrometer layer microtomed at50° to 3 
micrometer thickness. Regular beam transmittance of smears 
with (E) and without (F) barium sulfate, and cured on KBr win­
dows at 120' C for 30 min. Melamine resin: 1556, 1180, 1130, 
1076, 815 em·' . Ester: 1728, 1236, 1165 em·'. Barium sulfate: 1180, 

1130,1076,980, 630, 610 em·' . Titanium dioxide: 650-550 em·' 

3D). The bottom two spectra (Figures 6E and 6F), respec­
tively, represent the basecoat resin before and after removing 
the aluminum flake by centrifuging. 

CLEARCOAT: The spectra for the clearcoat (Figure 7) rep­
resent melamine-c ross linked polyester and epoxy-acry lic 
resins. The transmittance spectra are well-defined and agree 
well with each other. Even the reflectance spectrum for the 

Table 2-lnfrared Spectrometer Operating Conditions 

Detector .. 
Detecwr gain .. 
Num ber of scans . 
Mirror ve locity, mm/s . 
Smoothing. data points . 
Resolution, cm·1 

•. 
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5" Microreflectance 

MCT 
32X 
144 
6.4 

none 
4 

90" Microreflectance 

MCT 
64X 
144 
6.4 
25 

Microtransmittance 

MCT 
8X 
36 
6.4 

none 
4 

Macrotransmittance 

DTGS 
2X 
32 
3.2 

none 
4 
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Figure 6-lnfrared spectra of aqueous basecoat. Microscope 
reflectance with a 15x objective of a 22-micrometer layer cross 
sectioned at (A) 5' and (B) 90' . Spectra adjusted with a Kramers­
Kronig algorithm. Microscope transmittance with (C) 32x and (D) 
15x objectives of a 22-micrometer layer microtomed at 50' to 3 
micrometer thickness. Regular beam transmittance of smears 
with (E) and without (F) metal flake, and cured on ZnSe windows 
at 120' C for 30min. Melamine resin: 1557, 1489, 1140, 1085, 

1026, 815 em·•. Ester: 1735, 1246, 1166 em·' 

90° sample is similar ro rhe rransmitrance spectra, although 
the base line is noisier due to less signal. However, fo r un­
known reasons, the reflectance spectrum of the S0 po lished 
clearcoat had overl apping bands and was not suffic iently 
similar to the other five spectra in Figure 7 to be useful in 
identifying the clearcoat. Fortunately, the clearcoat, be ing 
the top layer, can be eas ily identified by other infrared sam­
pling procedures. For example, a transmitrance spectrum 
was taken of the top surface scrapings (Figure 7F), so that 
we do not need to re ly on a reflectance spectrum of the 
clearcoat for identificati on. 

In summary, easily obtained refl ectance spectra were 
suitable for identifying the most inaccess ible coat ing layers. 
name ly, molded coating, conducti ve primer, and primer sur­
facer. The quickest and easiest method was to po lish the 
paint layers at S0 to the top surface. ex posing tenfold wider 
paint layers to the infrared microscope. The reflectance spec­
tra were adjusted with a Kramers-Kronig a lgorithm, result­
ing in infrared band shifts of less than 30 em·' compared to 
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Figure 7-lnfrared spectra of clearcoat. Microscope reflectance 
with 15x objective of 39-micrometer layer cross sectioned at (A) 
5' and (B) 90' . Spectra adjusted with a Kramers-Kronig algo­
rithm. Microscope transmittance with (C) 32x and (D) 15x objec­
tives of a 39-micrometer layer microtomed at 50' to 3 microme­
ter thickness. Regular beam transmittance of (E) a smear cured 
at 120' C for 30 min on a KBr window and of (F) surface scrapings 
ground and pressed into a KBr pellet. Melamine resin: 1558, 

1180, 1085, 1029, 815 em·•. Ester : 1732, 1240, 1167 cm·1 

normal transmitrance spectra. Reflectance spectra of the 
basecoat with aluminum fl ake and of the clearcoat were 
poorer than their respective transmittance spectra. Although 
reflectance spectra of the basecoat and clearcoat were ad ­
equate, other sampling methods, such as transmission of top 
surface scrapings, we re preferable. 

SUMMARY 

The purposes of thi s study were to deve lop a method for 
analyzing multiple paint layers by infrared microscopy, and 
to apply the method to the anal ysis of a paint system fo r 
SMC. 

Three methods were studied for preparing the paint layers 
for infrared microscopic analysis: 
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( I) The quickest and easiest method was to polish the 
paint layers at a 5° angle to the top surface, which exposes 
the layers I 0 times wider than their normal thicknesses, and 
then to examine the indi vidual layers in the infrared micro­
scope refl ecti on mode. However, the re fl ectiOn mode was 
not as sensiti ve as the transmission mode, and many of the 
refl ection spectra had to be adjusted for refracti ve index 
changes (Kramers-Kronig adjustment). 

(2) The best infrared spectra were obtained in the micro­
scope transmiss ion mode with cross-sectioned microtomed 
films of the paint layers. These spectra compared favorabl y 
with reference spectra of the indi vidual paints. However, 
microtoming is a difficul t and time-consuming procedure, 
and the 5° refl ection method is usually used. 

(3) We also tried a third method of preparing the paint­
SMC sample by pol ishing an epoxy-imbedded sample at 90° 
to ex pose the paint layers at their normal thicknesses. With a 
ISX microscope objec ti ve, spectral conta mination from ad­
jacent layers could be avoided with paint layers thicker than 
25 micrometers. A few tests were made with a 32X microscope 
objective, which was satisfactory for analyzing the thinner 
paint layers without spectral contamination. 

The paint system for SMC consisted of the fo llowing five 
layers of paint with thicknesses in micrometers: molded 
coating- 54; conducti ve primer- 17; primer surfacer- 29; 
basecoat-22; and clearcoat-39. The molded coating con­
tained epoxy-acryli c resin, talc , and carbon black; the con­
ducti ve primer contained melamine-formaldehyde resin, 
barium sulfate, and carbon black; the primer surfacer con­
tained melamine crosslinked polyester resin , barium sulfate, 
and titanium diox ide; the basecoat contained melamine­
form aldehyde resin and aluminum fl ake; and the clearcoat 
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contained melamine crosslinked polyester and epoxy-acry lic 
res ins. 
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Low-Temperature Curing Higher-Solids 
Polyester Coatings with Melamine­
Formaldehyde Resin Crosslinkers 

Guobei Chu and Frank N. Jones 
Eastern Michigan University• 

Polyester (P E)/melamine-formaldehyde (MF) coat­
ings that cure rapidly at low bakes (< BO' C) and 
appreciably at ambient temperature are described . 
They are formulated from enhanced-reactivity MF 
resins having very low levels of > NH and > CH20H 
functional groups and from conventional higher­
solids PE resins. Of the PE resins studied. those made 
from I .4-cyclohexanedimethanol are the fastest cur­
ing . Coatings with 0.5 parts per hundred (phr) of 

INTRODUCTION 

Polyester (PE) resin/melamine formalde hyde (MF) resin 
binders are widely used in higher-solids indu strial enam­
els. Class I (fully formy lated, fully a lcoholated) MF res­
ins provide excellent film properties but require catalysis 
by stron g acid; in typical formulation s 0.3 to 1.0 parts pe r 
hundred (phr) parts of coating solids of arylsulfonic acid 
catalyst are used. 1 Such formulations are commonly 
cured by baking at temperatures above IOO'C for 10 to 30 
min. Lower baking temperatures wou ld be des irable to 
save energy and to permit coat ing of heat-sensiti ve sub­
strates. Lower bakes are poss ible with higher le ve ls of 
cata lyst. However , high levels of residual catalyst in the 
film can acce lerate deterioration, causing , for example , 
poor ex terior durability. Thus , it would be des irable to 
find formulations with low levels of cata lyst that could 
cure adequately below 100°C. 

As a step towards thi s goal, the reacti vity of different 
C lass I MF resin s was studied by measuring rate s of their 
reactions with neopentyl alcohol in so lution 2

·
3 A puri -

~coat i ngs Research Institute. Yp~ i lan t i. Ml48 197. 
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para-toluene sulfonic acid (p-TSA) catalyst develop 
hardness , solvent resistance , and impact resistance 
that would be acceptable for many commercial appli­
cations at bakes of 60-?0' C for 30 min. With I .5 to 
2 phr of catalyst , ambient temperature curing PE/MF 
coatings for certain applications appear feasible. The 
rate of apparent cure was correlated with the rate of 
disappearance of - OCH3 groups observed by FTIR. 

tied HMMM type re s in (here des ignated HMMM-P) was 
found to react substantiall y faster than the HMMM resin 
from which it was purified. Enhanced reactivity was at­
tributed to removal of -NH and -CH 20H groups. A 
commerc ial resin with low leve ls of -NH and CH 20H 
groups, here designated PMM(IOM)M , was also shown 
to be exceptionally reactive , although slight ly less so than 
HMMM-P. Our observation that in solu tion HMMM -P 
equilibrates with neopentyl a lcoho l within three hours at 
25°C suggests that it should be poss ible to formulat e 
enamels that cure at temperatures we ll below IOO'C , 
perhaps even at 25°C. 

Having identified reactive MF res ins, in thi s stud y we 
turned attention to the polyester coreactants , seeking 
structures that will cure at the lowest poss ible tempera­
tures with a g iven catalyst level. Ideally we wou ld like to 
find formulations that could cure without baking. For 
bake studies the catalyst level was arbitrarily fixed at 0.5 
phr of p-toluenesulfonic acid (p-TSA) ; higher level s were 
te sted in ambient temperature cure studie s. 

It should be pointed out that the chemistry of cross! ink­
ing by MF resins is a complex and only partly understood 
process. It is beyond the scope of this paper to di scuss 
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it in de ta il. The reader is re ferred to published rev iew 
articl es ,4· 8 and to a recent publication from thi s group 9 

EXPERIMENTAL 

Materials 

Commerc ia l grades of neopenty l g lyco l (N PG ) and 
1,4 -cycl ohexane d imeth anol (CHDM ) we re contri buted 
by Eas tm an Chemica l Company. Trime thylo l propane 
(TM P), 1.6-hexanedi o l (HG ), phtha lic anh ydride (PA). 
hexahyd ro phtha li c anhydride (HHPA). and p-to luene­
sul fo nic ac id monohyd rate (p-TSA ) we re purchased fro m 
Al dri ch and we re used witho ut furthe r pu rification . Meth ­
y l eth yl keto ne (MEK) and me th yl n-amyl ke tone (MAK ) 
we re contributed by ChemCent ral Company. Mo nsanto 
Chemical Company co ntribut ed MF res ins Res imines 747 
IHMMM) and RF-45 18 IPMM(IOM)M I and sty rene/a ll yl 
a lcohol res ins RJ - 100 and RJ -1 0 1. 

Purifi ed res in HM MM-P was prepared from Res imene 
747 as desc ribed . D The procedure in vo lves ex trac ting 
R-747 w ith hexane. treatin g the solutio n with neutra l 
a lumina and re mova l of so lve nt. HMMM -P is a waxy 
so li d . mp abo ut 50' C. which is about 95 % hexak is( meth­
oxy meth yl) melamine and abo ut 5% hi ghe r o ligo mers; it 
is virt ua ll y free of > HN and > NC H20 H gro ups as ind i­
cated by the near abse nce o f infrared (IR) abso rpt ion in 
the 3400 e m· ' reg ion. 

Synthesis of Polyester Resins 

Seve n po lyeste r res ins with th e monomer rati os show n 
in Table I we re prepared. Reactant s (di ac ids and d io ls) 
we re cha rged in a kett le equ ipped with a co ndense r 
system. 10 an ag itator , a thermometer. and an N2 gas sparge. 
No este rifi cati o n cata lyst was emp loyed . An ove rhead 
temperature o f 98 ' C was mainta ined and the res in was 
processed at kettl e tempe rature of 230' C unt il water 
sto pped comin g off and the ac id num ber was less than I 0 
(5 to 8 hr). The viscous mass was coo led to 150' C. 
th inned with MAK . coo led to 80' C, and then thi nned with 
an equa l amount of ME K to abo ut 70% solids. Res in 
PE- 11 was thin ned entire ly with MEK . 

Characterization of Polyester Resins 

Mo lec ular we ight was estimated by ge l pe rm eatio n 
chro matog raph y (GPC) using tetrahydrofuran (THF) as 
e luti ng so lve nt. The instrument included a Wate rs Model 
5 10 pump. a Waters Mode l R401 differenti al re fracto m­
e te r detec tor and four Phenoge l co lu mns-one 500A and 
three IOOA. Mo lec ul ar we ight was calibrated with po ly­
styrene standards. G lass trans ition temperature (T,) was 
meas ured using a Du Po nt 2000 The rm al Analyzer with a 
DSC modu le scannin g fro m - 60 to 150' C at 20' C/min ; 
samp le s ize was 5 mg; the temperature of max imum slope 
was take n as T, (" midpo int T;'). Hydroxy l number was 
de te rmined by the method o f Kingston et al. 11 Ac id num ­
be r . nonvo lati le. and Gardner color were meas ured by 
ASTM D 1639-83. ASTM D 2369-87. and ASTM D 
1544-80. respec ti ve ly. Vi scos ity was meas ured at 25' C 
with a Brookfie ld rotational visco meter (ASTM D 2 196-
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86) and with Gardner- Holdt bubble tubes (ASTM D 
1545-76). 

Preparation of Coatings 

So lut ions of po lyes te r and MF res ins were prepared in 
MAK/MEK at 60 wt% using MEK as thi nnin g solve nt , 
and p-TSA was added to prov ide cata lyst leve ls of 0 .5-
2.0 phr on total so li ds. The so lutions were draw n dow n 
on phosphated stee l pane ls (3 in . x 6 in . , type R-36-P , 
Q-Pane l Company) us ing a #36 wire- wound drawdow n 
bar. The pane ls were kept at roo m temperatu re (norm all y 
22-24' C) or we re baked in a fo rced air oven . Dry fil ms 
we re about 25 JJ.m thick as meas ured by an Elcome ter 
Mode l 300 thickness gauge. 

Characterization of Coating Films 

So lve nt rub res istance was meas ured by do ub le rubbing 
with acetone saturated nonwoven paper (" Kim-Wipe"). 
Penc il hard ness was measured by ASTM D 3363-74. and 
impact res istance was meas ured using a Gardner impact 
tes ter hav ing a max imum impac t o f 160 in.- lb . IR spectra 
were recorded with an IBM FTIR Mode! IR44 using fi lms 
cast on NaCI plates. 

RESULTS AND DISCUSSION 

Polyester Resins 

Ini tia ll y, fo ur polyeste r res ins (PE-l to PE-IV) with the 
compos it io ns detai led in Table I were sy nthes ized by 
conve nti ona l tec hni ques. The equ iva lent ratio s of d iac id 
anhydrid es (PA or HHPA) to d io ls (CHDM , NPG , or HG) 
we re ca lc ul ated to g ive a 40% excess of hydro xy l func­
tio na lity. in line w ith contempo rary prac ti ce for hi gh 
so lids coa tings res in s. In eac h case. 4 mol % ofTMP was 
introduced to impa rt branching. After pre liminary studi es 
ind icated th at resi ns PE- 1- 1 and PE- 11 - 1 prov ided the fa st­
est apparent cure rates , three more resins (PE-1-2 , PE- 111 -2 , 
and PE-1-3) we re prepared with th e sa me mono mers but 
with hi gher leve ls of TMP to increase branching and 
func tionali ty. 

C haracteri stics o f the res ins are pro vided in Table I . 
Ac id numbers , mo lec ul ar we ig hts , and molec ular we ight 
di stributions are comparab le. The re is a c lear-cut trend 
in ve rse ly re lat ing fl ex ibilit y o f th e dio ls to viscosity and 
T" . altho ugh prec ise compari sons cann ot be made be­
ca use o f diffe rences in mo lec ular we ight. These trends 
a re s imi lar to th ose noted by Go lob et al. 12 

MF Resins 

It was prev io usly demonstrated 2
·3 th at the two MF 

res ins studied are excep ti onall y reac ti ve C lass I MF res­
in s. HMMM -P is obtai ned by puri fica tio n of a standard 
HMMM type res in to esse nti a ll y eliminate > NH and 
> C H20H g roups , enhanc ing it s reac ti vity pres um ab ly by 
remova l of bas ic spec ies. PMM(IOM )M was se lec ted 
because it is a commerc iall y ava il able (as Resi mene RF-
451 8) MF res in hav ing an espec ia ll y low content o f > NH 
and >CH20H groups as noted by Cameron e t a l. 13 

PMM(IOM )M is a chemica ll y comp lex mi xture ; its struc-
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CURING HIGHER-SOLIDS POLYESTER COATINGS 

Table 1-Composltions and Properties of Polyester Resins 

Monomers PE-1·1 PE-11 PE-111·1 PE-IV PE-1-2 PE-111·2 PE-1-3 

CHDM (g) 224 224 195 
(mole) 1.6 1.6 1.35 

NPG (g) 19 1.6 
(mole) 1.8 

HG (g) 204 200 188.8 
(mole) 1.73 1.69 1.6 

TMP (g) 15.6 18.4 17.6 17.2 26.8 26.8 33.5 
(mole) 0. 12 0. 14 0.13 0. 13 0.2 0.2 0 .25 

PA (g) 182 215.6 202.4 182 182 182 
(mole) 1.2 1.46 1.36 1.2 1.2 1.2 

HHPA {g) 206.4 
(mole) 1.34 

Nonvolat ile (wt% ) 69.0 68.8 68.9 69.4 7 1. 1 70.8 69 .8 
Acid number 

(on sol ids) 2.2 7. 1 5. 1 8.1 3.0 7. 1 2.0 
Solvent MAK:MEK MEK MAK:MEK M A K:MEK MAK:MEK MAK:MEK MAK:M EK 

1: 1 
Viscosity (25' CI 

Brookf. (mPa s) 
(Spindle No. 2) . 24 1 142 

Gardner color . . . . . . . . . . . . . . . . 
Hydroxyl number 

(on solids) . 140 149 
Molecular weight 

(M,:GPCi . 11 00 1000 
M.,!M , (PDI: GPC) . 1.5 1.5 
T, (' C) 9 0 
Equiv wt . 

(g/equi v) . . . . . . . . . . . . . . . 40 1 377 
Number av . 
functionality 

(equiv/mol) . . . . . . . . . . . . 2.7 2.7 

lure can be vis ua li zed as HMMM with about one-s ixth of 
th e -OC H3 groups rep laced by -iso-OC"H 17 gro ups. 

Low-Temperature Bake Enamels. 

Initial ex pe riments we re e ffected with PE res ins PE-I-
I. II , III-I . and IV to in vestigate the e ffects of diffe rent 
mono mers in the PE res ins. In pre liminary experiments , it 
was found th at res ins cured fastes t wi th both cross linkers 
when the polyeste r res in/MF resi n we ight rat io was abo ut 
3/ 1. We fo und thi s re su lt surpri s ing because thi s ratio 
provides a subs tanti al sto ichiometric excess (roughl y 2: I ) 
of melamine resi n in a ll cases. Nonetheless , a 75/25 ra ti o 
was adopted as standard in thi s study. A level of 0.5 phr 
(o n total so lids) of p-TSA was used . T hi s level is consis­
tent with commerc ial prac tice for current bake ename ls. 
Coat ings were prepared by cast ing fi lms and bakin g them 
fo r 30 min at various tem peratures. 

Beca use of th e comp lex ity of the cross linking process , 
it wo uld be q uite difficu lt to meas ure the rates of the 
indi vidua l chemica l reactions in vo lved. In thi s stud y we 
adopted the prac tical , but much less ri gorou s , method of 
measuring " appare nt cure ra tes " by meas uring the penc il 
hardness. impact res istance. and acetone rub resi stance of 
the coati ngs a fte r baking. It must be emphasized that none 
o f these prope rties can be expected to provide a quanti ­
tati ve index o f the chemica l reacti on ra tes invo lved in 
c ross linking ; they are used for convenie nce and because 
they relate to enamel prope rties. Of the three propertie s , 
ace tone rub re sistance is probably the best indicator of 
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1:1 1:1 1:1 1:1 1: 1 

134 119 544 16 1 806 
I I I 

152 156 188 190 14 1 

11 00 11 00 1000 900 1200 
1.5 1.5 1.5 1.4 1.6 

- 29 -34 

369 360 308 295 398 

3: 0 3. 1 3.2 3.1 3.0 

c ross link density. a lthoug h it is affec ted by T" and prob­
ab ly by other vari ables. The result s are summ ari zed in 
Table 2. Impact res istan ce proved of lin le use for assess­
ing the progress of cure; whi le the 2H hard ness fi lms 
ge nera ll y had good ( 160/ 160 in .-lb direct/ reverse) impac t 
res istance , the res ults with low and intermed iate cures d id 
not fit a clear pan ern . 

The res ult s in Table 2 show ihat enamel s fo rmu lated 
with HMMM- P have slight ly fas te r apparen t cure rates 
than those formu lated with PMM(IOM )M , and po lyes ters 
PE-I- 1 and PE-11 have mu ch fas ter apparent cure rates 

Table 2-Acetone Rub Resistance and (Pencil Hardness) o f 
Enamels (Polyester/MF = 75/25 w/w; p-TSA = 0.5 phr) 

Bake T, ' C:-::--:----:P,-E_-1_·1 ____ PE_·_II _ _ _ P_E-_II_I-1 ___ PE-IV 

(a) HMMM-P Crosslinker 
40 24(H) 
50 52( H) 
60 106(2HJ 
70 . > 200(2Hi 
80 . 

100 
120 

(b) PMM{IOM)M Crosslinker 
50 . tO( H) 
60 . 35(HJ 
70 . 98(2H) 
80 > 200(2H) 

100 . 
120 . 

18( H8i 
50( F) 

98( Hi 
123(2H) 

> 200(2H) 

8(H8) 
31(Hi 
80(2H) 

130(2H) 
> 200(2H) 

74( Hi 
104(Hi 
160(H) 

> 200(2H) 

97(H) 
135(H) 

> 200(2H ) 

55( F) 
37(H) 

134(HJ 
> 200(2H) 

65(H i 
98(H ) 

> 200(2H) 
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Table 3-Properties of Polyester/MF Enamels Cured at Ambient 
Temperature (Polyester/MF = 75125 wlw; p-TSA = 0.5 phr) 

Polyester ( ·-·----·-·------·---·PE-1-1 ----·------·--·--- II --·--PE-11 --·--I 
Crosslinker (- PMM(IOM)M -11---·----HMMM-P-·--·-- 11--·HMMM-P·-I 
Cure time {days) 10 10 30 7 10 

Ace tone ru b 
resistance . 15 30 38 18 24 34 52 12 12 13 

Penc il hardness B H H H H H H 4B 4B 4B 
Impact Dir. 20 30 30 30 40 60 60 10 10 10 

resistance 
(in.- lb) Rev .. 10 20 30 20 20 40 40 6 6 

th an po lyesters PE- 111-1 and PE-IV . PE- 1-1 is the fas test. 
wi th PE- 11 a close second . Penci l hardness genera ll y fo l­
lowed the same trend as acetone rub resis tance. PE-I - I 
and PE-11 formula tions reached a hardness of 2H (a leve l 
th at sati sfies the majority of end use requirement s) at 
70°C whil e PE-111 - 1 and PE-IV formu lati ons required 
120°C to reach 2H hardness. Thi s obse rvat ion can be 
attributed to T" as we ll as crosslink density effec ts; per­
haps the low Tg coreac tant s PE-111- 1 and -IV can reach 
2H on ly when co-condensati on is substan ti all y suppl e­
mented by MF re sin se lf-condensation . 

These result s ind icate that bake temperatures o f 60-
800C are rea list ic ta rgets for commerc ial de ve lopment. 
They sugges t that hi gh T" polyesters wi th prim ary OH 
groups combined with MF resins with low NH (o r OH) 
conten t are a good start ing point. Polyesters made wi th 
C HD M provide the fa stest apparent cure rates. whil e 
those made wi th NPG provide an att rac ti ve combination 
of fas t appare nt cu re and low viscosity. 

Ambient Temperature Cure with 
0.5 phr of Catalyst 

Eva luati on of ambient temperature curin g focu sed on 
the fas test curing res ins. PE-1- 1 and PE-11 , with there­
su lt s summarized in Table 3. Agai n. resin PE-I-I formu­
lations cured fastes t. and onl y minor diffe rences between 
formulati ons with HMMM-P and PMM(IOM)M were noted. 

At th e 0.5 phr cata lyst level, these fo rmul ations devel­
op properties in 7 to I 0 days that are inferior to those of 
baked coat ings but that may be comparable to those of 
ambient-temperature cu re alkyds. However. alkyds har­
den in 0.5 to 8 hr , and cure of these for mulat ions is too 
slow for commercia l use. 

Ambient Temperature Cure with 
Higher Levels of Catalyst 

Higher cata lyst leve ls we re tes ted with th e result s 
shown in Table 4. As expec ted , cure rates proved very 
sensit ive to catalyst leve ls. 

As shown in Table 4 , PE-1- 1/HMMM-P (75/25) pro­
vides reasonable balance of fi lm propertie s within three 
days with 1.5 phr cata lys t-2H hardness, 160/160 impact 
resistance , and 65-rub solvent resistance. Unsurprisingly. 
cross lin king conlinues at a dec reasi ng rate fo r four 
month s as ev idenced by the increase in so lve nt rub resis­
tance. The good impact resistance after four months was 
encouragi ng, suggesting th at the film wou ld not become 
excessively brittle for many months , if eve r. 

It is concluded that ambie nt temperature cure high­
so lids po lyester resin/MF resi n coati ngs are feasible in 
app li cations where re lati ve ly s low development of fi lm 
properties and high leve ls of acid cata lyst can be to ler­
ated. Optimization of the re sin and coati ng fo rmul ation 
should further acce lerate cure. 

Effect of Polyesters with Higher TMP Level 

Polyester res ins PE-1-2, PE-111-2, and PE-1-3 were syn­
thes ized to in vestigate the effects of increased branching 
on cure behavior in compari son with PE-I-I . The compo­
sitions and characteristics o f these resins are presented in 
Table I . Resins PE-1-2 and PE-111-2 have hi gher TMP 
and higher excess hyd roxy l levels; resin PE-1-3 has still 
higher TMP but the same excess hydroxy l level as PE-I-I. 

Coatings catalyzed with 0.5 phr p-TSA were cured at 
ambient temperature as previously descri bed. However , 
results were disappo inting. Fastest apparent cure rates 
were observed with the most branched resin , PE-1 -3, but 
within 10 days the acetone rub resistance was onl y 7 I 
(with HMMM-P) and hardness was only H. Impact res is­
tance of these enamels was generally inferior to that of 
the 4% TMP resins studied initi ally. Thus, at least with 
these particular resins and form ul ations, increas ing TMP 
content did little to improve apparent cu re rate or proper­
ties. It shou ld be noted, however, that th e ave rage func­
ti onality of these high TMP res ins was only modestl y 
increased over that of th e 4% TMP resins. 

Another effort to accelerate cure was made by blending 
10 and 20% of styrene-a ll yl a lcoho l resins , RJ- 100 and 
RJ-101 (k now n to have fu nctionality about 5-6), into PE- l 
formul at ions with 0 .5 phr p-TSA. A substantial increase 
in the rate of development of impact res istance was noted , 
but the effect on the rate at which hardness and solvent 
resistance deve lop at ambient temperat ure was negligib le . 

