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IntroduceyourselftoWAVE™
premiumwetadhesion emulsions.
Theyre revolutionizingthe industry

Air Products Paint Technical Service Try two revolutionary new emul-
Lab. And, compared to acrylics, you sions with a distinctive new name:
also have greater assurance of long- WAVE. To receive literature or to
tern1 plice stability. request samples, send the coupon to:

Many companies are using Polymer Chemicals Department, Air
WAVE 345 and 375 emulsions with Products and Chemicals, Inc., Box 538,
success, and with only slight modifi- Allentown, Pa. 18105. Or call
cations of their formulations. (215) 398-6799.

r----------------------------------------
Free Sample.
r want to test WAVE 345/375 emulsions. Rush me the material checked below.

Paint manufacturers are saving
20C per gaUon in finished
paint costs.

Air Products WAVE 345 and
WAVE 375 emulsions-fOlmerly
Flexbond® 345 and Flexbond® 375
emulsions-are now giving paint
manufacturers wet adhesion that's as
good as, or better than, premium all­
acrylics.

Yet they cost from 8<i: to 1O<i: per
dry pound less than acrylics. And they
can save you a hefty 20<i: per gallon
in finished paint costs.

On painted alkyd surfaces, paints
based on WAVE 345 and 375 emul·
sions outperforn1 many all-acrylics
and all conventional vinyls in federal
specification and most other tests of
wet adhesion. Paints made with these
vinyl·based emulsions can be applied
over enamels-\\~th excellent flow,
leveling and gloss characteristics.

With WAVE 345 and 375 emul·
sions, you have the support of the
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IFMOMEY ISTHE ROOTOF
ALL EVIL,OUR MEW

UCAR ACRYLICS WILLMAKE
YOU FEELVERY MAUGHn

Even the devil would So you can also reduce
have a hard time conjuring up your inventory costs.
acrylics as tempting as these. You'll soon be hearing

But after eight years of about our other new "Acrylics
research and development, of the Future:'
Union Carbide proudly intro- Call your Union Carbide
duces the "Acrylics of the Representative. Or write
Future:' Dept. JSL, 270 Park Avenue,

You'll especially like the New York, N.Y. 10017, for
first one, UCAR Acrylic 503. more information.

UCAR Acrylic 503 can We'll be glad to show
save you at least 25¢ a gallon you how the root of all evil
on exterior paints that are as will become the salvation of
durable as any you've ever the trade paint industry.
made. And they attract less PEOPLE PLANNING THE FUTURE.
dirt, too.

And it's the only acrylic •
now available that's priced to ' . :1 I

be used indoors and out. Coating Materials

UCAR is a Registered Trademark of Union Carbide Corporation.
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Facing the Industry Through JPICC
A recent meeting notice from the Florida Paint and Coatings Association brings

to mind an industry organization in which the Federation is privileged to be a
member: the JPICC.

First, the Florida meeting. Called "Face the Paint Industry," it was a panel dis­
cussion with an owner, production superintendent, technical director, and sales di­
rector of a paint manufacturing company on one side. Facing them were apainting
contractor, an architect, a paint store dealer, and an industrial paint user. The
questions and answers, plus the resultant dialogue between manufacturer and pur­
chaser must have been spirited and informative.

The italics tie into JPICC - the Joint Paint Industry Coordinating Committee ­
composed of the officers and top staffofthe: National Decorating Products Associ­
ation, St. Louis (paint store dealers); National Paint and Coatings Association,
Washington, D.C. (paint company management); Painting and Decorating Con­
tractors of America, Falls Church, Va. (painting contractors); and the Federation
(production/technical).

The JPICC meets twice yearly and each group uses the occasion to present an up­
date on its activities since the last meeting. These reports from your counterparts in
the coatings industry are always interesting and enlightening.

Getting together with representatives from other segments ofthe industry creates
a better understanding and appreciation of each other's role, problems, and needs.
The national JPICC, in which there is great rapport, is a good example.

It follows then that it should also be beneficial to organize JPICC-type discussion
groups or informal meetings at the 10calleveI. Leading the way in the Federation is
the St. Louis Society which schedules a "JPICC Night" once a year.

There should be more.

After all, we're all in the same paint pot together.-FJB
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Now your oldest problem
has a new solution.

Patcote™

Foam, and the side effects of controlling it, have for
years been problems in trade sales coatings. They are
becoming major problems in industrial coatings as well.

Now you have a new source of help in industrial and
trade sales coatings-a company with a new approach
to foam control formulations and service.

When you call Patco Coating Products, we do a lot
more than just send samples. We're not another
"me-too" defoamer supplier. We go out of our way to
provide the best possible answer to your foam control
problem, even to tailor-making a Patcote defoamer
to meet your specific needs.

We have developed an extensive line of Patcote pro­
prietary products for both trade sales and industrial
applications. One of them may be the one you need.
If not, our technical service staff stands ready to work
with your bench chemists to develop a defoamer that
suits your needs. We've done it for others. We'll do it
for you.

If you have a difficult foam control problem, let us
hear from you. We can help. All it takes is a toll free
telephone call to put Patco Coating Products' service to
work for you. Or write for Patcote product information.

Patco Coating Products, C. J. Patterson Company
3947 Broadway, Kansas City, Missouri 64111 Toll Free Telephone (800) 821-2250 In Missouri dial (816) 561-9050
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Cover all the bases with SAA.
Hardness, gloss, water resistance,

humidity resistance, 'corrosion
resistance, and chemical resistance.
These are some of the iI1'1portant
properties you have come to
expect from our Styrene-Allyl­
Alcohol (SAA) copolymers over the
past fifteen years. (You may know
these products better by their
brand names - RJ-l00® and RJ®101).
Whether the use is a hard resin
additive for overprint varnishes
and inks, or as a low cost/high
performance polyol for urethane
coatings, SAA continues to serve
the industry well in solvent based

® Trademark of Monsanto Company

Vol. 51, No. 649, February 1979

formulations.
Now you have a new challenge.

The challenge of waterborne
coatings.

Aqueous systems based on SAA
retain the same high level of per­
formance with the important
benefit of excellent package stabil­
ity. Formulations are available for
baking and air dry industrial and
automotive primers along with
high performance top coat systems.

To update your information on
this versatile polymer and its many
uses, just send in the coupon to
Monsanto.

r------------------,
,VIonsanto,800 . Lindbergh Blvd.,
51. Louis, Missouri 63166. Depl. 804.

Please send information on
Styrene-Allyl-Alcohol.

My application is _

Name _

Title _

Company _

Address _

City & State _

Zip _

Telephone _

L _

Monsanto
9



Now- excellent water and humidity
resistance with NEOCRYL A-622
fast dry water-borne coatings.

Polyvinyl Chemical Industries
Dept A-3, 730 Main Street, Wilmington, Mass 01887 (617) 658-6600nJABeatrice Chemical Co.!AD,v,s,on of Bealrlce Foods Co

Don't just take our word for it
Test it yourself. Our results show
NEOCRYL A-622 has superior
water and humidity resistance for
coating metal and plastic

We placed metal and plastic panels
in the Cleveland Condensation
Cabinet and after 100 hours of
exposure to humidity at 100°F, film
appearance was unaffected. Water
immersion testing at 100°F for
100 hours also showed no rusting,
blistering, whitening or loss of
adhesion.

NEOCRYL A-622 is a fast drying
polymer offering high gloss
properties. It is precoalesced to
allow immediate use in airless or
conventional air spray equipment

Because of its versatility, NEOCRYL
A-622 can be used clear or
formulated as high gloss pigmented

coatings by conventional techniques.
Either way, it has excellent application
properties and is recommended for
use on automotive, implement or
other metal or plastic parts.

If you'd like more data, write or call
us We would be happy to supply
samples and technical assistance.

10 Journal of Coatings Technology



Epon resins, the leader for over 25 years in
solvent-borne epoxy coatings, are now adding new
dimensions in performance to epoxy powder,
water-borne, and higher solids coatings.
Powder coatings
Powder coatings manufactured with Epon Resins
are becoming the choice for applications ranging
from appliance parts to industrial valves. These
resins can be formulated into powders exhibiting
rapid cure and excellent chemical/solvent resistance
and can be applied to achieve your customer's
demanding cost/performance requirements.

Powder coating grade Epon resins are now
manufactured in Shell's new plant utilizing the
latest in process control to yield the cleanest and
most uniform product available. Also, these prod­
ucts are shipped to your plant in moisture proof,
multi-ply bags to assure consistent, trouble-free
performance.
Watel'-bome coatings
When the answer to your coating problem is a
water-borne system, Epon resins can be used to
provide the performance you need. Emulsions, dis­
persions or solutions, Epon resins will impart the
benefits of epoxy resin to your water-borne coating.
Higher- solids coatings
Liquid and liquid solutions of Epon resins offer you
materials suitable for higher-solids formulations ­
especially in light of anticipated regulatory changes

Vol. 51, No. 649, February 1979

allowing more branched ketones and aromatics to
be used in higher-solids coatings. Two-package as
well as low temperature baking systems are possi­
ble. Both alternatives offer the coatings applicator
higher fUm thickness per coat, lower baking energy
requirements, and environmental acceptability.
Epon resins as modifiers
Epon resins continue to find use as modifiers for
acrylic, alkyd, urethane and other coating systems.
Whenever you need to incorporate the toughness
and adhesion of epoxy, investigate the use of an
Epon resins modifier to enhance the balance of
properties of the finished coating. Shell's Westhol­
low Research Center can help you find the right
Epon resin for your application and provide valu­
able formulating assistance.

Whether your interest is in solvent-borne,
higher-solids, water-borne or powder coatings,
come to Shell for answers.

Write, Shell Chemical Company, Manager,
Chemical Communications, One Shell Plaza,
Houston, Texas 77002.

@
Shell Chemical Company

Our 50th Year
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REVERSIBILITY OF YELLOWING PHENOMENON IN
LINSEED-BASED PAINTS-H. Rakoff, F.L. Thomas, and
L.E. Gast

Journal of Coatings Technology, 51, No. 649, 25 (Feb. 1979)

A commercial linseed oil paint, a commercial linseed
alkyd paint, and three experimental oil paints (prepared
with alkali-refined linseed oil, decolorized linseed oil, or
pure trilinolenin as vehicle) were exposed to light, dark­
ness, or to cycles of light and darkness to ascertain if yel­
lowing is a reversible process. It was determined that
linseed-based paints can be taken through several cycles
of yellowing and bleaching. The extent and rate of yel­
lowing in successive cycles depend on the nature of the
paint. Linseed alkyd paints yellow at about the same rate
and to about the same extent through each cycle; linseed
oil paints yellow less and more slowly through successive
cycles.

PROCESSING INTERMEDIATES FOR HIGH-BUILD
PAINTS-I. Kikic, R. Lapasin, G. Torriano, and A. Papo

Journal of Coatings Technology, 51, No. 649, 29 (Feb. 1979)

The rheological properties of a castor oil derivative!
chlorinated rubber processing intermediate employed in
the manufacture of chlorinated rubber high-build paints
are investigated. Transient behavior and steady values are
studied in steady flow using coaxial cylinder viscometers.
Transient pattern depends on sample history and shear
sequence. Steady values are not a unique function of the
shear rate; oscillatory phenomena often superimpose
themselves on initial transients at low shear rate. The
complex rheological behavior is discussed and a
structural interpretation is suggested. A master curve is
obtained for a series of related intermediates of different
castor oi I content.

SURVEY OF THE APPLICATIONS, PROPERTIES, AND
TECHNOLOGY OF CROSSLINKING EMULSIONS. PART
VI-J.R. Grawe and B.G. Bufkin

Journal of Coatings Technology, 51, No. 649, 34 (Feb. 1979)

This review summarizes most of the principal concepts
which have been employed over the last ten years to de­
velop thermosetting or crosslin king emulsions. The con­
ceptual elements which have formed the foundation for
this new generation of coatings are discussed in terms of
the science, technology, properties, and applications of
the emulsion systems which have been reported in the

12

literature. This survey presents the advantages and limi­
tations afforded by each of the functional monomers or
polymer classes which have been investigated for the de­
velopment of crosslinking emulsions. This paper con­
cludes the topic of post-emulsified systems with a discus­
sion on epoxy, epoxy ester, polyurethane, silicone, and
phenolic-based emulsions and also briefly discusses such
topics as precrosslinked emUlsions, thermoset water-in­
oil emulsions, nonaqueous dispersions, and other
methods of application and curing.

SELECTION OF STRAINING (NOMINAL FILTRATION)
EQUIPMENT FOR COATINGS-A. Tankha

Journal of Coatings Technology, 51, No. 649, 68 (Feb. 1979)

Straining is the last unit operation in a chemical coatings
facility before the coating is filled into containers for
shipment. This article discusses filtration equipment and
filter mesh size which optimize the filtration rate.

VOLUMETRIC COMPUTER COLOR MATCHING-B.H.
Todd

Journal of Coatings Technology, 51, No. 649, 71 (Feb. 1979)

The paper explains how conventional computer color
matching (CCM) programs have been modified to yield
data in volumetric units for greatly expanded flexibility
and cost savings. Volumetric handling and dispensing of
coloring materials are discussed in their application to a
variety of laboratory and manufacturing situations com­
mon to the coatings industry, including the new innova­
tion of totally automated factory tinting. The advantages
and limitations of this approach to CCM are frankly dis­
cussed.

DEVELOPMENT OF COMPUTER COLOR FORMULATION
AND CONTROL-H.R. Davidson

Journal of Coatings Technology, 51, No. 649, 78 (Feb. 1979)

Eloquent testimony to the effectiveness of instrumental
color matching has been given by the Symposium on
Color and Appearance Instrumentation. Many suppliers,
competing in the field, and many producers of colored
materials came to evaluate the new equipment and
methods. But we cannot claim complete success in all
color formulation and control problems, so it is well to
consider both the strong points and the weak points of our
instrumentations.

Journal of Coatings Technology



~~You don't have to be a~rock hound'to
be fascinated byfine mineral specimens.

And you don't have to be a chemist to be
impressed by what we make from minerals:'
"Collecting mineral specimens is one of the most pop­
ular and rewarding of all hobbies. Even such a mundane
species as calcite- of which limestone is a variery- can
be found in fantastic shapes and colors that rival those
of gemstone minerals.

"The majoriry of minerals are crystals, individual or in
clusters, that grow from atomic 'seeds' fed by chemicals
in underground streams or seepages. The process is
like that of organic growth in hydroponic gardens.

"But since no 'weeding' has ever been done in min­
erai beds, it is common to find impurities, and undesira­
ble species in close association with useful ones.

"Pfizer's mineral products for diverse industries- such
as pigments, talcs, and calcium carbonates- originate

in mines and quarries with exceptionally pure, high
grade ores.

"But even so, we resort to sophisticated refining and
processing techniques to assure uniform chemical and
physical properties that will consistently enhance the
qualiry and performance of our customers' end-use
products.