Volatile Acid Catalysts 

Volatile ac id catalysts were examined for their poten­
ti al utility in room-temperature curing. The motivation 
for thi s part of the stud y was the concern that essenti all y 
nonvo latil e catalysts wou ld remain in the film indefinite ly 
and could, with highly reactive coreac tants, cause ove r-

Table 4-Effect of Different p-TSA Catalyst Levels (PE-1-1 /HMMM-P = 75125) 

p-TSA, phr. . . . . . . . . . . . . . . . . . . . [ -----------------0.5--------------- II------------·----1 .o -----------------II---------·-------1 .5----------------· II -----·------·----2.0 -----------------I 
Cure time (days) 3 10 30 120 3 10 30 120 3 10 30 120 3 10 30 120 

Ace lOne rub resis1ance . 18 34 52 56 58 73 97 120 65 130 134 185 71 150 183 200 + 
Pencil hardness . H H H H H 2H 2H 2H 2H 2H 2H 2H 2H 3H 2H 3H 
Impact resistance. Dir. 30 60 55 50 160 160 160 160 160 160 160 160 160 160 160 160 

(in.-lb). . ....... Rev. 20 40 35 40 160 160 160 160 160 160 160 160 160 160 160 160 
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Figure 1-Changes in the FTIR spectra as a result of bake. 
PE-111·2/HMMM-P (75/25); 0.5% p-TSA 

cure at ambient temperature, probably resulting in em­
brittlement. However, if a catalyst could be found that 
would evaporate from the film at a rate such that catalyst 
concentration falls to low levels fa irl y soon after coating 
properties have reached optimum levels, this problem 
could be overcome. 

Four vo latil e acids were studied: formic acid (bp 
IOI °C, pKa = 3.74), trifluoroacetic acid (by 72°C, pKa 
= 0.23) , trichloroacetic acid, (bp 196°C, pKa 0.64), and 
methanesulfonic acid (bp 167°C at 10 torr). [Data from 
reference 14.] 

Formic acid seemed to have no catalytic effect. Tri­
fluoroacetic and trichloroacetic acids had minimal cata­
lytic effect and caused film ye ll owing. Apparently , these 
acids are either too weak, too volatile, or both. 

Methane su lfonic acid (MSA) proved to be an excellent 
catalyst , more effective than p-TSA on a weight basis and 
probably about comparable on a mol basis. (See Table 5.) 
A drawback was that higher levels of methane sulfo ni c 
acid caused pronounced ye llowing of the films on steel 
panels but not on glass panels. Reasons for yellowi ng are 
unknown; contamination of the catalyst with sulfuric acid 
is suspected. 

As with p-TSA, solvent resistance of MSA catalyzed 
films increased for several months when the crosslinker 
was HMMM-P but not when it was HMMM-M. This 
suggests that MSA is retained in the films to some extent 
for at least several months. If it volati li zes appreciably 
within a year at 25°C, it appears to be a good cand idate as 
a fugitive catalyst. Its water so lubility may be a positive 
feature as well as its vo latility since it cou ld be leached 
from the film by rain water. 

Transmission FTIR Studies 

FTIR was used to observe chemical changes during cure 
more directly. Thin films of a given formulation were cast 
on NaCI plates and spectra were recorded after varying 
time intervals. Films of the same formulation were cast 
on panels and evaluated at the same time. Representative 
results are shown in Figures I and 2, for baking and 
ambient temperature cure coati ngs, respectively. 

Comparison of the IR spectral peak at 915 em - 1 

( -OCH 3 group) with the peak at 815 cm- 1 (triazine 
ring) provides an indication of the chemical rate of cross­
linking which is independent of T g and other physical 
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Figure 2-Changes in the FTIR spectra during ambient 
temperature cure. PE-1-2/HMMM-P (75/25) ; 0.5% p-TSA 

effects. The height of the former peak decreases during 
cure whi le the latter is assumed to remain constant; our 
experience and that of others7

·" indicates that this as­
sumptio n is warra nted. The rate of decrease in the 915 
em - 11815 em - 1 peak height ratio provides a way to 
compare effects on cure rates of changes in formulation 
and conditions. Additional , less precise , indications of 
the progress of cure are provided by other spectral fea­
tures , such as the broad peak at about 3400 em - 1 (pri ­
marily OH). Efforts to use these spec tra l features to mea­
sure reaction rates did not yie ld sat isfying results. but the 
following qualitative observati ons were made: 

(I) Polyester resin PE-1-1 react s substantiall y faster 
than resin PE-Ill-1 with model MF resin HMMM -P. With 
PE-1-1 the 9 15 em - 11815 em - 1 peak height ratio drops 
by about 20% in three days at amb ient temperature , while 
with PE-III the change is barely discernable. 

(2) Good film properties are attained when the 915 
em - 11815 em - 1 peak height ratio has dropped by 30 to 
40%. 

(3) Peak height ratios indicate that 10 days cur ing at 
ambient temperature is about equivalent to 30 min at 
70°C. 

( 4) The broad peak at about 3400 em - 1 gets small er 
during cross linking but never disappears , suggesting that 
a s ignificant fraction of the OH groups are unconverted at 
70°C with 0.5 phr catalyst. 

The first observation estab li shes a key point: chemica l 
reactivity measured by FTIR correlates qualitatively with 
appare nt cure rate measured by solvent res istance and 
pencil hardness. Thus , while factors such as T" of the 
polyester a lso probably play a role in apparent cure rate , 
chemica l reactivity of the hydroxyl groups is a major 
factor , quite possibly the largest. 

Observations two to four clearly show that reasonable 
properties are attained when the cross linking reaction is 
chemica ll y incomplete. This is an attractive s ituation 
from the standpoin t of atta ining rapid cure , but it suggests 
a risk that curing may cont inue , eventua ll y leading to 
deterioration of film properties over a period of years , 
a lthough we have not observed the problem yet. Our work 
with potentially fugitive cata lysts suggests a poss ible 
remedy. 
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Table 5-Properties of PE-1-1 /HMMM-P (75/25wt) Catalyzed by MSA at Ambient Temperature 

MSA level (phr) . . . [ -------------------0.5 ------------------- )[ -------------------1 .0 ................... )[ -------------------1.5 -------------------)[ -------------------2.0 ................... ] 
Cure time (days).. 3 10 100 3 10 100 3 10 100 3 10 100 

Acetone 
res istance . 

Penc il hardness 
Impact resistance Dir. 

(in .-!b) . . Rev. 

32 
H 

160 
160 

57 
H 

160 
160 

121 
2H 
160 
160 

45 
H 

160 
160 

80 
H 

160 
160 

The c hemical reacti vit y imparted by the dials studied is 
in the rank order CHDM > TMP >> HG. Based on its 
low sleric hindrance. it might predict that HG would be 
the most reactive, not the least. We can on ly speculate as 
to the reason s why. Perhaps the fact that the cross! inking 
reac tions a re reversibl e plays a role- cou ld the high over­
all reac ti vity of CHDM pol yesters be due to an unu suall y 
s low reve rse reaction '' (The SN I mec hanism predicts that 
overa ll cross linking rates depend on the relati ve rate s of 
bo th th e forward and th e reverse reactions 2 ·5) Perhaps 
phys ical factors play a s ignific ant role. For example , 
subtle differe nces in compatibilit y of diffe re nt pol yester 
res ins with a given MF re sin mi ght influence rate s of the 
forward reactions by ca usin g subtl e variations in the ac­
cess ibility of hydroxyl groups, and differences in rigidity 
of the polyes ter segment near the crosslink mi ght influ­
e nce the rates of reve rse reactions. 

A number of questions are left unan swe red or al least 
only partly answered by these res ult s: How doT,. func ­
lionalily , and hydro xy l group environmenl affect appar­
enl cure rates '' Does crossl inking rale drop as lhe film T, 
increases lo !he c ure temperature' Are even fa ste r curing 
formulalion s possibl e wi th acrylic coreac1an1s 0 These 
queslions will be addressed in future s1udies. 

SUMMARY AND CONCLUSIONS 

Our resulls provide rough guidelines for formulati ng 
polyesler/MF re sin coatings that cure rapidly at low bakes 
and s lowl y al ambienllemperature. Pol yesters made from 
CHDM are fas1es1 reacti ng of those sludied , and yie ld 
hardness, salven! resistance , and impact res istance that 
wou ld be acceptable for many commercial applications al 
bakes of 65-80°C for 30 min with 0.5 phr of p-TSA 
catalyst. With higher levels of calalysl , ambient tempera­
ture curing PE/MF coatings might be feasible for app lica-
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180 
2H 
160 
160 

134 
H 

160 
160 

200 
2H 
160 
160 

200 + 
2H 
160 
160 

200 + 
H 

160 
160 

200 + 
3H 
160 
160 

200 + 
3H 
160 
160 

lions where film property requiremenl s are nol demand­
ing. a lthough !here is a ri sk of evenlua l overcure. FTIR 
studi es indicated good qualitative corre lat ion between the 
rale of di sappearance of - OCH 3 groups and I he rate of 
a pparenl c ure . 
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Recent Advances in 
UV-Curing Chemistry 

Christian Decker and Khalil Moussa 
Ecole Nationale Superieure de Chimie de Mulhouse* 

The efficiency of newly developed photoinitiators and 
acrylic monomers has been evaluated in UV-curable 
resins by using real-time spectroscopy techniques. 
The kinetic profiles of these ultrafast photopolymeri· 
zations have been directly recorded by followi ng 
either the monomer disappearance by infrared spec· 
troscopy, or the photoinitiator loss by ultraviolet spec· 
troscopy. The best performance was obtained with 
formulations based on a morpholino-type photoinitia· 
tor and on cyclic-carbonate monoacrylates. One of 
the great advantages of these new monomers lies in 
their high reactivity, which leads to fast and extensive 
cure upon exposure to UV-radiation or laser beams. 
Chain transfer reactions play an important role in the 
formation of such strongly crosslinked polymers, 
which exhibit remarkable mechanical properties, 
such as hardness, scratch resistance, flexibility, and 
impact resistance. 

INTRODUCTION 

Radiation curing is known to be one of the most effic ient 
methods for producing quasi-instant ly highly crosslinked 
polymer materials. Owing to its distinct advantages, this 
technology has found a large number of industrial appli · 
cations , in particular for the surface protection of mate· 
rials by fast-drying varn ishes or inks, the production of 
UV-curab le adhesives and composites, and the patterning 
of electronic componen ts and printing plates by light· 
induced inso lubil ization of photoresists. '·5 

In the past few years, most of the research efforts in 
formulati ng UV -curable resins have been directed to­
wards the development of more efficient photoinitiators 
and highly reactive, nonirritating monomers, with the 

Prt! ~cntcd at RadTcc h Amcrin Cnnfcrt"!nce. April27· 30. 1992. ir1 Buston . MA . 
"Laborawire de Photochimic de :> Polymi:'res IC NRS). 3 rue A. Werner- 68100 Mulhousc. 

France. 
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objec ti ve of increasing both the cure speed and the extent 
of the polymerization , as we ll as improving the final 
properties of the cured material. In coating applications, 
it is indeed important to reduce as much as poss ib le the 
amount of unreacted monomer, which is known to badly 
affect the long-term properties of UV -cured polymers. In 
addition , a large variety of functionalized oligomers , 
mainly acry lics, recently have been put on the market by 
several companies in the U.S. , Europe . and Japan , in 
order to enable production of polymeric materials with 
ta ilor-made properties , we ll suited for special ized appli ­
cat ions. 

In this paper, the outstanding performance of some 
newly developed photoinitiators and acry lic monomers is 
described. When used in UV-curab le formulations, these 
compounds were found to be highly effic ient for achiev­
ing fas t and complete cure. They also markedly improve 
the mechanical properties by imparting both hardness and 
flexibility to the UV-cured polymers. 

A new analyti cal method based on real-t ime ultravio let 
(RTUV) or real-time infrared (RTIR) spectroscopy has 
been developed in order to monitor continuously and 
quantitatively the curing process. This method proved 
particularly appropriate to study the kinetics of ultrafast 
photopolymerization processes, since it has the distinct 
advantage of allowing the disappearance of either the 
photoinitiator or the monomer to be direct ly recorded, for 
reactions occurring within less than one second. 

HIGH-PERFORMANCE PHOTOINITIATORS 

UV-Curing of Acrylic Resins 

Photoinitiators which generate free radica ls upon 
UV -exposure can be classified in two main categories, 
depend ing on their photolysis mechanism6 : 

(I) Photocleavage (aryl ketones)-The photoinitiators 
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exc ited states undergo a homolyti ca l sc issio n that leads to 
th e formation of two radi cal fragments: 

0 0 

(2) Hyd roge n abstracti on (be nzophenone, th ioxa nth­
o ne)-By interac tion with a hydrogen do nor molec ul e, 
the photoin it iators' exc ited state undergoes a hydrogen 
transfer , with formati on of an inact ive ketyl radical and 
an initi ating do nor radical: 

0 OH 

The performance of two recen tl y developed com­
pounds, which are representati ve of these two ma in 
classes o f photo initi ators , was examined . The ac ryli c 
res in used in thi s study was made of a I II mi xture of 
hexanedi oldiac rylate (HDDA) and a polyurethane acry­
late [Actil ane 20 from the Soc iete Nationale des Po udres 
e t Ex plosifs, (SNPE) [. Ac til ane 20 consists o f a short 
po lyurethane chain end-capped at each extremity by an 
ac rylate func tio n. It was obta ined by reac ti on of a polyes ­
ter polyol with a saturated dii socyanate, fo llowed by 
ac rylati on, and can be represented by the typical fo rmul a 
of thi s c lass o f fun ctionali zed o ligo mers: 

b,=CH-~ -0 -CH , -CH,-0-~-NH -R-NH -~-=l R' 

L o o oJ 
The UY-curable res in was applied o n an NaCI salt di sc as 
a uni fo rm layer of typ icall y 25 J.Lm th ick ness by means of 
a calibrated wire-wound applicato r. Samples we re ex­
posed , in the presence of a ir and at roo m temperatu re, to 
the radi atio n of a med ium pressure mercu ry lamp (80 WI 
em) fo r a give n time selected by a camera shutter. Th is 
type o f light source . which is the most widely used in 
UV -curing applicati ons, has its stro ngest UV emiss ion 
lines at 254 and 303 nm. 

DIPHENOXY-BENZOPHENONE (DPB): 

0 

DPB , which is an intermediate produc t in the fabricati on 
o f thermoplastic polyether-e therketones (PEEK), was 
synthe ti zed by SNPE, by phosgenation at 90°C of d iphen­
y lether in the presence of AICI3 . When assoc iated with a 
hydroge n dono r molec ule , as meth yl-d ie thanol-amine 
(MDEA), DPB was found to be a ve ry effi c ient photo ini ­
ti ator in UV -curable resins. 7 At a DPB concentration o f 
2% in an aliphati c po lyurethane-acry late resin , the light ­
induced crossli nking-polymerization developed eight times 
fas te r than with benzophenone, as shown by Figure I , 
where the acrylate convers ion , meas ured by IR spec tros­
copy, has been p lotted as a function of the ex posure time. 
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Such a high-cure rate is resulti ng fro m both a greater li ght 
absorption of DPB in the UV region, and a higher effi ­
c iency in prod ucing init iat ing radicals. Indeed, the poly­
meri zation qu antum yield was fo und to be five times 
large r with DPB than with benzopheno ne 7 

Another advantage of thi s new photo initi ator is to pro­
vide a more complete cure of the irrad iated sample, thus 
reduc ing the amount of unreacted acrylate func tio nality in 
the final product. This is clearly illustrated by Figure 2, 
where the residu al unsaturati on content of the tack-free 
coatin g has been plotted as a functi on of the fi lm th ick­
ness. Wh ile benzophenone ensures a better surface cu re, 
DPB is prov id ing both surface and deep through-cure, 
which is of particul ar inte rest fo r thi ck coatings. The 
enhanced po lymeri zation of the deep-lying layers has two 
important conseque nces : fi rst , it improves marked ly the 
adhesion of the po lymer fil m onto the support , and sec­
o nd , it increases su bstan tia ll y the hardness of the UV­
cured mate ri al (Figure 3). As a nontoxic and low-cost 
compound , DPB sho uld prove to be a most va luable 
photo initiator in UV -curing applicati ons where high 
speed and ex tensive cure are required, as we ll as in thi ol­
polye ne polymerizati ons, 8 which need H-donor type 
photo in iti ators. 

MORPHOLI NO-K ETONE: 

(2- Benzyi -2-N-Dimethylamino-1-(4-Morpholinophenyi)- 1-Butanone) 

This photoinitiator has been recent ly developed by CIBA­
GEIGY under the trade name lrgac ure® 369, and was 
shown to be very effi cient in UY-curable fo rmul ations , 
particul arl y in p igmented systems and in imag ing applica­
tions9 The ex posure time needed to reach surface cure , 
body cure, scratch resistance , and hardness was fo und to 
be marked ly red uced , ' 0 compared to the commonl y used 
photoi n i tia tors. 

To evaluate the cure perform ance of Irgac ure 369 in 
acrylic res ins , we have studied the kinetics of the li ght ­
induced polymerization , by using RTIR spectroscopy. 11

-
12 

This technique has the un iq ue advantage of allowing 
conve rsion versus time profiles to be d irect ly recorded fo r 
curing reacti ons occurring wi th in a frac tion of a second , 
s imply by fo llowing continuo usly the di sappearance of 
the IR absorption of the reacti ve group , for example, at 
8 12 em- ' for the ac rylate double bond. 

The cure profil es recorded for various photoin itiators 
in a po lyurethane-acrylate fo rmul ation (Figure 4) clearl y 
show the superio r perfo rmance of lrgacure 369. The in­
ducti on period , due to 0 2-inhibition , was sharply re­
duced , whereas both the rate of polymeri zation and the 
maximum conversion were fo und to be substanti a ll y 
higher than with any of the other photoiniti ators tes ted so 
fa r. Th is is mai nl y due to the large absorption of lrgacure 
369 in the 300-350 nm reg ion, and to an effecti ve photo l­
ys is process which generates large amounts of ini tiating 
rad ica ls. 13 Such a photo initi ator should prove particul arl y 
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Conversion % 
100 

100 150 

Exposure time (millisecond) 

Figure 1-lnfluence of the photoinitiator on the polymeriza­
tion profile of a polyurethane-acrylate/hexanediol diacrylate 
resin exposed to UV radiation in the presence of air. Photoini-

tiator = 2%; MDEA = 5%; and film thickness = 25 IJ.m 

use ful in photo imag ing applicati ons where high sensiti v­
ity is required , and for the UY-c uring o f pigmented sys­
tems (i nks, lacquers, compos ites), whe re deep thro ugh­
cure is ofte n di ffi cult to achi eve . It is less appropriate for 
the curing o f clear varni shes or coatings used in outdoor 
appli cati o ns, because of the formati on of co lored photo­
products, whi ch may have a detrimenta l e ffec t on the 
aspect and long- te rm prope rties of the se material s. 

Photolysis of the Initiator 

The rate of ini t iat ion of li ght- induced po lymeri zat ions 
depends primaril y on the photolys is rate of the init iator. 
Whil e the mechani sm of photoi nitiation has been thor­
oughl y in ves ti gated during the pas t decade,6 it is rather 
surpri sing to see th at very little is kno wn about the va lue 
of thi s important quantity, espec iall y when the photoini ­
ti ators' photo lys is is carried out under cond itions similar 
to those employed in UV -curing appli catio ns, that is, thin 

Residual unsaturation (%) 

Benzophenone 

30 

--------~--~D~ip_henoxy 
benzophenone 

0 10 20 30 40 50 60 

Film thickness (~m) 

Figure 2-lnfluence of the photoinitiator on the amount of 
residual unsaturation in a polyurethane-acrylate coating UV 

cured in air 
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RECENT ADVANCES IN UV-CURING CHEMISTRY 

Figure 3-Performance analysis of benzophenone (BZP) and 
diphenoxy benzophenone (DPB) in UV-curable polyurethane­

acrylate coatings. Film thickness= 36 IJ.m 

monomer fi lms ex posed to in tense UV-radiation in the 
presence o f a ir. By using rea l-time UV spec troscopy , we 
have been able to monitor co ntinuo usly the di sappearance 
of radical and cationic-type photo initi ators in acryli c and 
epox y systems, respecti ve ly, and thus evaluate both the 
photolys is ra te o f the photo initi ator and its res idual con­
tent in the UY-c ured po lymer. 

MoRPHOLINO- KETONE: When a UY-c urable res in , co n­
sistin g of Irgac ure 369 in tr ipropyleneg lycol d iacrylate 
(TPGDA ), was ex posed to the radiation o f a medium 
pressure mercury lamp , po lymeri zati on was found to 
deve lop ex tensive ly within a fe w seconds, while the pho­
to initi ator content dropped progress ive ly. Figure 5 shows 
some typ ical kine tic profil es, which were recorded by 
RTIR (c urin g) and RT UV (photoin iti ator photolys is) 
spec troscopy , with the detecti on wave length set at 12.3 
fLm and 322 nm , respec ti ve ly. The d isappearance of the 
photo initiator was fo und to fo llow a single ex ponential 
decay , as one would expec t fo r a direc t photolysis pro­
cess, where the reaction rate is supposed to be proportion­
a l at any time to the ch ro mophore concentrati on: 

- d[ PI ] I dt = kiP! I 

and [PI I, = [Plio exp (- kt) 

The decay ra te co nstant k was calcul ated from the slope 
of the linear se mi -log plot (l og I PI], I IPI] 0 = f(t), and its 
value was used to determine the qu antum y ie ld of the 
photolys is of the initiator: 

(/) PT = number of PI molecules consumed = kE!l_ 
- number of photons absorbed 1" 

where I, is the absorbed light-i ntensity. The (/Lp1 value , 
0. 3 for Irgac ure 369 in TPGDA , was fo und to be indepen­
dent from the photoinitiators' concentration, the film thick­
ness , and the light intensity. 

The less than unity va lue of 0 - Pt indicates that a large 
frac tion (70%) of the photoiniti ators' exc ited states are 
not unde rgo ing cleavage , but are returnin g unaffected to 
the ground state . A quenching reac tion by the acry lic 
monomer may account for thi s low e ffi c iency of the 
photolys is: 

PI* + M-------+ PI + M* 

To test thi s ex planation , Irgac ure 369 was dispersed in 
a poly(methyl methacrylate) (PMM A) matrix and ex-
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posed to UV light. Under those conditions, the photoini­
tiator disappeared three times faster than previously (Fig­
ure 6) , wit h a quantum yield close to one. When a 
triacrylate monomer , like pentaerythritol triacrylate (PE­
TIA), was introduced in the PMMA matrix , Irgacure 369 
was found to disappear at a lower speed (Figure 6), with a 
rate decrease factor of up to seven fo r bulk PETIA com­
pared to PMMA , thus clearly demonstrating the strong 
q uenching effect of acrylate monomers which can be 
represented schematically as foll ows: 

hl' 

~ 
PI PI * -- Radicals 

>--< M * M 

The kinetic data obtained by RTUV and RTIR spec­
troscopy for the various UV -curab le acrylic resins are 
summarized in Table I. The general trend observed is 
that , as the acry late concentration is increased , the rate of 
photoinitiator photol ys is, and thus of initiation , de­
creases, whereas the rate of polymerization increases. By 
taking the ratio Rr/R_p, it was poss ible to show that 
each photoinitiator molec ule destroyed can induce the 
po lymeri zation of up to 8000 acrylate groups. and that 
UV -curing of these acrylic resin s is thus proceeding with 
long kinetic chains . 

TRIARYLSU LFONIUM SALT: A similar kinetic Study has 
been carried out on a UV -curable cat ionic system , wh ich 
cons isted of a cycloaliphatic difunct iona l epox ide (Cyra­
cure "' ® UVR 61 10 from Union Carbide) and an arylsu l­
fonium salt , S ((/) 3 S + PF6 - h (Degacure® Kl 85 from 
Degussa). 

0 0 
PF,- +s-Q-s-Q-s+ PF; o- -o 

When a 20 fJ.m thick film was exposed to UV -radiation 
at room temperature , the photoinitiator was found to dis­
appear rapidly , while po lymerization developed at a rela­
tivel y low rate (Figure 7), in marked contrast with what 
we observed with acrylic resins (Figure 5). At a photoini­
tiator concentration of 5%, the polymerization was found 
to level off after I s of irrad iation and a degree of conver­
sion of on ly 40% . This early slowi ng down of the curing 
process is ac tuall y due to the fast consumption of the 
photoinitiator , which has a lmost disappeared after 2 s of 
exposure. Indeed, by increasing the photoinitiator con­
centrat ion up to 10%, larger amounts of initiator remain 
avai lable in the later stages of the reaction , thus allowing 
higher conversion to be reached (Figure 7) . 

As for the radical type initiator , the photolysis rate of 
KI-85 was found to be proportional to the light-inte nsity 
(Figure 8). It can be extrapolated from this linear rela­
tionship that , by operating at the high intensi ties used in 
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Table 1- Photolysis and Polymerization Kinetic Data lor 
Various UV-Curable Systems 

RTUV RTIR 
lrgacure 369 (M),' R_., b Rp' 
(1.6 x 10 - ' moiL-') mol L- 1 rTI1'Q L- 1 s- 1 molL_, s - 1 

TPDGA (laminate). 6.8 
Actilane 20 + 

TPGDA 4.3 6 
PETIA 12 3 
PMMA + PETIA . 6 6 
PMMA 0 20 

Degacure Kl-85 
(2.3x w-' 
molL _,) 

Cycloaliphalic 
die~xy 70 

fa) lni lia l concentrat ion in acrylate or epoxy groups 
fb) Initial loss r.ne of the photoinitiator. 
tc) Ma:c.imum ra te of polymerization 

RTUV- Real·time ultraviolet spectroscopy . 
RT IR - Real- time infrared spec troscopy . 
TPGDA- Tripropyleneglyco l diacrylate. 
PET IA - Pentaerythriwhriacrylatc 
PMMA - Poly( methylmethacrylah::). 

21 

20 
24 
10 

Conversion 
R,JR . ., % 

3000 85 

3300 80 
8000 50 
1700 50 

110 40 

most UV-curing applications (> 500 mW cm- 2) , almost 
all of the photoinitiators wi ll have disappeared within the 
first 0. I s of irradiation . 

Despite the very fa st photolysis of the sulfon ium salt 
and the related high rate of in itiation , the cat ionic poly­
merization of the epoxy monomer was shown to develop 
at a slower pace than in acrylic systems. This is due to a 
much shorter kinetic cha in length , as indicated by the 
relativel y low value of the ratio Rr1R - p1 (Table l), a 
resu lt in good agreement with our previous evaluation of 
the polymerizaion quantum yield of thi s system. 14 It con­
firms previous observations wh ich showed cationic epoxy 
systems to cure significantly slower than radica l acrylate-

Conversion (%) 

100 
------- lrgacure 369 

Exposure time (second) 

Figure 4-Cure prof iles of polyurethane-acrylate resins re­
corded by real-time infrared spectroscopy. Atmosphere: air ; 
Photoinit iator = 5%; light-intensity : 200 mW cm - 2 MDEA: 

methyl diethanol amine = 5% 
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based varni shes, but to perform quite we ll regarding the 
properties of the fin al product. 15 Ye t, it should be men­
ti oned that a cat ionic epoxy res in was recent ly found to 
cure faster than an acry late-based varn ish when a proto­
type Fusion Systems high po wered UV -li ght source was 
used . 16 In that study, the degree of cure was determined 
by methylke tone ru b test ing , a meth od which ind icates 
the so lvent resistance of the cured coating , but does not 
necessari ly correlate with the speed o f cure. 