"The results of our efforts are impressive- to the
managerial. production. technical, and R&. D staffs of
most industrial companies,

"If you so request, we'll be glad to send you a copy of.
our new Products Brochure. which will give you an over­
all concept of the things we make. how we make them.
and the ways they might be of advantage to you:'

•MINERALS, PIGMENTS
S METALS DIVISION
DEl'l8CX-S· 23S E.42NDSTREET· NEW YORK, N.Y. 10017
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Sociely Repre.H'lIlalil'e-HORAcE S. PHILIPP. of Sherwin-

Williams Co.

NEW ENGLAND

Presidelll-MARTIN L. DAVIS. of Sterling-C1ark-Lurlon
Corp.

Vice-Presidelll-GEORGE MULVEY
S('('re/(/ry-ROBERT G. MODRAK. of Benjamin Moore & Co.
Treasllrl'r-GIL SULLIVAN. of Independent Packaging
Sociely Represelllalive-CHARLES ARO so . of Beacon

Paint Works

NEW YORK

Presidelll-SAUL SPINDEL. of D/L Labs. Inc.
ViCl'-Presidelll-SIDNEY J. R BIN. of Greenpoint Paint &

Varnish
Seerelarr-MARVIN J. SCHNALL. of Troy Chemical Corp.
hea.Hirer-THOMAS GI SBERG. of Union Carbide Corp.
SociNr RI'prl'Selllalil·I'-S. LEONARD DAVIDSON. of L In-

dustries. Inc.

NORTHWESTERN

Presidelll-ROBERT HESKIN. of Val spar Corp.
Via-Prl'sidelll-AL HEITKAMP. of Cargill. Inc.
Secretan--ROGER M. A DERSON. of 3M Company
Treasllrer-STEVEN ROWLAND. of Stewart Paint Co.
Socil'lr Represelllalil'e-LOWEU. WOOD. of Frost Paint &

Oil Corp.

PACIFIC NORTHWEST

Presidelll-MICHAEL GRIFFIN. of Reichhold Chemicals. Inc.
Presidelll-Elel'l-WALTER B. CLYDE. of Glidden Div .. SCM

Corp.
Secrelarr-CURTIS P. BAILEY. of Parker Paint Mfg. Co.
TreaS/lrl'r-DICK STEWART. of Stainco
Sociely Represelllali"e-JoHN A.J. FILCHAK. of GSA. Fed­

eral Supply Service

PHILADELPHIA

Presidelll-LOTHAR S. SANDER. of Amchem Products. Inc.
Presidelll-Elecl-CARL W. FULLER. of Reichard-Coulston.

Inc.
SeCfl'lar\'-BAf{RY OpPE HElM. of McCloskey Varnish Co.
Treasllrer-MATrHEW HANRAHAN. of Lilly Industrial Coat­

ings
Socien' RI'preselllali,·e-J. RICHARD KIEFER. JR .. of

McCloskey Varnish Co.

PIEDMONT

Presidelll-CHARLES B. WILSON. ofReliance Universal. Inc.
Vice-Presidelll-JOH V. HAJNOS. of Ashland Chemical Co.
Seerelarr-WILLIAM J. Cu, ANE. of Sherwin-Williams Co.
Treasllrer-JAMES ALBRIGIH. of Lilly Co.
Sociely Represelllalive-JAM ES BOH LEN. of Sherwin­

Williams Co.

PITISBURGH

Presidenl-JOHN S. DAHL. of J.H. Matthews Co.
Vice-Presidelll-RoBERTT. MARCUS. ofPPG Industries. Inc.
Seere/llry-RAYMOND C. UHLIG. of Technical Coatings Co.
hea.Hirer-RICHARD TRUDEL. of Mobil Chemical Co.
SocielY Represelllalil'e-GERALD WEST. of Royston Labs.

ROCKY MOUNTAIN

Presidenl-JIM PETERSON. of Peterson Paint Co.
Vice-Presidelll-GLENN A. SORENSEN, of Bennett's
Secrellll'y-FRANK H. MEYERS, of Kwal Paints. Inc.
heasllrer-BRUCE REGENTHAL. of Komac Paints
Sociely Represenlalil'e-J.D. MULLEN. of J.D. Mullen Co.

ST. LOUIS

Presidelll-JOH W. FOLKERTS. of Plaschem Coatings
Vice-Presidelll-HERBERT S. ROSEN BLAH. ofSteelcole Mfg.

Co.
Seeretar\,-FLOYD THOMAS. JR .. of Thomas & English Co.
Treasar;r-JOHN KEMPER. of Sinnett Lacquer Mfg. Co.
Sodelr RI'preselllalil'e-HoWARD JEROME. of Vane-Cal veri

Paint Co.

SOUTHERN

Presidelll-A. Roy EAL. of Rico Chemicals. Inc.
Presidenl-Elecl-ALFRED L. HENDRY. of A.L. Hendry Co.
Vice-Presidenl-THAD T. BROOME. of Precision Paint Corp.
Seere/llry-Trea.wrer-FRANKLIN RECTOR. of Indurall Coat-

ings
Socielr Repre.H'lIlalive-J.T. ROBERTSON. of Southern
. Coatings & Chemicals Co.

TORONTO

Presidenl-S. PALLESCHI. of Abrex Specialty Coatings Ltd.
VicI'-Presidelll-H. ZAPFE. of Ashland Oil Canada Ltd.
Secretar\,-ALUN G, MORRIS. of L. V. Lomas Chemical Co.
hea,Hir;r-J.A. GRODZINSKI, of Toronto Coppersmithing
SocielY Represenlali.'e-A. CLARKE BOYCE. of Nacan Prod-

ucts Ltd.

WESTERN NEW YORK

Presidelll-LEO, ARD H. GIELINSKI. ofSpencer Kellogg Div.
Vice-Presidenl-THOMAS W. POpA VEe. of ational Gypsum

Co.
Secretary-GEORGE C. REID. of Spencer Kellogg Div.
Treasllrer-JAY A. ROBEY. of Pratt & Lambert. Inc.
Sociely Represelltalive-EuGENE LEVEA. of Pratt & Lam-

bert. Inc.
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MMA Awards for Notable Achievements
Won by Los Angeles and Baltimore Societies

Correlative Testing Program

Principles Governing Awards

The MMA Awards recognize notable
achievements in the field of education.
manufacturing and training procedures.
technology. public service. and other
achievements deemed proper and desir­
able by the Awards Committec.

Not eligible are Society papers 01'-

The Baltimore Society won an award
for the activities of its Correlative Test­
ing Subcommillee.

This program was initiated to help
with testing problems by correlating
round-robin testing with cooperating
laboratories. Members were solicited to
determine testing instruments and
equipment available. and as requests for
testing were received. samples were
distributed to the appropriate partici­
pants. Results were distributed to all
who took parI.

All results. tests. and sampling were
on a "blind" basis so as to maintain
complete confidentiality of requester
and tester.

Among the services offered were: in­
terpretation of acid value calibrations:
confirming reflectance valucs: and
checking of viscometers. weight-per·
gallon devices. film applicators. weath­
erometers. abrasion testing equipment.
and impact testers.

Materials Marketing Associates Awards for notable achievements other than Society
papers, were presented to Baltimore Society, Alex Chasan accepting (right), and Los

Angeles Society, Bill Ellis accepting, by Awards Committee Chairman Don Fritz

fered for presentation at the Federation
Annual Meeting. Although the Awards
are to be presented at the Annual Meet­
ing. it is not mandatory that they be
presented to any or all categories each
year.

The President of any Society wishing
to enter the competition must send a
leller of intent. no later than March 31.
to the MMA Awards Committee Chair­
man. William T. Cochran. Bruning
Paint Co.. Inc .. 601 S. Haven SI.. Bal~
timOl·e. Md. 21224. A complete descrip­
tion of the Society activity to be consid­
ered in the competition must be sub­
mitted by the Society President to
Chairman Cochran by August 3 I.

Materials Marketing Associates is
composed of the following: Apco In­
dustries Co .. Ltd .. Toronto. ant.:
George C. Brandt. Inc .. Kansas City.
Kan. and SI. Paul. Minn.: The Cary Co..
Chicago. III.: Dar-Tech. Inc.. Cleve­
land. Ohio: E. T. Horn Co .. Los
Angeles. Calif.: Lukens Chemical Co..
Boston. Mass.: Matteson-Ridolfi. Inc ..
Detroit. Mich.: McCullough & Benton.
Inc .. Atlanta. Ga.: Ribelin Distributors.
Inc .. Dallas. Texas: Shanahan's Lim­
ited. Vancouver. B.C.: Wm. B. Tabler
Co.. Inc .. Louisville. Ky.: Van Horn.
Metz & Co.. Inc .. Philadelphia. Pa.:
Walsh & Associates. Inc .. SI. Louis.
Mo.: and C. Withington Co.. Pelham
Manor. N. Y. and Rio Piedras. Puerto
Rico.

Liaison Efforts
On Behalf of Coatings Industry

At Hearings of Regulatory Agencies

The Los Angeles Society was cited
for its liaison efforts on behalf of the
coatings industry at hearings of various
regulatory agencies in California.

When the first draft of Rule 66 was
published in January 1965 by the Los
Angeles County Air Pollution Control
District. its restrictions were com­
pletely impractical: it specified solvents
that could be used - all were pure
chemicals and most were not feasible
because of cost and total potential sup­
ply. As a result. an inter-industry com­
millee under the banner of the Califor­
nia Manufacturers Association was
formed to negotiate a more workable
rule. and a number of Los Angeles Soci­
ety members were among the original
committee participants who conducted
experiments and were involved in
subsequent negotiations that led to a
rule that specified what could /lot be
used - or. at least. what could not be
emitted to the atmosphere. a key
change. It was not only workable. it was
more effective than the original pro­
posal in reducing photochemically re­
active emissions.

The Rule 66 Committee activities also
established a precedent for cooperative
development of air pollution legislation
by government and industry. Rule 66
has undergone many revisions and is
nOw known as Rule 442. At each step.
industry has been consulted. and Los
Angeles Society members have contin­
ued to be involved in these activities.

Most recent efforts have been di­
rected toward helping shape realistic air
pollution laWs.

The MMA Awards for notable
achievements during 1978 were won by
the Los Angeles and Baltimore
Societies. Presentation was made at the
Federation Annual Meeting in Chicago.

The Awards. established in 1975 by
Materials Marketing Associates. a na­
tional marketing group of manufaclllr­
ers' representatives. recognize notable
achievements by Constilllent Societies.
other than Society papers presented at
the Federation Annual Meeting.

There are three categories of awards.
based on Society membership size. but
it is not mandatory that an award be
presented each year to any or all cat­
egories. Each category winner receives
$350 in cash. plus a handsome. appro­
priately engraved plaque.
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How to Select
the Right Antifoam for

Water-Based Paints
there probably is not a foam problem
in manufacturing or application we
have not seen before. We are old
hands at licking foam problems.
You gain the advantage of
our experience.

Nalco Achieves Results

Nalco Chemical Company
2901 Butterfield Road Oak Brook, IL 60521
(312) 887-7500

A Broad Line of
Products

From a broad selection of non-silicone
and silicone types, you can choose
the right defoamer for use in the grind
and the let-down, for your trade sales
coatings or industrial finishes. When
used properly, it will give you effective
foam control and minimize risk to film
quality, color acceptance,
and persistency.

How to Get Started
If you are reformulating or developing
a new water-based paint, give Nalco a
call. Our paint experts will work with
you from the start to develop the best
foam control program possible. Just
use our "hotline" number (312)
887-7500 ext. 1214. Or consult our
literature. Write for bulletins K-8 and
K-l0.

N
NALCO

50 Years ofLeadmhip 111

Chemica! Ttc!lf)o!o!.!,l' 192H· f'}7H
L.

A Systematic Approach
Nalco uses a systematic screening
procedure to determine anti foam
performance. And before Nalco
recommends an antifoam for your
coating, we thoroughly analyze its
effect in your total system. We:

Analyze Your Formulation The
surfactants, co-solvents, flow control
additives, pH, pigments, and resin
type in your formula are studied since
they affect foam stability and anti foam
performance.

Analyze Your Manufacturing
Procedures High sheer dispersion
phases, transfer, and filling operations
cause foam and may require several
antifoams for effectiveness.

Analyze Your Application Procedures
Techniques involving recirculation
and high shear, such as spray and
flow, can cause persistency problems
and are considered when solving the
foam problem.

Nalco's tests are designed to be as
similar to actual usage as possible.
Our recommendations may include
products for the grind and others for
the let-down. And to make sure the
recommendation is right, Nalco
checks results with the actual lab
manufacture of your paint whenever
possible.

A Bank of Knowledge
Nalco works directlv with new resin
technology and may have already

Iscreened the resin you are using. And

Nalco has a unique approach to the
selection of anti foams. And the
results we achieve are proof of its
effectiveness.
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Results are What Count
Below is just one example of the
results you get when Nalco tackles a
foam problem. Take a good look.
Results are what count and what
Nalco is committed to.

"Vinyl Acrylic Terpolymer in an
Interior Semi-gloss Paint"

The Starting Point
Nalco starts from these basic
premises.

What an Antifoam Should Do

1. It should prevent and destroy
foam.

2. It should be persistent

3. It should not adversely affect color
acceptance, gloss, water
sensitivity, or intercoat adhesion.

4. It should not cause surface defects
such as crawling, pinholes, or
fisheyes.

Nalco is not satisfied with an antifoam
selection until it meets all four
requirements and achieves the results
you are looking for.
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Usewater for
bathing.

Industrial
Chemicals

You can't produce a quality
acrylic latex paint using exces­
sive amolmts of water. Yet, the in­

corporation of traditional latex
paint thickeners ties up substantial

amounts of water. Using predis­
persed slurries further restricts the

amount of free water in your for­
mulation.

NL's new RHEOLATP" 1 rheological
additive eliminates the need for excessive
water in your paint fonnulation because

RHEOLATE 1 requires no prehydration.
With RHEOLATE 1 there are no powders to dissolve in water, no sticky gums to dilute.
RHEOLATE 1 is ready to use just as we ship it to you. Simply pour it directly into your
paint fonnula for efficient, reproducible thickening, batch after batch. And while
RHEOLATE 1 is saving you time and money on production, it's also helping you make
a better paint by giving you other tangible benefits.

RHEOLATE 1 additive gives your paint good shelf stability. Because RHEOLATE 1
is enzyme resistant, there is no viscosity loss due to enzymatic degradation of
the thickener. You can also salvage enzyme-spoiled paint by rethickening with
RHEOLATE 1. Plus, RHEOLATE 1 further improves shelf life by reducing settling
and syneresis, especially in latex wood stains.

RHEOLATE 1 additive gives you many other excellent paint film and application
properties such as reduced roller spattering and improved color acceptance. All at a
competitively attr:lctive price. So, before you tie up more water with conventional
thickening additives, get the dollars-and-cents facts on RHEOLATE 1. Contact
Industrial Chemicals Division, NL Industries, Inc.,
P.O. Box 700, Hightstown, NJ 08520. (609) 443-2547.

RHEOLATE 1 is.1 tf,lI..iL'I11Mk of NL Industries.

N

Not for
thickening
acrylic
latex
paint.
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PAINT/COATINGS DICTIONARY

An invaluable reference source containing definitions for more
than 4500 coatings-related terms Classification section listing
all terms in total of 73 categories Extensive bibliography (over
600 references). ... 632 pages (6 x 9 in.), case-bound.

Approximately 4500 terms of the coatings industry and its interfacing technologies are
defined in this comprehensive volume, which has been compiled by the Definitions Com­
mittee of the Federation of Societies for Coatings Technology. Unique feature is classifi­
cation of these definitions into one or more of 73 categories (color, pigments, additives,
methods of application, etc.). These categories have been number coded and appear as
superscripts at the end of each definition. Conversely, all terms defined under each cate­
gory are listed in back of the book and serve as a thesaurus for key words, research
papers, and literature searches. Pigments have also been classified into their Color Index
numbers, and pigment synonyms have been extensively cross-indexed to a commonly
accepted name.

Please enter my order for copy (copies) of the "Paint/Coatings Dictionary"

Check one:

PREPAID ORDER:

Add 5% to Total Amount of Order
to Cover Handling and Postage.

Name

Company

Address

o $30 - Federation Member 0 $50 - Non-Member

(Shipping Charges Extra)

TERMS OF ORDER

I
ORDERS REQUIRING BILLING:

Postage, plus 50' Handling Charge,
Additional.

City ~ __ State _~ _ ~ ~ Zip Code

22

MAIL TO:

PLEASE MAKE ALL CHECKS PAYABLE IN U.S. FUNDS

Federation of Societies for Coatings Technology
1315 Walnut Street, Suite 830, Philadelphia, Pa. 19107

Pennsylvania residenls please add 6%, sales lax
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Government and Industry

MeA Survey Predicts Record Sales, Increased Growth for 1979

Estimated 1979 R&D Funding Set at Over $52 Billion

In spite of economic uncertainty for
the nation's business in 1979, a survey
by the Manufacturing Chemists Associ­
ation of member companies of the U.S.
chemical industry predicts record sales
of $140 billion for the year. Members
also predict almost normal growth for
the industry in all regards.

The expected median sales growth of
11% is very close to that of the last 10
years and that of 1978 over 1977. Net in­
come is likely to increase by the same
11%, an increase above the 6% im­
provement of 1978 over the previous
year.

The single greatest regulatory
problem. said MCA, is compliance with
the Toxic Substances Control Act. the
same as in 1978. Other problems noted
were compliance with the Occupational
Safety and Health Act. air and water
pollution abatement requirements. and
the cost of regulations overall. Aside
from specific regulatory issues, the
most often mentioned concern of
member companies polled was infia­
tion. The cost-price squeeze. overca­
pacity, and the country's economic
condition were also referred to fre­
quently.

General optimism about 1979 was ex­
pressed in capital additions planning.
The total spent in the United States for

Expenditures during 1979 for re­
search and development in the U.S.
are expected to reach $52.567 billion,
according to the annual R&D fore­
cast of Battelle's Columbus Lab­
oratories. This represents an in­
crease of $5.272 billion (11.1%) over
the National Science Foundation es­
timate of $47.295 billion that was
actually spent in 1978. While most of
the increase will be absorbed by
continued inflation, Battelle fore­
casts a 3% increase in real R&D ex­
penditures, bringing them to the
highest level in 10 years.

Both industrial funding and per­
formance are expected to increase
faster over 1978-79 than any other
sector (14.6 and 12.6%, re­
spectively). The Battelle report
notes, regretfully, that breakdowns
of R&D funding by industry groups
had to be terminated due to the inad-
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1979 was expected to be 7% over 1978.
About one-half of this spending will be
for new facilities, the balance for mod­
ernization of existing plants. Expendi­
tures abroad should be up 11% in 1979
compared to 13% in 1978. Capital out­
lays for environmental controls for
health and pollution abatement are ex­
pected to be 15% of total capital expen­
ditures.

The survey predicts costs to rise
sharply for the year. The median raw
material cost should increase 7% but
fuel and electric energy costs will be up
10%. Hourly wage rates will likely go up
8%, which is very close to the Presi­
dent's wage guideline. Construction
labor and materials cost in capital ex­
penditures will increase by 8%.

Employment will go up 3%, a larger
increase than for last year or for the av­
erage of the last 10 years. The growth of
research and development efforts at 8%
will be below previous growth rates.

Exports by the respondent companies
are expected to continue strong with a
median 10% increase, close to the his­
torical average increase. This likely
would result in another, more than $5
billion trade surplus for the chemical in­
dustry. The median capacity utilization
will be at 80%, the same as for 1978 but
not yet an optimum. best performance
level.

equate data caused by the nonre­
sponse to the NSF R&D surveys by
industry. (1978 R&D funding for the
chemical and allied industries was
estimated to increase 13%, or $2 bil­
lion.)

The report notes that 1979 is ex­
pected to be characterized by con­
tinued inflation-an estimated 7.9%
from 1978 to 1979. For statistical
purposes, the forecast assumes suc­
cess for the Carter Administration's
current anti-inflation programs;
however, many critics feel that this
comes too late to have more than
limited success.

Despite this, there are many intan­
gibles that favor greater than usual
increases in support, particularly the
reawakened feeling on the parts of
many decision-makers that R&D is
essential to long-term economic
health.

The MCA survey respondents report
a variation in their expected 1979 per­
formance on the above factors. How­
ever, the median responses indicate a
respectable year considering the state of
the world economies with unusually
slow growth rates in the developed
countries. Still unknown is the effect on
the economy of the Carter Adminis­
tration's anti-inflation program. The
survey results showed no appreciable
anticipation of a slowdown in the in­
dustry from any decline expected in
U.S. business activity.

Battelle Labs to Evaluate
Tests for Toxic Chemicals

Battelle's Columbus Laboratories
has been awarded a three-year, $2.8
million contract from the U.S. Envi­
ronmental Protection Agency (EPA) to
evaluate environmental testing methods
for potentially hazardous chemicals.

The EPA will use the study results to
assist it in selecting tests related to the
chemical fate and ecological effects of
toxic chemicals. Under the 1976 Toxic
Substances Control Act industry may
be required to perform such tests.

According to Dr. Charles W.
Townley, who heads the new study, re­
searchers initiall ywill identify classes of
tests and available methods for pre­
dicting the chemical fate of substances
in the environment and for predicting
ecological effects of chemicals on
aquatic and terrestrial plants and ani­
mals.

Dr. Townley said after available tests
are identified and generically classed,
they then will be tentatively ranked as to
which tests would be best to use. Rank­
ings will be based on a test's significance
to the risk assessment process, applica­
bility to a broad spectrum of chemicals
and life forms, reliability of results, and
acceptability to the scientific commu­
nity. Also to be considered are factors
such as the complexity of equipment
and facilities required for testing and the
length of time needed to obtain results.

The final portion of the study will be
devoted to validating the rankings. This
will involve conducting laboratory ex­
periments on specific chemicals so that
final recommendations can be made.
The EPA then will consider these re­
sults in selecting the tests industry may
be required to conduct.
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Government and Industry (Continued)

Report Shows Chemical Industry Exceeded Energy Conservation Target

PO Box)I:i'/, N.'w Y,.k, N Y IOOGI
Please send me a Iree copy 01
your inflation booklet

PRI Programs Supported by 87 Contributors in 1978

The Manufacturing Chemists Associ­
ation, in a report presented to the U.S.
Department of Energy, stated that a
major portion of the U.S. chemical in­
dustry has again exceeded the 1980
energy conservation target set by the
U.S. government.

The 105 companies that took part in
the latest survey saved a total of 630
trillion Btu in fuel for the IZ-month
period which ended June 30, 1978.

MCA pointed out that this was equal
to the gasoline it would take to travel
70.9billion miles at 14 miles a gallon-or
to the moon and back 15.000 times. It is
enough saved energy to heat 4.5 million
households, each using 1,000 gallons of
heating oil.

It was also noted that 630 trillion Btu
represents 108 million barrels of oil not
imported-a saving of more than $1.5
billion-at a time when the dollar was
declining and the trade deficit growing.

INFLATION.
IT HURTS
US ALL ''''''''I.",

:1/11/,

.~~{'~I~

This booklet helps i'\if.~
explain why. : ,':..,t

The coupon wUl bnng t-l!(",.
you a Iree copy 01 ~.
"Inflallon in the Amen

, can Economic System
flnd your rart In It.."

Once you read It. we ho!r' YOIl'II w,ml \0
order bulk copies for your compally's
employees, shareholders. plnnt cornmlHlI­
bes. 5('hooI5. IlhrarlC's, and other groups

The pnre wIll bf' as non-lIltlallonary as '.'Ie
can rossJbly make It

The American Economic System.
We should all learn more about it.

~
Apubhc 5erVlCe m<'SSdge

~\~ 01 thlS MaCldzmeand
lOUlCl The Advern$lnq COllnc]1
,---------,
I
I
I Name

I Address _

c,ty _

I Stale Z,p__
L .J
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The 105 companies cut their fuel use
by 16% for each unit ofoutput compared
with 1972, This compares to a 14%
savings recorded just six months ago.
After making allowances for energy
needed to comply with workplace and
environmental regulations not in effect
in 1972, the actual energy savings is
17.4%. This figure surpasses the 1980
target of a 17% reduction established by
the Department of Energy.

Some of the methods used to ac­
complish the conservation were de­
tailed in a booklet that accompanied the
report. They ranged from simple good
housekeeping-turning out lights, in­
sulating, improving maintenance-to
projects as complicated as the con­
struction of new plants,

Additional funds for the 1978 research
projects of the Paint Research Institute,
received during the fourth quarter of
1978. increased to 87 the total numberof
contributors to PRl for the year - two
more than the 1977 total. These funds
supplement those committed by the
Federation in support of PRI research
efforts.

1978 Contributors to PRI

Societies

Southern: New York: Baltimore:
Rocky Mountain: Pacific Northwest:
Golden Gate; C-D-I-C: Montreal: To­
ronto; Cleveland; Houston: Kansas
City: Piedmont: Pittsburgh; and
Philadelphia.

Corporations

Rohm and Haas Co.; Harrison &
Crosfield (Canada) Ltd.; Ohio Solvents
& Chemicals Co.: Mameco Interna­
tional: Union Carbide Corp.; Midland
Div., Dexter Corp.: Benjamin Moore &
Co.: David Litter Labs.: Drew Chemi­
cal Corp.: Reed Decorative Products
Ltd.; DeSoto. Inc.; Dow Chemical.
U.S,A.: Nacan Products Ltd.; L.V.
Lomas Chemical Co.; Benjamin Moore
& Co, Ltd.: Dumar Paints & Chemicals
Ltd.; Reichhold Chemicals Ltd.: Bate
Chemical Co.: Ltd,: Mobil Chemical
Canada Ltd.; Canadian Industries Ltd.;
Shell Chemical Co.: Tioxide of Canada
Ltd.; Inmont Canada Ltd.: Dar-Tech,
Inc.; Donald McKay Smith. Inc.;
Jamestown Paint & Varnish Co.; Body

One company now burns 40 million
pounds of hydrocarbon waste residue in
its boilers where before it would have
used IZO,ooO barrels of oil per year. The
waste residue couldn't be used eco­
nomically until 1975. Since then its in­
herent fuel value and the desire to re­
duce the use of natural gas have made its
recovery and use economical.

Because the chemical industry is one
of the most energy-consuming indus­
tries per unit of output, ways to con­
serve energy were sought long before
the 1973 oil embargo. But the energy
conservation reporting system for­
malizes this concern while providing a
company with the means to compare its
peJi'ormance against the entire industry.

Bros., Inc.: The M.F. Cachat Co.: Gulf
& Western Chem.-Div. Titanium: Kal­
cor Coatings Co.: Internat'l Minerals &
Chemical Corp.: Ferro Corp.; Mon­
santo Co.: Palmer Supplies Co. of
Cleveland: Q-Panel Co.: Seegott. Inc.:
Davies Can Co: Pfizer. Inc.; Mobay
Chemical Corp: Canada Colors &
Chemicals Ltd.; Gulf Oil Canada Ltd.:
Celanese Canada. Inc.; Selectone
Paints Ltd.; Canadian General Electric
Co.: PPG Industries, Inc.: Troy Chemi­
cal Corp.: Buckman Laboratories, Inc.:
Cosan Chemical Corp.: Daniel Products
Co.: Tenneco Chemicals, Inc.: Cook
Paint & Varnish Co.; Polyvinyl Chemi­
cal Industries: and SCM Corporation.

Foundations

The N L Industries Foundation:
Henry Reichhold Foundation: and
Sherwin-Williams Foundation,

Associations

Baltimore Coatings Association:
Ontario Paint Association: Canadian
Paint & Finishing Magazine: and the
National Paint & Coatings Association.

Individuals

Mr. & Mrs. Flemming Kress: Mr. &
Mrs. James Broggini; Ross Galati: Alan
R. Hatter: Kenneth C. Waldo, Jr.:
Helen M. Skowronska: Thomas D.
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Reversibility of Yellowing Phenomenon
In Linseed-Based Paints

Henry Rakoff, Freddie L. Thomas, and Lyle E. Gast
United States Department of Agriculture'

A commercial linseed oil paint, a commercial linseed
alkyd paint, and three experimental oil paints (prepared
with alkali-refined linseed oil, decolorized linseed oil, or
pure trilinolenin as vehicle) were exposed to light. dark­
ness, or to cycles of light and darkness to ascertain if yel­
lowing is a reversible process. It was determined that
linseed-based paints can be taken through several cycles
of yellowing and bleaching. The extent and rate of yel­
lowing in successive cycles depend on the nature of the
paint. Linseed alkyd paints yellow at about the same rate
and to about the same extent through each cycle; linseed
oil paints yellow less and more slowly through successive
cycles.

INTRODUCTION

Over the years. many people have studied the yellowing
of linseed-based paints. but the materials responsible
for the yellow color are still unknown. It is known' that
yellowing is associated with increasing unsaturation in
the vehicle. temperature. humidity. nature of the drier.
and the wavelength of light to which the film is exposed.
Levison' has described a small degree of reversal in the
yellowing of linseed and safflower oil paints after stor­
age successively under indool' illumination. dark. and
indoor illumination again. However. he did not repeat
the light dark cycles nor did he bleach his samples in
sunlight. It is also known that yellowed films bleach on
exposure to sunlight.",4 but no quantitative meas­
urements have been reported on the extent to which
bleaching occurs. whether the bleached film will yellow
again. and. ifso. to what extent. We. therefore. set out
to try to answer the following questions: (I) Can yel­
luwing and bleaching be carried out over several cy­
cles'] (2) Will the extent of yellowing and bleaching be
different in each cycle" (3) Will the rate uf yelluwing
and bleaching be different in each cycle'! (4) Is direct

'~"f1lil'rn Rl'gjlln~ll Rl"l'~l1dl (\'1111.'1". Fnkr:d Ih~'l·;lrTh. S..:i ...'l1Cl' ,,1111 E,tth:;Ili,'n ·\dmlll­
1,11',1[1011.1\'111'1,1. III. fll(,(I..\.