Bes ides providi ng a cont inuous monitoring of the cure 
process, RTIR and RTUV spectroscopy have the di stinct 
ad vantages of allowing a fast and precise eva luation of 
both the amount o f unreacted monomer and the amount o f 
res idua l pho to initi ator , at any stage of the pol ymeriza­
ti o n . T herefore, these techn iq ues should prove quite use­
ful in th e coa ting industry for analyzi ng UV-cured po ly­
mers and de terminin g how much unreacted monomer and 
photo initi ato r remains in the fina l prod uct, two quanti ­
ti es , which are know n to strongly affec t the long- term 
pro pe rties of UV -c ured materi als. 

HIGH-PERFORMANCE ACRYLIC MONOMERS 

The mo nomer used as reacti ve d iluent in UV -c urable 
res ins plays a key role , for it affec ts both the cure speed 
and the po lymerization ex tent , as we ll as the prope rties of 
the fi nal produc t. An increase o f the mo nomer functi onal­
ity was sho wn to acce lerate the curing process, but at the 
ex penses o f the ove rall monomer co nvers ion , thus lead­
ing to a cross li nked po lymer whi ch co nt a ined a subs tan­
tia l amount o f residual unsaturati on . As a result of the 
inc reased cross link dens it y , UV-cured coatings become 
harder , but less fl ex ib le. 

Cure 
speed 

? 

Increase of the Monomer Functionality 

Cure 
extent 

\. 

Crosslink 
density Hardness Flexibility 

? ? \. 

Light-Induced Homo-Polymerization 

The chemical stru cture o f the monomer has a lso a 
stro ng influence o n the cure kinetics and on the phys ica l 
charac teri sti cs of the po lymer formed. By emp loying , as 
reacti ve diluents , mono mers th at conta in , in their struc­
tu ral unit , o ne acry late functi on and e ithe r a carbamate or 
an o xazo lido ne group (Figure 9), we recentl y succeeded 
in ac hiev ing a fast and extensive polymeri zation o f UV­
curab le polyureth ane-ac rylates and epoxy-acrylates. 17 

These new mo no mers (Acticryl® CL-959 and Acticryl® 
C L-960 from SNPE) have a low vapor pressure and a 
mi ld skin and eye irri tation e ffec t. Another of the ir ad­
vantages, bes ides the ir high reac ti vit y , is to impart both 
hardness and fl ex ibil ity to the UV -cured polymer. 

Eve n better results were obta ined by introduc ing a 
cycli c carbonate function into the mo nomer uni t 18 (Acti ­
cryl® CL-1042 fro m SNPE). Th is compound, wh ose for­
mu la is g iven in Figure 9 , showed an unex pected ly high 
reacti vity when it was exposed to UV-radi at ion in the 
presence of a photo initi ator (5% Irgac ure 65 1) . The UV­
cu ring of a ! -mil thi ck coat ing was found to proceed 100 
times fa ster fo r CL- I 042 than for conventional monoacry-
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Conversion (%) Remaining PI (%) 

50 

0 
[PI]

1 
= [PI) , exp(-kt) 

Light on 

0 1 2 3 

RTIR 

4 

Exposure time (second) 

100 

50 

0 

5 6 

Figure 5-Kinetic profiles recorded by real-time infrared and 
real-t ime ultraviolet spectroscopy for a tripropyleneglyco/ 
diacrylate photoresist exposed to UV radiation as a laminate. 
Photoinitiator: lrgacure 369 = 1%; light-intensity : 50 mW 

cm - 2 

lates, li ke ethyldiethyleneglyco lac rylate (EDGA} , and 
sti ll fas ter than fo r triacrylates, such as trimethy lo lpro­
pane tri ac rylate (TMPTA), as show n by Figure 10 . Like 
w ith the othe r Actic ryls , the ex tremely fa st cure of C L-
1 042 does not prevent the cha in reac tio n to deve lop ex­
tensive ly , so that the tack-free coating conta ins little un ­
reac ted monomer (4% o f its orig ina l amount , compared to 
50 % for TMPTA), as would be ex pected fo r a monoac ry­
late (Figure I I ). 

A striking fea ture obse rved wit h these new mono mers 
containing only one ac ryl ate function is that they become 
insol uble upon UV exposure, very much as a di - or tri ­
functio na l mo nomer wou ld , as show n in Figure 12. Aft er 
30 ms of irradi at ion , Acticryl CL-1042 was found to 
become to tall y insoluble in organ ic so lvents like acetone , 
chloroform . o r meth yleth ylke tone , compared to a 50% 

PET IA 

PETtA + PMMA 

PUA + TPGDA 

TPGDA 

PMMA 

-2 
0 2 3 4 5 6 7 

Exposure time (second) 

Figure 6-Photoinitiator PI decay profiles in various UV-cur­
able systems exposed to UV radiation in air. Photoinitiator: 
lrgacure 369 = 1%. PETIA-pentaerythritoltr iacrylate; 
PMMA-poly(methy lmethacrylate) TPGDA-tripropylenegly­
col diacrylate; and PUA-polyurethane acrylate (Actilane 20) 
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Remaining PI (%) 

100 
Conversion (%) 

[PIJ o 75 
---- 10% 

I RTIR I ______ 7.5% 

50 

--------- 5% 

25 

Exposure time (second) 

Figure 7-Photoinitiator decay and polymerization profiles 
for a cycloaliphatic diepoxy monomer exposed to UV radi­
ation in the presence of a triarylsulphonium salt (KI-85). 

Light-intensity: 55 mW em - 2 

inso lubili zation for TMPTA and onl y 10% fo r HDDA . 
Except for EDGA, further exposure leads to complete 
insolubili zation of all these ac rylic monomers, in particu­
lar the Acticryl CL-959 and CL-960 , which indicates th at 
an e ffi cient c rosslinking process has taken place. Further 
ev idence of a cross linking reaction was obtained from 
hardness measurements, which showed the cyc li c­
carbonate monoacry late to yield hard (Persoz: 200 s) and 
scratch-resistant coatings , instead of the soft (Persoz: 50 s) 
and e lastomeric materi al formed by using conventional 
monoacryl ates, like EDGA. The nature of the chemical 
bonds that connect the po lymer chains in these UV -cured 
monoac ry lates is presentl y under investigation. 

Light-Induced Copolymerization 

One of the great interests of these new monomers is to 
provide fast and extensive cure when they are used as 

Decay Rate Constant (s"1 ) 
4--~----~~--------

3 

2 

CATIONIC 

Kl-85 
+epoxy 

lrgacure 369 
+ TPGDA 

Light-intensity (mW cm·2 ) 

150 

Figure 8-tnftuence of the light-intensity on the photolysis 
rate of radical and cationic-type initiators exposed to UV radi­
ation in the presence of air. TPGDA-tripropyleneglycol dia-

crylate 
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reactive diluents in acrylic res ins. 19 Some typical kinetic 
curves are shown in Figure 13 for polyurethane-acrylate 
formulations containing d ifferent types of monomers , in a 
I to I weight ratio, upon exposure to UV radiation in the 
presence of air. The higher performance of Acticryl CL-
1 042 compared to usual reac ti ve diluents is clearly appar­
ent from these polymerization profi les, with respect to 
both the cure speed and the overall conversion . As a 
consequence , the tack-free coating contained on ly a few 
percent residual unsaturation , compared to 16% and 36% 
when using HDDA and TMPTA , respectively , as reac tive 
diluent. It can be noticed in Figure 13 that the po lymer­
ization of the CL-1042 based fo rmulation starts without 
detectable induct ion period, thus showing the great ca­
paci ty of thi s monomer to overcome the oxygen inhibition 
effect. 

Very similar res ults were obtained in UY-curab le 
epoxy-acrylate resins (Actilane 72 from SNPE) . Replac­
ing HDDA or TPGDA with Act icryl CL-1042 led to a 
threefold increase of the speed of the curing line. For all 
the UV -cured epoxy-acrylate coatings examined , the 
polymerization was found to stop at an earlier stage th an 
in the elastomeric polyureth ane-acryl ate, as ex pected 
when considering the severe mobi lity restrictions of the 
reac tive sites in such stiff and g lassy polymer materials. 
There remains thus a relati ve ly large amount of residual 
unsaturation, 18 and 23%, in the tack -free UY-cured 
epoxy-acrylate coatings based on CL-1 042 and HDDA . 
respectively. By pursuing the irradiation for up to 2 s, this 
level was further reduced down to 9 and 12%, respectively. 

An important quantity which can be evaluated from the 
recorded cure profi les is the polymeri zation quantum 
yield , C/J p. which expresses the photochemica l effi c iency 
of this chain reacti on: 

0p = number of acrylate groups polymerized 
number of photons absorbed 

It can be calculated simply by tak ing the ratio of the 
max imum rate of polymerization to the absorbed Iight­
intensity 20 The (/JP val ues obta ined for the various sys­
tems examined are reported in Table 2.The high reactivity 
of Acticryl monomers clearly appears from such a quanti ­
tat ive comparison , each photon absorbed being capable to 
induce the po lymerization of over 3000 acrylate double 
bonds in the CL- 1042 based resins. With the photoinitia­
tor used here , lrgac ure 651 , thi s would correspond to a 
kinetic chain length on the order of I 04 mol per initiating 
radic al. 

Properties of UV-Cured Polymers 

Both the polyurethane-ac rylate and the epox y-ac rylate 
copolymers based on Acticryl CL-960 and CL-1 042 were 
found to be complete ly insoluble in the organic solvents , 
which makes these photoresists well suited for imaging 
applications . Sensiti vity va lues as low as 0 .5 mJ cm- 2 

have been obtained fo r CL- 1042 based photores ists ex­
posed to UV radiation or to lasers in the presence o f air 2 1 

Such UY-cured coatings also ex hibit a good resistance to 
moisture , strong acids , alkaline treatment , and weather­
ing . 
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Figure 9-Formulas and trade names of new acrylate mon­
omers 

Table 2- Polymerization Quantum Yield of UV-Curable 
Acrylic Resins Photoinitiator: lrgacure 65t = 5%; 

Oligomer/Monomer = 1/1; Film Thickness = 25 .,.m; 
and Atmosphere: Air 

0,:, {Molecule 1 Photon) 

Polyurethane-acry late . 
Epoxy-acrylate. 

EDGA 

200 
230 

EDGA - Ethyldiethyleneglycol acrylate. 
HDDA - Hexanediol diacrylatc . 
Pol yurethane-acrylate - Acti lane 20 from SNPE . 
Epoxy-acrylate - Ebecryl 605 from UCB 

100 

50 

CURE SPEED 
m/min 

1.5 

Diluent 

Actlcryl Actlcryl 
HDDA Cl-960 Cl-1042 

700 
800 

4 

1700 
2000 

3000 
3200 

1 I 0.2 G# ~ G3 
EDGA HDDA CL- 960 TMPTA Cl - 1042 
mono dl mono tri 

Figure 1 o-Performance analysis of various acrylic mono­
mers exposed to UV radiation in the presence of 5% lrgacure 
651. Film thickness = 25 .,.m ; atmosphere : air. EDGA-ethyl­
diethyleneglycol acrylate; HDDA-hexanediol diacrylate ; and 

TMPTA-trimethylolpropane triacrylate 
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RESIDUAL 
ACRYLATE(%) 50 

50 

40 

30 

20 

10 4 4 5 

~ ~ ~ 
EDGA HDDA TMPTA Cl - 960 CL - 1042 

Exposure 20 3 0.2 
time(s} 

Figure 11-Unsaturation content of tack-free acrylic mon­
omer films in the presence of air. lrgacure 651 = 5%. EDGA­
ethyldiethyleneglycol acrylate ; HDDA-hexanediol diacry-

late ; and TMPTA-trimethylolpropane triacrylate 

Table 3- Influence of the Diluent on the Hardness and 
Flexibility of UV-Cured Acrylic Coatings 

Diacrylate oligomer/monomer = 1/1 
Photoinitiator: lrgacure 651 = 5% 

Diluent 

Act lcryl Acticryl 
EDGA CL-960 CL·1042 HDDA TMPTA 

Polyurethane-acrylate 
Persoz hardness. 30 80 
Mandre l flexib ility (mm) 0 0 

Epoxy-acrylate 
Persoz hardncss(s). 60 250 
Mandrel flexibility (mm) 0 

Polyurethane-acrylate- Actilane 20 from SNPE. 
Epoxy-acrylate - Ebecry\605 from UCB . 
EDGA- Ethyldiethyleneglycol acrylate . 
HDDA - Hexanediol diacrylate 
TMPT A- Trimethylolpropane triacrylate. 

100 

so 

GEL FRACTION (%) 
after 30 ms exposure 

15 

I 

10 

0 ~ -L7 
EDDA HDDA Cl- 959 

100 130 270 
0 2 5 

320 300 360 
I 12 30 

50 

I 
TMPTA 

Figure 12-Amount of insoluble polymer formed after 30 ms 
of irradiation of various acrylic monomers, in the presence of 
air. lrgacure 651 = 5%. EDGA-ethyldiethyleneglycol acry­
late ; HDDA-hexanediol diacrylate ; and TMPTA-trimethylol-

propane triacrylate 
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Conversion (%) 

100,---------------------------------. 
CL-1 042 

Exposure time (mi ll isecond) 

Figure 13-lnfluence of the reactive diluent on the polymer­
ization profile of a polyurethane-acrylate resin exposed to UV 
radiation in the presence of air. lrgacure 651 = 5%; diluent/ 
oligomer = 1. EDGA-<!thyldiethyleneglycol acrylate; HDDA­
hexanediol diacrylate; and TMPTA-trimethylolpropane triacry-

late 

PoLYURETHANE-ACRYLATE COATI NGs: The mechanical 
properties of these highl y cross linked po lymers depend 
primarily on the func ti onality and chemical structu re of 
the monomers and ol igomers used. Aliphatic polyure­
thane chains provide elastic it y and impac t res istance , 
while the polyphenoxy structures give hard and stiff 
materials. 

For some UV-curing applications. like ad hesives or 
laminates. it is required to have low-modulus elastomers 
wh ich show high elongation at break. This is generall y 
ac hieved by taking a polyurethane-acrylate as oligomer 
and a monoacrylate as diluent. However, such UV-cu r­
ab le fo rmulati ons proved to be poorly reactive , thus re­
qui ring re lati ve ly long exposure times. One of the main 
interests of using monoacry lates havi ng carbamate or 
cycl ic carbonate structures is that the curing occurs much 
fas ter, thus allowing a substan ti al increase of the line 
speed. and leads to the production of soft , impact res is-

Flnibility 
(AU) 

360 

Persoz 
Hardness 

(s) 
320 <100 

EDGA TPGDA TMPTA CL-960 CL-1042 

Figure 14-lnfluence of the reactive diluent on the mechanical 
properties of an epoxy-acrylate coating UV cured. EDGA­
ethyldiethyleneglycol acrylate ; HDDA-hexanediol diacry-

late ; and TMPTA-trimethylolpropane triacrylate 
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Conversion (%) 

100 

{Benzophenone) = 5"/o 
Exposure time : 60 ms 

50 

~ 
HODA CL- 959 CL • 960 CL • 1042 

Figure 15-Photopolymerization of various acrylic monomers 
in the presence of benzophenone. Atmosphere : air ; HDDA­

hexanediol diacrylate 

tant polymer material s (Table 3). All the monoacry late/ 
polyurethane-acrylate copolymers were found to pass the 
severe zero T -bend test at room temperature (25°), no 
cracks appearing when the polymer fi lm was bent onto 
it se lf and a 10 N cm-2 pressure app li ed. 

EPOXY-ACRYLATE COATI NGS: With epoxy-ac rylate Oiig­
omers. hard and glassy po lymers we re obtained upon UV 
exposure. except when convent ional monoacrylates li ke 
EDGA were used as react ive di luent. UV-cured coatings 
based on monomer CL-960 or CL- 1042 present the dis­
tinct advantage of being ve ry hard and sc ratch resistant , 
while they proved at the same time to be highl y fl ex ible , 
with a mandrel fl ex ibility of I mm at room temperature. 
that is. a break elongation va lue above 50% (Table 3). 
The drastic effec t of the di luent on the hard ness and 
fl ex ibility of UV-c ured epoxy-ac rylate coatings is illus­
trated by Figure 14. Ve ry similar resu lt s have been ob­
tained wi th some other monoacrylates that contained 
e ither a carbamate or a cyc lic carbonate structure.'"- 1

" 

thus showing that these functiona l groups are indeed res­
ponsible for the improved performance of these new 
monomers. 

Mechanism of the Polymerization 

The basic reasons wh ich make monoacrylates beari ng 
carbamate, oxazolidone. or cyc lic carbonate groups so 
reacti ve are st ill unknown. Two se ts of experimental 
result s are yet po inting to the fac t that an effic ient chain 
transfe r reaction is taki ng place during UV -curing, a pro­
cess which may account. at least part ly, for the obse rved 
increase of reacti vity. 

CROSSLINKI NG AGENT: Despite the fact that Acti cryls 
contain a sing le acry late funct ion, these monomers actu ­
all y play the role of difunctional cross linking age nt s. as 
shown by the formati on of a totall y inso luble materi al 
during the light -induced homopolymerization. The hi gher 
hardness va lue of the cured polymer. compared to con­
ve nt ional UV-cured monoac rylates. provides further ev i­
dence of such a cross linking process. 
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Figure 16-Chain transfer reaction in UV curing of some new 
acrylic monomers 

HYDROGEN DONOR CH ARACTER: The three Acticryls 
studied exhib it a strong hydrogen donor character, as 
shown by the UV -curing experiments carried out using 
benzophenone as the photoinitiator , a compound which 
needs a hydroge n donor molecule to produce radicals 
upon UV irrad iati on. As expected , polymeri zati on was 
not taking pl ace in HDDA , even after prolonged expo­
sure . By contrast , Actic ryl CL-959 , CL-960, and CL-
1 042 were found to po lymerize rapid ly under those con­
dit ions (Figure I 5), thus demonstrating the H donor 
character o f these monomers. As a consequence , it is not 
necessary to add tertiary am ines when hydrogen abstrac­
ti on-type photoinitiators, such as thioxanthones, are used 
to polymerize such monomers. Another fact which em­
phasizes the important ro le of hydroge n abs trac ti on is that 
the po lymeri zation rate dropped by a factor of five when 
the NH group of the carbamate-acrylate (CL-960) was 
repl aced by an N-CH, grou p. 14 

The reaction scheme of Figure 16 , which in vo lves a 
chain transfer reaction by abstraction of a labile hydrogen 
from the functiona l group introduced , appears to best 
account for our ex perimental results. It should be men­
tio ned that the viscos ity increase, due to the building up 
of a tridimensional polymer network. is also like ly to 
contribute to the cure speed increase, essenti all y by act­
ing o n the competitio n between propagatio n and te rmin a­
ti on reactions. 

CONCLUSION 

The recent adv ances in UV -curing chemistry presented 
here e mphasize the remarkable performance of some new 
photoinitiators and monomers, whi ch proved highl y effi­
cien t in both accelerati ng the cure process and improv ing 
the pro perties of the fin al product. UV and !R spec tros­
copy appear today as the best analytical techniques for 
quantitatively monitoring in real-time po lymerization re­
ac tio ns which occur in a fraction of a second . The most 
important kine tic parameters, such as cure rates , quantum 
yie lds, sensitivity, and kinetic chain length , have thus 
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been determined accurately fo r different types of UV­
curable systems. 22 ·23 

The reactivity of monoacrylates , often used as react ive 
diluents , can be greatl y enhanced by introducing into the 
structural unit a carbamate , oxazolidone , or cyclic car­
bonate group, all of which being like ly to favor chain 
transfer reac tions. In such monomers , the photopolymeri ­
zation was shown to develop as fast as in triacrylates, and 
as extens ive ly as in monoacrylates , thus leading wi thin 
milliseconds to highl y cross linked polymers that contain 
little residual unsaturation . A mos t remarkable featu re is 
that thi s new class o f monomers impart both hardness and 
fle xibility to the UY -cured po lymers , whic h in additi on 
exhibit a good res istance to solvents, chemicals , and 
weathering . Such highl y reac ti ve monomers are expected 
to find their main openings as diluents in acrylic-based 
re sins, wh ich are wide ly used in today 's UY-cu ring appli ­
cations, especiall y those where cure speed and product 
quality are a majo r concern . 
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to technicians in a ll the coatings­
related fields . 
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Effect of Polyethyleneimine on Phosphate 
Coatings on Mild Steel 

U.B. Nair and M. Subbaiyan 
University of Madras' 

The interposition of a phosphate layer between a metal 
substrate and its paint finish has become a well known 
method of improving adhesion between them. This 
paper describes efforts to improve the protective and 
paint-base properties of phosphate coatings, through 
the incorporation of polymeric compounds as additives 
in phosphating compositions. In the present study, a 
high molecular weight , water-soluble po lymer, 
polyethyleneimine (PEl ), was evaluated as an additive 
in an optimized Ca-Zn cold phosphating formulation . 
The incorporation of PEl in the bath resulted in the 
formation of coatings having desirable properties and 
good corrosion resistance. 

INTRODUCTION 

Phosphate convers ion coatings are one of the most wide ly 
used pretreatments for ferrous metals. These coatings en­
hance the corrosion resistance of the substrate metal and 
improve its paint-base properties and workabili ty in drawing 
operations.' 

Among the most recent methods of improving the proper­
ties of phosphate coatings, modifi cation of convent ional 
phosphating formulations through the use of special addi­
ti ves has gained prominence2 ·' These additi ves are often 
added to improve one or more characteri stics of the phos­
phate coatings, thereby improving their performance under 
service conditions. Refinement of phosphate grain size by 
addition of certain metal ions,45 decreased sludge formation 
by use of organic compounds,6 etc. , are among the numerous 
improvements in phosphating that have been achieved through 
the use of additi ves. 

Presented in part at the National Conference of Corrosion of Mctab and Alloys in l ndu~try. 

Fchruary 26-28. 1992. Bomhay. India. 
"Dept. of Anal) tical Chemistry. Guindy Campus. Madr .. s-600 025. India. 

Vol. 65, No. 819, April 1993 

More recently , polymeric compounds such as polyacry l­
amide and polyacrylic ac id7 have been used successfully in 
phosphating baths to improve certain properties of phos­
phate coatings including crystal dimensions,' mechanical 
properties, and ductili ty " It has also been suggested that in­
corporation of polymers into the phosphating bath wou ld 
improve its paint-base properties, due to their ability to 
enhance interaction at the pretreatment/topcoat interface. 

The present study is a preliminary investigation into the 
use of polyethyleneimine (PEl ) as an additi ve in a calc ium­
modified co ld zinc phosphating formulation. A combination 
of des irable properties which PEl possesses made it an ideal 
choice as an addi ti ve to be evaluated in the formulated bath. 
High water solubility of PEl allowed its easy incorporati on 
into the aqueous phosphating bath. Besides being a hetero­
polar high molecular we ight compound, PEl possessed other 
potentially useful properties such as chelating property, floc­
cu lating property, good thermal stability, and low oral toxic­
ity.1 0 PEl has also been successfully used as a corrosion 
inhibitor for ferrous metals 11 and as a filming agent in adhe­
sives and primer formulations, 10 suggesting that its incorpo­
rat ion in the phosphating bath would enhance the quality and 
corrosion resistance of coatings obtained in its presence. 

EXPERIMENTAL 

Hot-rolled mild stee l panels of composition conforming 
to IS: 1079 spec ifications. 12 of dimensions 8 em x 6 em x 0.2 
em, were used in thi s study. The panels were so lvent­
degreased before being pickled in I 0% sulfuric ac id at 70-
800C ( 158- I 76°F) to remove rust and millscale. The cleaned 
panels were phosphated at room temperature (27°C, 80.6°F) 
for a period of 30 min by an immersion process. The 
phosphating composit ion used is shown in Table I . 

Following the phosphat ing step, a chromic acid postrinse 
[using 0.0125% Cr03 solution maintained at 70-80°C, (158-
1 76°F)] was performed on pane ls coated in a reference bath 
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Table 1-Composition of the Phosphating Bath 

Zinc oxide ... 
a-Phosphoric acid (85%) . 
Calcium carbonate ... 
Sodium n itrite .. 
Polyethy leneirnine (PEI)a .. 
pH .. . 

(a) Mokrular weight uf 600.000---- 1.000.000. ()')ub J 

.. .. .. ... 9 giL 
.. ....... 20 mL/L 

.... .... ... ... .. . ! giL 
.. .... ... . 2 giL 

.. ........ .. .. ... 50-2000 mg/L 
.. .. ... 2.33 

(containing no additi ve) . This step was avoided in case of 
panels processed in baths containing PEl , in order to evalu­
ate the efficiency of thi s filming additi ve as a suitable substi­
tute for the chrome rinse . 

Studies Carried Out 

Phosphated panels were visuall y eva luated for physical 
properties such as appearance and uniformity. The coating 
we ight and the we ight of iron di ssolved during phosphating 
were recorded at vari ous concentrations of PEl in the bath, in 
the concentration range of 50-2000 mg/L. From among the 
concentrations studied . the optimum was fi xed. at which 
vari ation of accelerator concentration (0-4 g/L of NaN0 2) and 
pH (2-2.66) were carried out in order to ascerta in the effect 
of these bath parameters on coating weight. 

Other properties such as absorption value and hygroscop­
icity '-' were eva luated in compari son with those of the refer­
ence bath . The gain in we ight of coated stee l panels after 
immersion in diacetone alcohol for two minutes followed by 
draining for three minutes was recorded as the absorption 
value. The hyg roscop icity va lue was determined as the gain 
in weight of coated steel panels pl aced two inches above 
water for six hours in a closed chamber and is expressed as a 
percentage o f the coating weight. 

Corrosion performance of the coatings obtained from the 
refe rence bath and PEl-containing baths was assessed using 
the salt spray test, '" we ight loss after 24 hr of immersion in 
3% NaCl and the humidity test. 15 Wet adhes ion measure­
ments were made by performing the crosshatch test after 240 
hr of immersion of the phosphated and painted panels in 
di stilled water maintained at 45°C ( 109°F). Ratings were 
made against ASTM D 3359-87 16 to compare the adhes ion 
properti es of panels coated with and witho ut PEl. The 
microtopography of the coatings obtained in the reference 

Table 2-Variation of Coating Weight with PEl Concentration 

Concentration Coating Weight• Weight• of Iron Dissolved 
of PEl (mgi L_I _____ (g_i m_ '_) _ _ During Phosphating (gim' ) 

0. 
50 . 
100. 
250 ... 
500 . 
1000 . 
1500. 
2000. 

... ... ... 9.26 ± 0.26 
..... ........... 7.90 ± 0.32 

.. .... .. .. .. .. .. .. .... .. .. 7.31 ± 0.14 
.. 6.87 ± 0.23 

.... ...... .. ..... 6.46 ± 0. 16 
... ... .. .. .. .. 6.51 ± 0.22 
. . .. .. .. ... 6.48 ± 0.19 

..... .. . 6.23 ± 0.36 

(a) Average- off1vc dctc•nninati<)ll_, and ~ t<l ndard dc, iation' 
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7.35 0.31 
6.01 0.1 5 
5.77 0. 12 
5.27 0.27 
4.91 0.17 
4.86 0.28 
4.88 0.37 
4.61 0.09 

bath and in the presence of PEl were examined using a 
Cambridge Stereoscan 180 scanning electron microscope . 

RESULTS AND DISCUSSION 

Variation of Coating Weight with 
PEl Concentration 

Representative concentrations of PEl , di ssolved in water, 
were added to the formulated phosphating bath. The coating 
we ight and weight of iron di ssolved during phosphating 
were determined at each concentration of PEl in the bath. 
These data are presented in Table 2. An overview of the data 
shows that PEl profoundly inhibits coatin g form ati on at all 
concentrations. The decrease in coating weight of PEl-con­
taining baths as re lated to the reference bath is more signifi­
cant at concentrations between 50 and 500 mg/L, thereafter 
no marked decrease in coating weight occurred with the 
increase of PEl concentrations. The weight of iron dissolved 
during phosphating also showed a similar trend . 

The decrease in coating weight and we ight of iron di s­
solved during phosphating in PEl-conta ining baths suggest 
th at PEl hinders the phosphate deposition process. Its par­
tic ipation in the coating deposition process is envi saged 
thro ugh its adso rpti on onto the stee l substrate be ing 
phosphated. 

PEl is a hi ghl y branched polymeric amine having pri ­
mary, secondary and terti ary nitrogens in the rati o I :2: I, 10 

hav ing the structure 

H,N - (CH, CH, N), - (CH, CH, NH),­

CH, 

CH, 
I .. 

N-
1 

where x, y = I, 2, 3 .... Due to its ability to behave as a 
monoac idic base, thi s polymer is converted into a cationic 
polyelectrolyte in the ac idic phosphating solution (pH = 
2.33) by protonati on at the amino groups, preferabl y at the 
primary amine positions. It may be considered that one-half 
of the nitrogens in the molecule obtain a charge at the low pH 
of the phosphating bath .10 The cationic polyelectrol yte thus 
formed undergoes pre ferenti al adsorption at the cathodi c 
sites of the steel pane l being coated. Adsorption to the sub­
strate occurs through the numerous charged nitrogen atoms 
present on the branched carbon chain of the polymer. Ad­
sorpti on occ urs at more than one cathodi c site for every 
molecule of PEl adsorbed, due to the presence of multiple 
protonated nitrogen atoms a long the carbon backbone. This 
leads to a strong adsorpti on of PEl on the exposed steel 
surface immersed in the phosphating solution. However, 
adsorption at multiple cathodic points hinders the process of 
coating depos ition, as cathodic sites are also the sites at 
which phosphate coating deposition occurs. This phenomenon 
of preferential multipoint adsorpti on at cathodic sites of the 
steel spec imen being coated results in decreased coating 
weight when PEl is added to the phosphating bath. 

As the concentration of the polymer in the bath is in­
creased from 50-500 mg/L, coating weight decreases due to 
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EFFECT OF POL YETHYLENEIMINE 

Table 3-Variation of Coating Weight with NaN02 Concentration 

Reference Bath 

Concentration 
of NaN02 (gi L) 

Coating Weight' 
(glm2) 

0. . .. ..... .. 0.89 ± 0.21 
I . . .. 6.85 ± 0.45 
2 ... . .. ....................... . 9.26 ± 0.26 
3.. . ... ... ... ................. 10.72 ± 0.39 
4. . ...................... 13.49±0.46 

Weight' of Iron Dissolved 
During Phosphating (g/m2) 

1.56 ± O. IK 
10.9 1 ± 0.49 
7 .. 15 ± 0.31 
7.98 ± 0.25 
9.36 ± 0.10 

(ll) Aver:tge of five dc!cmlin;u ion~ omd M;md;ml (kvialimh. 

Coating Weight• 
(glm2

) 

0.59 ±0.27 
3.59 ± 0.5 1 
7.90 ± 0.32 
9.44 ± 0.6 1 

13.12 ± 0.48 

PEl-Containing Bath ____ _ 

Weight• of Iron Dissolved 
During Phosphating (gfm2) 

1.01 ±0. 11 
7.23 ± 0.28 
6.01 ± 0.1 5 
6.37 ± 0.21 
8. 16 ± 0.33 

Figure 1-Extent of lateral creepage of rust from scribe after 96 hr of salt spray test, for panels coated in: a-reference bath; b-PEI­
containing bath 

pH of 
the Bath 

Coating Weight• 
(gl m2

) 

2.00 . . .................... ... . 7.52 ± 0.39 
2.33 .. .... .......................... 9.26 ± 0.26 
2.66. ········· · 7.99 ± 0.31 

Table 4-Variation of Coating Weight with Bath pH 

Reference Bath _____ PEl-Containing Bath 

Weight• of Iron Dissolved Coating Weight• 
During Phosphalin ._g_::(g:._l_m_:'l ______ (gl'--m-'2) __ _ 

10.50 0.4 1 
7.35 0 .3 1 
5.07 0.54 

6.78 0.37 
7.90 0.32 
7.31 0.4 1 

Weight' of iron Dissolved 
During Phosphating {g,_l_m_c'l __ _ 

7.42 0.44 
6.0 1 0.15 
4.25 0.32 

Ia) A'· ~·rage of five dc l ~'m1ina1ion~ and s1 andarU dc,• i;u ion ~. 
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Bath Used 

Table 5--Physical Properties 

Appearance 
Absorption 

Value• (g/m2) 

Reference bath .... .. . Uniform, adherent. I I .77 ± 0.08 
gray ish-white 

Reference bath 
containing 

in color 

SO mg/L of PEl .... Uniform, adherem, 8.60 ± 0.11 
gray ish-wh ite 
in color 

(a) Average o f six t.lc!Cmlinalions and ~landard devi<~lions. 

Hygroscopicity• 
(as% of Coating 

Weight) 

0.11 ± 0.006 

0.08 ± 0.002 

increased surface coverage through increased adsorption by 
the polymer, leading to greater suppress ion of coating for­
mation. When the concentration of PEl in the bath is increased 
beyond 500 mg/L, no significant changes in coating weight 
or weight of iron di ssolved during phosphating occurred. 
This may be regarded as a consequence of saturation of 
adsorption , due to the limited accessible surface area avail­
able for the numerous pendant groups capable of adsorbing 
even at low concentrations of the additive. It may also be the 
result of significant repulsive forces due to "nearest neighbor 
interaction" 17 arising out of the c losely situated charged 
amino groups or significant repulsive force s operating be­
tween the highly charged adsorbed PEl and the molecules 
approach ing the interface, at the prevailing low pH of the 
phosphating bath. The variation of iron dissolved during 
phosphating is supportive of the proposed behavior of PEl 
additive in the phosphating bath. 

·•·· ~---·--------

!· II 
k 
II 

I I l f j 
,I 

li '( 1 I .. 
t . ~ 

Since uniform coatings of maximum coating weight were 
obtained at the concentration of 50 mg/L of PEl in the bath, 
thi s concentration was chosen as the optimum concentration 
at which further studies were carried out. 

Effect of Variation of Other Bath 
Parameters on Coating Weight 

Within limits of practical operability of the formulated 
composition, significant bath parameters like accelerator 
(NaN02) content and pH of the bath were varied, at the 
optimum concentration of PEL The coating weight and weight 
of iron dissolved during phosphating were measured at vari­
ous concentrations of NaN02 ranging from 0-4 g/L (Tahle 3) 
and in a pH range of 2-2.66 (Table 4). 

It is evident from these data that PEl significantly sup­
pressed coating deposition , irrespective of the concentration 
of accelerator in the bath or its pH (as compared to the 
reference bath). An expected increase in coating weight and 
weight of iron di ssolved during phosphating occurred as 
NaN02 content in the bath was increased. The inhibitory 
effect due to adsorbed PEl , however, became less prominent 
at higher accelerator concentrations . This is because better 
coating formation , aided by hi gher concentrations of accel­
erator in the bath , overrides the less significant effect from 
adsorption of PEl during phosphating. 

It is also seen that both an increase and decrease in pH 
over that of the optimum caused decreased coating forma­
tion . While decreased coating weight at low pH may be 
related to delayed onset of hydrol ytically induced precipita­
tion of tertiary phosphates as a result of hi gher acid content 
in the bath , decreased metal attack may be ascribed as the 

Figure 2-Wet adhesion after 240 hr of immersion in distilled water at 45°C (109°F) for panels coated using: a-reference bath ; 
b-PEI-containing bath 
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EFFECT OF POL YETHYLENEIMINE 

Figure 3-Scanning electron micrographs of coatings obtained in : a-reference bath; b-PEI-containing bath 

cause for lower coating weight obtained at high pH. How­
ever, in the latter case, earlier attainment of the point of 
incipient precipitation large ly compensates for decreased 
metal attack, thereby yie lding coating weight similar to that 
obtained at the optimum pH. The values of weight of iron 
dissolved during phosphating are supportive of these facts. 

Significantly high values of the weight of iron dissolved 
during phosphating are obtained at a concentration of I g/L 
of NaN02 (Tahle 3) and at pH 2 (Tahle 4) in the formulated 
baths. This is the result of the fact that at a concentration of 
accelerator be low the optimum , incomplete utili zat ion of 
NaN0 2 occurs due to its decomposition to form nitrous acid. 
This in turn increases the acidity of the phosphating bath , 
prompting further metal dissolution without significantl y 
enhancing coating deposition. Similarly, at low pH, (pH = 
2) , the excess acidity in the bath favors metal di ssolution to 
coating deposition. In both cases , this results in the forma­
tion of a dark brown co loration of the phosphating solution 
during the process ing of steel panels. The poor quality of the 
coatings and the low conversion ratios obtained under these 
conditions support these views. 

EVALUATION OF PROPERTIES 
OF THE COATING 

The coatings obtained in the presence of the optimum 
concentration of the PEl were grayish-white in co lor, adher-

ent, and uniform. The absorption value and hygroscop icity 
for the reference bath subjected to the chrome rin se and the 
bath containing PEl are shown in Tah/e 5. The data indicate 
that despite a decrease in coating weight obtained in the 
presence of PEl , there is a reduction in porosity and water 
permeability of these coatings, as compared to the reference 
bath. 

The low porosi ty associated with PEl -containing baths is 
correlated to the ability of PEl to form surface films which 
complement the protecti ve property of the phosphate coating 
formed on the steel surface , even without a further post rinse. 
The coatings containing PEl are essentiall y water repe ll ent 
due to the long carbon ske letons which project away from 
the metal surface after the PEl molecule has adsorbed through 
its charged amine moities. This reduces the moisture perme­
ability of these coatings and is reflected in the reduced 
hygroscopic ity of panels phosphated in presence of PEl , as 
compared to the reference bath . 

Corrosion Performance and Adhesion 

Corrosion performance of panel s phosphated in baths 
with and without PEl were assessed by measuring the we ight 
loss after 24 hr of immersion in 3% NaCI. The weight loss 
due to corros ion (Tahle 6) in the panels coated in the pres­
ence of PEl were considerably lower than that of the refer­
ence bath. Also, it was observed that the NaCI solution 
showed a red-orange coloration at the end of the test period 

Table 6-Corrosion Performance 

Bath Used 

Reference bath . 

Reference bath containing 

Weight lossa in 
3% NaCI after 24 hr of 

Immersion (g/m2) 

.... ... ... ... 8. 13 ± 0.24 

50 mg!L of PEl ............................... 6.56 ± 0.66 

(a) Average of 10 detcnninations and standard deviation-~ 

(b) As per ASTM 0 :\359-117. 

Vol. 65, No. 819, April1993 

Observation after 96 hr 
of Salt Spray Test 

Minimal lateral rust creepage 

Minimal lateral rust creepage 

Observation after 168 hr 
in Humidity Chamber 

No rust spots seen 

No rust spots seen 

Ratingb after 
Wet AdhesionTest 

3B 

4B 
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in the case of the reference bath , whi le no di scoloration was 
observed in the case of panels coated in the presence of PEl. 
thus indicating the improved performance in the latter case. 

Exposure of the panels processed in the reference and 
PEl-containing baths to 100% relati ve humidity in a humid­
ity chamber for 168 hr, showed no rust spots (Table 6). There 
was on ly minimal lateral creepage of rust from the scribes 
made on panels phosphated both in the prese nce and absence 
of PEl. in a 96 hr salt-spray test (Figures Ia and I b), indi­
cating good corrosion resistance despite the fact that the 
lower coat ing we ight was obtained in the case of panels 
coated in the presence of PEl. 

The ratings obtained in the crosshatch test perfonned on 
pane ls coated in the reference and PEl-containing baths 
(Figures 2a and 2b, Table 6), indicate better adhesion in the 
latter case . This is explained to be the result of better interac­
tion of the polymeric groups of adsorbed PEl present in the 
phosphated layer wi th the paint applied over it; thereby 
improv ing the adhesive forces that operate at the phosphate/ 
paint interface. The reported abi li ty of ce rtain polyelectro­
lytes to retard crystal growth , 18 leading to the formation of 
fine -grained phosphate coatings is env isaged as an associ­
ated factor contribu ting to improved adhes ion at the pretreat­
ment/topcoat interface. This is confirmed from the photomi­
crographs obtained in the scanning e lectron microscopic ex­
amination of coat ings obtained from the reference and PEl­
containing baths (Figures 3a and 3b). It is observed that 
nodu lar congregations of fine crystallites characterize coat­
ings obta ined in the presence of PEl. The coatings obtained 
from the PEl baths are also less porous and more uniform 
than those obtained from the reference bath. 

SUMMARY 

Polyethy leneimine (PE l) inhibits coat ing formation by 
adsorption onto the steel panel being subjected to phosphating. 
Although coating we ight is reduced in the presence of PEl as 
compared to the reference, the coatings obtained were of 
good quality and performed well under s imulated corrosive 
conditions. Altho ugh the convent ional chrome post-rinse was 
avoided, the coatings obtained in the presence of the additive 
possessed low moisture permeability and were of low poros­
ity, both features resulting from the pore-fi lling and water­
repellent film of PEl fo rmed on phosphate coatings obtained 
in these baths. This polymeric addit ive also markedly im­
proved the adhesion of organ ic topcoats to the pretreated 
metal s. 
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Society Meetings 

BIRMINGHAM ....................... JAN. 

"That Was 1992" 

A moment of silence was observed in 
memory of R. Wragg, who died recently. 

The meeting was highlighted by the 
presentation of the Ke nneth Cooke Memo· 
rial Lecture. which was de livered by Moira 
McMillan , Director of the Paintmake rs As· 
sociation of Great Britain. Mrs. McMillan 's 
topic was ''T HAT W AS 1992." 

The speaker gave an overview of the 
paint and coatings industry as it ex ists pres­
ently. She stated that for 1992. sa les volumes 
were down, prices were up 2.3 %. and costs 
were up 1.9%. In add ition, de btor days in­
creased from 63 to 70. and profits increased 
by 8. 1 %. Mrs. McM illan explained that these 
statistics are typical of what is expected 
during recessionary times. She continued. 
stating that the general industrial and auto­
moti ve refini shing market sectors continue 
the ir downward trends. down I 0% p.a.: 13% 
p.a. since 1990. Also, exports have been 
down over the same period of time in 1991 
However. the decorative products sector of 
the indus try moved upward after having 
suffered through bad times during the sum­
mer months . 

Mrs. McMillan stated that overall. prices 
in 1992 he ld fast despite the increases in 
costs. She noted that the larger companies 
recorded stable profits. while smaller com­
panies had lower profits. It also was pointed 
out that there have not been many . if any. 
reports of paint companies going out of 
business. 

The speaker talked about the major tasks 
undertaken by the Paintmakers Association 
in 1992: legis lation: information. collabora­
tion. and representation . Mrs. McMillan 
spoke on some of the lobbying efforts by 
the Association on behalf of the paint and 
coatings indust ry. 

In conclus ion. the speake r admitted to 
cover ing on ly a sma ll portion of the 
Assoc iation's operations. and pointed out 
that they are heavily comm itted in the area 
of training. 

DAVID C . MoRR IS. Secrewry 

CHICAGO .............................. JAN. 

"Measurement of Color" 

Theodore J. Fuhs. of Tru-Tes t Manu­
facturing Company. and Chairman of the 
FSCT"s 1992 Annual Meeting and Paint 
Industries· Show Host Committee. presented 
Certificates of Apprec iation to each of the 

Vol. 65, No. 819, April1993 

Host Subcommittee Chainnen. In attendance 
to receive their Certificates were: Hospita l­
ity Su ite Chairman Thomas P. Yates. o f 
United Coatings. Inc.: Information Services 
Chairman Natu C. Patel, of Ace Hardware 
Corporation. Paint Division: Program Op­
erations Chain11an Karl E . Schmidt. of Pre­
mi e r Coatings: and Reg is tration Area 
Chairman William W . Fotis. of The Val spar 
Corporation. 

Two Subcommittee Chainnen who were 
not in attendance to receive the ir awards 
were: FSCT Exhibit Chairman Victo r M. 
Willi s, of Ace Hardware Corporation. Paint 
Division : and Spouses' Program Chairman 
Cynthia Fuhs. 

Leo A . Dombro ws ki. of Gibraltar 
Chemica l Company, announced that the 
"Course in Coatings Technology," scheduled 
for January 13-May 16. at DePaul Uni ver­
s ity. was about to commence. 

The meeting 's technica l presentation was 
given by Brian Teunis, of X-Rite . Inc. His 
topic was " MEASUREMENT OF CotoR AND 

APPEI\RAi\CE ... 
He explained the meaning of the desig­

nations L a b. L C H. and cmc: the term 
observer va lue: and the differe nce between 
illuminant and source. Mr. Teunis discussed 
where the values for color measurement 
origi nated, and how observers can usc them 
in c reating color tolerances. 

In addi tion. he talked about the use of 
color measurement software and spcctro­
photometers. Mr. Teuni s sa id these tools 
can be used in controlling color tole rances 
in paints, plastics, and ink applications. 

CLIFFORD 0 . SCHWAHN, Puhfidty 

CLEVELAND ......................... JAN. 

Joint CPCA Meeting 

This month was the Annual Jo int Meet­
ing of the Soc iety and the Cleveland Paint 
and Coatings Association. 

A moment of s ilence was observed in 
me mory of Warren J. Bair, who died re­
cent ly. 

The recipient of the Joseph A. Vasta 
Memorial Sc holarship Award of $2,500. 
presented to a univers ity on a rorating bas is. 
was Kent State University (KSU). Carl J. 
Knauss. of KS U. presented the Scholarsh ip 
to Keith Obern1e ier. a student in the coop­
erative program at Wright Air Force Base. 

Two g uest speake rs hi ghlighted the 
meeting's agenda: Rabe n F. Z ieg ler. Ex­
ecuti ve Vice Preside nt of the FSCT. and J. 
Andrew Doyle. Executive Direc tor of the 
Nat ional Paint and Coatings Association 
(NPCA). 

Mr. Z ieg ler ex plained the cooperati ve 
efforts between FSCT and NPCA. includ­
ing the orig in of their discussions and where 
these efforts will lead in the future. It was 
pointed out that the re is some duplication of 
e ffort bet ween the organi zations. Mr. Z iegler 
explained what is presently being done by 
the two groups to e liminate the duplication. 
there by fostering a closer working relation­
ship between the two organizations. 

In addition . Mr. Ziegle r urged the Soci­
ety to become involved in the Ohio Paint 
Counc iL and to se t up a line of communica­
tion with NPCA. 

Mr. Z ieg ler expla ined that the mission 
of the FSCT is the education of its member­
ship and the coa tings industry. He discussed 
some of the tools which have been made 
available by the FSCT for these purposes. 
The 1992 Annual Meeting and Paint Indus­
tries' Show. he ld Octob~ r 2 1-23. in Chi­
cago. IL. was rev iewed . 

Mr. Doyle rev iewed the working re la­
tionship that has existed between FSCT and 
NPCA for the past few months. He discussed 
the factors responsible for pushing toward a 
joint venture . inc luding: financ ial, a de­
creasing number of coatings companies, 
fewer Association members. and a growing 
budge t. 

Mr. Doyle talked about the formation of 
the State Affairs Program (hence the for­
mation of the State Paint Counc il s) . which 
began in 1989. These State Paint Counc ils 
deal w ith regulatory affairs and legis lation. 

JANUARY TECHNICAL SPEAKER-Brian 
Teunis addresses the Chicago Society 
membership on "Measurement of Color 

and Appearance" 
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Constituent Society Meetings and Secretaries 
BALTIMORE (Third Thursday-Martins West. Baltimore. MD). H ELENE J. R ANFONE, 

Duron. lnc.,I0460Tucker St. , Beltsv ille. MD 20705. 
BIRMINGHAM (Firsl Thursday-Siralhallan H01el, Birmingham. England). D.C. 

MoRRIS. PPG lnduSiries (UK) Lid., P.O. Box 359, Birmingham, Bl6 OAD. England. 
CDIC (Second Monday-Location alternates be tween Columbus. Cincinnati. Day· 

ton, and Indianapolis). J EFFERY I. BucH ~1A:-;, Akzo Coatings. Inc. P.O. Box 147. Colum­
bus. OH 432 16·0147 . 

CHICAGO (first Monday-Sharko's Restaurant , Villa Park, IL). ATU C. P ATEL, Ace 
Hardware Corp .. Paint Div .. 21901 S. Central Ave .. Matteson. IL 60443. 

CLEVELAND (Third Tuesday- Brown Derby. Independence. OH in Nov., Mar ., 
and Apr.: Cleveland Hillen. Cleveland. OH. in Feb.: Landerhaven. Mayfield Heights. 
OH. in May). C oNSTA:-.'CE F. WJLUA~S. The Glidden Co .. 80 1 Canterbury Rd .. Westlake. 
OH 44145. 

DALLAS (Thursday following second Wednesday-Hol iday Inn Crowne Plaza. 
Dallas. TX). BENNY PucKETT. Kelly·Moore Paint Co .. Inc .. 301 W. Hurst Blvd .. Hurst, TX 
76053. 

DETROIT (Second Tuesday- meeting sites vary). JANE ALLEN. Reichhold Chemi· 
cals. Inc .. 814 Commerce Or. . Oakbrook. IL 60521. 

GOLDEN GATE (Monday before thi rd Wednesday-alternates between Francesco's 
in Oakland. CA. and Holiday Inn in S. San Franscisco). RICHARD CooPER. Synergistic 
Perfonnance Corp., 580 1 Christie Ave .. #590. Emeryville. CA 94608. 

HOUSTON (Second Wednesday- Hobby Airpor1 Hilion. HouSion, TX). ToM 
FITlGERALD. Monarch Paint Co .. P.O. Box 55604. Houston, TX 77255. 

KANSAS CITY (Second Thursday- Cascone's Restaurant Kansas City, MO). 
LAWRENCE J. MuRPH Y. Tnemec Co. Inc .. 123 W. 23rd Ave .. N. Kansas City. MO 641 16. 

LOS ANGELES (Second Wednesday-Steven's Steakhouse. Commerce, CA). Jotll\ 
C. Kut.NANE, Ameritone Paint Corp .. 184 14 S. Santa Fe Ave .. P.O. Box 190. Long Beach. 
CA 9080 1. 

LOUISV ILLE (Third Wednesday-Executive West Motor Hotel. Louisvi lle, K Y). 
WILLIAM LEIGHTNER. C.L. McGuire & Co., 8134 Newlagrange Rd .. Louisv ille. KY 40222. 

MEXICO (Every fifleen days-Gabriel Mancera. Mexico City. Mexico). SERGIO RoJAS, 
Pinturas In ternat iona l. S.A . De C.V .. Ganaderos 234. Col. Granjas Esmeralda, 09RIO 
Mexico. D. F .. Mexico. 

MONTREAL (First Wednesday- Lc Biftheque Steakhouse. Ville St. Lauren!, Que­
bec). EsTHER RouLEAU McCA RTH Y, Stochem Inc .. 1455 32nd Ave .. Lachine. Que. HST 
31 I. Canada. 

NEW ENGLAND (Third Thursday-Sheraton Lexington Hotel, Lexington. MA , and 
other locations in Massachuset ts and Rhode Island). CHARLES SHEARER, JCI Resins US, 730 
Main St.. Wilmington, MA 01887 . 

NEW YORK (Second Tuesday-Landmark II. East Rutherford. NJ). GeoRGE M. 
AM RICH JR., Benjamin Moore & Co .. 134 Lister Ave .. Newark. NJ 07 105. 

NORTHWESTERN (Jax Cafe. Minneapolis. MN). MICHAEL GRI VI\A. Hirshfield 's Paint 
Mfg .. inc .. 4450 Lyndale Ave .. N .. Minneapolis. MN 554 12. 

PACIFIC NORTHWEST (PoRTLAI\0 SECTION-Third Tuesday: PuGET SouN D SEC· 
TIO;..o-Third Wednesday: VANCOUVER SECTION- Third Thursday). JoHN WESTE!'DORF, 
Lipscomb Chem ical Northwest, 2627 NW Nicolai. Portland. OR 972 10. 

PHILADELPHIA (Second Thursday-Williamson's Res1auran1. GSB Bldg .. BaJa 
Cynwyd. PA). RoBERT D. THmtAs. M.A. Bruder & Sons. Inc., 52nd & Grays Ave .. Phila­
delphia. PA 19 143. 

PIEDMONT (Third Wednesday- Ramada Inn Airport. Greensboro. NC). DALE 
BAKER. Kohl Marketing. Inc., 3859 Battleground Ave .. Ste. 203. Greensboro. NC 27410. 

PITTSBURGH (Second Monday-Montemurro's Restaurant. Sharpsburg, PA). MARK 
A. HARLEY JR .. PPG Industries. Inc .. 4325 Rosanna Dr .. P.O. Box 9. All ison Park. PA 
15101. 

ROCKY MOUNTAIN (Monday fo llowing firsl Wednesday-Zangs Brewery. Den· 
ver. CO). CHRISTINE LESCA MELA, Luzenac America. Inc .. 8985 E. Nichols Ave .. Englewood 
co 80 11 2. 

ST. LOUIS (Third Tuesday-Salad Bowl Cafeleria. StLou is, MO). CHUCK REITTER, 
American Paint Journal Co .. 29 11 Washington Ave .. St. Louis, MO 63103. 

SOUTHERN (GULF CoAST SECTION-third Thursday: CENTRAL FLORIDA SECTION- thi rd 
Thursday after first Monday; ATLANTA SECTION-third Thursday: MEMPHIS SECTION-bi· 
monthly on second Tuesday: and MIAMI SECTION- Tuesday prior to Central Florida Sec­
tion). JEFF SHUB ERT, Shubert Paints. Inc .. 2157 Mountain Industrial Blvd., Tucker, GA 
30084. 

TORONTO (Second Monday-Cambridge Mo10r Hotel , Toronto). Bos C. No, Hoechst 
Canada lnc .. 100 Tempo Ave .• Willowdale. Ont. M2H 2N8. Canada. 

WESTERN NEW YORK (Third Tuesday-meeling siles vary). MAR KO MARKOFF. 182 
Farmingdale Rd .. CheekiOwaga. NY 14225. 

and will. or have, contracted with lobby is ts 
to represent the Counci ls. 

The joint MSDS C D-ROM Technology 
project was discussed. 