[hi, p.lprr \\:t\ prc".:t1IHI hd,.!"..., lhl.' :\ml'fh:an (Iii Chl'Ill1\r,' S" ...'I ...'I ~ ill SI. I,tlui,_ Mo..
\1.1~ l..j-Il\. 1'17X, "ill! I' Il'pnnll'd IWl"l' \\Ilh rIll" pl'rmi"I,'nllflhc :\(lCS.lhc .... )p)nghl
,l\\lll'l.

fhl' llll'nllt'll "l"fllll1 11,11ll1:' "r 1I,Itk pn'lhlt'l\ dIll" 11<'( jlllrl~ lha! Ih~~ :IH' l'nl!,l,-,,'J \11' H'I'

"tnll1l'lldnt h~ Illl' l ,So De!,1. lit Agn~IIIII1t'\' ,nl'l' ,llhl'r linn, or '1lllibr 11I'PUlIl'l, fWI 111\'11­

11"lll'd,
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sunlight a necessity fur bleaching" Experimentally.
would panels exposedtu the north or to the south show
different results 0

MATERIALS AND METHODS

Paints

The two commercial paints. a linseed uil paint and a
linseed alkyd paint. were supplied by Spencer-Kellogg
Div .. Textron. Inc. Their compositions are listed in To­
bles I and 2. The experimental paints differed only in
the vehicle used and were prepared in the laboratury as
described previously.:' Their cumpusition is listed in
Toh!e 3. The vehicle used was either alkali-refined lin­
seed oil (ARLSO). a deculorized linseed oil <DLSO). or
pure trilinolenin (Ln,).

Film Preparation

Masonite® squares (2 x 2 x VH in.; 50 x 50 x 3 mm)
were primed un both faces and all edges with Sherwin
Williams' "Exterior Woud Undercoater." The test
paints were applied in two coats several days apart tu
the smuoth faces of the squares. Paints were exposed
on the south or nurth side of the paint test fence at the
Northern Regional Research Center in Peoria. III. and
in the dark in a cupboard in a room controlled to 73°F
(23°Cj and 50% relative humidity.

Color Measurement

Color was determined as previuusly described:' by a
weighted ordinate method after taking 17 readings
20 nm apart from 700 to 380 nm on a Beckman Model
DB spectrophotometer with a renectance accessory.
From these data a computer program'; calculated the
three CI E tristimulus values. X. Y. and Z. and from
these a yellowness index. YI. where

YI = _12I1':'-X4~7.JZ_

Y
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Table 2-Composition of Linseed Alkyd Enamel

R·'Jon and Ti·Purc "fl' rcgil-[ereu Irillkrn;lrk, (If E.!. uu Ponl Je NClllour~ and Co., Inc.
XX-WI il> a n:gl~lcr~'d trar.kmark of New Jersey Zinc C{l.
Nylal j, a rcgi~lacd lraucrnark of ItT. Vanderbilt Co.. Inl:.
Mel;Nll is a rcgislCrl'J lraucllwrk uf Merck and Co.. Inc

Kclccin F. a registered tradcm:trk of Spcnc\'f Kdl\)gg. Div. ufTcxlnm. Inc. j, n \lIybcan
lecithin lI~cJ a~ an clllubifying agent.

lal Cook's Medium Oil Lin,ced AI~yd L5()-N6 (55'7t NV/MSI7.7X Ib per gill/V-l visco,·
ily).

(b) No. 46ll Solvent IS anJ C GroUPI.

Table l-Composition of Linseed Oil Paint

Components

RUlile TiO, IR-900®) .
Anatase TiO, ITi-Pure®FF) .
Zinc oxide IXX-601®) .
Talc (Nytal® 3(0) .
K.V.O. Linseed varnish oil .
TI215 Z2 Heat-bodied linseed oil
Mineral spirits
Fungicide (Melasol® TK-IOO) .
6% Cobalt naphthenale 10.05%)
24% Lead naphlhenate (0.5%1 .

Total

Components

Rutile TiO, (R-900) ..
Medium oil linseed alkyd" .
Kelecin F" .. . .
Mineral spirits
High-boiling solvent" .
Fungicide (Melasol TK-JOOI
6% Cobalt naphthenate (0.05%)
24% Lead naphthenate (0.5%) .

TOlal

Table 3-Composition of Experimental Paints

Pounds

100
100
300
350
304
132
116

I
3.5
9

1415.5

Pounds

30{)
687

~

65
65
0.5
3
7.7

1134.2

Color was measured initially and at 33 other times over
a period of 103 weeks for the commercial paints, and
initially and at 28 other times over a period of 99 weeks
for the experimental paints. Measurements were made
more frequently during bleaching cycles and less fre­
quently during yellowing cycles. This study was con­
ducted between November 1974 and November 1976.

RESULTS

Linseed Oil Paint

Two panels of the linseed oil paint were kept in the
dark for 103 weeks. They went from an initial average
YI of8.8 to an average YI of25.8. Most of the yellowing
(to an average YIof 19.0) occurred in the first 20 weeks.

Two panels were exposed to the north and two to the
south on the test fence for 27 weeks (Table 4), and there
was no significant difference between the Yl's of the
north and south panels. One panel of each pair was kept
on the test fence for 103 weeks. More bleaching oc­
curred but there was still no significant difference be­
tween the north and south facing panels.

Two panels of linseed oil paint were exposed
alternately-first to darkness and then to the south,
through two cycles. The second yellowing was much
less extensive and much slower than the first yellowing
as shown in Figure I.

During the same time period, two panels were ex­
posed to Ihree successive cycles of darkness and south­
ern exposure (Figure 2). In this case, also, consecutive
yellowings were less extensive and much slower with
each successive sojourn in the dark. The second and
third yellowings of the triple cycle achieved a larger YI
than the second yellowing of the double cycle. Perhaps
this is due to the fact that the bleaching times in the tri­
ple cycle were much shorter than the bleaching times in
the double cycle.

Table 4-Comparison of North and South Exposures of
Linseed Oil and Linseed Alkyd Paints

Ingredients

Rutile TiO, (R-90{) ..
Anatase TiO, ITi Pure FF) .
Zinc oxide (XX-~Ol) .
Talc (Nytal 300)
Vehicle .
Mineral spirits
6% Cobalt naphthenate ({).05%)
24% Lead naphthenate (().5%)

TOlal

(a) Average of lWO values.
(b) One value

Linseed Alkyd Paint

Two panels of the linseed alkyd paint were kepi in the
dark for 103 weeks. They went from an average initial
YI of 5.3 to one of 17.5. Most of the yellowing (to an av­
erage YI of 13.7) occurred in the first 40 weeks.

Two panels were exposed to the south and two to the
north for 27 weeks, with no significant differences in
their Yl's (Table 4). One panel from each of these pairs
was kept on the test fence for 103 weeks with still no
significant difference in YI between the north and south
facing panels. It is interesting to note that, although ini­
tially the linseed alkyd had a lower YI than the linseed
oil paint, at 103 weeks this relationship was reversed.

One set of panels of the linseed alkyd paint was
moved alternately from the dark to the south through
two cycles (Figure 3). The second yellowing was slower
but almost as extensive as the first yellowing.

During this same time period, another pair of linseed
alkyd panels was moved alternately to the dark and to
the light through three cycles (Figure 4). These panels
yellowed aboul the same amount each time in the dark
and bleached to about the same value each time in the

9

10
I{)
3{)

35
43.6
11.6
0.35
09

141.45

3.7
4.6
6.3
6.5

6.7
7.2
5.3
4.5

Yellowness Index

8.5
8.7
5.6
~.2

Initial" 27 weeks" 103 weeksh

South
North
South
North

ExposurePaint

Linseed oil
Linseed oil
Linseed alkyd
Linseed alkyd
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Figure I-Yellowness index vs. time for linseed oil paint exposed
to darkness and to the south through two cycles

light. Here, as in FiRure 3, the extent of yellowing does
not seem to correlate with bleaching time for the alkyd
paints.

The rate of yellowing. as indicated by the slopes of
the peaks in Figure 4. is about the same each time. This
is in marked contrast to the results obtained with the
linseed oil paint in which successive yellowings were
slower and less extensive (FiRure 2).

The first bleaching illustrated in FiRure 4 resulted in a
YI lower than the initial color of the paint. This is not
surprising since all paints tended to bleach initially
when placed on the fence. The bleached YI reaches the
same value during each successive bleaching.

Experimental Paints

The experimental paints were carried through three
cycles of exposure to darkness and to the south on the
paint test fence. The alkali-refined linseed oil (ARLSO)
and the decolorized linseed oil (DLSO) paints behaved
in a similar manner through the three cycles (Fi!!ul"l' 5).
During each cycle, both yellowed rapidly in the dark to
about the same extent and bleached rapidly and to
about the same extent in the light. In both cases. the

-Oark--tSt-Oark--rSouth+--- Oark-t--South

REVERSIB[L1TY OF YELLOW[NG IN LINSEED-BASED PA[NTS

Oark-+--South-+---Oark--~I--South

II

10 20 30 40 50 60 70 80 90 100
Time [w"k'i

Figure 3-Yellowness index vs. time for linseed alkyd paint ex­
posed to darkness and to the south through two cycles

first yellowing was substantially more extensive Ihan
the second or third yellowings, which were about equal.
In both cases, the first yellowing was most rapid. the
third yellowing least rapid, and the second yellowing
intermediate in rate.

With the trilinolenin (Ln:<) paint. the first yellowing
was very rapid and very extensive (Figure 6). The sec­
ond and third yell owings developed slowly and to a
much smaller extent than the first yellowing. It is inter­
esting to note here that a slower rate of yellowing (third
cycle) follows a longer bleaching time.

The results oblained with the experimental paints are
similar to the results obtained with the linseed oil paint
but are in marked contrast to the results obtained with
the linseed alkyd paint. in which the rate and extent of
yellowing were about the same in each successive
cycle. In all cases. after the first yellowing, each paint.
on bleaching. reached a lower YI than its initial value.

DISCUSSION

The linseed oil paints and the linseed alkyd paint dif­
fer substantially in formulation, especially in the pig-

Oark--tSt-0ark--tSoulh+-Oark--+-South

II II

10 20 30 40 50 60 10 80 90 100
Time 'w"k'i

Figure2-Yellowness index vs. time for linseed oil paint exposed
to darkness and to the south through three cycles
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10 20 30 40 50 60 70 80 90 100
Tim. [w.,ks[

Figure 4-Yellowness index vs. time for linseed alkyd paint ex­
posed to darkness and to the south through three cycles
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Oark----tst-Oark-+South+--Oark--+-Sout~

Figure 5-Yellowness index vs. time for alkali refined linseed oil
(ARLSO) paint and decolorized linseed oil (DLSO) paint exposed

to darkness and to the south through three cycles

ments and the vehicle in each. It is likely that both the
vehicle and the pigment conlribute to the results ob­
tained.

The linseed oil paint yellowed more (from 8.8 to 25.8
YI) than the linseed alkyd paint (from 5.3 to 17.5 YI) in
the dark. This confirms the observation ofJohnston and
Fitzgerald. 7

As shown clearly in the triple cycle experiments. the
linseed alkyd paint (Figure 4) yellowed at about the
same rate and to the same extent during each cycle. The
commercial linseed oil paint (Figure 2) and the experi­
mental oil paints [which were made with linseed oil
(Figure 5) or with trilinolenin (Figure 6)J yellowed more
slowly and less extensively after each sojourn in the
dark. The longer the bleaching time. the slower and less
extensive was the yellowing for the oil paints. This
would suggest that there are materials involved in the
yellowing process-present in the linseed oil paint for­
mulation but not in the linseed alkyd paint for­
mulation-which change during the bleaching cycle.
thereby resulting in less yellowing in later cycles for the
.linseed oil paints.

There is no significant difference in YI between lin­
seed alkyd paint panels exposed to the north and to the
south or between linseed oil paint panels similarly ex­
posed.

While yellowing is a slow process. bleaching is ex­
tremely rapid. A decrease in YI of as much as six units

28
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Figure &-Yellowness index vs. time for trilinolenin (LIl3) paint
exposed to darkness and to the south through three cycles

was noted after one day's residence of a yellowed sam­
ple on the test fence.

Thus. linseed-based paints can be taken through sev­
eral cycles of yellowing and bleaching. The extent and
rate of yellowing in successive cycles depends on the
nalure of the paint. Linseed alkyd paints yellow at
about the same rate and to about the same extent
through each cycle; linseed oil paints yellow less and
more slowly through successive cycles.
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Processing Intermediates
For High-Build Paints

I. Kikic, R. Lapasin, and G. Torriano
University of Trieste'

and

A. Papo
University of Udinet

The rheological properties of a castor oil derivative/
chlorinated rubber processing intermediate employed in
the manufacture of chlorinated rubber high-build paints
are investigated. Transient behavior and steady values are
studied in steady flow using coaxial cylinder viscometers.
Transient pattern depends on sample history and shear
sequence. Steady values are not a unique function of the
shear rate; oscillatory phenomena often superimpose
themselves on initial transients at low shear rate. The
complex rheological behavior is discussed and a
structural interpretation is suggested. A master curve is
obtained for a series of related intermediates of different
castor oi I content.

INTRODUCTION

At present. high-build paints are widely employed in the
modern coatings industry: they are usually put into
work by means of airless equipment. Products of low
viscosity at the high shear rates set up in airless spray­
ing device are required for an easy application. At the
same time. high viscosity at the very low shear rates
involved in film formation is necessary to avoid sagging
on vertical sUfi·aces.

Main compositive features of high-build paints are;
binder of low viscosity: medium-high PVC: and pres­
ence of rheological agents.

To obtain the required rheological performance from
the rheological agents it is often convenient to work it
into the paint during the manufacturing processes in the
form of a previously prepared paint (processing inter­
mediate). The use of processing intermediates is a
common practice with Bentones.' Castor oil deriva­
tives' also are advantageously added during manufac­
lUring in the form of a paint. To develop their beneficial
action. in fact. they need to be brought under strong
shearing into a well defined range of temperatures.
These conditions are difficult to obtain and control
during milling: the addition of the castor oil derivative
to the mill-base is performed before letting down in the

J'1~"l:nll'd :11 tlK' JllInl 1\ll'l'lInc (II" Ih..: lhill\h. Nl'lIll'r1;ulth. ,md Ilahan SOl'll'lil" 01"
Khl'pl,,~~. al I'j,,!. Il:d~. '\pnl 13~ I '. 1')77

In\lillllt\ IIi ('hlmi~:\ :\pplil';lt:L l' IIHlu\lriak. J rk'il'. 11:11\ .
. In\llwlO III l"tlllllll':1 i\rr1h::ll,1 l' Indll\lll;lk. Udllh.:. 11:11\',
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form of an intermediate previously prepared in the op­
timal working conditions.

Binary systems (castor oil derivative + solvent) dis­
play some tendency to separate solvent during storage
and change into two-phase material. Ternary systems.
i.e .. castor oil derivative + solvent + binder. are rea·
sonably stable for lengthy intervals. The presence of a
polymer deprives the intermediate of the distinctive
feature of being a product of general application. Like
binary systems. ternary systems are usually formulated
which fulfills the requirements of up-to-date working
technology.