In conclusion. Mr. Doyle staled !hat the 
di fference bel ween FSCT and NPCA today 
versus 20 years ago is a willingness 10 lislen 
to each other and to try Jo work JOgether. 

To summarize the cooperative efforts 
be1ween the groups. Mr. Ziegler said lhal 
seals on lhe respected groups' Boards of 
Directors have been exchanged to ensure 
smooth relationshi ps of the two organiza· 
lions. 

Q. What is the c·m'l'ellf membership in 
each organization '! 

A. FSCT is comprised of 7.200 members 
belonging 10 26 Constiluent Socielies in 1he 
U.S .. Canada, Greal Brilain, and Mexico. 
NPCA has 500 corporale members. includ­
ing 350 manufacturers, 125 raw material 
supplie rs. and 25 disJri butors. 

Q. Thae are 70 small paint companies 
in the Cfe,·e/and area. some who cannot 
afford the NPCA d11e.,. Does the NPCA 
Board plan to restructure its dues in the 
near future? 

A. The NPCA conslanlly reviews its 
dues. but there are no plans to lower dues. 
The dues were inc reased a few years ago. 
from $500-$800-$1 ,500. Dues currenll y are 
$ 1.600+/-$50 and il costs NPCA much more 
than $ 1,600 to service a company. regard less 
of its s ize. J.P. Wallon created a 1-2-3 Pro­
gram. where a company that has never been 
a member, or has not belonged for at least 
fi ve years . can join NPCA for l /3 lhe price 
($500) for 1he firs1 year, 2/3 1he price 
($ 1.000) !he second year, and the full amount 
($1.600) lhe lhird year. This gives a small 
company an opporlunity Jo join lhe NPCA 
at a reduced cost so lhey can learn about all 
I he N PCA has 10 offer a company. 

CONSTANCE F. WILLIAMS, Secretary 

HOUSTON ............................. JAN. 

"Effects of Metal Sultanates " 

Guy Sullaway, of lnternalional Paint 
Company. was nominated for Soc iely Trea­
surer for the 1993-94 year. No nominal ions 
were received from the noor, so the mem­
bership voted to close the nom inati ons for 
1ha1 pos i1 ion. 

The meeting 's technical presentation was 
given by New York Sociely member Rudy 
Bernd lmaier, of King Industries, Inc. Hi s 
topic Of discussion was " EFFECTS OF METAL 
SULFONATE$ 0\ CORROSION RESISTANCE AN D 
OTHER PROPERTIES." 

The speaker ex pla ined the essen1ia l ele­
ments for corrosion: anode, cathode. elec­
lro lyte. and conducto r. Also, 1he mecha­
ni sm of corrosion was examined. 

Journal of Coatings Technology 



Dcs~Joumam Circle the numbers of the items you would like more 

Coatings 
Information on, and mail it-postage paid ! 

Technology 001 021 041 061 081 101 121 141 161 181 201 221 241 261 281 

Reader Service Card 002 022 042 062 082 102 122 142 162 182 202 222 242 262 282 

February 1994 Issue 003 023 043 063 083 103 123 143 163 183 203 223 243 263 283 
004 024 044 064 084 104 124 144 164 184 204 224 244 264 284 

Your Company 005 025 045 065 085 105 125 145 165 185 205 225 245 265 285 
006 026 046 066 086 106 126 146 166 186 206 226 246 266 286 

(Check One Block) 007 027 047 067 087 107 127 147 167 187 207 227 247 267 287 
AA D Manufacturers of Paints. 008 028 048 068 088 108 128 148 168 188 208 228. 248 268 288 Varnishes. Lacquers. Printing 

009 029 049 069 089 109 129 149 169 189 209 229 249 269 289 Inks, Sealants, Adhesives 
BB Q Manufacturers of Row 010 030 050 070 090 110 130 150 170 190 210 230 250 270 290 

Materials 01 1 031 051 071 091 111 131 151 171 191 211 231 251 271 291 
cc 0 Manufacturers of Equipment 012 032 052 072 092 112 132 152 172 192 212 232 252 272 292 

and Containers 
013 033 053 073 093 113 133 153 173 193 213 233 253 273 293 DD 0 Sales Agents fOf Row 

Materials and Equipment 014 034 054 074 094 114 134 154 174 194 214 234 254 274 294 
EE 0 Government Agency 015 035 055 075 095 115 135 155 175 195 215 235 255 275 295 
FF 0 Research/Testing/Consulting 016 036 056 076 096 116 136 156 176 196 216 236 256 276 296 
GG 0 Educational Institution/ 017 037 057 077 097 117 137 157 177 197 217 237 257 277 297 Ubrory 

018 038 058 078 098 118 138 158 178 198 218 238 258 278 298 HH 0 Point Consumer 
JJ 0 Other 019 039 059 079 099 119 139 159 179 199 219 239 259 279 299 

020 040 060 080 100 120 140 
Your Posillon 

160 180 200 220 240 260 280 300 

(Check One Block) 
KK 0 tvklnagement/Adm. Name l l o Mfg. & Engineering 
MM 0 Quality Control Company NN 0 Research & Development 
PP 0 Technical Sales Service Address 
QQ 0 Soles & Marketing 

City State __ Zip---RR 0 Consultant 
ss 0 Educator/student/Ubrorlan 
n 0 Other Phone FAX 

t ---.-- ,.....___....._ ....... ~ ~---~-~ ~ ~ ~ -.~--~ ~-~ ~ ::--- -~ ~ ~~ =--~--=- ~-~- """='="' ~-~- -=-- .. 
I 

DcsG Joom~d i Circle the numbers of the items you would like more 

I Coatings 
information on, and mail it...:...postage paid ' 

Technology 
001 021 041 061 081 101 121 141 161 181 201 221 241 261 281 

Reader Service Cord 002 022 042 062 082 102 122 142 162 182 202 222 242 262 282 
February 1994 Issue 003 023 043 063 083 103 123 143 163 183 203 223 243 263 283 

004 024 044 064 084 104 124 144 164 184 204 224 244 264 284 

I Your Company 005 025 045 065 085 105 125 145 165 185 205 225 245 265 285 
006 026 046 066 086 106 126 146 166 186 206 226 246 266 286 

j 
(Cheek One 8k)ek) 

007 027 047 067 087 107 127 147 167 187 207 227 247 267 287 AA Q Manufacturers of Paints, 
Varnishes, Lacquers. Printing 008 028 048 068 088 108 128 148 168 188 208 228 248 268 288 

~ Inks, Sealants. Adhesives 009 029 049 069 089 109 129 149 169 189 209 229 249 269 289 
BB 0 Manufacturers of Row 010 030 050 070 090 110 130 150 170 190 210 230 250 270 290 

! Materials 011 031 051 071 091 111 131 151 171 191 211 231 251 271 291 

~ 
CC a Manufacturers of Equipment 

012 032 052 072 092 112 132 152 172 192 212 232 252 272 292 and Containers 
DO a Soles Agents for Row 013 033 053 073 093 113 133 153 173 193 213 233 253 273 293 

I Materials and Equipment 014 034 054 074 094 114 134 154 174 194 214 234 254 274 294 
EE a Government Agency 015 035 055 075 095 11 5 135 155 175 195 215 235 255 275 295 

t FF a Research/Testing/Consulting 016 036 056 076 096 116 136 156 176 196 216 236 256 276 296 GG a Educational Institution/ 

l library 017 037 057 077 097 117 137 157 177 197 217 237 257 277 297 
HH 0 Point Consumer 018 038 058 078 098 11 8 136 158 178 198 218 236 258 278 298 

I Jj a Other 019 039 059 079 099 11 9 139 159 179 199 219 239 259 279 299 

rl 
YourPosillon 020 040 060 080 100 120 140 160 180 200 220 240 260 280 300 

I 
(Check One Block) 
KK 0 Management/ Adm. Name 

I 
ll a Mfg. & Engineering 
MM 0 Quality Control Company 

I 
NN 0 Research & Development 

Address PP a Technical Soles Sei'Vice 

I 
QQ 0 Soles & Marketing 

City State __ ZiP---RR 0 Consultant 

J 
ss 0 Educator/Student/Ubrarion Phone FAX n o Other 

J 



BUSINESS REPLY MAIL 
FIRST CLASS PERMIT NO. 12522 CHICAGO, ILLINOIS 

POSTAGE WILL BE PAID BY ADDRESSEE 

Journal of Coatings Technology 
Reader Service Center 
650 S. Clark St. 
Chicago, IL 60605-9960 

1.11 •• 11 •••• 11 •• 11 •••• 1.1.1.1 •• 1.1 ••• 11 •• 11 ••• 1.1 •• 1 

NO POSTAGE 
NECESSARY 

IF MAILED 
IN THE . 

UNITED STATES 

I 
) 
I 
1 
I 
l 
1 
l 
l 
I 
I 
i 
l 
l 
·I 
I 
I 
I 
I 
I 
i 

- -- ~ ---~--~ ~~~~ ~-- ~ ~------ - ---------- -}-----. 

BUSINESS REPLY MAIL 
FIRST CLASS PERMIT NO. 12522 CHICAGO, ILLINOIS 

POSTAGE WILL BE PAID BY ADDRESSEE 

Journal of Coatings Technology 
Reader Service Center 
650 S. Clark St. 
Chicago, IL 60605-9960 

1.11 •• 11 •••• 11 •• 11 •••• 1.1.1.1 •• 1.1 ••• 11 •• 11 ••• 1.1 •• 1 

NO POSTAGE 
NECESSARY 

IF MAILED 
IN THE 

UNITED STATES 

,I 

'I 
:1 

~ 
I 
I 
I 
~I 

I 
·I 
I 
I 
·I 
'I 
I 
I 
I 
l 
j 
I 
l 



In conclusion. Mr. Berndlmaier stated 
that the use of metal sul fo nates can enhance 
the corrosion resistance of coatings 

Q. Metal su(j(mates are used as corro­
sion inhibitors in grease and oil and hare 
not heen used m1wh in coatings hecause of 
their tendency to sojien the .fi"lm. Did you 
notice any stHfening of the .films with these? 

A. No. The slides shown which pre­
sented the formulae tested also li sted the 
hardness. The hardness was within accept­
able leve ls. If one overloaded the coating 
with these products, it is possible that the 
film would be softened . Also. the type of 
metal used in the salt has an effect. 

Q. Can these producls he used in latex 
.'lystems and are you gil•ing guidance on 
such use? 

A. The latex should contain am ine and 
coalescent. Amine and coalescent should be 
added to the material (metal sulfonate) also . 
The pH of the fini shed product should be 9 
max. The salts should be incorporated into 
the vortex of the mix. It is eas iest to post­
add these products. 

THOMAS W. FITZGERALD. Secrerary 

KANSAS CITY ...................... JAN. 

Federation Officer Visit 

FSCT Pres ident Colin D. Penny, of 
Kapsulkote. Inc .. and Exec utive Vice Pres i­
dent Robert F. Ziegler, were the meeting's 
featured speakers. 

Mr. Penny addressed the working rela­
tionship between FSCT and the National 
Paint and Coatings Assoc iat ion (N PCA) . 

Mr. Zieg ler summari zed the activi ties of 
FSCT. with particul ar allention to the up­
coming 1993 Annual Meeting and Pa int In­
dustries· Show. October 27-29. in Atlant a. 
GA . Also di scussed were: Spring Week 
1993, on May 16- 19, in Houston. TX: Pro­
fess ional Development Commillec spon­
sored programs: Regulatory UPDATE in­
sert in the JOURNAL OF COATINGS TECHNOL­
OGY: Coatings Industry Education Fund: and 
FSCT-NPCA areas of coopera tion . 

LAWRENCE J. MuR PH Y, Secretary 

LOS ANGELES ..................... JAN. 

" Weathering Tests "' 

Environme111al Committee Chairman 
Dave Muggec, of E.T. Horn Company. re­
ported on a number of regulatory issues. 

The first item disc ussed was Proposition 
65 and the new rules concerning tox icant 
listing and safe harbor prov isions whic h are 
being considered for change again. 

Also. the Department of Transportation 
is proposi ng the use of breath test ing for 
alcohol. Mr. Muggee said that according to 
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HOST COMMITTEE CHAIRMEN-Theodore J. Fuhs (center), Chairman of the 1992 Host 
Committee, presents Certificates of Appreciation to the Subcommittee Chairmen for 
their efforts during last year's Annual Meeting and Paint Show held in Chicago. In 
attendance to receive their awards are (from left) : Natu C. Patel, Karl E. Schmidt, Fuhs, 

Thomas P. Yates, and William W. Fotis 

the proposed rules. workers tes ted for alco­
hol would be barred from performing safety 
sensiti ve tasks if tes t results showed a blood/ 
alcohol leve l of 0.02% or greater. Also in­
cluded in the proposal are provisions fo r 
pre-employment. post acciden t. reasonabl e 
suspicion. return to duty. and follow up tes t­
ing. 

The fi nal topic was the Tox ic Subswnces 
Cont ro l Act (TOSCA) Statute of Limita­
tions. Mr. Muggee stated that a federal ap­
peals court rejected a hazardous waste fi nn's 
request to rev iew an admi ni strati ve ru ling 
that found there is no statute of limitations 
to govern when the EPA must fil e enforce­
ment ac ti ons for a lleged vio lati ons of 
TOSCA. 

The technical speaker was Robert K. 
Lallie. of Atlas Elect ric Dev ices Company, 
who spoke 0 11 "WEATHERING TESTS AND 
CoATI NGS : How FAST AND How MEANING­
FUL. .. Mr. Lattie is a member of the Chicago 
Soc iety. 

The speaker em phas ized the need for 
accelerated testi ng in light of the need for 
shorter development time for products. 

According to Mr. Lallie, the onl y mean­
ingful environment for tests is the customer' s 
environment. that is, the one that produced 
the coati ng failure. He said that often south 
Florida is used as a benchmark exposure 
si te. However. Atlas operutes sites in Florida. 
Ari zona. Illinois (Chicago), New Jersey, 
Kent ucky . the Ne th erlan ds. and so uth 
France. In additi on to geographic location, 
it was pointed out that test panels are ex­
posed at diffe rent angles to the sun, as well 
as, under glass or open ly exposed. 

Th e speaker co mpared UV spec tral 
curves in an attempt to match actual Florida 
sunlight by the use of various UV lamps. 

Various methods of tracking the sun were 
discussed. 

Q. To speed llfJ the xenon are weather­
ing. cou!dn' t you merely heat up the cham­
her CH hot as possihle to accelerate reactil·­
ity? 

A. Tests by General Elect ric found that 
60-80 times the li ght was poss ible. but 

without the thermal component. When the 
heat and light were applied, the result s were 
found to correlate well with ac tual expo­
sure. The chamber is heated to speed up 
reacti vity. A weathering test for plastic for 
automoti ve appl ication generally is heated 
up to 63°C for in terior automotive parts. 
and 47'C fo r exterior part s. 

Jm1r..; C. KuLNANE. Secretary 

LOUISVILLE ..................... .. .. NOV. 

"Controlling Biological 
Contamination " 

It was announced that Larry F. Pitchford. 
of Reynolds Metal Compan y, has been 
elected to serve as the Soc iety Representa­
tive to the FSCT' s Board of Di rec tors. 

FS CT Sec re tary-Tre asure r Joh n A. 
Lanning. of Cou rtaulds Coatings, Inc .. dis­
cussed the Fall Meeting of the Board of 
Directors which took place October 20, 
1992, in Chicago, IL. Mr. Lanni ng also 
talked about the work ing relation ship be­
tween FSCT and the Nati onal Paint and 
Coatings Association. 

Kri s J. Grauer. of Ashland Chemical 
Company. reminded the membership about 
the April 2 1-23 Spring Meeting. to be held 
in conjunct ion with the Southern Society 
Annual Meeting, at the Opryland Hotel. in 
Nashville, TN. The theme of this year's 
symposium is ''Water Based and Waterborne 
Technology of the 90s ." 

William Machemer presemed a talk on 
''CONTROLLING 8JOLOOICAL CONTAMINATION IN 
COATI NGS MANUFACTUR ING PROCESSES." 

The speaker spoke about microorgan­
isms and how they can get into a plant. The 
problems they can cause were examined: 
viscosity loss, putrefaction. popping gas, and 
visible growth . 

Mr. Machemer di scussed how to evalu­
ate in-can preservatives and the keys to an 
effective preservative program. 

WiLLI AM LEIGHTNER, Se£Tetary 
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MONTREAL .......................... JAN. 

"Coatings for Wood Substrates '' 

A ta lk on "CoATINGs FOR Wooo SuR· 
STRATES" was g iven by Dominique Janssens. 
of the Canadian Wood Council. 

The speaker di scussed the various prop­
erties of wood and the effec t they have on 
choosing the ideal type of coati ng(s). Some 
oft he important properties of wood include: 
dimensional stability, density. res in content , 
and moisture content 

Q. Is there a "moisture sp(y·· for con­
strunian 11'ood products? 

A. Yes . 19% max. but it is difficult to 
enforce and contro l at job s ites. Moisture 
pickup due to storage conditions often means 
higher moisture content. The best wood is 
exported. Sixty percent goes to the U.S . The 
wood is wrapped and must pass inspection 
by the customer. 

Q. You said that latex is the hest paim 
fo r exterior wood hw that u·ood should he 
he/ow 19o/c moislllre fO pain t. Isn 't rhis a 
contradict ion? 

A. No. it 's still better to have a low 
moisture content before painting. In fact. in 
very humid climates, such as in the southern 
U.S .. paint is not recommended. Opaque/ 
preservati ve stains would be the preferred 
choice. 

JASON G. H ART 

NEW YORK ........................... JAN. 

"Opaque Polymer" 

Technical Committee Chairman Larry 
Wae lde, of Troy Corporation, announced 
that the Society symposium on "'Recent Ad­
vances in Additives and Modi fiers for Coat­
ings," is sc heduled fo r May 4-5. at the 
Holiday Inn. in Newark. NJ. 

Also. the committee has completed its 
research on the paper "Silicon Additi ves for 
High Solids Coatings." 

Environmental Committee Chairman 
Alfred A. Sarnotsky, of Spraylat Corpora­
tion, reported that the New Jersey Health 
Inspectors have not found anything major 
wrong with the paint plants that already 
have been inspected. He noted that most of 
the laboratory complaints were in periph­
eral areas. These areas included the boiler 
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room. laboratori es . maintenance. and qual­
ity control areas . 

Sidney J. Rubin. of Empire State Var­
nish Company, Inc .. announced that if any­
one is interested in attending the HM 18 1 
Semin ar th ey should contact Mi ld red 
Leonard at the Soc iety offi ce. 

A technical presentation on ··O PAQUE 

POLYMER : T HE A LL- PURPOSE PtGMEJ\T .. was 
deli vered by Elmer Willi ams. of Rohm and 
Haas Company. 

The speaker described the opaque pol y­
mer as an "a ll purpose pigment" because it 
scatters light. is not a film former. and. if 
used at high enough levels. fl attens paint. 
He also noted that the opaque polymer is a 
synthetic pigment, which means that it can 
control the void diameters very closely, thus 
giving good quality control on the raw ma­
terial. 

Mr. Williams stated that by using the 
opaque pol ymer efficiently in high PVC 
paints, there is no loss of resistance proper­
ti es . The opaque polymer can be used in 
semi -g loss paints. exterior paints. and flat 
paints. 

In conclusion , the speaker noted that the 
most important thing that the opaque poly­
mer does '' is allow you to optimi ze hiding 
and cost performance of any pai nt formula­
tion. 

Q. Hal'e you run hurnishing rests on 
paints made with and wirhollf the opaque 
polymer? 

A. Yes, tests have been run. In high 
PVC paints there might be a problem due to 
a lack of fine tuning in the formula. If the 
fo rmula is optimized there should not be a 
problem with burnishing. 

Q. How does UV affect the opaque polv­
mer? 

A. It is not affected by UV because it 
does not absorb UV. 

GEORGE M. AMRICH JR. , Secretary 

NORTHWESTERN ............... JAN. 

Manufacturing Meeting 

The meeting's fi rst speaker was Becky 
Buttler. of BYK-Gardner. Inc .. who gave a 
talk on '" F UNDAMENTALS OF THE D ISPERSION 

PROCESS AND C HARACTERIZATION OF COATING 

M ATERI ALS USING DIFFERENT T YPES OF DIS­

PERSING E QU IPMENT .. , 

The speaker opened the presenta tion by 
defining di spersion as the complete wetting 
of pigments and their even distribut ion in 
the surrounding vehicle. She went on to say 
that the dispersion process involves the 
breakdo wn of associated particles into 
smaller particles and their distribution in a 
fluid , leading to a colloidal suspension. The 
object of dispersion is to produce a colloidal 

system with pigment particles in the range 
of 0.05 -0.5 microns. 

Ms. Buttler sa id that pigments can be 
divided into three categories: primary par­
ticles, aggregates. and agg lomerates . 

The speaker described the dispersion 
process, and the equipment used to create 
dispersions. 

The second speaker on the agenda was 
Bob Borner. of the St. Croix Valley Sky 
Di vers. who spoke about the sport of sky 
di ving. 

Mr. Bomer talked about the history of 
sky di ving . the equipment needed for thi s 
acti vity. the competition ava ilable for sky 
di vers, and the tra ining necessary to obtain 
a sky diving license. 

M ICHAEL GRIVNA . Secretary 

PHILADELPHIA ................... JAN. 

Joint PPCA Meeting 

This month was the Annual Joint Meet­
ing with the Philadelphia Paint and Coat­
ings Association. 

The meeting featured ian C. James. of 
Du Pont Company. Mr. James is respon­
sible for monitoring economic and political 
developments and trends throughout the 
world . 

The speaker stated that the past reces­
sion ended offi ciall y in March of 199 1. 
However, he did note that the recovery has 
been "subpar. .. Mr. James compared the 
various aspects of the current recovery period 
with the recoveries from prev ious recessions. 
His personal feeling was that the medi a im­
pact (both print and television ) accounted 
for some of the erratic recovery. 

According to the speaker, the inaugura­
ti on of President Clinton will have "no im­
pact whatsoever'' on the economy during 
1993. He said this is due primarily to the 
gestation period and processes of Washing­
ton , D.C. 

Mr. James indicated that 1993 will be 
more positive than 1992. and that paints and 
coatings can expect a four to five percent 
volume growth this year. Also, it was pointed 
out that housing starts were up about two 
percent for 1992, and he predicted about 
three percent inflation for 1993 and 1994. 

In conclusion, Mr. James commented 
that the U.S. is on the brink of becoming the 
major manufacturing nation in the world. 
He said that the return to average rates of 
growth for the 90s are expected. 

Q. How do you fee l abow rite deficit:' 
A. For the short term we are okay . How­

ever, some forecasters have shown that un­
less we begin to control spending by the 
government, there is disaster ahead in the 
next century. 

ROBERT D. THOMAS, Secretary 
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Future Society Meetings 

Baltimore 
(Apr. 15)-Educational Committee. 

Nominations. 
(May 20)-Manufacturing Committee. 

Elections. 

Birmingham 
(May 6)--<J4th Annual General Meet­

ing. 

CDIC 
(May I 0)-Speaker to be announced, 

King Industries, Inc. 

Chicago 
(May 7)-Annual Awards Banquet. 

Cleveland 
(Apr. 20)-"'CARBON BLACK MICRODIS­

PERSION-EFFECT ON J ETNESS AN D UNDERTONE 

IN CoATtNGs"-Jerry Rogers , Columbian 
Chemicals. 

(May 18)-To be announced-Richard 
Ressmeyer, Intennuseum Conservatory. 

Dallas 
(Apr. 15)-"COMPLYI NG WITH EMISSIONS 

R EGULATIONS-A R AW M ATERIAL S UPPLIERS. 

YiEW"-Daniel N. King. Exxon Chemical 
Company. 

(May 13 )-"COLOR PERCEPTION AND 
M EASUREMENr''-Romesh Kumar. Hoechst 
Celanese Corporation. 

Detroit 
(Apr. 13)-"EFFECT OF ENVIRONMENTAL 

REGULATIONS ON PIGMENTATION OPTIONS FOR 

THE CoATINGS INDUSTRY"-Jim King , Du 
Pont Company. 

(Apr. 27)-"18th Annual FOCUS" 
Conference. Un iversity of Detroit/Mercy. 

(May II )-Joint DSCT/DPCA Meeting. 
"ENVIRONMENTAL IssuEs.' ' 

Golden Gate 
(Apr. 19)-"THE FOAM STORY"- Jay W. 

Adams, Tego Chemie. 
(May 17)- "STATISTICAL DESIGN IN HIGH 

Souos POLYURETHANE COATlNGs''-Sherri L. 
Bassner, Air Products and Chemicals, Inc. 

(June 14)-Manufacturing Committee 
Sem inar. 
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Houston 
(Apr. 14)-"COMPLYING WITH EMISSIONS 

REGULATIONS-A R AW M ATERIAL S UPPLIERS' 

YiEW"-Danie l N. King. Exxon Chemica l 
Company. 

(May 12)-"COLOR PERCEPTION AND 
M EASUREMENT"-Romesh Kumar. Hoechst 
Celanese Corporat ion. 

Montreal 

(May 5)- Past-Pre s idents' Night. 
Manufacturing Committee Presentation­
Gerard Paradis. BASF Canada. 

New England 
(May 25-26)- Tech Expo '93. Sheraton 

Tara. Danvers, MA. 

New York 
(Apr. 13)-''MODERN TR ENDS IN ORGANIC 

PIGMENT TECHNOLOGY"-Hugh M. Smith. 
Sun Chemical. 

(May 11 )-PaYaC Meeting. To be an­
nounced-Frank Jones, Eastern Michigan 
University. 

Philadelphia 
(Apr. 16)-Awards Night Dinner Dance. 
(Mar. II )-"FiLTERING THOSE DIFFICU LT 

Hr GH Souos PAINTs"-Pet e Scovic , 
Ronnigen Petter. 

(May 13)- Manufacturing Committee 
Presentation. " ISO 9000"-Speaker to be 
announced . 

Pittsburgh 
(Apr. 13)-Environmental Symposium. 

"AN ENVIRONMENT RESPONSIBLE 90s.'' Airport 
Marriott. Pittsburgh. PA. 

(May 10)-"PSYCHOLOGY OF COLOR"­
Andrea Piontelc. PPG Industries. Inc. 

St. Louis 
(May 18)-"PIGM ENTS FOR HI GH Souos 

AND WATER BORNE COATINGs"-Speaker 
from CIBA-GEIGY. 

(June 4-5)-Joint Meeting with Kansas 
City Society. Hol iday Inn, Lake of the 
Ozarks. MO. 

Southern 
(Apr. 2 1-23)-Annual Meeting. "W A­

TERBORNE COATINGS-RIDING THE WAVE TO 
THE FuTURE." Opryland Hotel . Nashvi lle, TN. 
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Elections 

BIRMINGHAM 

Associate 

Rohins. Michael L.-Ciba Pol ymers. Cambridge. 
Cambs. 

CHICAGO 

Active 

Ankele. Bru('(' £.-Tru4 Test Manufac turing Co .. 
Cary. IL. 

Blast. Daniel B.-Moli ne Paint Manufacturing 
Co .. Moline. IL. 

Huhen. James F.-National Starch & Chemical 
Co .. Oak Creek. WI. 

McBee.James H.- Akzo Coatings Inc .. Zion. JL. 
Tikusis. Danil'i i. - Morton In terna t io nal. 

Woodstock. IL. 
Wille , Stei'Cn L -Morto n Internationa l. 

Woodstock. 

Associate 

Rodgns. Su:anne M.-BYK-Chem ie USA. 
Roselle. IL. 

Snedeker. Kathy B.-Sun Chemical Pigments. 
Chicago. IL. 

CLEVELAND 

Active 

Aloye. James A.- The Glidden Co. Strongsvil le, 
OH. 

Armstrong. Scorr H.-Inorga ni c Coatings. 
Cleveland. OH. 

811/ter. Kurt-Premix Inc .. Nonh Kingsville. OH. 
Hahn. Lisa M.-Fiexo Inc .. Newbury. OH. 
Hifl. Mary L.- The Sherwin-W illi ams Co .. 

Cleveland. 
Ledvina. Edward A.- The Sherwi n+ Williams Co .. 

Cleveland. 
Pale!, Sohini- The Sherwi n+Wi lliam s Co .. 

Cleveland. 
Pi::nn. Catherine A.-The Sherwin+ Williams Co .. 

Cleveland. 

Associate 

Grorer. Garen S.-Monsanto Co . Akron. OH. 
Roeiher. Dan-Nonh Pak, Macedonia. OH. 
Solomon. Jo/111 S.- B.F. Goodrich Co .. Bay Vi l-

lage. OH. 

Retired 

Dreka. George B.- Cleve land Heights. OH. 

DETROIT 

Active 

Cahell. Aloys ///-Monon Automotive. Detroit. 
MI. 

Kac:marski.James P.-Akzo Coatings Inc .. Troy. 
MI. 

Kuhn. Ke\·in B.-Parker + Amchem. Madison 
Heigh ts. MI. 

Associate 

Colora. Mary £.-B rooks & Kus hman. 
Southfield. MI. 
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Schuld. Keith ./.-Miles Inc.. Farmington Hill s. 
MI. 

Educator/Student 

Xiao, Han X.- University of Detroit+Mercy. De­
troit. MI. 

NORTHWESTERN 

Active 

Holtan. Ronald C.- Diamond Vogel Paints. Or­
ange City. IA . 

Kime . Daniel A.- Cargill . Inc .. Wayzata. MN. 
Pue£:. Robert C.-Larson-Juhl. Ashland. W I. 

Retired 

Haering. Jim A.- Waconia. MN. 
Olson. Monis R.-Minnetonka. MN. 

PIEDMONT 

Active 

Dm·is. Randi M.- MAS. Raleigh. NC. 
DilldiiU' . Timothy L.-Akzo Coat ings Inc. , High 

Point. NC. 
Gin'/15. Stnen P.-Rhone-Poulenc Inc .. Gaston ia, 

NC. 
Moho/. Brtj R.- The Sherwin-Wi ll iams Co .. 

Greensboro. NC. 
Tailor. 8i111pendra P.- NC Department of Cor+ 

rection. Smithfie ld, NC. 

Richmond. Dale L.-Air Products & Chemicals 
Co .. Al lentown, PA. 

Associate 

Arki11. Kathryn ? .-Union Carbide OS I. Char­
lotte. NC. 

Vela:qtu': . Marc S.- Kemet Electronics. She lby. 
NC. 

ST. LOUIS 

Active 

Kohlmilla. Randy- Kop-Coat , Inc .. St. Loui s. 
MO. 

TORONTO 

Active 

Fisk. Ron G.-Owens Coming. Agincourl. Ont. 
Gha!i Guirguis. Mary-Korzite Coatings Inc .. 

Guelph. Ont. 
Lum Shue Chan. Ronald F.-Korzite Coat ings. 

Inc ., Cambridge, Ont. 
Madeira. Daryl ) .-Madison Chemical, Milton. 

Ont. 

Associate 

Humhy . Michael ).-Eastman Chem ical Co .. 
Markham. Ont. 

Wehhn. Glenn R.-Anachemia Solvent Ltd .. 
Mississauga, Ont. 

Special Issue Schedule 
JouRNAL oF CoATINGs TECHNOLOGY 

September '93-Pre·Paint Show Issue 
The first official listing ot the Preliminary Program ofT echnical Sessions is 
featured along with the floor plan of show exhibitors. registration forms. 
hotel information. as well as general show informat1on. 

October '93-Paint Show Issue 
This special Annual Meeting and Paint Show issue. which is distributed at 
the show in addition to our regular circulation. contains Abstracts of 
Papers to be presented; the final Program of Technical Sessions; infor­
mation on all exhibitors. with emphasis on exhibitor products and special 
booth features: floor plan of show exhibitors; an alphabetical list of 
exhibitors and their booth number; a list of exhibitors classified by 
product/service categories; and general show/meeting information. 

January '94-Annual Meeting and Paint Show Wrap-up Issue 
The wrap-up issue features photo displays ot award-winning booths . 
and a complete review of important Annual Meeting and Paint Show 
happenings. 

For more information. contact 
JOURNAL OF COATINGS TECHNOLOGY, 

492 Norristown Rd .. Blue Bell, PA 19422 
Phone: (215) 940-0777 • FAX (215) 940-0292 
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People 

The position of Director of Marketing 
for Liquid Carbonic International , Chicago. 
IL, has been accepted by Dennis Peavler. In 
this position, Mr. Peavler will be respon­
sible for deve loping industrial and medical 
gas sales programs for the company's over­
seas marke ts. 

As part of The Dow Chemical Com­
pany's ongoing restruct ur ing, Enrique J. 
Sosa, President . Dow North America. an­
nounced the formation of the Dow Plastics 
management group o f Dow North America, 
consisting of six vice presidents. Four newly 
appo inted vice pres idents of Dow Plastics 
for Dow North America are: j.L. (jim) 
Borin- Enginee ring Thermoplast ics; E.F. 
(Ed) Gambreii- O lefins & Styrenics; W.R. 
(Bill ) Long- Polyurethanes & Epox ies: and 
E.W. (Ed) Rogers-Fabricated Products. 

T he two additional members of the Dow 
Pl as tics management group with responsi­
bili ties for North America are: R.E. (Dick) 
Sosville- Vice President/Sales and Mar­
keting fo r Dow Plastics and Chemicals & 
Performance Produc ts; and L.D. (Dennis) 
McKeever- Vice President and Director of 
Research and Development. 

Conrad Zhang has joined the Environ­
me ntal Produ c ts Group of John son 
Manhey's Cata lyt ic Systems Divi sio n. 
Wayne. PA. as a Senior Chemist. In this 
capac ity, Mr. Zhang will be responsible for 

C. Zhang 

the development o f 
new catal ys ts fo r 
co ntrolling VOCs. 
air tax ies. Ox. and 
CO emi ssions. He 
comes to Johnson 
Mauhey afler hav­
ing worked for four 
years at Northwest­
ern Uni vers it y's 
Catalys is Cemer in 
Evanston. IL. 

Gerald W. Gruber has been named 
Director of Research and Development for 
PPG Indu s tr ies Ch e mic a ls Gro up . 
Mo nroev ille. PA. He succeeds Paritosh M. 
C ha kraba rti. who has been promoted to 
Corpo ra te Vice Pres ide nt/ Sci ence and 
Technology. Having been with the com­
pany since 1971 , Dr. Gruber most recently 
served as Director of Technology/Automo­
ti ve Products. for PPG 's Coati ngs & Resins 
Group. in C leveland, OH . 
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SC Johnson Polymer, Racine, WI, has appointed Wayne L. Franzen as Senior Distri ct 
Accounts Manager/Coatings. for the eastern Michigan. northe rn Ohio, and western Pennsyl­
vania reg ions. He w ill be located in the company 's C leveland. OH offi ce and will be 
accountable for the direc t sa les coverage and 
technical ass istance for the architectural and 
industrial coat ings products. Mr. Franzen is a 
member of the Cleveland. Detroit. and Pius­
burgh Socie ties. 

In addition. David G . Soft has been named 
District Accounts Manager, specia lizing in 
the techn ical support and sales of SC Johnson 
Polymer's coatings line in the weste rn region. 
Mr. So h will be located in Irvine, CA. and 
will prov ide sales coverage in the states of 
Ari zona, sou thern Californi a. Idaho . and 
Washington. 

Degussa Corporation, Ridgefie ld Park , 
NJ , has announced that John L. Medina 
has accepted the position o f Executive Vice 
Pres ide nt/ P igment G ro up. Mr. Med ina 
jo ined Degussa in 1980 and has served in 
marke ting and produc t management related 
positions in the feed additi ves. peroxygen 
chemica ls. and cyanide derivatives product 
areas. Prior to this promotion he was Vice 
President and General Manager of the In­
du s tri a l C he mi ca ls Divi s ion within 
Degussa 's Chemical Group. 

Flint Ink Co rpora tion has nam ed 
Leonard A. Walle to the position o f Direc­
tor o f Marketing. Mr. Walle will direct the 
overall marke ting strategy for the corpora­
tion. 

Ivan Garat has accepted the posi tion of 
Area Sales Manager for Canada for Data­
color International, Lawrencevi lle . NJ . In 
hi s new position, Mr. Garat will oversee 
regional fi eld sales representatives and co­
ordinate in-depth customer applications and 
technical support services. He prev iously 
served as the company 's Senior Technica l 
Sales Representat ive in Canada. 

Co lo rge n Indu strial G ro up In c., 
Newburyport . MA. has appo inted Michael 
A. Hammel as Director of Sales with re­
sponsibilities for the company's markets in 
the U.S ., Canada, and South America. Mr. 
Hamme l bring 24 years of experience in 
various sales and marke ting management 
positions in the e lectro-optical and tes ting 
inst rumentation industries to this posi tion. 

W.L. Franzen 

Malcolm R. Proctor has joined the staff 
o f the Research and Development Depart ­
ment of Sanncor Industries. Inc .. Leom inste r. 
MA. Mr. Proctor will work c lose ly with 
J effrey Blaisdell . Assistant Director of Re­
search and Deve lopment. in expand ing the 
company's ac tivities in the deve lopment and 
applicat ions of ure thane po lymers as well 
as associated areas. 

The National Decorating Produc ts As­
soc iati on. St. Louis. MO. has e lected Bent 
And er sen , owner of Andersen' s Decorat­
ing Ce nte r. in Lomita. CA. President. and 
jim MacDonald . owner of Ramey's. Inc .. 
in Wanatchee, W A, Vice Pres ident o f the 
Western Decorating Products Assoc iation. 

Obituary=== 
He rm a n W. Zeissler , re ti red from 

Cowman-Campbell Paint Company. died 
December 16 . 1992. He was 89 years old. 

Mr. Ze issle r graduated from the North 
Dakota State University School of Polymer 
Coatings in 1929. He then joined DuPont in 
Chicago. IL. Afte r 13 years with Du Pont. 
Mr. Ze iss le r jo ined the Cowman-Campbell 
Pa int Company. in Seanle, WA , as Techni ­
ca l Director and Partner. 

He was the first e lec ted President of the 
Pac ific North west Society. which he he lped 
form . in 1947-48. Mr. Zeissle r continued to 
be ac tive in the Socie ty until his retirement 
in 1968. 

Mr. Ze issler is survived by two daugh­
te rs, a daughter-in-law, seven grandchildren. 
and e ight great -grandchildren. 
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Cro$SLink$ 

by Earl Hill 

No. 53 

ACROSS DOWN 

1. Coating thixotropy 26. Carbon ____ , 1. Coating defect (2 words) 
(2 words) F tetrachloromethane for 2. Math term ; bump on a 

7. Kind of mixer blade short 
(2 words) 27. Follower of advertising 3. Equipment used to 

9. Polymer cold flow (Rheol.) 28. Which metal is used in the disperse particles in a 
10. Adhesive type (2 words) galvanization of iron? homogenous medium 
12. One kind of roller on a 29. A gloss category 4. A paint especially used for 

rotary printing press 30. Speed (Syn.) murals 
13. Word with spray 31. What remains after you 5. Pound (Abr.) 
14. Wi lliam Jay ____ ; remove the volat ile 6. What is the word for 

"Father of Chemurgy, " component of a paint? "undiluted" when referring 
who patented processes (2 words) to liquid chemicals? 
for the manufacture of 8. A green color 
phenol, aniline, and other 10. Said of some chemical 
pigment-starting materials materials 

15. What is the oxide of 11 A misteak made in the 
element no. 26 called? office 

16. A type of wear or abrasion 12. Short for turpent ine 
test 17. Government controls, for 

19. Whirlpool; eddy (Syn.) short 
23. Wooden wall paneling ; 18. Materials used to reduce 

Dado (Syn .) the quality of a standard 
20. Yet another gloss 

category 
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Solution 
to be 

Published in 
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21. Type of element no. 26 
used in recording tape 

22. Unit of color difference 
(2 words) 

24 . Paintbrush or screwdriver, 
e.g. 

25. _ noop _ ardness _umber 
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Meetings/ Education 

Gordon Research Conference Releases Agenda 
For Coatings and Films Program, on August 2-6 

The final program agenda for the bien­
nial Gordon Research Confe rence on the 
"Chemistry and Physics of Coatings and 
Films," scheduled for August 2-6, 1993, at 
Colby-Sawyer College, in New London, NH, 
has been re leased. 

The Gordon Research Conference offers 
an opportunity for coatings and film s sci ­
entists to meet and discuss the current cutting 
edge topics in the science and technology of 
coatings and film s. 

Serving as the Chairman of the event is 
Anne K. St. Clair, of NASA Langley Re­
search Center. Assisting Ms. St. Clair is 
Charl es E. Hoy le, of the Uni ve rs ity of 
Southern Mississ ippi , Department of Poly­
mer Sc ience. 

The schedule of presentations for the 
program inc ludes: 

" Rheolog ica l Properti es of Diffe rent 
Viscoe las tic Surfactant Solutions: Systems 
With and Without a Yield Stress Value·­
Heinz Hoffm an, of Uni versitat Bayreuth; 

.. Microstructures in Aqueous Solutions 
of Dimeric and Polymeric Amphiphiles"­
Raoul Zana. of lnstitut Charles Sadron; 

" Polye thylene Films for Long Duration 
Balloons"-lan Harrison. of Pennsy lvani a 
State Uni versity: 

·'Transport in Stiff Chain Pol ymeric 
Fi lms and Coatings: The Nex t Generation 
of Barrier Fi lms and Uhrapermeable Mem­
branes"-Hal Hopfenberg. of North Caro­
lina State Univers ity; 

"Orientation and Relaxation in Second 
Order Nonlinear Optical Polymers"-Dave 
Williams. of Eastman Kodak Company; 

''Recent Deve lopment s in Nonlinear 
Optic and Electro-Optic Polymer Fi lms"­
Joe Perry, of Jet Propulsion Laboratory: 

"Che mi lumin esce nce Me thod s for 
Studying the Environmental Performance 
of Films and Coatings"-Graeme George. 
of The Uni versity of Queensland: 

" Electrica l Properties of Semicrystalline 
High Performance Polymers''-Peggy Cebe, 
of Massachusetts Institute of Technology: 

"Theoretical Models for Polymer Films: 
Predi ctions for Co ntrolling Interfac ia l 
Properties"-Anna Balazs, o f University of 
Pittsburgh: 

" Detenn ination of Stress State and Ad­
hesion in Polymeric Coatings"-Dick Farris. 
of Uni versity of Massachusetts: 

"Cha rac te ri za ti on of the Molec ular 
Structure of the Interphase in Thin Polymer 
Films and in Polymer Coatings on Metal 
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Substra tes"- Jim Wightman , of Virgini a 
Polytechnic Institute and State University: 

" El ec tro ni c Tran spo rt in Po lyme r 
Films"- Mart in Abkowitz, of Xerox Cor­
porat ion; 

"Eiectroact ive Polymer Fi lms-Ferro­
electric. Piezoelectric. and Electrostricti ve 
Propert ies"- Jerry Scheinbeim. of Rutgers 
University: 

"Conducti ve Polymers as Anticorrosion 
Coa tin gs ''-Brian Benice wicz. of Los 
Alamos National Laboratory: 

"Stea lth Des ig n of the F- 117 A 
Fighter"- Aian Brown, retired, Lockheed 
Corporation; 

" High-Performance Water-Based. Anti ­
Stick Coating Systems"- Don Schm idt. of 
The Dow Chemical Company; and 

"N umerica l Si mul ati on of Coatings 
Flows"- Richard Eley. of The Gl idden 
Company. 

In add it ion to the technical sessions. a 
Poster Session has been scheduled. 

Adm ission is by application only. and 
attendance is limited to 135 attendees. To 
obtain an application form , contact Ms. St. 
Clair. Head. Advanced Aircraft Program 
Office. Material s Di v .. NASA Langley Re­
search Center. Mail Stop 227. Hampton, 
VA 2368 1-000 I. 

New York Society to Host Symposium, May 4-5, 
On Advances in Additives and Modifiers 

The New York Soc iety for Coatings 
Technology will sponsor a symposium 
on "Recent Advances in Additi ves & 
Modi fiers for Coatings," on May 4-5. 
1993, at the Holiday Inn North, Newark 
Airport , Newark . NJ . 

A total of 17 papers tentativel y have 
been scheduled for presentation during 
the two-day conference. The topics and 
speakers slated fo r event are as follows: 

"The Synergis tic Effec t of Metal 
Sulfonates on Anticorrosive Pigments in 
Coatings"-Roben Coughlin , of King 
Industries, Inc.: 

"The Protection of Photosensiti ve 
Substrates by a New Class of UV Ab­
sorbers"-Mark Holt , of CIBA-GEIGY 
Corporation: 

"The Use of Fine Particle Titanium 
Dioxide for UV Protection in Coat ­
ings"-John Clayton . of Tioxide Spe­
cialties Ltd .. 

"Th e Improve ment of Substrate 
Wetting ofWaterbome Paint Systems"­
Gene Franklin, of BYK-Chemie USA: 

" Functional Polyethylene Additi ves: 
Reacti ve Polymers for a Changing Coat­
ings lndustry"-A rthur P. DeMonte. of 
Allied Signal Inc.; 

"New Oxazolidine-Based Moisture 
Scavenger fo r Polyuret hane Coat ing 
Systems''-Marina Hoffman. of ANGUS 
Chemical Company: 

"The Dominant Role of Organic Per­
ox ide Initi ators in Acrylic HSC Resin 
Synthesis and Properties"-Peter Callais. 
of Elf Atochem North America, Inc. : 

"The Importance of Low Dynamic 
Surface T ension in Waterborne Coat­
ings"-Joel Schwartz, of Air Products 
and Chemicals. Inc.; 

" Electrostatic Charge and Pigment 
Stabili zation Properties of Fine Part icle 
S ized Bar ium Sulfa tes"-Joc he n 
Winkler. of Sachleben Chemie: 

··organic Corrosion Inhibitors in Di ­
rec t-to- Metal Coatings"-1-Chyang Lin . 
of CIBA-GEIGY Corporation: 

"Acetoacetate Functionalized Reac­
ti ve Diluent s for So lvent-Borne and 
Waterborn e Coatings"-Delano R. 
Eslinger, of Cook Composites and Poly­
mers: 

"Silicone Microemulsions"-S. Lee 
Hertz, of Wacker Sil icone Corporation; 

"Organo Nitrite Corrosion Inhibitors 
for Coating Systems"-James Walther, 
of General Chemical Corporation; and 

" How to Avoid a Catastrophe: The 
Selection of Additi ves; Their Use and 
Misuse"-Marc S. Hirsch, of Rhone­
Poulenc Inc. 

For more in formation on the two­
day sy mpos ium , contac t Mi ld red 
Leonard. 520Westfield Ave. , Room 208 , 
Eli zabeth , NJ 07208: (908) 354-3200. 

75 



Philadelphia Society Technical Committee to Sponsor 
Symposium on Defects in Waterborne Coatings, May 10 

The Tec hn ical Committee of the Phila­
delphia Society for Coatings Technology 
will sponsor a seminar on "Surface Defects 
in Waterborne Coatings: Causes and Cures.'' 
on May 10. 1993, at the Philadelphia Court 
Hotel (formerly Airport Hilton Inn ). in 
Philadelphia. PA. 

The Program Chairman is Society Tec h­
nical Commiuee Chairman Julio J. Av iles. 
of KRONOS. Inc . Assisting him are Tech­
nical Secretary Neil R. Shearer, of The 3E 
Group. and Reg istrati on Chai rman Barry 
Fisher, of Van Horn , Metz & Company. 

Highlighting the program will be eight 
technical presenta tions. including the fol­
lowing: 

"Coating Addit ives: Use and Misuse­
How to Avoid a Catast rophe"- Marc S. 
Hirsc h. of Rhone- Poulenc. Inc.: 

"The Importance of Low Dynam ic Sur­
face Tension in Waterborne Coatings"­
Joel Schwartz, of Air Prod ucts and Chem i­
cals , Inc .. 

''The Improvement of W etting Prope r­
tics in Waterborne Systems··- Frede rick M. 
Lawc hik. of BYK-Chemie USA: 

USM Department of Polymer Science Releases 
Slate of 1993 Coatings Science Short Courses 

The Department of Polymer Sc ience at 
the Uni ve rs ity of So uthern Mi ss iss ippi 
( US M), Hattiesburg, MS. has released its 
Coatings Sc ience Short Course Series for 
1993. 

The schedule o f courses and dates is as 
fo ll ows: 

''Coatings Science for Coat ings Techni ~ 

c ians"-May 17-20: 
"Coatings Science for Coat ings Form u~ 

lators"- June 7- 10: 
''Coatings Science for Coati ngs C hem· 

ists"- June 14- 17: and 
"Coa ti ngs Sc ience of Powder Coa t ~ 

ings"-A ugust 9- 12. 
All courses will be conducted at the new 

state-of-the-art 86,000 square foot Polymer 
Science Research Center on the USM cam­
pus. 

The fonnat for all short courses is four 
days of laboratory and lecture ac ti vities. A 

complete set of course notes also is pro­
vided. 

The Coatings Science Se ri es is under the 
direc tion of Dr. Shelby F. Thames, a Di s­
tingui shed U ni versity Research Professor. 
the Sout hern Soc iety for Coatings T echnol­
ogy Distinguished Professor. and a Profes­
sor of Polymer Sc ience at US M. 

The tuition for each course is $X75 which 
covers reg istration. instruction and lab, re f­
erence materials. morn ing and afternoon 
breaks. reception. and shutt le service from 
the ho te l. 

In addition. due to the limited registra­
tion for each course. participants will be 
selected by order of registrati on. 

For further short course in formation. 
contact PSC Coatings Short Course, c/o 
Shelby F. Thames . Director , US M. Box 
10076, Hattiesburg. MS 39406-0076: (60 1) 
266-4080. 

Paint Research Association to Host Conference 
On Powder Coatings, Nov. 15-17, in Brussels 

" Powder Coatings" will be the foc us of 
the Paint Research Associat ion ·s (PRA) 13th 
International Conference, on November 15-
17. 1993, in Brussels. 

Papers are anticipated from raw material 
suppliers. powder manufacturers. spray gun 
and booth manufacturers, as we ll as powder 
coating users, on: mechan ism of charg in g~ 

tribo. corona. or hybrid: thin-layer powder 
coatings: low temperature powder coatings: 
clear powder coatings for furniture and au­
tomoti ve parts: outdoor durable powder 
coatings: textured, metallic, and low g loss 
powder coatings: powder coatings for non-
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metal substrates: epoxy, epoxy/polyester 
(hybrid ): po lyurethane: TGI C po lyes ter: 
acry lic: thermopl astic powde r coatings: 
powder coatings for rebar. domestic appli ­
ances. automoti ve manufacture. and coil 
coatings applications: and additi ves to im­
prove phys ica l and flow properties and re­
duce curing temperature. 

Additi onal information on the "Powder 
Coatings" Conference is avail ab le from: 
Confe rence Secretary, PRA, 8 Waldegrave 
Rd .. Tedd ington. Middlesex TW I I 8LD. 
United Kingdom. 

"Fluorochemical Addi tives for Paint and 
Coatings"- Je rome F. Co lbe rt . of 3M 
Company: 

" E xter ior Arc hitec tural Coa tin gs­
Problems and Correc tions' '- Bern adette 
Corujo. of Rohm and Haas Company : 

" Proper Defo amin g o f Wate rborne 
Coatings"-Jay W. Adams. ofT ego Chemie 
Service USA: 

"Using Surfactants to E liminate Surface 
Defects"-William H. McNamee. of ICI 
Surfactants: and 

"A ppea rance De fects in Waterborne 
Coatings"- Gil Ericson, of Troy Corpora­
tion. 

Registration fees for the one-day sym­
posium are $50 for Phi ladelphi a Soc iety 
members. and $60 for nonmembers. The 
dead line for reg istering for the conference 
is May 3. 

For further informat ion. contact : M r. 
Shearer. The 3E Group. 850 Glen Ave ., 
P.O. Box 392, Moorestown. NJ 08057-0392: 
(609) 866-7600. Or. contac t: Mr. Fisher, 
Van Horn. Metz & Co., Inc., 20 I E. Elm St .. 
Conshohocken, PA 19428: (2 15) 828-4500. 

NDSU Announces Schedule of 
Coatings Science Short Courses 

The Department of Polymers and Coat­
ings at North Dako ta State Uni vers ity 
(N DSU). Fargo. ND. has announced its In­
tens ive Coatings Sc ience Courses for June 
1993. 

The schedule is: 
" Environme nta ll y Co mpliant Coa t­

ings"-June 7- 11 : and 
"Coat ings Sc ience"-June 14-25. 
T he course on ··compliant Coatings" is 

designed for personnel ex perienced in re­
search or development in these or related 
fi elds. Recent developments in waterborne, 
latex, high so lids, powder coatings, radia­
ti on curing. and analysis of coatings will be 
featured. with selected topi cs covered in 
more de tail. 

''Coatings Sc ience'' is des igned for 
chem ists re latively new to the field, and for 
more experienced chemists seeking a broader 
perspective and understanding of the fun­
damentals of coatings science. 

Regis tration for both courses is limited 
to 40 partici pants. 

The regist ration fee is $750 for " Envi­
ro nmentall y Comp li an t Coatings," and 
$ 1.500 for "Coatings Science ... 

M ore informati on can be obtained from: 
Marek W. Urban, Program Direc to r, or 
Debbie Shasky, at Dunbar Hall. Room 54, 
NDSU. Fargo. ND 58 105; (70 1) 237-7633. 
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letters to the Editor 

Article on "Service Life Prediction" in June 1992 JCT Opens Dialog 

To THE EDITOR: 

In lhe Open Forum [JOURNAL OF CoAT­
INGS TECHNOLOGY. 64. No. 809. page 61 (June 
1992)1 , "Toward a Unified S1ra1egy of Ser­
vice Life Predic1ion." Dr. Dickie lucidl y 
outl ines an approach to a coat ings industry 
problem. Prediction of coat ing service life 
is a complex issue with no ready answers. 
and Dr. Dickie 's ··unified" st rategy has merit. 
b01h sciem ifically and praclically. While we 
suppon and applaud Ray Dickie's inilia­
tivc, the paper also provides a springboard 
for broader questions. Can the coatings in­
dustry and its marketplace be m01ivated and 
organized. U.S. and abroad. 10 adop1 a uni ­
fied coating service life methodology? Tak­
ing the idea one s tep further. what can be 
done to deve lop improved acceleraled 1es1s 
that accu rate ly predict service life? b thi s 

TO THE EDITOIC 

I could not agree more with the views 
ex pressed in lhe paper. "Toward a Un ified 
Slralegy of Service Life Prediclion" [JouR­
NAL or- COATINGs TEcHNOLOGY. 64. No. 809. 
page 61 (June 1992) 1. The aulhor has devel ­
oped and expla ined opinions lhal I have 
slrugg led wilh for I he more specific case of 
lhe conlribulion of TiO, pigmenls lo lhe 
durabil ily ofpai nl film .' ·' ForTiO, pigmenl. 
testing has become a bottleneck to progress 
10ward more durable producls. The injec­
tion of good sc ience into testing technology 
is likely lo revilalize producl developmenl. 