Castor oil processing intermediates create prohlems
as far as agitating. mixing. pumping. transportation.
and storage are concerned. Moreover. the complex
rheological behavior of high-build paints largely de­
pends on quality. quantity. and the mode of addition of
the rheological agent. It follows that a comprehensive
knowledge of the rheological properties of these pro­
cessing intermediates is of paramount importance:
(I) for the best way to deal with these materials. and
(2) for a thorough understanding of the rheological be­
havior of the ready-mixed paint to which they are
added.

Objectives of the present work are the study and
characterization of the rheological properties of a cas­
tor oil processing intermediate employed in the formu­
lation of high-build chlorinated rubber paints.""

EXPERIMENTAL

Materials and Apparatus

Castor oil derivative processing intermediates al'e
advantageously formulated at a castor oil derivative
concentration ranging between 6 and IO%. The pro­
cessing intermediate studied here was a 6% paste*'
whose vehicle was composed of a 20% chlorinated rub­
ber H solution in aromatics. For the sake of complete-

"lhi\:11rol~ S'I . Ihl: Jl:l~l'rCa,t\lr()il (\l .. lh~\lTlIW. :-".J.
Ht\II(lpri.'l1l·~ K to· Le.I. LId. Eng!;lnd.
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1275 1 Figure 1-Time dependence of shear stress of 6%
castor oil derivative/chlorinated rubber paste in aro­

matics at increasing shear rates
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Figure 2-Time dependence of shear stress
of 6% castor oil derivative/chlorinated rubber 500
paste in aromatics at decreasing shear rates
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ness, the investigation was extended to pastes with
different castor oil derivative contents.

A Rotovisko-II, coaxial cylinder viscometer, was
employed. Tests are carried out at 25°C.

Rheological Tests

Initially. to study the flow properties of the process­
ing intermediate, two different samples were submitted
to a series of y increasing and y decreasing sequences,
respectively; yapplication was continued untilT steady
values were attained. As examples. two sequences are
reported in Figures I and 2. It appears that the rheologi­
cal behavior of the tested material is very complex. It
involves:

(I) oscillatory phenomena;

(2) transients not always monotonic and which cor­
respond to different rheological patterns; and

(3) T steady values nonunique function of y.
To understand better the phenomena of (3). proce­

dures reported in Table I were applied.
In detail:

PROCEDURE A - A series of shear rates, two at a time,
are applied, each pair with a first high shear rate fol­
lowed by the same low (reference) shear rate. For both
shear rates, T steady values were attained and for each
sequence new samples were employed.

PROCEDURE B - A modification of Procedure A,
where a decreasing sequence is introduced between the
higher and the lower (reference) shear rate.

Results are reported in Tahles 2 and 3.
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Table 1-Testing Procedures and Shear Rate Sequences

Procedure Shear Rate (5-') Sequence

PROCESSING INTERMEDIATES FOR HIGH-BUILD PAINTS

Table 2-Shear Stress Steady Values Obtained By Means
Of Procedure A for 6% Castor Oil Derrivative-Chlorinated

Rubber Paste in Aromatics

A -AI
A2
A3
A4
AS

8 - 81
82
83
84
85

....... 14.1 - 7.05
.42.3 - 7.05

.. 127 - 7.05
.381 - 7.05

....... 1140 - 7.05

....... 14.1 - 7.05
... 42.3 - 21.1 - 14.1 - 7.05

....... 127 - 63.4 - 42.3 - 21.1 - 14.1 -7.05

....... 381 - 190 - 127 - 63.4 - 42.3 - 21.1 - 14.1 - 7.05

....... 1140-571-381-190-127-63.4-42.3-21.1-14.1-
7.05

Procedure

AI

A2

A3

A4

A5

14.1
7.05

42.3
7.05

127
7.05

381
7.05

1140
7.05

T (dyne/em')

651
577
459
372
525
385
612
273

1010
137

DISCUSSION

Oscillatory Phenomena

From an examination of the sequences of increasing y
started from low initial it values (like that reported in
Figure I), it follows that the initial transient is always
characterized by a shear stress decrease on which an
oscillatory phenomenon is superimposed. Oscillations
last longer at lower shear rates and are generally
damped. Oscillatory phenomena had already been ex­
perimentally noticed in some polymeric systems· and
were the subject of theoretical treatments on the basis
of corotational rheological models."

Transients

Transients are not always monotonic. Moreover, as
to pattern, they belong to different classes of rheologi­
cal behavior. It can be suggested that a structural net­
work is present in the material in rest conditions, and,
when a shear rate is applied, it undergoes a breakdown
(which involves the shear stress decrease). In the
course of this process, structural units are released
which have a high "elasticity" and, accordingly, give
rise to the oscillatory phenomenon already noticed in
viscoelastic systems.

The transients which follow the initial one can be
either monotonic or nonmonotonic. The former type
resemble both thixotropic and anti-thixotropic* be­
havior patterns. depending on whether the shear stress
decreases or increases with time as a consequence of
the application of a shear rate higher than that previ­
ously experienced by the material until attainment of a
steady value. Thixotropic and anti-thixotropic behav­
iors can be encountered in the course of the same
transient, at constant shear rate; this situation results in
a nonmonotonic behavior.

Steady Values

Steady values are not a unique function of the shear
rate. This phenomenon was previously noticed by the

°Thl: ~ord~ "lhIXolrupic" and ",anti-lhixotropic" corrcllpond tu a I:on\'cni..'nce lIislim:­
Illm. The v.orl.! ·';Inti.thixotropic·· ill emplu)ed .....lh Ih~' aim to dillllngui~h a behaviur
uppo,itc 10 ·'thixotropic". wilhout involving on account of ,hi, 'In) connection with
rhc"opcx).
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authors for more complex materials; 7 it is explicitly
presented by Cheng as a manifestation or proof of the'
fact that the fluid is multi-structured B The presence of
more than one structure in a material can also explain
the non monotonic transient. 9 The hypothesis of the
existence of a large spectrum of structural elements of
different size (multi-component system) is assumed as
the basis of a theory on thixotropic fluids. IU Accord­
ingly, thixotropic phenomena are explained by the
evolution in time of the structure size distribution.

From an examination of the results obtained by the
application of Procedures A and B (see Tables 2 and 3),
it appears that the steady values at 7.05 S-I in Procedure
A are decreasing when increasing the shear rates previ­
ously experienced by the material.

Procedure B confirms the dependence of 7.05 S-1

steady values on the previously applied shear rate (7.05
S-I steady values decrease when increasing the highest
shear rate previously applied). A comparison of steady
values at 7.05 S-I, obtained after application of Proce­
dures Aand B having the same highest shear rate value,
displays the role of the sequence of decreasing shear
rates applied between the high shear rate and the refer­
ence of 7.05 S-1 in B sequences.

The curves of the various B sequences in a T versus y
plot show a pseudoplastic behavior with yield value.
The single curves locate regularly with the increasing of
the higher shear rate proper to each sequence. as does
the corresponding Tu.

Table 3--Shear Stress Steady Values Obtained By Means
Of Procedure B for 6% Castor Oil Derivative-Chlorinated

Rubber Paste in Aromatics

Procedure B1 B2 B3 B4 B5
Y(5-') T (dyne/em')

1140 1100
571 722
381 558 590
190 405 453
127 512 301 394
63.4 415 262 328
42.3 410 306 221 273
21.1 415 279 204 230
14.1 651 362 319 244 230
7.05 577 372 306 225 200
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Figure 3-Shear rate versus shear stress for 1.5 - 3 - 6 - 10%
castor oit derivative/chlorinated rubber paste in aromatics

A 85 procedure was also applied to corresponding
1.5.3. and 10% castor oil derivative processing inter­
mediates; T steady values are reported in Figure 3*

Flow curves of the materials with different castor oil
derivative content show a marked pseudoplastic be­
havior in the range of the shear stress considered. Ex­
perimentally determined steady values correlate with
Casson equation. so that a Too value is made available.

In subsequent investigations. al very low shear rate
(\O"s" -;- I s") the Ilow behavior tends towards a
second Newtonian plateau. This fact calls to mind
analogies with the flow behavior in the same shear rate
range described" for disperse systems of spherical par­
ticles in polystyrene solutions. and once more presents
problems concerning the existence of an aclllal yield
value.

A maSkr curve could be drawn by shifting the curves
of various castor oil derivative content on the 1.5'11
castor oil derivative curve which was assumed as the
reference curve. A master curve is given in Figure 4. in
a y reduced versus T reduced plot. Shift factors ay. aT

and ratio c,,=C/Cr are given.
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(I) Transients at 7.05 s" reference shear rate are of
thixotropic type if the initial shear rate is very high (high
tl.y). of anti-thixotropic type if the initial shear rate is
low (low tl.y) .

(2) Steady values at 7.05 s·, reference shear rate are
different when Procedure A or 8 with the same high
initial shear rate is applied; different steady values at
7.05 s·, reference shear rate are obtained by applying
Procedure A or 8: and values obtained with the latter
are generally smaller.

According to Cheng." the fact that steady values are
not a unique function of shear rale is typical of multi­
structured thixotropic systems. in which. for equal
shear disturbances. different structures set in. depend­
ingon different rheological histories. It is suggested that
in materials of this type the application ofany shear rate
after a lengthy rest causes a breakdown of the initial
structure into units of smaller dimensions which are
aligned. or. in any case. oriented in the Ilow direction .
Single Ilow units are deformed and accumulate elastic
energy. The subsequent application of a mueh lower
shear rate (reference shear rate 7.05 s·'-Procedure
AS. A4). allows the maximum development of the ten­
dency to structural rebuilding by virtue of the high !lY.
A very fast structural build-up takes place so that not all
the structural units may be able to release the elastic
energy previously accumulated and a thixotropic re­
sponse at 7.05 s 'follows. On the other hand. the appli-
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GENERAL COMMENT

A comparison of the results obtaincd in tbe applica­
tion of sequences A and 8 with the same high initial
shear rate shows that:

115 jlll,,'nhlll' \\<1' 'l'k,r\'!.1 .1' It ~I\\" Ih..: \\a[I',1 Illl,.rlll.llll.n \\llhlll Ill\' 1:111111\ ,,[ II
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Figure 4-General master curve of reduced shear rate versus
reduced shear stress for 1.5 - 3 • 6 - 10% castor oil derivative/

chlorinated rubber paste in aromatics
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cation of moderate lower shear rates after any higher
shear rate. as in Procedure 8. results in conditions of
slower and quantitatively smaller rebuilding. A better
relaxation of the accumulated elastic tension may take
place and the response is no longer necessarily of
thixotropic type; however. it can also be of essentially
viscoelastic type. So. at the end of a 8 procedure in­
volving only small steps in shear rate. the material
structure in steady conditions develops a stress lower
than that shown by the material brought straight to
7.05 s·' from the highest shear rate.

Summarizing. transient behavior is governed by both
liy and previous history: for low liy the effect of his­
tory may playa determining role and. accordingly. must
be taken into account. Steady values are strongly af­
fected also by rheological history. Steady values at the
low shear rate for the application of pairs of high-low
shear rates depend on liy value and on how the lower
shear rate is applied. Elastic relaxation can be present
so that steady values obtained are different in corre­
spondance to different structural situations.

Comparison of the Flow Properties
Of the Processing Intermediate
Studied with Related Products

A better understanding of the now behavior of the
processing intermediate ternary system. castor oil de­
rivative + polymer + solvent. can be achieved through
a comparative examination of the now properties of the
binary systems. polymer + solvent and castor oil de­
rivative + solvent. and. evenlUally. of the ready-mixed
paint. i.e .. of the complex system containing polymer +
solvcnt + pigment + additives + castor oil derivative.
of which the ternary system only forms part.

POl.nlER SOI.UTtOi'-The polymer considered is a
material of very low molecular weight. In the ranges of
shear rate and concentration considered. its solutions in
aromatics exhibit a slightly pseudoplastic behavior.
The viscosity is close to the zero shear rate viscosity.

BINARY SYSTEM CASTOR all. DERIVATIVE +
AROMATiCS-In general. the now pattern is of the
pseudoplastic type for low castor oil derivative con­
centrations (1.5%-3%-4.5%). For higher concen­
trations. pseudoplasticity and presence of a yield value
were noticed. Steady values are not a unique function of
the shear rate. The phenomenon. however. is much less
marked than for lernary systems. Similarly. transicnts
are of thixotropic and anti-thixotropic types. but with a
far less marked differentiation in shape.

The complex system. which in its (urn contains the
ternary system. exhibits some of the particular
rheological features of the latter. In filct. at a given
shear ratc. high-build paints exhihit steady values
which are not a unique function of the shear rate. but
which depend to a greater or lesser extent on the previ­
ous rheological history. Transients are of hoth thixo­
tropic and anti-thixotropic type (with a clear predomi-

Vol. 51, No. 649, February 1979

PROCESSING INTERMEDIATES FOR HIGH-BUILD PAINTS

nance of the former type) according to the different
shear sequences applied. In addition. high-build paints
usually exhibit a yield value.

Hence. a comparison of the now behavior of the
ternary system. castor oil derivative + polymer + sol­
vent. with that of the binary system. castor oil deriva­
tive + solvent. shows that the presence of the polymer
in the ternary system enhances the particular features
of the now behavior of the binary system (larger differ­
ences in steady values at constant shear rate after dif­
ferent rheological histories, different transient pat­
terns). This suggests that the polymer takes active part
in the structure developed by the rheological agent. On
the other hand. the presence of the suspended solid
phase in more complex systems. like ready-mixed
high-build paints. only partially reduces now pecu­
liarities of the ternary system.

SUMMARY

The reported investigations allow the following con­
siderations to he made:

• The processing intermediates studied exhibit a
complex rheological behavior, which displays both a
thixotropic and an anti-thixotropic (viscoelastic) na­
ture. depending on the shear rate and the shear se­
quence applied. and the previous rheological history.

• Rheological history is not cancelled by the appli­
cation of strong shearing and is cancelled only by rest­
ing for a time exceeding several weeks.

These peculiar features must be kept in mind for any
correct manipulation of the material.

The application of Procedure 85 is suggested for
production control.

A comparison between the rheological properties of
the intermediate and lhose of a couple of high-build
paints to which the intermediate was added shows that.
in the ready-mixed paint. the main features of lhe
intermediate are found.
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TECHNOLOGICAL REVIEW

Survey of the Applications,
Properties, and Technology
Of Crosslinking Emulsions

Part VI

John R. Grawe and B. George Bufkin
University of Southern Mississippi'

This review summarizes most of the principal concepts
which have been employed over the last ten years to de­
velop thermosetting or crosslinking emulsions. The con­
ceptual elements which have formed the foundation for
this new generation of coatings are discussed in terms of
the science, technology, properties, and applications of
the emulsion systems which have been reported in the
literature. This survey presents the advantages and limi­
tations afforded by each of the functional monomers or
polymer classes which have been investigated for the de­
velopment of crossiinking emulsions. Parts I through IV of
this review presented a state of the art introduction into
crosslinking emulsions and discussed the development of
conventional emulsions which produce either homo­
geneously or interfacially crosslinked coatings. Part V
discussed the topic of conventional emulsions which pro­
duce predominantly interstitially crosslinked coatings
and introduced the topic of post-emulsified systems
with a discussion of drying oil and alkyd emulsions. This
paper concludes the topic of post-emulsified systems with
a discussion on epoxy, epoxy ester, polyurethane,
silicone, and phenolic-based emulsions and also briefly
discusses such topics as precrosslinked emulsions, ther­
moset water-in-oil emulsions. nonaqueous dispersions,
and other methods of application and curing. This six-part
review serves as an introduction to a series of publications
from these laboratories describing the research and de­
velopment of crosslin king emulsions which are new and
novel or which have not been adequately described in the
present literature.