I would like 10 add lhree poinls 10 lhe 
views expressed in 1he anicle. They apply 
10 lhe weal hering of coalings and possibly 
more broad ly to many matters of service 
life. 

Convent ional exposures are not at all 
perfect simuhuions of rea l world serv ice 
experie nces. Because of impat ience and 
business dictates conventiona l exposures 
contain many accelerating clements within : 
humid tropics rather than temperate climates. 
horizontal nuhcr than vertical exposures. 
poor and oflen obsolele binders for I he lesl­
ing of pigmenls and poor, obsolele pigmenls 
for the testing of binders. etc. The rota ! im­
pacl of lhese choices lakes ils loll on lhe 
re levance of the data. 

t II Brmm . J .ll .. ""T i1:oniun1 Dioxide·,. Cnmrihution to the 

Dur;~htl i t ) .,( P;~int Filnh."" Pmg1·. Or.~ Coc1rmg.1· . 15. :!~Y ( 19871. 
(:! 1 Brau11. J .l-1.. ""Ti02"s Cnmrihution to the Dur;tbilit~ and 

~gmdatiun uf Paint Film- II. Pr.·.tirt ion of Ct t ;• l ~ tit· Acth i t~ :· 

Jut'R, ,\1 IM· Co11 ll'c;s TFnt't ll Oli o\ . h:! . !\o. 7X5 .. ~ 7 { ! <.I'}{) I, 
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an opponunily 10 lake subslanlive sleps IO­
ward a more unified world of performance 
tests that can be carried out in hours and 
weeks. particularly corrosion and environ­
mentall y-i nduced deterioration ; tests that 
safely predicl how we ll a coaled artic le wil l 
perfonn over realtime in real environments? 

The Corrosion Comminee of lhe Fed ­
eration of Societies for Coat ings Technol­
ogy (FSCT) previously recogni ied some of 
the problems ci ted above and established a 
projec1 emil led "Survey of Acce lera1ed Tesl 
Melhods for Anli -Corrosivc Coaling Per­
formance. " A condensation of the final 
projecl repon was publi shed in lhe Augusl 
1990 issue oflhe ./CT(Vol. 62, No. 787, page 
57). Beyond lhe issues of lesl melhods. a 
total overhaul of accelerated performance 

Also the defin ition of service li fe in­
volves considerable ambiguities beyond 
failure modes. Oflen service life is neither 
we ll understood nor defined. For life insur­
ance, the end of service life is abrupt and 
obv ious. for coatings it is gradual and ve ry 
much subject 10 subt le requirements of the 
application. Archi tectural surfaces arc llat 
and usually lighl. lhey can IOierale some 
chalk. Thus. service li fe of house pai111s 
ends loward I he end of cha lking. For au lo­
moti ve fini shes. by contrast. service life may 
have ended when I he coating begins 10 cha lk 
and the car loses its shininess. 

Finally, service life predic1ions of com­
plex syslems are nol likely 10 be reliable 
un less stat istics are made an imegral part of 
lhe elTon. We are far more likely 10 hear 
sweet music over the experimenta l noise of 
complex interactions if we use the stat isti­
cal tools that mathematics and computer 
lechnology have pul al our disposal. I con­
sider it imperative for sound coatings devel­
opment to use sc ientific stati stics to design 
experiment s. to red uce the data. and to 
eva luate the conclus ions. 

Thi s said. it appears to me that progress 
is bei ng made. We are on the way to trans­
late good sc ience into solutions of the test­
ing problems of coa1 ings 1echnology. 

- JUERGEN H. BRAUN 
DuPonl Chemicals 

Wilming10n. DE 

lcsls may be an appropria1e nexl slep. These. 
and related ideas. are examined in more 
dep1h be low. 

What Are the Problems? 

The "bililies" of I he ·go·s res l heavy on 
the coated products industries--durability. 
credibility and liabi lily. Quali1y is an all 
important issue for manufacturers of coated 
prod ucts worldwide. Extending serv ice life 
of coated products makes good sense from 
business. eco nomi c. and environmenta l 
standpoints. There is a need to change and 
be assured that whatever changes arc made 
are in the right direction. The cemral proh· 
/em has heen that our ahility to predict S()J'­

rice hoth uccurmely and rapidly has not 
kept pace with other changes. 

Protective coat ings technology has ad­
vanced markedl y in the past decade. Sig· 
nilicam changes in the chemistry of coat­
ings. how the coatings are applied, the pre­
treatments used. and the mi x of substrates 
have occurred and are changi ng on a da il y 
basis. Subslanlia l R&D dol lars have been 
expended to bring about these changes in a 
very short period of time. Hmt'e \'er. the 
technology to assess !he effect r~j"these coat­
ing technology changes has not progressed 
at the .wme rate . Testing techniques ha1·e 
changed 1·ery liflle. Few R&D dollars are 
being spent on improved testing techniques. 
Acceleraled tesls dislinguish bel ween very 
bad coatings and very good coating systems. 
but do not discrim inate we ll among better 
coal ing syslems. Beyond 1he 1es11hemselves, 
there appears to he no organized approach 
to determine when . where and how all the 
tests should he applied or interpreted. The 
appeal of a unified approach is lhal il would 
work for a large va riety of applications where 
all could agree upon lhe besl banery oflesls 
for a given product situation. 

What Directions Are Needed? 

Three general areas need 10 be addressed: 

( I ) Adoplion of a unified approach 10 
1es1 melhodology 

(2) Deve lop better. faster. representmire 
performance assessment 

(3) Allow for upgrading lhe lesl melh­
odology. 

One proposed direc1ion is 10 organize 
and involve all the different organi zations 

(Continued on pa~e 79.) 

77 



Uterature 

Viscometry Software 
Literature describes new software dem· 

onstration kits designed to enable workers 
in viscometry to experiment with PC-based 
data gathering and analysis. The kit consists 
of software diskettes, a brochure describing 
features and benefits of the programs. and 
an operator"s manual. For further informa­
tion on how to obtain demonstration kits on 
Rheocalc'" and DV GATHER+" viscometry 
software. contact Brookfield Engineering 
Laboratories. Dept. NR-93. 240 Cushing St., 
Stoughton, MA 02072. 

Circle No. 200 on the Reader Service Card 

Dual Column Assembly 
A single injection. dual capi llary column 

system spec ially tested for pest icide. herbi­
cide. PCB. and other applications is the sub­
ject of a product re lease. The dual columns 
are tested us ing a mixture of pesticides with 
ti ght speci ficat ions to assu re resolution. 
ca libration. and verificat ion requ irements. 
Write J& W Sc ientific, 91 Blue Ravine Rd .. 
Folsom, CA 95630. for more information 
on DB™- 17/ 170 1 Dual Column A ssembly. 

Circle No. 201 on Reader Service Card 

Cationic Polyurethane 
Aqueous Dispersion 

The deve lopment of a cationic polyure­
thane aqueous dispersion su ited for the for­
mulation of spec ialty protective coatings has 
been announced through literature. The dis­
persion is recommended as a sealer for oak 
and concrete floors, and also has application 
in coatings for synthet ic fiber and texti les 
that have cationic binder requi rements. In­
formati on on Witcobond'" W-213 disper­
sion is obtainable from the Polyurethane 
Specialties Group. W it co Corp., 270 I Lake 
St.. Melrose Park . IL 60 \60-304 1. 

Circle No. 202 on Reader Service Card 

Anticrease Lubricant 
A product sheet detailing an anticrease 

lubricant has been released. The lubricant is 
designed to he lp eliminate several potential 
problems for texti le dyers includ ing rope 
marks, creasing. abrasion. and chafe marks. 
For more in-dep th inform ation on 
RA YCALUBE® ACA anticrease lubricant. 
contact ICI Surfac tants, Wilmington. DE 
\9897. 

Circle No. 203 on Reader Service Card 
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Thermal Analysis 
A brochure highlighting a new thermal 

analysis technique has been printed. The 
technology reported ly provides unique in­
sight into the structure and behav ior of ma­
terials previously unavai lable using con­
ventional DSC methods. For a free copy of 
the brochure on Modu lated DSC"' . contact 
TA Instruments, \09 L ukens Dr. , New 
Castle. DE 19720. 

Circle No. 204 on Reader Service Card 

Coatings Remover 
Technical literature highli ghts a product 

specifically developed for the removal of 
high-strength , chemically-resistant coatings. 
This product is designed to remove coatings. 
inc lud ing: epoxies, urethanes. chlorinated 
rubber. e\astome ri c, al uminum , vinyls, 
mastics, automobile paints, and most mari ne 
paints. For further details on Peel Away'" , 
contac t Dumond Chemicals, Inc. , 1501 
Broadway. New York. NY 10036. 

Circle No. 205 on Reader Service Card 

Acrylics 
A line of acrylic polymers, which in­

cludes six products wi th glass transition 
temperatures ranging from -37 to +34°C. 
has been introduced. Fi lms fanned with the 
new acrylics are recommended for use in 
the textile, nonwoven, and paper industries 
for such appli ca ti ons as finishing. 
backcoating. bonding, and other related uses. 
More details on the Rohamere acrylic poly­
mer l ine are obta in ab le f rom John 
Kolackovsky, Business Manager/Polymers. 
Rohm Tec h Inc., 83 Authori ty Dr., 
Fitchburg, MA 01420. 

Circle No. 206 on the Reader Service Card 

Accelerated Weathering 
A product bu lletin details a new table­

top xenon exposure system for accelerated 
weathering. Applications include pl ast ics, 
textiles, pharmaceuticals. inks. and other 
mat eri als. For more detai ls on th e 
SunChex"' Tabletop Xenon Exposure Sys­
tems, contact Margaret MacBeth. Atlas 
Electric Devices Co., 4 1 14 N. Ravenswood 
Ave .. Chicago, IL 606 14. 

Circle No. 207 on the Reader Service Card 

Preservative for 
Aqueous Systems 

The introduction of a new broad-spec­
trum preservati ve for aq ueous systems has 
been made through a product sheet. Potential 
applications included: aqueous interior and 
exterior paints and coatings: latex stains: 
water-based wood preservat ives and pro­
tectors: latex-. protein-, and starch-based 
adhes ives: jo int cements; printing inks: 
polymer em ulsions: pigment di spersions: 
sealants and caulks: metalworking nuids: 
and leather and tex tile processing solutions. 
Write Troy Corp., 72 Eagle Rock Ave. , E. 
Hanover, NJ 07936-0366. for more in-depth 
details on Troysan~ 586. 

Circle No. 208 on the Reader Service Card 

Thermal Analyzer 
A new six-page. color brochure describ­

ing a differential thennal analyzer has been 
printed. T he instrument perfom1s measure­
ments in a broad temperature range with 
high sensitivity and rapid cooling. Contact 
The Perkin-Elmer Corp., 76 1 M ain Ave. , 
Norwalk, CT 06859-00 12, for a free copy 
of the brochure on the DTA 7 Differential 
Thermal Analyzer. 

Circle No. 209 on Reader Service Card 

SITUATIONS WANTED 

Coatings Chemist experienced in formula­
tion of water and solvent systems. Experience 
in formulation and application of pigment dis­
persions and color for multi-product end use. 
Has hands-on plant and quali ty control man­
agement experience for large as well as small 
volume production sites. Environmental re­
porting for federal and state agencies includ­
ing generation of MSDSs and other materi­
als. Northern and central New Jersey \oca-

lions preferred. Edward Baird , 160 Linden 
Ave., Verona, NJ 07044. 

A Chemical Engineer with 24 years of expe­
rience in trade sales seeks a senior man­
agement position in plant, technical and/or 
quality assurance. Experience in formulation, 
process improvements, trouble shooting. 
Antoin e Chaoui , 3481 Be lcourd Rd ., 
Longueui t, Quebec, J4M 2KG Canada. 
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Suppl ies Catalog 
A 50-page catalog featu ring a full-range 

of marking, coding, and labeling systems 
has been printed. The publication also fea­
tures a number of historica l facts spotlight­
ing the company's product offerings and 
hi ghlights from the company's past. For a 
copy of the "1993 Industria l Marking & 
Shipping Systems & Supplies Catalog ... 
wri te Diagraph Corp. , Marketing Services, 
340 I Rider Trail South, St. Loui s/Earth City, 
MO 63045 -1 110. 

Circle No. 21 0 on the Reader Service Card 

Letters to the Editor 
Continued from page 77. 

Resins 
Two new colorless and heat-stable hy­

drocarbon resins are high lighted in product 
sheets. These products are designed for use 
in : processi ng a id s fo r v inyl. including 
flooring manufac ture: gloss and film en­
hancers in overprint varn ishes and coatings: 
curing compounds for concrete, and in traffic 
paint: and more. For copies of t he data sheets 
or samples of Hercolite.,.M-240 or Hercolite-
290, contact Hercu les Incorporated . Hercules 
Plaza, Wi lmington. DE 19894. 

Circle No. 21 1 on the Reader Service Card 
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"Service Life Predictability" Article Opens Dialog 

that might have a vested interest in the pro­
gram . The list is long and includes: 

• Coating Suppliers 

• Accelerated Equi pment Manufacturers 

• Substrate Suppli ers 

• Pretreatment Suppliers 

• Independent Performance Testing 
Services/Laboratories 

• Academic Representat ives 

• Procedure Sening Agencies such as 
ASTM , AAMA, NACE 

• Federal and State Agenc ies Involved 
in Performance Specifications 

• Representati ve Coated Products 
Manufacturers 

• Users 

Although potentially unwieldy, the above 
groups would organize a core group to put a 
plan together and then put the plan in mo­
tion. Ideas on what could be done by the 
core group include the fo llowing: 

( I) Consider and promulgate a unified 
strategy 

(2) Fund research in defined areas 

(3) Organi ze round robin studies 

(4) Involve specification selling agen­
cies in writing uni fied specificat ions 

(5) Involve tech nical soc ieties in pub­
lishing papers and progress reports on the 
issues to keep industry informed 

(6) Moti va te technical societies to 
sponsor meetings on the topic (or include as 
a section of annual meetings). 

To get things moving, an internat ional 
symposium on the subject could prov ide a 
rallying point for concerted act ion on a new 
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order for acce lerated performance testing. 
Other issues include: 

( I) Should the Corrosion Comminee 
work toward detai ling tests, test methodol­
ogy. or service life predictions and what is 
state-of- the-art '' The Corrosion Comminee 
has supported research and published a re­
port entitled, "S urvey of Accelerated Test 
Methods for Ant i-Corrosive Coat ing Per­
forma nce,'' ava ilable from FSCT. 

(2) How do we deal with the "Durabil­
ity of Coatings" symposium backed by the 
ACS? Does this need to be referenced as a 
related step towards improvements in test­
ing and test procedures" 

(3) Who are the big players in testing 
from a procedure sening standpoint? Who 
must be engaged in the undertaking and can 
all interested parties be included" 

(4) How can the Corrosion Comminee 
approach all the different agencies for fund­
ing, if thi s is what is needed? 

In summary. the FSCT Corrosion Com­
mittee supports the concept of a unified 
strategy as it applies to coated products per­
formance testing. Dr. Dickie's concepts af­
ford a framework upon which to build a 
broadly use ful approach to perfo rmance 
testing. What we have outlined is a possible 
approach to how these concepts might be 
deve loped, organized and adopted by the 
coated products community. Your response 
to these issues is req uested. Please forward 
your response to FSCT Corrosion Comm it­
tee, c/o Mike Bell, 492 Norristown Road, 
Blue Bell , PA 19422-2350. or FAX 2 15-
940-0292. 

-FSCT CORROSION COMM IITEE 

Adhesion Promoters 
A data sheet focu sing on a new famil y 

of metal organic adhesion promoters has 
been released. The technology used is based 
upon stabil ized metal centers in combination 
wi th reactive organic groups. For technical 
information on these coating adhesion pro­
moters, write Lawrence B. Cohen. Chart we ll 
Internationa l. Inc .. 32 Condor Rd .. Sharon, 
MA 02067. 

Circle No. 212 on the Reader Service Card 

Heating Coils 
Heating coi ls for portable shipping and 

storage containers is the topic of literature. 
The heat ing coils reportedly enable faste r 
emptyi ng of heav ier flu ids which fl ow bet­
ter when warm. Addit ional deta ils on the 
new hea ti ng co ils are ava ilab le from 
Clawson Tank Co .. 4545 Clawson Tank Dr. . 
P.O. Box 350, Clarkston. Ml 48346-0350. 

Circle No. 213 on Reader Service Card 

Silicone Emulsion 
A VOC-compliant silicone emulsion is 

discussed in a product release. The emulsion 
is designed for use as a binder in outdoor 
architectural paints for masonry surfaces. 
Contact C&C Marketing Dept. , Wacker 
Si licones Corp .. 330 I Sun on Rd. , Adri an, 
Ml 4922 1-9397, for furth er informati on 
about sil icone emul sion BS 43A. 

Circle No. 214 on the Reader Service Card 

Raw Materials 
A four-page raw materials brochure fea­

turing charts which list descriptions, com­
merc ial forms, physical properties, and ap­
plication areas of various specialty raw ma­
terial products for the coatings indust ry has 
been printed. To request a copy of the bro­
chure. "Coating Raw Materials Products for 
Resins, Coatings, Sealants, Adhesives, and 
Elastomers," contact Hiils America Inc .. 
CRM Group, 80 Centennial Ave., P.O. Box 
456. Piscataway, J 08855-0456. 

Circle No. 215 on the Reader Service Card 

Atomic Force Microscope 
An information sheet announcing a new 

atomic force microscope (AFM) system has 
been issued. The ins trument may be placed 
on the sample to be analyzed: the system 
can reportedly be used for scans from atomic 
resolution to areas as large as 150 x 150 
microns. For a copy of the data sheet on the 
TMX 1000 Explorer AFM system, contact 
Gary Aden, TopoMetrix , 1505 Wyan Dr. , 
Santa Clara. CA 95054. 

Circle No. 216 on the Reader Service Card 
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Powder Coating 
A 52-page powder coatings handbook 

has been published. Topics include: why 
powder coatings?; selecting coatings; qual­
ity and performance tests; metal pretreatment; 
selection of spray guns and automatic appli ­
cation; and much more. For information on 
how to order a copy of Practical Guide to 
Powder Coatinf<S, contact Nigel Whitehouse, 
The Paint Research Association, 8 Walde­
grave Rd. , Teddington, Middlesex TW II 
8LD, England. 

Circle No. 217 on the Reader Service Card 

Technical Oils 
A fu ll-color brochure detailing spec ifi­

cations on a full line of high-quality, techni­
cal vegetable oi ls has been released. The 
oils can be used for such applications as: 
paints, varnishes, stains, inks, hardboard 
binders, epoxidized oils, chemical interme­
diates, pharmaceuticals, pestic ide adjuvants, 
brake linings, lubricants, and core oils. To 
obtain a copy of the brochure on technical 
oils, write Bill Reutz, Cargill Technical Oils, 
P.O. Box 9300, Minneapolis, MN 55440. 

Circle No. 218 on the Reader Service Card 

Grinding Equipment 
A cryogenic grindi ng precooling sys­

tem is high li ghted in a data sheet. Features 
and product specifications are included in 
the literature. For more information on 
Model C02P-6FM (Form #6962), write 
Liquid Carbonic, Corporate Commun ica­
tions Dept. , 800 Jorie Blvd., Oak Brook, 
IL 60522-700 I. 

Circle No. 219 on Reader Service Card 

Polymer Dispersions 
A new data sheet discussing a line of 

aqueous urethane hybrid polymers for coat­
ing and adhesive applications has been pub­
li shed. The literature contains several tables 
which provide information on the product's 
dispersion and free film properties, formu­
lating suggestions, and a start ing point for­
mulation for a water-based wood lacquer. 
For a copy of the publication, " Flexthane® 
Polymer Dispersion," contact Air Products 
and Chemicals, Inc., Polymer Chemicals 
Div., 720 1 Hamilton Blvd. , Allentown, PA 
18195- 150 1. 

Circle No. 220 on the Reader Service Card 

Floor Coatings 
A line of heavy duty floor coatings for 

industrial and commercial appl ications is 
the topic of a product release. The line in­
cludes a wide variety of topcoats, primers. 
sealers, and other coatings designed to meet 
specific application and performance needs 
for almost any industrial. commercial, or 
marine floo r appl icati on. Contact The 
Sherwin-Williams Co., c/o HKM Direct, 
550 1 Cass Ave. , Cleveland, OH 44102, for 
further details on ArmorSeal™ (SWS-3790). 

Circle No. 221 on Reader Service Card 

Mark October 27-29. 1993 
on your Calendar!! 

""'' 7lst Annual { , , } Meetin~ 
c ......., ' 58th Paint 

Industries' Show 

Georgia World Congress 
Center. Atlanta , GA 

Cut the cost of caulk with CAMEL-Fil. 
The lowest cost filler with the least room for resin. 
The problem with many fillers is that you end up using 

more resin than you'd like. 
But low-cost CAMEL-FIL" is a calcium caroonate with a unique 

particle size distribution that provides exceptionally high load-

ing. So you reduce your resin costs, while using a filler that's 
low in cost too. Genstar Stone Products Company, Executive 
Plaza IV, Hunt Valley, MD 21031. 
(410) 5274221. 

Circle No. 132 on the Reader Service Card 

80 Journal of Coatings Technology 



Coming Events 

FEDERATION MEETINGS 

For information on FSCT meetings, contact Federation of Societies 
for Coatings Technology, 492 Norristown Rd., Blue Bell, PA 19422 
(215) 940-0777, FAX. (215) 940-0292. 

1993 
(May 16-19)-Federation "Spring Week ." Board of Directors 

Meeting on the 16th; Incoming Society Officers Meeting on the 17th; 
Spring Seminar on the 18th and 19th, "The Influence of Substrates 
and Application Methods/Techniques on Coatings Pertormance." 
South Shore Harbour Resort and Conference Center, League City 
(Houston) , TX. 

(Oct. 27-29)- 71st Annual Meeting and 58th Paint Industries' 
Show. World Congress Center, Atlanta, GA. 

1994 
(May 12-15)- Federation "Spri ng Week." Spring Seminar on the 

12th and 13th; Incoming Society Officers Meeting on the 14th ; Board 
of Directors Meeting on the 15th . Marriott City Center Hotel, Minne­
apolis, MN. 

(Oct. 12-14)-72nd Annual Meeting and 59th Paint Industries· 
Show. New Orleans Convention Center, New Orleans, LA. 

1995 
(Oct. 9-11 )- 73rd Annual Meeting and 60th Paint Industries' 

Show. Cervantes Convention Center, St. Louis, MO. 

SPECIAL SOCIETY MEETINGS 

1993 
(Apr. 13)-Pittsburgh Society Symposium. "An Environment Re­

sponsible 90s ." Airport Marriott , Pittsburgh, PA. {William C. 
Spangenberg , Hammond Lead Products Inc., 1910 Cochran Rd ., 
Pittsburgh, PA 15220; (412) 344-5811). 

(Apr. 21-23)-Southern Society Annual Meeting. "Waterborne 
Coatings- Riding the Wave to the Future:· Opryland Hotel, Nash­
ville, TN. (Mary Finnigan, McCullough & Benton, Inc., 2900 G Caro­
lina Center, Charlotte, NC 28208; (704) 392-2101 ). 

(Apr. 27)-Detroit Society FOCUS Conference. "Waterborne 
Technology for the Millennium." University of Detroit-Mercy, Detroit, 
MI. {Valerie E. Gunn, L&L Products Inc., P.O. Box 308, 74100 Van 
Dyke, Romeo, Ml48065-0308; (313) 752-4571) . 

(Apr. 29-May 1 )- Pacific Northwest Society Symposium. "Under­
standing the Fundamentals." Red Lion Hotel, Bellevue, WA. (Richard 
C. Tomczak, Specialty Polymers, Inc. , 17316 E. Riverside Place., 
Bothell, WA 9801 1; (206) 488-1816 or (206) 979-3875} . 

(May 4-5)- New York Society Symposium. "Recent Advances in 
Additives & Modifiers for Coatings." Holiday Inn North, Newark Air­
port, Newark, NJ. (Mildred Leonard, 520 Westfield Ave., Am. 208, 
El izabeth , NJ 07208; (908) 354-3200}. 

(May 1 0)-Philadelph ia Society Seminar. "Surtace Defects in 
Waterborne Coatings: Causes and Cures. " Philadelphia Court Hotel, 
Philadelphia, PA. (Peter C. Kuzma, VIP Products Corp., 3805 
Frankford Ave., Philadelphia, PA 19124; (215) 535-3025} . 

(May 25-26)- New England Society. Coatings Tech Expo '93. 
"Compliance-Options for the 21st Century." Sheraton Tara Hotel & 
Resort, Danvers, MA. (Joanne Monique, Ashland Chemical , Inc., 
400 Main St. , Tewksbury, MA 01876; (800) 962-5388} . 

(June 4-5)-Joint Meeting of the Kansas City and St. Louis 
Societies. Holiday Inn, Lake of the Ozarks, MO. 

(June 14)---Golden Gate Society Manufacturing Committee Seminar. 
"Process and Compliance." Ramada Inn, S. San Francisco, CA. 
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OTHER ORGANIZATIONS 

1993 
(Apr. 18-21 )- Inter-Society Colour Council (ISCC) Annual Meet­

ing and Symposium. Doubletree Hotel, Newport, AI. (Romesh Kumar, 
Program Chairman, 1993 ISCC Annual Meeting , Hoechst Celanese 
Corp., 500 Washington St. , Coventry, AI 02816). 

(Apr. 18-23)- "Durability of Coatings:· Symposium sponsored by 
ACS, Division of Polymeric Materials: Science Engineering , Denver, 
CO. (Jonathan W. Martin, NIST, Bldg. 226, Am. B348, Gaithersburg, 
MD 20879; David Bauer, Ford Motor Co., SRL-E3198, P.O. Box 
2053, Dearborn , Ml 48121 ; F. Louis Floyd, Glidden Research Ctr., 
16651 Sprague Rd ., Strongsville , OH 44136) . 

(Apr. 20-21 )- "Color Pigments, Regulations, and the Environ­
ment." Symposium cosponsored by the Dry Color Manufacturers· 
Association (DCMA) and the Inter-Society Color Council. Newport, 
AI. (DCMA, P.O. Box 20839, Alexandria, VA 22320-1839) . 

(Apr. 20-22)- Surface Treatment '93. "Computer Methods and 
Experimental Measurements for Surtace Treatment Effects." Interna­
tional Conference sponsored by Wessex Institute of Technology. 
Novotel, Southampton, United Kingdom. (Sue Owen, Conference 
Secretariat, Wessex Institute of Technology , Ashurst, Southampton, 
Hants , United Kingdom So4 2AA) . 

(Apr. 26-30)-"Applied Rheology for Industrial Chemists ." Short 
course sponsored by Kent State University (KSU), Kent, OH. (Carl J. 
Knauss, Director, Cooperative & Continuing Education- Chemistry, 
KSU, P.O. Box 5190, Kent, OH 44242-0001 ). 

(Apr. 27-30)- Architectural Spray Coaters Association (ASCA) 
8th Annual Conference. Sheraton San Marcus Resort & Conference 
Center, Chandler, AZ. (ASCA, 230 W. Wells St. , Ste. 31 1, Milwau­
kee, WI 53203). 

(Apr. 28-29)-"Paint Technology- Surviving the '90s , Part II." 
47th Annual and 20th "Back to Back" Symposium. Sponsored by The 
Chemical Institute of Canada, Protective Coatings Division. Helime 
de Champlain Restaurant, Montreal, Que., Canada; and The Old 
Mill, Toronto, Ont. , Canada. (For Montreal, contact: Martin Menard, 
Produits Nacan Ltee., 50 Bout. Marie-Victorin, Boucherville, Que. 
J4B tV5, Canada; for Toronto , contact : Robert D. McComb, Tioxide 
Canada Inc., 350 Burnhamthorpe Rd. , W. , Suite 210, Mississuaga, 
Ont. L5B 3J1 , Canada). 

(May 2-6)-RadTech Europe '93. Third Annual RadTech confer­
ence. Sponsored by RadTech Europe. Italian vessel T/S Eugenio 
Costa. (RadTech Europe, Business Office, Perolles 24, CH-1700 
Fribourg, Switzerland). 

(May 3-7)-11th Annual Atlas School of Natural and Accelerated 
Weathering. Sponsored by Atlas Electric Devices Co. Miami, FL. 
(Margaret MacBeth, Atlas Electric Devices Co. , 4114 N. Ravenswood 
Ave. , Chicago, IL 60614). 

(May 4-6)-Hazardous Materials and Environmental Manage­
ment Conference and Exhibition (HazMat West/Spring). Sponsored 
by Tower Conference Management Company. Long Beach Conven­
tion Center, Long Beach, CA. (Tower Conference Management Co., 
800 Roosevelt Rd., Bldg. E-Ste. 408 , Glen Ellyn, IL 60137-5835). 

(May 4-6)-Piasticoat '93 Conference and Exhibition. Sponsored 
by Products Finishing. Drawbridge Estate & Convention Center, Ft. 
Mitchell, KY (Greater Cincinnati , OH Area). (Cindy Goodridge, Gardner 
Management Services , 6600 Clough Pike, Cincinnati, OH 45244) . 

(May 4-6)-"Continuous Steel Strip Plating" Symposium. Spon­
sored by American Electroplaters and Surtace Finishers Society 
(AESF). Ritz-Carlton Dearborn, Dearborn, MI. (AESF, Central Florida 
Research Park, 12644 Research Pkwy., Orlando, FL 32826-3298) . 

(May 4-6)-"Fundamentals of Corrosion and Its Control." Train­
ing course sponsored by LaQue Center for Corrosion Technology. 
Holiday Inn, Wrightsville Beach , NC. (LaQue Center for Corrosion 
Technology, Inc., P.O. Box 656, Wrightsville Beach, NC 28480). 

(May 9-14)-"Polymer Characterization : Thermal, Mechanical, 
and Optical." Short course sponsored by American Chemical Society 
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(ACS). Virginia Tech University, Blacksburg , VA. (ACS, Depl. ol 
Continuing Education, Meeting Code VPI93, t 155 Sixteenth Sl. , 
N.W., Washington , D.C. 20036). 

(May 1 0-14 )-"Dispersion of Pigments and Resins in Fluid Me­
dia." Short course sponsored by Kent Stale University (KSU) , Kent, 
OH. (Carl J. Knauss, Director, Cooperative & Continuing Educa­
tion- Chemistry , KSU, P.O. Box 5190, Kent, OH 44242-0001). 

(May 11-13)- "Spray Finishing Technology Workshop." Spon­
sored by Bowling Green State University and DeVilbiSS Ransburg. 
Toledo, OH. (Richard A. Kruppa, Professor of Manufacturing Tech­
nology, College of Technology, Bowling Green Stale University, 
Bowling Green, OH 43403). 

(May 12-14)-"Frontiers in Polymer Chemistry." Short course 
sponsored by American Chemical Society (ACS). University of Ak­
ron , Akron , OH. (ACS, Dept. of Continuing Education, Meeting Code 
FRPC9305, 1155 Sixteenth St., N.W. , Washington, D.C. 20036) . 

(May 16-21 )-"Polymer Synthesis : Fundamentals and Tech­
niques." Short course sponsored by American Chemical Society 
(ACS). Virginia Tech University, Blacksburg, VA. (ACS, Depl. of 
Continuing Education , Meeting Code VPI93, 1155 Sixteenth Sl. , 
N.W., Washington, D.C. 20036) . 

(May 17-19)-Styrenics '93. Sponsored by Maack Business Ser­
vices. Zurich Hotel International , ZOrich, Switzerland. (Maack Busi­
ness Services, Moosacherstr. 14, 8804 Au/Zurich , Switzerland). 

(May 17-19)-"Advances in Coatings, Inks and Adhesives Tech­
nology." Third Asia-Pacific Conference. Raffles City Convention 
Centre, Singapore. (Mike Tarrant, Exhibition Director, FMJ Publica­
tions Ltd., Queensway House, 2 Oueensway, Redhill , Surrey RH1 
10S, United Kingdom). 

(May 17-20)-"Coatings Science for Coatings Technicians." Short 
course sponsored by University of Southern Mississippi (USM), 
Hattiesburg, MS. (Debbie Ballard or Shelby Thames , USM, Dept. of 
Polymer Science, Southern Station, Box 10076, Hattiesburg, MS 
39406-0076). 

(May 17-21 )-" Introduction to Paint Formu lation. " Short course 
sponsored by University of Missouri-Rolla (UMR), Rolla, MO. (UMR 
Coatings Institute, 142 Schrenk Hall , Rolla, MO 65401 ). 

(May 17-22)-"lnterpretations of IR and Raman Spectroscopy ." 
Course sponsored by Fisk Infrared Institute. Vanderbi lt University, 
Nashville, TN. (Fisk Infrared Institute, P.O. Box 265, French Village , 
MO 63036). 

(May 24-28)-"Adhesion Principles and Practice for Coatings 
and Polymer Scientists .· Short course sponsored by Kent State 
University (KSU), Kent, OH. (Carl J. Knauss, Director, Cooperative & 
Continuing Education-Chemistry, KSU, P.O. Box 5190, Kent, OH 
44242-0001 ). 

(May 25-28)-Annual Conference in Science and Technology of 
Pigment Dispersion. Luzern , Switzerland. (Angelos Patsis, Institute 
of Materials Science, State University of New York at New Paltz , New 
Paltz, NY 12561). 

(June 2-4)-15th Annual International Conference on Advances 
in the Stabilization and Degradation of Polymers. Luzern , Switzer­
land. (Angelos Patsis, Institute of Materials Science, State Un1versity 
of New York at New Paltz, New Paltz, NY 12561). 

(June 6-7)-"lndustrial Lead Paint Removal and Abatemenl." 
Tutorial sponsored by Steel Structures Painting Council (SSPC}. 
Marriott Astrodome, Houston, TX. (SSPC, 4516 Henry Sl. , Pitts­
burgh , PA 15213-3728). 

(June 7-9)-"Engineering Solutions to lndustnal Corrosion Prob­
lems." Conference cosponsored by the National Association of Cor­
rosion Engineers (NACE) and Norsk Korrosjonsteknisk Forening 
(NKF). Rica Park Hotel, Sandefjord, Norway. (NKF, Rosenkrantzgate 
7, 0159 Oslo, Norway). 

(June 7-1 0)-"Coatings Science for Coatings Formulators." Short 
course sponsored by University of Southern Mississippi (USM), 
Hattiesburg, MS. (Debbie Ballard or Shelby Thames, USM, Depl. of 
Polymer Science, Southern Station, Box 10076, Hattiesburg, MS 
39406-0076). 

(June 7-11 }-"Fundamentals of Chromatographic Analysis. " Short 
course sponsored by Kent State University (KSU) , Kent, OH. (Carl J. 
Knauss, Director, Cooperative & Continiuing Education-Chemistry, 
KSU, P.O. Box 5190, Kent, OH 44242-0001 ). 

(June 7-11 }-"Environmentally Compliant Coatings." Short course 
sponsored by North Dakota State University (NDSU), Fargo , ND. 
(Marek W. Urban, Program Director, or Debbie Shasky, Program 
Coordinator, Dunbar Hall , Rm. 54, NDSU, Fargo, ND 581 05) . 
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(June 8-11 )-"Getting into Compliance with Air Quality Regula­
tions for Paints, Coatings , and Printing Facil ities ." Course sponsored 
by University of California Berkeley. San Francisco, CA. (Continuing 
Education in Engineering , University Extension, Un iversity of Califor­
nia, 2223 Fulton Sl. , Berkeley, CA 94720). 

(June 14-17}-"Coatings Science for Coatings Chemists." Short 
course sponsored by University of Southern Mississippi (USM), 
Hattiesburg, MS. (Debbie Ballard or Shelby Thames, USM, Depl. of 
Polymer Science, Southern Station , Box 10076, Hattiesburg, MS 
39406-0076). 

(June 14-25)- "Coatings Science. " Short course sponsored by 
North Dakota State University (NDSU), Fargo, NO. (Marek W. Urban, 
Program Director, or Debbie Shasky, Program Coordinator, Dunbar 
Hall , Rm. 54, NDSU, Fargo, ND 581 05). 

(June 21 -22)-"Thin Film Coatings: Topics in Coating and Drying 
Technology. " Short course sponsored by the Univeristy of Minne­
sota, Minneapolis, MN. (Jackie O'Brien, Depl. of Chemical Engineer­
ing & Materials Science, University of Minnesota, 421 Washington 
Ave. SE, Minneapolis, MN 55455). 

(June 21 -23)-lnternational Colouristic Symposium. Sponsored 
by the Colouristic Section of the Hungarian Chemical Society , 
Balatonszeplak (by Lake Balaton) , Hungary. (Hungarian Chemical 
Society, Colouristic Symposium Organizing Committee , H-1027 
Budapest Fa u. 68 , Hungary} . 

(June 22-24)-"Predictive Technology" Symposium. Sponsored 
by American Defense Preparedness Association. Twin Tower Hotel 
and Convention Center, Orlando, FL. (Frank A. Gagliardi , U.S. Army 
Armament Research and Development Center, Bldg. 92, Picatinny 
Arsenal , NJ 07806-5000) . 

(June 23-25)-Tecnopinturas '93. First Argentine Congress on 
the Technology of Coatings, Resins, Varnishes , Printing Inks, and 
Related Products . Sponsored by the Argentine Chemical Associa­
tion. Buenos Aires, Argentina. (TAL Organizaciones y Servicios, A.J. 
de Sucre 1552, 8vo. Piso "A" (1428) Buenos Aires, Argentina). 

(June 23-25)-"Coating Process Fundamentals." Short course 
sponsored by University of Minnesota, Minneapolis, MN. (Jackie 
O'Brien , Depl. of Chemical Engineering & Materials Science, Univer­
sityof Minnesota, 421 Washington Ave. SE, Minneapolis, MN 55455). 

(June 27-July 2)-0RGABROM '93 2nd International Sympo­
sium. Sponsored by the Dead Sea Bromine Group in cooperation 
with the Casali Institute of Applied Chemistry, The Hebrew University 
of Jerusalem. (Secretariat, P.O. Box 50006, Tel Aviv 61500, Israel). 

(July 11 -14)-Sixth International Symposium on "Polymer Analy­
sis and Characterization." Crete, Greece. (Judith A. Sjoberg, Profes­
sional Association Management, 815 Don Gaspar, Santa Fe, NM 
87501) . 

(July 12-16)-19th International Conference in Organic Coatings 
Science and Technology . Athens, Greece. (Angelos Patsis, Institute 
of Materials Science, State University of New York at New Paltz , New 
Paltz, NY 12561 ). 

(Ju ly 25-29)-Conference on "Lead in Paint, Soil, and Dusl. " 
Cosponsored by ASTM Committees D-22, E-6, D-1, and D-18. Uni­
versity of Colorado, Boulder, CO. (ASTM, 1916 Race Sl. , Philadel­
phia, PA 191 03). 

(July 28-30)-"Basic Coatings for Sales and Marketing Person­
nel." Short course sponsored by University of Missouri-Rolla (UMR) , 
Rolla, MO. (UMR Coatings Institute, 142 Schrenk Hall, Rolla, MO 
65401 ). 

(Aug. 2-6)-Gordon Research Conference on "Chemistry and 
Physics of Coatings and Films." Colby-Sawyer College, New Lon­
don, NH. (A.K. Sl. Clair, Head, Advanced Aircraft Program Office, 
Materials Div. , NASA, Langley Research Center, Hampton, VA 23681-
0001 ). 

(Aug. 3-5)- "Fundamentals of Corrosion and Its Control." Course 
sponsored by La Que Center for Corrosion Technology. Blockade 
Runner Hotel, Wrightsville Beach, NC. (LaQue Center for Corrosion 
Technology, Inc., P.O. Box 656, Wrightsville Beach, NC 28480) . 

(Aug. 9-12}-"Coatings Science of Powder Coatings." Short course 
sponsored by University of Southern Mississippi (USM), Hatliesburg, 
MS. (Debbie Ballard or Shelby Thames, USM, Depl. of Polymer 
Science, Southern Station, Box 10076, Hattiesburg , MS 39406-0076). 

(Sepl. 5-10)-3rd International Congress on Polymer Photo­
chemistry. Sponsored by Manchester Metropolitan University and 
University of Milan. Genova, Italy. (Emmezeta SRL, Via C. Farini , 70, 
1-20159, Milano, Italy) . 

(Sepl. 8-1 0)-3rd International Paint Congress and Exhibition on 
Paint Industry Suppl iers . Sponsored by the Brazilian Association of 
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Paint Manufacturers. Palacio de Convengoes do Anhembi, Sao Paulo, 
Brazil. (Especifica SiC Ltda, Rua Augusta, 25 t 6-2nd, Cj 22, 01412-
100 Sao Paulo SP, Brazil). 

(Sept. 8-11)-Conference on "Innovative Responses from an 
Industry under Siege." Sponsored by the Skandinaviska Lackteknikers 
Forbund (SLF) Congress. Copenhagen, Denmark. (Michael Symes, 
President, SLF, Strandboulevarden 38, DK-21 00, Copenhagen, 
Denmark) . 

(Sept. 12-14)-"Back to Basics. " 81st Annual Convention of the 
Canadian Paint and Coatings Association (CPCA). Queen 's Landing 
Inn, Niagara-on-the-Lake, Ontario, Canada. (CPCA, 9900 Cavendish 
Blvd., Ste. 103, St.-Laurent, Quebec H4M 2V2, Canada) . 

(Sept. 14-17)-Eurocoat '93. (AFTPV-5, rue Etex, 75018 Paris­
France) . 

(Sept. 23)- Detroit Colour Council Meeting. Michigan State Man­
agement Education Center, Troy, MI. (James Hall, General Motors 
Corp., 30009 Van Dyke, Warren, Ml 48090). 

(Sept. 29-0ct. 1 )-"Accelerated and Natural Weathering Tech­
niques for Coatings and Polymers." Short course sponsored by Kent 
State University (KSU), Kent, OH. (Carl J. Knauss, Director, Coop­
erative & Continuing Education-Chemistry, KSU, P.O. Box 5190 , 
Kent, OH 44242-0001 ). 

(Oct. 3-5)-"Crosslinked Polymers: Chemistry, Properties and 
Applications"; "Fundamentals of Adhesion : Theory , Practice and Ap­
plications"; and "Polymer Blends and Alloys : Phase Behavior, Char­
acterization, Morphology, Alloying Technology." Conferences spon­
sored by State University of New York (SUNY) at New Paltz. New 
Orleans, LA. (Angelos Patsis, Institute of Materials Science, SUNY, 
New Paltz , NY t2561). 

(Oct. 4-6)- "Polyethylene '93. " Conference sponsored by Maack 
Business Services, Swissotel Zurich, Switzerland. (Maack Business 
Services, Moosacherstrasse 14, CH 8804, AU/ZH Switzerland) . 

(Oct. 5-8)- "lntroduction to Coatings Technology." Short course 
sponsored by Kent State University (KSU), Kent, OH. (Carl J. Knauss, 
Director, Cooperative & Continuing Education-Chemistry, KSU, P.O. 
Box 5190, Kent, OH 44242-0001). 

(Oct. 1 0-12)-"Advances in Polymer Colloids/Emulsion Polymers"; 
and "Principles of Polymer Degradation and Stabil ization ." Confer­
ences sponsored by State University of New York (SUNY) at New 
Paltz. Orlando, FL. (Angelos Patsis, Institute of Materials Science, 
SUNY, New Paltz, NY 12561). 

(Oct. 12-14)-"lndustrial Painting: Application Methods." Short 
course sponsored by Kent State University, Kent, OH. (Carl J. Knauss, 
Director, Cooperative & Continuing Education-Chemistry, KSU, P.O. 
Box 5190 , Kent, OH 44242-0001). 

(Oct. 25-27)-"Polypropylene '93." Conference sponsored by 
Maack Business Services, Swiss6tel Zurich , Switzerland. (Maack 
Business Services, Moosacherstrasse 14, CH 8804, AU/ZH Swit­
zerland). 

(Oct. 25-29)-"lmage Analysis and Measurement in Scanning 
Electron Microscopy"; "Scanning Electron Microscopy and X-Ray 
Microanalysis for Materials Science. An Introductory Course"; and 
"Scanning Electron Microscopy for Polymeric Science. An Introduc­
tory Course." Conferences sponsored by State University of New 
York (SUNY) at New Paltz. Nevele Resort Hotel , Ellenville, NY. 
(Angelos Patsis, Institute of Materials Science, SUNY, New Paltz, NY 
12561 ). 

(Nov. 1-4)-12th Biennial Symposium on Managing Corrosion 
with Plastics. Sponsored by National Association of Corrosion Engi­
neers (NACE), American Society for Testing Materials, Materials 
Technology Institute of the Chemical Process Industries, Inc., SPI 
Composites Institute, and Technical Association of the Pulp and 
Paper Industry. Baltimore, MD. (NACE, P.O. Box 218340, Houston, 
TX 77218-8340). 

(Nov. 2-4)-"Fundamentals of Corrosion and Its Control." Train­
ing course sponsored by LaQue Center for Corrosion Technology. 
Holiday Inn, Wrightsville Beach, NC. (LaQue Center for Corrosion 
Technology, Inc., P.O. Box 656, Wrightsville Beach, NC 28480). 

(Nov. 1 0-12)-Eiectroless Nickel '93. Conference sponsored by 
Products Finishing. Orlando Airport Marriott, Orlando, FL. (Cindy 
Goodridge, Gardner Management Services, 6600 Clough Pike, Cin­
cinnati, OH 45244). 

(Nov. 15-16)-"Fundamentals of HPLC." Short course sponsored 
by Kent State University (KSU) , Kent, OH. (Carl J. Knauss , Director, 
Cooperative & Continuing Education-Chemistry, KSU, P.O. Box 
5190 , Kent, OH 44242-0001). 
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(Nov. 15-17)-"Powder Coatings." Paint Research Association's 
(PRA) 13th International Conference. Brussels. (Conference Secre­
tary, PRA, 8 Waldegrave Rd., Teddington, Middlesex TW11 8LD, 
United Kingdom). 

(Dec. 6-9)- "Styrenics '93." Conference sponsored by Maack 
Business Services, Swiss6tel Zurich , Switzerland. (Maack Business 
Services, Moosacherstrasse 14, CH 8804 AU/ZH Switzerland). 

1994 
(Mar. 13-18)-"High Solids Coatings" Symposium. Sponored by 

American Chemical Society Division of Polymeric Materials: Science 
and Eng ineering. San Diego, CA. (Frank N. Jones, Coatings Re­
search Institute, Eastern Michigan University, 430 W. Forest St. , 
Ypsilanti , Ml 48197 or George R. Pilcher, Akzo Coatings, Inc., P.O. 
Box 147, Columbus, OH 43216-0147). 

(Apr. 14-16)-Paint Show '94. Sponsored by Japan Paint Manu­
facturers Association, Japan Paint Commerce Association, Japan 
Painting Contractors Association, and Nippon Toryo (Paint) Club. 
Nippon Convention Center, Tokyo, Japan. (Paint Show '94 Executive 
Committee, Overseas Operation,c/o Space Media Japan Co., Ltd. , 
Asahi Bldg. 4F, 2-31-3 Taito , Taito-ku, Tokyo 110 Japan). 

(Apr. 17-19)-"Volatile Organic Compounds (VOCs) in the Envi­
ronment" Symposium. Sponsored by ASTM Committee E-47 . 
Montreal , Que. , Canada. (Wuncheng Wang , Symposium Chairman, 
U.S. Geological Survey, WRD, P.O. Box 1230, Iowa City, lA 52244). 

(May 1-5)-RadTech '04 North America. Conference sponsored 
by RadT ech International North America. Walt Disney World Dolphin 
Hotel , Orlando, FL. (Chris Dionne, RadTech International North 
America, 60 Revere Dr., Suite 500, Northbrook, IL 60062) . 

(June 5-9)- XXIInd FATIPEC Congress and Exhibition. Budapest 
Convention Centre, Budapest, Hungary. 

(July 11-15)-MACROAKRON '94 International Symposium. 
Sponsored by the International Union of Pure and Applied Chemistry. 
University of Akron, Akron, OH. (Dr. Joseph P. Kennedy, Chairman 
of the Organizing Committee, or Cathy Manus-Gray, Symposium 
Coordinator, College of Polymer Science and Polymer Engineering, 
The University of Akron , Akron, OH 44325-0604). 

(Nov. 6-1 D)-International Adhesion Symposium. Sponsored by 
The Adhesion Society of Japan. Tokyo, Japan. (Hiroshi Mizumachi , 
Professor, Chemistry of Polymeric Materials, The University of To­
kyo, Yayoi 1-1-1, Bunkyo-ko, Tokyo 113, Japan). 
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'dtum6ug' from <1-Cillman 

April is Federation officers' "be kind to Humbug 
month ." By remarkable coincidence, at the time of this 
writing (February 8th), within the past month I've had 
correspondence from three of the Technical Society's 
"BIG SHOTS." 

Wise protocol suggests that I start with our hard 
working, illustrious President, Colin Penny, who took 
time out from his obviously pressing schedule to write, 
"As I travel for the FSCT, I have been forced to become 
an after-dinner speaker. As such, I have taken the 
trouble to seek advice on the subject. The results of this 
study might provide you with some fodder for Humbug." 

The fodder: 
-"An after-dinner speaker either drives his point 

home to the audience or drives his audience home." 
-"Speeches are like babies-easy to conceive but 

hard to deliver." 
- "One of the most popular after-dinner speeches 

is, "I'll get the bill! " 
- "Advice to an after-dinner speaker: A speech does 

not have to be eternal to be immortal. " 
.. . End of fodder I 

Then, I heard from the 1992 Roon Awards first prize 
winner, JCT's Technical Editor, Dr. Bob Brady. Now 
that our recent pun craze seems to have died down, I'm 
afraid that he is about to start a dangerous new trend­
LIMERICKS! I must say, however, that Bob has selected 
four amusing samples and only one begins with , "There 
once was a young girl called ... !" 

"There once was a young girl called Bright 
Who could travel much faster than light. 
She set out one day 
In a relative way, 
And returned home the previous night. " 

"A mosquito was heard to complain 
'A chemist has poisoned my brain!' 
The cause of his sorrow 
Was parad ichloro­
diphenyltrichloroethane." 

"S.P. Langley invented the bolometer 
Which is really a kind of thermometer. 
For measuring the heat 
Of a polar bear's seat 
At a distance of half a kilometer." 

"A foolish paint maker named Will 
Stirred fulminate up in a mill. 
After much agitation-
A great detonation-
And management sent him the bill. " 

There'll be more from the "Brady Bunch" of stuff later. 

Last , and caution prompts me to add-certainly not 
least-my Publisher and our Executive Vice President , 
Bob Ziegler, who dares to border on the political: 

"It seems that President Clinton, after a couple of 
months in office, slipped on the tarmac and injured his 
head while boarding Air Force One. When he awak­
ened in the hospital after being in a coma for three 

years, a doctor was called immediately. Following an 
exam , the President was pronounced fully recovered. 
Anxious to learn the state of the nation, the President 
called an aide. 

'What happened to the economy?' asked the Presi­
dent. 'It's looking terrific,' the aide said. 'The deficit is 
gone, the budget is balanced, there is zero unemploy­
ment, and our trade overseas is at an all time high I' 

Worried about inflation, the President asked, 'Well , 
what is the price of a gallon of gas!' The aide responded, 
'It's been about the same for the past year-300 yen."' 

Remember, dear readers , Bob Ziegler is the pub­
lisher of the JCT, and as it is now, Humbug is on the 
last page I 

David Heath , our esteemed Birmingham, England 
correspondent , sent a news clip from that jolly old 
place, here are excerpts: 

Police Spelling is Criminal, Sauces Say 
by Neil Darbyshire, Crime Correspondent 

Scotland Yard may be tempted to introduce a primary 
English course into its train ing curriculum following an 
extraordinary array of spelling and grammatical mistakes 
found in written crime reports . 

Among the items stolen were a Grandfather, an 
England goalkeeper worth 31 pounds (a football jersey 
had been stolen) .... a four-birth tent, a navel telescope, 
a Bathoven music book and a 25 pound note: value 20 
pounds. 

Descriptions of suspects were equally intriguing. 
One was 5 ft 12 in, another suffered from a brusie on 
the arm and a third who should not be too difficult to 
identify had large plates in his hair. 

Clothing worn by wanted criminals also tended to 
the bizarre-a pale blue suite , a tucksido, a carkey 
jacket, a cheque cap, a tea shirt and a polar neck. 

One burglar had apparently broken into a flat through 
the entryphone, another entered through a front door 
which was actually at the rear of the house, and a third 
got in by the painstaking method of forcing open a 
skylark. 

One Pc. with a display of monumental hypocrisy, 
also wrote that a particular suspect did not speech 
good English. 

The batch of 48 literary faux pas gleaned from the 
reports of the same police station was sent anonymously 
to The Job, the newspaper of the Metropolitan Police. 
When asked to disclose the identity of the police station, 
a spokesman for the newspaper said : "We never reveal 
our sauces. " 

It was also reported that a prostitute arrested 
grasping a six inch nail insisted she used it as an aid to 
putting on lipstick. A youth asked why he was carrying 
a screwdriver in his pocket answered that it was because 
his mother wouldn't let him carry a knife. 

-Herb Hillman 
Humbug 's Nest 

P.O. Box 135 
Whitingham, VT 05361 
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were always coo up new recipes for PTFE. 
The innovative use of PTFE for nonstick cookware was just the 
beginning. Since then, new applications for PTFE have increased 
dramatically. And Shamrock is leading the way with its controlled 
morphology, molecular weight, oil absorption and particle 
size distribution. 

From our tailored 5 micron SST-4 for advanced slip 
Sales Representatives: A. T. Callas Company S.E. Firestone Stamat. Inc. 

Troy, Ml Philadelphia. PA Dallas, TX 

and scuff-resistant beer and beverage container 
coatings to our SST-2SPS for flawless coil coatings, 
Shamrock offers over 130 different PTFE recipes. 
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