POST-EMULSIFIED SYSTEMS

Because many classes of polymers are not mechanisti­
cally or kinetically tractable to emulsion polymeriza­
tion methods and principles, several post-emul­
sification techniques have been developed to disperse
preformed, step-growth, or condensation-type poly­
mers in an aqueous medium.

~Dcrl. or Polymer Scicm:c. I·lallic,burg. Miss. ]lJ4ijl.
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Common emulsification procedures involve reducing
the viscosity of the resin through solvent or reactive
diluent addition or by the application of heat; addition
ofup to 7% of an emulsifier with a suitable HLB value to
either the resin or aqueous phases; and subsequent
emulsification of the resin-surfactant-water mixture by
means of mechanical dispersion, homogenization, or
ultrasonic irradiation. Typically, the products which
result possess a broad distribution of particle sizes with
maximum particle sizes exceeding 20 microns for
mechanically dispersed systems and 4-8 microns for
homogenized or ultrasonically processed systems. As a
result of the large particle sizes, these emulsions rarely
display storage stabilities exceeding six to nine months;
and because of the presence of contaminating slilfac­
tants, the overall resistance and durability properties of
the coatings are usually less than those of identical
systems applied from solvents.

While recent results indicate that post-emulsified
systems may be classified topographically according to
such modes as homogeneous crosslinking (alkyd resin
emulsions) or interfacial crosslinking (catalyzed epoxy
emulsions), such classifications are difficult to apply to
post-emulsified systems because of the greater degree
of disorder in the particle packing morphology of emul­
sion systems possessing a broad distribution of particle
sizes (20 to 150 microns). Therefore, the following
post-emulsified systems will not be presented in terms
of topographical classifications.

Catalyzed Epoxy Emulsions

Because of the escalating costs of conforming aro­
matic and oxygen-containing solvents (esters and
ketones) together with the projected enactment of envi­
ron mental legislation requiring the utilization of practi­
cally solvent-free or emission less coating systems. the
marketing advantage possessed by certain high-
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Table l-Conventional Polyamide-Cured Epoxy Emulsion

Curing-Agent Component

Van-Amid 315 190.9 23.57
Mineral Spirits 55.0 7.74
Cellosolve Acetate 27.0 1.61

272.9 32.92

Total Formulation 1037.4 100.00

Vehicle Component

Bisphenol A Epoxy Resin
(Mol. Wt. of 380) 96.5 9.95

Ep-Aqua Emulsifier 31.1 3.83
TiO,. . 255.2 7.48
Water 381.7 45.82

764.5 67.08

As in other post-emulsified systems (see the sections
describing drying oil and alkyd emulsions in Part Y of
this review, JCT, December 1978, pp 65-96), various
procedural techniques have been employed with epoxy
resins to generate emulsions with improved colloidal,
physical, and rheological characteristics. For example,
epoxy emulsions which yielded coatings with prop­
erties comparable to those of solvent-borne epoxy sys­
tems were prepared using a two-step inversion process
in which the resin component was first emulsified in a
suitable jacketed mixer (Daymax or Ross Double
Planetary) to generate an emulsion with an average
particle size of I to 3 microns. In the second step, the
crude emulsion was passed through a Gaulin
homogenizer at 5000 psi to yield an emulsion with a
particle size of 1.0 microns or less. The following pro­
cedure was used to prepare pilot quantities of a 9317­
Epon® 1007/Resimene® X-745 emulsion which was
useful in applications amenable to thermal curing:

(I) A mixture consisting of Epon 1007 (75% solids)
and Resimene X-745 was charged intoa Daymax mixer.
and the blend was shear processed until the temper­
ature increased to 66°C (150°F).

(2) Upon attaining the required temperature, Alipal®
EP-IIO, the ammonium salt ofa sulfated alkylphenoxy­
poly(ethyleneoxy) ethanol, was added to the resin
blend, and the resulting mixture was agitated for 5 min.

(3) A first addition of distilled water was added over a
6 min period, and this mixture was agitated for an
additional 7 min.

(4) A blend of Natrosol® solution. ammonium hy­
droxide, and the final addition of water were then
added, and the dispersion was subsequently mixed for
an additional 2 min.

(5) The resulting crude emulsion. which was still at
66°C, was processed through a Gaulin laboratory
homogenizer, Model 15M. at 5000 psi 10 yield the re­
duced particle size product. The completed system
possessed a pH of 8.0 10 9.0 and contained 7% Re­
simene X-745 as a crosslinking agent.

The Epon 1007/Resimene X-745 emulsion formula­
tion was found to adequately wet lin-free steel and

Pounds Used Gallons UsedIngredient

performance, solvent-borne systems has eroded to
such an extent that many of these higher integrity sys­
tems are being replaced by such lower performance
systems as water-reducible alkyd resins or even con­
ventional. acrylic emulsions. Nevertheless, because
many marine and industrial applications demand prod­
ucts with superior performance capabilities, industry
has placed considerable emphasis on the development
of two-component epoxy emulsions which would ide­
ally possess the high-performance characteristics dis­
played by conventional, solvent-borne epoxy systems.

While some of the earlier attempts yielded epoxy
emulsions which were useful as block fillers, mainte­
nance primers, and seamless floor coatings, these in­
cipient developments usually yielded products display­
ing short pot lives, low solids contents, poor flow and
leveling, and reduced gloss and impact resistance,' in
addition to a general diminution in overall performance
characteristics. Fortunately, many of the product de­
ficiencies displayed by these initial attempts have been
somewhat ameliorated through the establishment and
subsequent utilization of more efficacious technology.
The improved systems are reported to approximate the
solvent. alkali, and acid resistance; adhesion to steel,
concrete, and inorganic zinc coatings; and abrasion
resistance of their solvent-borne counterparts. How­
ever, the improved systems are still not recommended
for applications requiring continuous immersion in
water.

In general, epoxy coatings cast from emulsion form
tend to cure slightly faster than coatings cast from solu­
tion. but through-dry time for the emulsion coatings is
somewhat slower. For example, films of a catalyzed
epoxy emulsion coated at 3 to 4 mils dry film thickness
(DFT) and dried at 21°C displayed a set-to-touch dry
time ofone to two hours, a tack-free time of two to three
hours, a dry-hard time of four to five hours, and a
light-traffic-hard time of 16 hr.

While epoxy coatings cast from emulsion form give
better gloss retention upon weathering than coatings
derived from solution. the initial gloss ofepoxy coatings
cast from emulsion form is somewhat lower (70% and
up) than solvent-borne systems. However, gloss char­
acteristics may be improved somewhat through the
addition of coalescing aids and wet edge extenders.
Also, high-build coatings of these emulsions can be
obtained over alkyd coatings without lifting of the sub­
strate coating by use of airless spray. 2

Atypical formulation which employs a conventional,
single-stage dispersion technique and which yields a
glossy. white brushing enamel is illustrated in Table I.
The manufacturing procedure for this emulsion in­
volved combining the epoxy resin and surfactant in a
suitable container, agitating the mixture with a high­
speed disperser to form a uniform blend, adding an
equal quantity (by weight) of tap water, and dispersing
the mixture at high speed to form an oil-in-water emul­
sion. The pigment was added after emulsification. and
the resulting paint was let-down with the remaining
quantity of water. The polyamide curing agent, which
was in solution form, was added to the epoxy compo­
nent just prior to use. 3
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Table 2-Performance Characteristics
Of a 95/5-Araldite 6097/Cymel 303 Dispersion

fa} The 'trcl(-h In\'olveJ in f'lbricalmg <J .\03 can end .\ appro:umald) equal 10;' 1T·3T
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cOO:lling b} lhe CuSO, \oIuliun.

efficiency of Alipal EP-IIO but did yield coatings with
essentially equal physical properties. Gafac® RE-960,
an anionic surfactant based upon complex organic
phosphate esters of aromatic compounds, presumably
afforded good emulsification qualities but was less ef­
fective than sulfate·containing surfactants in catalyzing
the crosslinking of the melamine resin.

Besides investigating the capabilities of melamine­
cured coatings, both urea and phenolic resin-containing
epoxy emulsions were also evaluated, but neither com­
positional blend provided the coating qualities of the
melamine-containing epoxy emulsion. Coatings of the
epoxy resin/urea crosslinking agent blend demon­
strated moderate to severe blushing during steam proc­
essing and beer pasteurization while the epoxy resin/
phenolic system was intermediate between the
melamine and urea modifications in these evaluations.
Both the urea and phenolic modified systems showed
greater solvent resistance (> 100 MEK double rubs)
than the melamine system, presumably due to the use of
higher concentrations of both crosslinking resins.-

As suggested by these results. epoxy emulsions con­
taining either phenolic or melamine resin curing agents
are not completely free of certain product deficiencies;
yet in comparison with systems containing other types
of curing agents. phenolic or melamine resin/epoxy
resin combinations have been claimed to provide a rea­
sonable balance of properties for such applications as
coil, drum, and various interior can coatings. When
properly formulated, melamine/epoxy emulsions can
provide coatings whose chemical resistance is similar to
that of coatings derived from conventional, solvent­
borne epoxy systems. For example, fine particle size,
epoxy resin dispersions with improved rheological
characteristics for roller coaling applications were for­
mulated from 86.4% epoxy resin dispersion (55% sol­
ids), 2.5% Cymel® 303 curing agent. 0.2% morpholine
salt of p-toluenesulfonic acid, 0.13% BYK 30 I flow
agent, and 10.8% water. The epoxy resin dispersion
was prepared either by dispersing a melted, high mo­
lecular weight epoxy resin (Araldite® 6097) in water
containing a non ionic surfactant or by adding the finely
ground, solid resin to an aqueous surfactant solution
and shearing the resulting mixture to produce a thick
slurry. Once formed. the slurry was ground in a ball
mill to reduce the particle size. The 95/5-Araldite
6097/Cymel 303 dispersion was applied to Alodine®
treated aluminum at a film thickness of 0.2 mils and
cured 10 min at 205°C to yield a product whose prop­
erties were similar to those of coatings derived from
solvent-borne, Araldite 6097 systems. Tab/e 2 presents
the performance characteristics of the 95/5-Araldite
6097/Cymel 303 formulation described above.

These results suggest that the 95/5-Araldite 6097/
CymeI303 dispersion yielded coatings which displayed
excellent adhesion to aluminum and which provided
good resistance to acid, water and steam. and solvents.
While this formulation was successfully applied by
means of roller coating. some difficulty was encoun­
tered during spray applications.

A single-stage emulsification technique similar to the
one employed in the preparation of the 95/5-Araldite
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...... Pass

. Clear
. .. Dry

....... Some Small
Craters

........ >500

.... No Change
. Excellenl

Beer pasleuri7..ation. 30 min
al 82°C (in open container)

Appearance.
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Steam processing. 90 min
at 12/ oC
Vapor Phase

Appearance No Change
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WaleI' Phase
Appearance a Change
Adhesion Excellenl

produced coatings with sufficient flexibility to pass a
I-T bend lest. After curing for 10 min at 204°C (400°F).
coatings of this emulsion (0.2 toO.3 mil) passed between
80 and 100 methyl ethyl ketone (MEK) double rubs.
When applied to a treated aluminum substrate (A I
401-45) and subjected to a beer pasteurization test (30
min at 66°C), the product demonstrated only very slight
blushing and passed a cellophane tape adhesion test
although after a steam processing test, identical sam­
ples displayed from slight to moderate blushing.

If the flash time prior to baking was kept 10 a
minimum (about 30 sec or less), such properties as the
gloss, uniformity of appearance, and chemical resis­
tance of the coatings could be improved. However, as
was the case with other post-emulsified compositions.
the epoxy resin/melamine curing agent blend was found
to possess such typical deficiencies as a lack of
freeze-thaw stability together with poor rheological
characteristics for roller coating applications.

In an effort to upgrade the qualities of the Epon
1007/Resimene X-745 system, other emulsifying
agents, in addition to Alipal EP-IIO, were evaluated for
their effectiveness in the emulsion formulation. In gen­
eral, Alipal CO-436, which is compositionally similar
to Alipal EP-IIO. did not provide the emulsification
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6097/Cymel 303 dispersion was also used in the prep­
aration of a 70/30-Araldite 6097/Phenolic HZ 949U
emulsion except that the formulation contained up to
20%. by volume of the total volatiles, of an organic
solvent. While the coating properties of this emulsion
were very similar to those of the epoxy/melamine dis­
persion (Tahle 2). the epoxy/phenolic emulsion pro­
vided greater ease of preparation and superior wetting
and flow and was repeatedly roller coated with good
success·

Examples of Epoxy Emulsions

Some of the other compositional variations. per­
formance characteristics. properties. and applications
of post-emulsified epoxy systems are presented in the
following examples.

Finishes for fabrics which provided improved resis­
tance to shrinkage were formulated from 50 parts of a
bisphenol A-epichlorohydrin resin having a viscosity of
150 poise at 25°C. a molecular weight of about 350, and
an epoxide equivalent weight of 175 which was com­
bined with 10 parts of a polyethylene glycol ether of
sorbitan monopalmitate surfactant (Tween® 40) at
100°C. The molten epoxy resin/surfactant mixture was
mixed with 50 parts of a 5% aqueous poly(vinyl alcohol)
solution and subsequently inverted by the addition of
500 parts of warm water to form an epoxy resin emul­
sion with good stability. The resulting product (100
parts) was catalyzed with 0.75 parts of zinc fluorobo­
rate. applied toa rayon cloth. dried at 100°C. and cured
for 5.5 min at 160°C to yield a product with improved
shrink and crease resistance. wet strength, and penna­
nent stiffness. The emulsion could be stored for several
months without deterioration.';·7

Finishing agents for textiles which improved the
printing and dye receptivity of fabrics were prepared
from a solution of an epoxy resin which was emulsified
in water containing such emulsifying agents as conden­
sates of triethanolamine with oleic acid or adducts of
poly(ethylene oxide) with fally acids. The epoxy resin
consisted of a diglycidyl ester of a dianhydride with an
average molecular weight of 450 and containing 20% by
weight of epoxide groups. The epoxy resin emulsion
was combined with either low molecular weight amine
curing agents (ethylenediamine. diethylenetriamine. or
other polyethylenepolyamines) or a second emulsion
consisting of a polyamide of a dimerized fally acid or a
precondensate of an epoxy resin with ethylenediamine.
diethylenetriamine. or m-phenylenediamine to yield the
desired product. Such properties as the stability and pot
life of the latex and chemical resistance of the coatings
were not disclosed."

Epoxy/polyamide emulsions which cured at low
temperatures and which were useful as heat-sealing
adhesives were formulated from 16.7 g ofa bisphenol A
epoxy resin solution which was mixed with 16.7 of a
polyamide resin possessing an amine value of 80 to 90
and prepared from a polymeric fally acid and dieth­
ylenetriamine. The epoxy resin/polyamide mixture was
emulsified in 66.5 ml of water without the aid of emul­
sifying agents and was catalyzed with 0.4 equivalents of
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formic acid to yield an emulsion which when applied to
a paper substrate and dried yielded an impregnate with
excellent appearance and properties. The resulting
product was useful as wet-sealing and heat-sealing
adhesives which were stable for greater than 15 weeks'

Epoxy/polyamide emulsions useful as adhesives for
joining ceramic tiles to wood. concrete, and asbestos
were formulated from 18.5 parts of Epikote® 828 which
contained 1.9 parts of Armac® cationic emulsifying
agent. The epoxy resin/surfactant mixture was heated
to 80°C and mechanically dispersed in 6.0 parts water.
The resulting emulsion was combined with 2.1 parts
rutile TiO, and71.5 parts of common extender pigments
to yield the base of reactive component of the adhesive.
The curing agent component was prepared by dispers­
ing 12 parts of Versamid® 140 in 23 parts of water and
combining the resulting emulsion with 65 parts of a
blend of extender pigments. The epoxy base compo:
nent (3 parts) was combined with 2 parts of the curing
agent dispersion to produce a white masonry pointing
compound.'"

Amine-cured epoxy emulsions which displayed good
roller coating. spray. and brushing characteristics on
concrete surfaces were derived from 100 parts of an
epoxy resin emulsion (50% solids) which was combined
with 10 parts of a conventional polyamide curing agent
and 40 parts of an epoxy-modified aliphatic amine solu­
tion (50% solids) consisting of a III adduct of xylylene­
diamine and monoglycidyl ether. The epoxy resin/
amine-modified epoxy combination possessed a work­
ing pot life of 1.5 hI' and yielded coatings with good
pelformance and durability characteristics for masonry
surfaces."

Coating compositions useful for application over in­
organic building slates were derived from a formulation
consisting of 5 parts Epikote 100 I. 45 parts Epikote 828.
2 parts Emulgen® 90S nonionic slllfactant. 0.5 parts
carboxymethyl cellulose. 102.5 parts iron oxide. 102.5
parts talc. 2.5 parts propylene glycol, and 50 parts
water. The epoxy resin base component (3 parts) was
combined with I part ofa modified aromatic polyamine
curing agent. and the mixture was spray coated onto
slate board. After curing the system for 30 min at 80°C.
the emulsion coating was overcoated with a formulation
consisting of 100 parts acrylic emulsion. 0.2 parts de­
foaming agent. and 0.3 parts antiseptic agent. and the
two coatings were bonded together by post-curing the
system for 30 min at 80°C. The resulting coating combi­
nation displayed a pencil hardness of 3H. a crosscut
peel strength of 1001100. resisted discoloration. and
provided excellent water and we.lIher resistance."

Weather-reSistant compositions for use in architec­
tural applications were formulated from 500 g of a bis­
phenol A-epichlorohydrin epoxy resin dissolved in75 g
of toluene which was dispersed at 70°C in 475 g of water
containing 200 g of a 5% solution of poly(vinyl alcohol).
The resulting 40% solids emulsion demonstrated a shelf
stability of approximately six months. and when com­
bined with sand and an amine crosslinking agent
(Me,N(CH,l:.N H,) yielded a product two to three times
stronger than Portland cement mortar. The water re-
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sistance of the product could be increased by adding up
to 60% coal or pine tar to the formulation.'3

Coal tar/epoxy emulsions with improved corrosion­
resistance properties for metal substrates were formu­
lated from 65 parts Epikote 828 which was emulsified in
35 parts of water containing 3 parts of a nonionic sur­
factant consisting of a 60/40-block copolymer of
polyethylene glycol/polypropylene glycol with a
molecular weight of 2900 together with 0.2 parts of a
similar Pluronic®-type nonionic emulsifier with a
molecular weight of 3-4 million. The curing agent com­
ponent was derived from the reaction product of 39
parts coal tar with 26 parts of a condensate of
aminophenol and m-cresol, and the resulting coal tar/
amine mixture was emulsified in water using 0.46% cal­
cium dodecylbenzenesulfonate, 4.1% of the Pluronic­
type non ionic emulsifier with a block copolymer
molecular weight of 2900, and 0.75% of the Pluronic­
type nonionic emulsifier with a block copolymer
molecular weight of 3-4 million. The epoxy emulsion
was combined with an equal amount of the coal tar/
amine curing agent emulsion, and the mixture was
coated onto steel sheets. After three hours of aging at
room temperature, the coating developed a Sward
hardness of 9. 14

Epoxy coatings displaying good abrasion and chemi­
cal resistance were derived from a formulation con­
sisting of 100 parts of an epoxy resin, from 2to 8 parts of
a Pluronic-type nonionic surfactant, 50 parts Ti02 , 80
parts barytes, 60 parts polyamide curing agent, and 300
parts water. Since the formulation did not contain or­
ganic solvents or coalescing agents, the epoxy/
polyamide emulsion was recommended for applications
requiring emission-free topcoats with high performance
capabilities. 15

Room temperature curable coatings with good flexi­
bility and resistance properties were prepared from an
epoxy emulsion consisting of 30 parts Epon 828, 0.7
parts ofa Triton® non ionic surfactant, 3.5 parts of par­
tially hydrolyzed poly(vinyl alcohol), and 66.5 parts
water. The curing agent component was prepared by
reacting 50 g of 4.4' -diaminodiphenylmethane with 62 g
of glycidyl versa tate for 30 min at 130°C and 60 min at
150°C. The resulting epoxy/amine adduct was mixed
with 2g of Pluronic F-108 emulsifier and dispersed in 50
g of water. The epoxy emulsion component (60 parts)
was blended with 40 parts of the curing agent emulsion
to yield a product which provided good coatings prop­
erties after drying for two days at ambient conditions. 16

Rapid-curing epoxy coatings with good water resis­
tance were prepared by emulsifying a mixture consist­
ing of 100 parts of a poly(bisphenol A diglycidyl ether)
resin, 40 parts of a phenol-formaldehyde/m-xyl­
ylenediamine copolymer, 10 parts of a polyamide
curing agent, and 10 parts of an N-(2-hydroxy­
ethyl)ethylenediamineoleic acid condensate. The re­
sulting emulsion was applied to metal plates and yielded
dry-to-touch coatings in 5 to 6 hr at room temperature.
After aging for seven days, the coatings were found to
display an Erichsen penetration of8 mm and passed a 24
hr immersion in water. A control coating which substi­
tuted 10 parts of triethylenetetramine for the diamine/
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oleic acid condensate became tacky and whitened upon
immersion in water. 17

High-performance epoxy coatings with possible ap­
plication as pipe linings were prepared by inverting 100
g of Epon 828 resin in a mixture consisting of 3 g
Pluronic F-108 dissolved in 12 g of water. The paste-like
mixture was subsequently reduced with an additional
39 g of water to yield an oil-in-water emulsion contain­
ing 65% solids and displaying a viscosity of 1500 cps.
The Epon 828 emulsion (154 g) was combined with I g
Nopcosanr® L anionic surfactant. 63 g Ti02 • 43 g ASP­
100 silica, 156 g BaSO•. and 122 g water. The resulting
paint was combined with a stoichiometric amount of a
curing agent consisting of the reaction product of94.5 g
of p-chlorophenol and 94.5 g tetraethylenepentamine or
the reaction product of 3 moles of diethylenetriamine
with 1mole of phenol and 3 moles offormaldehyde. The
amine-cured coatings displayed good hardness together
with improved water and solvent resistance.'s

Amine-cured epoxy coatings with rapid-drying char­
acteristics were formulated from a mixture of 100 parts
Sumiepoxy® ELA 128 and 30 parts Sumicure® MT I
which was combined with 5 parts of Emulgen A 90
emulsifying agent. The resin/surfactant mixture was in­
verted using 20 parts water. and the resulting emulsion
was combined with 30 parts Sumiflex® 400 plasticizer.
The modifier/epoxy blend (100 parts) was subsequently
combined with 3 parts of an aminoethylpiperazine cur­
ing agent. The emulsion containing Sumicure MT I
yielded coatings with a dry-to-touch time of 90 min
while a control emulsion which omitted the Sumicure
MT I curing agent yielded coatings with a dry-to-touch
time of 150 min. 19

Single or two-component epoxy emulsions with im­
proved storage stability were prepared from 100 parts
bisphenol A epoxy resin. up to 8 parts of an alkoxylated
alkylphenol non ionic emulsifier. 50 parts Ti02 , 80 parts
barytes, and 30 parts water. The resulting emulsion
paint was combined with up to 60 parts of an aromatic
amine or polyamide curing agent to yield products
which were useful as coatings. adhesives. or foamed
wood substitutes. 2o

Epoxy resin emulsions with improved low­
temperature storage stability were formulated from 50
parts of a bisphenol A-epichlorohydrin resin containing
1.0% residual chlorohydrin units. The epoxy resin was
dispersed at 60°C in 50 parts of water containing 2 parts
of a nonylphenyl polyethylene glycol ether non ionic
sUlfactant and 2 parts ofa poly(vinyl alcohol) protective
colloid. The emulsion prepared from the epoxy resin
containing chlorohydrin units was found to display im­
proved storage stability in comparison with a control
emulsion prepared from an epoxy resin which did not
contain chlorohydrin units. 21

Storage-stable epoxy emulsions useful in applica­
tions such as coil coatings were prepared from 204 g ofa
bisphenol A-epichlorohydrin resin solution (85% in
acetone) which was heated to 80°C and subsequently
added over a 30 min period to a solution of 7 g of
poly(vinyl alcohol) in 400 ml of water. The resulting
emulsion was cooled and freed of acetone to yield a
product which contained 30% vehicle solids, a particle
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Table 3-HLB Values of Surlaclanls
Used 10 Prepare BPADG Emulsions

an HLB range of 4 to 15 (0.2 parts Noigen® EA 137 and
0.2 parts Noigen EA 50). The combination of non ionic
surfactants was found to improve the colloidal stability
of the system and yielded an emulsion which was stable
for >70 days. In addition to conventional amine-based
curing agents, the emulsions could be optionally ex­
tended with a coumarone-indene resin_2"

HLB
% Surfactant Range Characteristics Ref.

10% poly(oxyethylene) 16.6 Water and salt-water (27)
benzylated phenyl ether resistant coatings

10% poly(oxyethylene) 18.2 Coating properties (28)
benzylated phenyl ether comparable 10

5% poly(ethylene glycol) 16.0 solvenl-borne epoxy
nonylphenyl ether system

polyethylene-polypropylene 13-18 Highly S1able emul- (29)
block copolymer (HLB 16-20) ror the sion yielding
poly(ethylene glycol) blend high gloss
monoaryl ether (HLB 4-15) coatings

12.5% poly(ethylene glycol) 12 Water and salt-water (30)
nonylphenyl ether resistant coatings
5% poly(ethylene glycol) 18
benzyl phenyl ether

Chemically resistant (31)
coatings with
good hardness

1.2% poly(ethy!ene glycol) 18
benzyl phenyl ether

USE OF NONIONIC SURFACTANTS

Besides illustrating the methods of preparation, the
compositional and formulation variables, physical
characteristics, and applications of epoxy emulsions,
the previous examples also demonstrate the nearly
exclusive use of nonionic surfactants for the emulsifi­
cation of bisphenol A diglycidyl ether epoxy resins
(BPADG). Apparently, since the oxirane ring of
BPADG systems is more reactive to nucleophilic addi­
tion than is the oxirane ring of. for example. glycidyl
methacrylate systems," the use of anionic sutfactants
for the emulsification of BPADG resins could ostensi­
bly result in an even greater amount of oxirane loss than
the 25% loss experienced in glycidyl methacrylate­
based emulsions prepared with anionic sUli·actants.t
Thus, for epoxy resins containing fairly reactive
oxirane groups, the undesirable loss of oxirane content
and/or premature gelation may be minimized by
employing nonionic surfactants or nonionic protective
colloids as the emulsifying agents for BPADG resins.

While relatively stable epoxy emulsions have been
prepared by using a variety of compositionally different
nonionic surfactants,",7.2J.2" such factors as the chemi­
cal nature of the epoxy resin, the rheological and vis­
cosity characteristics of the resin, the preparation
method and temperature, shearing time and rate, sur­
factant concentration, and the hydrophilic lipophilic

size of <5 microns, and a viscosity of 12 cps at 25°C and
which displayed < 1% volume settling after standing at
room temperature for five days. The nonionic, epoxy
emulsion (33.3 g) was combined with 2 g of a methylo­
lated melamine resin, applied to untreated aluminum
sheets, and baked 30 min at 175°C to yield coatings with
a mandrel flexibility of 38.1 mm, a reverse impact
strength of 40 in.-Ibs, and which displayed good water
resistance. 22

Semi-gloss enamel coatings demonstrating good
performance characteristics in various industrial appli­
cations were prepared by combining an emulsion con­
sisting of 56.8 parts Vanoxy® RD 707 (aliphatic glycidyl
ether), 18.9 parts 2-[(nonylphenoxy)pentakis
(ethyleneoxy)] ethanol, 18.9 parts 2-[(nonylphe­
noxy)nonadecakis(ethyleneoxy)] ethanol and 5.4% GE
Silicone SR-82 with an emulsion prepared from 50.6
parts Vanoxy 128, 16.3 parts of a 1/1 ratio of the previ­
ous non ionic surfactants, 97.4 parts Ti02, 45.2 parts
magnesium silicate, and 182.1 parts water. The result­
ing blend of epoxy emulsions was found to provide
protective coatings useful for application over paper,
glass, metal, or wood substrates. 23

Epoxy emulsions with improved storage stability at
low temperatures and which yielded coatings with good
resistance to corrosion and chemicals were derived
from 19.6 parts Epikote 828, 0.4 parts Epiclon 800 (a
bisphenol A-methylepichlorohydrin derivative), 10
parts iron oxide, 35 parts taic, 2 parts poly(ethylene
glycol) monolaurate sUlfactant, and 34 parts water. The
resulting emulsion displayed no agglomeration after six
months of storage at 0 to 5°C and, when combined with
a curing agent consisting of a dimer acid of 3,3'­
oxybis(propylamine), yielded coatings which provided
good chemical and water resistance properties.2•

Epoxy emulsions with improved room temperature
curing ability and which displayed an II to 12 hr pot life
were prepared from 200 parts of a bisphenol A epoxy
resin (epoxide equivalent weight of 186 to 192) which
was dispersed in 195 parts of water containing a surfac­
tant mixture consisting of 4.5 parts of an alkyl phenol
condensed with 40 moles ofethylene oxide and 1.2 parts
of an alkylphenol condensed with 4 moles of ethylene
oxide. The resulting emulsion (200 parts) was combined
with 65 parts of a curing agent derived from 17.7% 4­
(aminomethyl)octamethylenediamine, 68.1% bodied
tall oil fatty acids, and 14.2% triethylenetetramine. The
epoxy resin/amine curing agent combination was
applied to steel sheets and yielded coatings which dried
to touch in 6 hr and which displayed a pencil hardness of
H, Erichsen penetration of >7 mm, and a falling dart
impact strength (500 g, 1.27 cm) of>50 cm after curing
for seven days at 25°C. 25

Epoxy resin emulsions with good storage stability
and improved thixotropic characteristics were formu­
lated from 49 parts Epikote 828, 21 parts DER® 732
epoxy resin, 0.2 parts fungicide, 18.2 parts water, and
an emulsifier combination consisting of 10.5 parts car­
boxymethyl cellulose (2% in water), 0.7 parts of a
Pluronic-type ethylene oxide-propylene oxide block
copolymer (HLB range of 16 to 20), and 0.4 parts of an
alkyl phenol poly(ethylene glycol) ethanol blend with
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balance (H LB) of the surfactant all influence the stor­
age stability of these systems. Table 3 lisls the HLB
values and the type ofsurfactants commonly used in the
preparation of conventional BPADG emulsions.

The examples presented in Table 3 illustrate in part
that BPADG resins can be emulsified using con­
ventional nonionic surfactants with an HLB range of
from 1510 18. Surprisingly, and with certain misgivings,
these examples also suggest that coatings with prop­
erties comparable to solvent-borne epoxy systems or
coatings with good water and salt-water resistance can
be derived from epoxy emulsions containing inordi­
nately high concentrations lI5'/~,'8 and 17.5%30] of sur­
factants.

USE OF CATIONIC SURFACTANTS

As the quantity of sUlfactant required to achieve ade­
quate colloidal stability is controlled in part by the effi­
ciency of the emulsifier. other types of slJlfactants have
been investigated in order to prepare stable epoxy
emulsions which yield coatings possessing reduced
levels ofcontaminating emulsifier. One approach to this
end has been the use of cationic sUlfactants such as N­
tallow- N, . '. N'-pentamet hylt ri meth ylenediammon­
ium dichloride which is capable of reacting with the
epoxy resin and yields coatings with the surfactant
as an integral part of the crosslinked matrix."' For
example. cationic epoxy emulsions with improved
colloidal stability were prepared from 65 parts of
a bisphenol A epoxy resin which was dispersed at 66°C
in water containing 2.5%. based on total formu­
lation, of an N-l9-(10-phenyl)octadecylJ-N,N.N'.N'­
pentamethyltrimethylenediammonium dichloride cat-

+
ionic surfactant (Me(CH 2);C,H"Ph(CH,)sNMe.(CH, h
+
NMe" 2Cn. The resulting epoxy emulsion (70% by vol­
ume) was combined with 30% by volume ofa polyamide
emulsion consisting of a dimer fatty acid/diethylene­
triamine condensation product which was emulsified in
water containing 2% of the above cationic surfactant.
The epoxy resinlpolyamide emulsion combination was
found to be stable for over a six month period and when
cured for 30 min at 149°C yielded coatings suitable for
protecting metal slllfaces.""

Cationic epoxy emulsions useful as a finishing treat­
ment for glass ribers which were formulated into lami­
nates were obtained from an Epon 828 epoxy resin. 0.3
to 2% of a coupling agent lH 2 N(CH 2hSi(OEthL 0.1 to
2% of a glass lubricant. and up to 15%. based on total
resin. of an emulsifier combination consisting of a
Pluronic-type nonionic surfactant. an amide sUlfactant.
and a cationic surfactant. The amide surfactant con­
tained tertiary amine sites. CsH"CH=CH(CH,h
CO HC2 H. Et2 • while the cationic surfactants were
based upon imidazoline derivatives with the preferred

N
composition of R-(I ] where R=8-heptadecen-l-yl

N
I
R'

40

Table 4-Typical Storage Stability Times
For BPADG Emulsions

Storage
Stability Applications or

Surfactant Type (days) Characteristics Ref.

30 ro1ylvinyl alwholl. 611 After storage, par- 1361
XlJ"k saponified lide size incn:.'<lscd

3'Ji convcntional nonionic to 5111) I'm
:-,ulfactanl

barium dodecylbenzene· ~O (37)
:-oulfonalc

nony1rhe nol-et hyle ne
oxide adJuct

40 polyerhylcne glycol X4 Solvent resistant t3XI
munoabielale comings

1.5% nonylrhenol poly-
lerhylene oxidel ethanol

O.71fi- nonylphcnol poly· 611 Chemically rc ... ist- 13~1

Icthylenc oxidel ethanol alll cuatings
OAY/f sorbilan Illonul:luratc

polyloxycthykne) ether
o.erA' lauryl polyloxyethyl-

cne) ether
0,43'1c polylelhykne glycol!

distcilralC

2'ft sodium alginalc ~II High shear 14tl)
0.5% non ionic sUl1"(lclanl "otrenglh atlhe ...ive ...

3lJ"1r polytelhylene glycol} .111 Flexihle coarings (41)
cster~ with OH value of
~n-50(). acid value of
lll'elXI mg KOH/g resin.
and mol. 11'1. of 3IXIII-
IIUXIIi.

and R'=Et or where R=C"iH"" and R'=CH 2CH 20H.
The resulting emulsions possessed a viscosity of < 100
cps al 20°C and were claimed to be stable. However.
such characteristics as the degree of sedimentation.
freeze-thaw. and shear stability. or the effects of aging
were not described.:"

Typical Stability Characteristics

Even though BPADG emulsions are usually depicted
as possessing good or improved colloidal stabilities.:15

these post-emulsified systems rarely possess the sta­
bility characteristics displayed by latexes prepared by
means of emulsion polymerization methods. Tahle 4 il­
lustrates typical storage stability times for BPADG
emulsions prepared with various types of conventional
surfactants.

Besides the baneful effects which the contaminating
surfactants have on the physical characteristics of these
systems, the relatively short-term storage stability. as
illustrated in the above examples. is an additional factor
which has restricted the commercial growth and appli­
cation of BPADG emulsions.

Other Types of Epoxy Resins

In addition to the post-emulsification of BPADG res­
ins. other ~poxy-containing compounds have been in­
vestigated by the industry as possible candidates for the
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Table S-Properties of an Epoxidized, Formaldehyde/Cresol/
Novalak Resin Modified with a Boric Acid Ester

development of stable epoxy emulsions which yield
high-performance coatings. For example. 100 parts of
an epoxidized. formaldehyde cresol novalak resin were
condensed at 55°C with 10 parts of2-({3-dimethylamino­
ethoxy)-4-methyl-I.3.2-dioxaborinane producing an
epoxy resin containing an internal surfactant constitu­
ent. The resulting epoxy resin-boric acid ester adduct
was spontaneously emulsified upon the addition of 165
pans of water generating an emulsion with a particle
size of less than O. 9fLm. The characteristics of the emul­
sion together with the chemical resistance properties of
its coatings are presented in Tab/e 5.

The boric acid ester-modified epoxy emulsion re­
quired no additional curing agent as the tertiary amine
moiety of the adduct promoted self-condensation of the
oxirane groups at elevated temperatures. The chemical
resistance properties of an epoxidized cresol-novolak
resin (Kopox® 357) containing 16and 50 weight-percent
boric acid ester adduct are presented in Tab/e 6. The
emulsion was coated onto steel panels at 75 fLm wet film
thickness. cured a total of two hours at 11O°e. one hour
at 160°e. two hours at 190°e. and five hours at 250°e.
and did not contain an external curing agent.

The epoxy resin-boric acid ester adduct emulsions
could also be combined with such conventional curing
agents as tetramethylethylenediamine or tetraethyl­
enepentamine to yield coatings which dried within24 to
48 hI' to water and solvent resistant products:'

A silicone-epoxy emulsion useful for improving the
tensile. compressive. and Ilexural strengths; trowela­
bility; and surface laitence of hydraulic cement com­
positions was prepared by.condensing 257 g Dow

Characteristic

RnoJ1l temperature Sl<lhility
after seven weeks

Storage Slabilily aftcr
three months of
aging at 4°('

Viscosity
Initial .
After 12 days .

Epoxidc Content (wl.%)
Initial ..................•.
Aged 4 days ...........•.

t 1 days.
32 days.

Chemical resistance nf
n>atings aftcr SOO hI'
immersion in::!

toluene ...................•.
methyl isobutyl ketone
5'A aq. NaOH .
5'A aq. HCI .

Appearance or
Property

Some precipitate
formation

No precipitate

.. 5X.lX)O cps
7.XIX) cps

. .. 2.94
.. 291

· .. 2.~6

. . 2.67

· .. No effect
· .. No effect

. ... Hard and intilct
· .. Development of

pinholes
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Table 6-Chemicat Resistance Properties
Of an Epoxidized Cresot/Novotak Resin Modified

With a Boric Acid Ester'

Epoxidized cresol/novolak resin containing

16 wt, % Boric 50 wt. % Boric
Acid Ester Acid Ester

% wt. increases % wt. increases
Type of after after
Immersant 7 days 30 days 7 days 30 days

Acelone 1.72 disintc- IIX; H
grall-'Ll

Ethytene
Dichloride 1.711 11.60 H

Distilled Water 1171 1.54 071 154
1117< NaOH 11.56 1.211 11.59 1.26
)(I'A NaOH 11.19 0.46 0.20 11.54
IIIW Het 11.54 1.47 11.54 1.211
311";10 HCI 323 6.5 II.X2 2.3
IIY";! H,SO., 11.63 134 11.65 1.37
30'7r0 H,So., 11.42 11.91 11.4.1 11.91

\:1) ~·l1J-lljmel hylami nllelhll.~ yl·4-mI.'1 h~ I· 1..'.~·Ji\l\ :thOl"l 11;1111.'.

Corning silicone resin 6188 (approximate molecular
weight of 750) with 625 g of a bisphenol A diglycidyl
ether having a molecular weight of approximately 500
(Resypox 1634) over a three hour period at 50 torr vac­
uum and 180°C. After the initial reaction period. the re­
sulting product was cooled to 100°e. combined with 300
g ofbutanediol diglycidyl ether. and further condensed
by heating to 180°C and at 50 torr vacuum for two hours.
The tinal product possessed an epoxy value of 3.9
equivalents per kilogram and was emulsified in water
using up to a stoichiometric amount of a poly(ethylene
glycol)/amine curing agent. The emulsifier/curing agent
combination was prepared by reacting 250 g dieth­
ylenetriamine with 722 g of a diglycidyl ether of
poly(propylene glycol)-425 over a fool' hour period at
65°C. Similar epoxy resin/curing agent blends displayed
a pot life of two hours and when combined at the 5%
level with portland cement yielded products with a
200% increase in compressive strength and 50% in­
crease in tensile strength as compared to the corre­
sponding unmodified concrete. Other resins which
formed stable emulsions with the emulsifier/curing
agent resin included tetrabromo bisphenol Aepoxy res­
ins and epichlorohydrin-novolac resin condensates:':!

Polyether epoxy/bisphenol A epoxy emulsion blends
useful in applications demanding highly flexible coat­
ings were formulated from 90 parts of a polyether epoxy
emulsion consisting of 50 parts EP-4000 epoxy resin.
1.5 parts poly(vinyl alcohol). 1.5 parts sutfactan!, and
50 parts water which was combined with 10 parts of a
bisphenol A epoxy emulsion consisting of 50 parts Epi­
kote 828. 1.5 parts poly(vinyl alcohol), 1.5 parts sur­
factan!, and 50 parts water. The resulting epoxy emul­
sion blend (100 parts) was catalyzed with 16 parts of a
polyamide curing agen!, and the epoxy resin/polyamide
mixture was molded into a 0.5 mm crosslinked film
which displayed improved folding endurance as com-
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Table 7-Amine-Based Curing Agents for BPADG Emulsions

Curing Agent Composition

211/2-adduct of xylylenedi­
amine/Epikole 828/phenyl glycidyl
ether

Butanediol diglycidyl ether
condensate with polyamines

Condensate of trimelhylol propane
glycidyl ether/dielhylene tri­
amine/soya ester-styrene
reaction product

Condensate of phenyl glycidyl
elher/lriethylene Iwamine/
polymd. lall oil fatty acids

Aromalic polyamine

Polyamidoamine
emulsions

Surfactants used
for emulsification

Pluronic nanionics.
poly(oxyethylene)
sorbitan monooleate.
poly(vinyl alcohol)

none

none

Emulgen 81
nan ionic sUifactant

Polyacrylamide or
poly(vinyl pyrrolidinone)

Characteristics

Extended POi life.
enhanced flexibility
and waler resistance

Reactive emulsifiers
for epoxy resins

Coatings with good
hardness. strength.
and drying characteristics

Long term
emulsion
slability

Flexible. chemically
resistant coatings

Several months
storage stability

Reference

(48)

(49)

(50)

(51)

(52)

(53)

pared to a control film derived predominantly from a
bisphenol A epoxy emulsion'4

Polyether epoxy emulsions which provided coatings
with good hardness and water resistance qualities were
formulated from 92 parts EP-4000 polyether epoxy
resin, 3.5 parts poly(ethylene glycol) nonylphenyl ether
surfactant (Emulgen 950), 1.5 parts Emulgen 905, 195
parts water, and 108 parts of an amine-type epoxy cur­
ing agent (EH-230). The resulting emulsion was com­
bined with an equal portion of an epoxy emulsion con­
sistingof200 parts Epon 828, 3.5 parts Emulgen 950,1.5
parts Emulgen 905, and water to yield a blend which
provided coatings that displayed a pencil hardness of
3H and a water absorption of 0.6% after seven days of
immersion in water. At 20°C and 60% relative humidity,
the coatings cured in approximately eight hours. 45

Cycloaliphatic epoxy emulsions providing increased
wash and wear properties and decreased yellowing in
textile applications were formulated by dispersing 15%
by weight vinyl cyclohexane dioxide epoxy resin in
water containing 2% zinc fluoroborate curing agent and
0.2% ZnO stabilizer. A cotton fabric impregnated with
7.8% of the emulsion and cured for 2.5 hr at 77°C dem­
onstrated a wash and wear rating of 5, a crease resis­
tance of 69% (ASTM D-1295-53T), and a 57% increase
in strength as compared to the untreated fabric. The
wash and wear characteristics of the coating could be
improved by including a complementary curing agent
such as dimethylolethyleneurea in the epoxy emulsion
formulalion. Other epoxy resins which were also useful
for improving the wash and wear characteristics of fab­
rics included diethylene glycol mono(2,3-epoxy-2­
methylpropyl)ether and diethylene glycol bis(2,3­
epoxy-2-methylpropyl)ether while other suitable epoxy
curing agents included NaBF4, BF,OEt" and AICI,,""

Cycloaliphatic epoxy emulsions providing heat-
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curable coatings for non textile applications were for­
mulated from 600 parts of an epoxide resin which was
dispersed at 50°C in 216 parts of water containing 24
parts of poly(vinyl alcohol) and 10.4 parts poly(ethylene
oxide) cetyl alcohol nonionic sutfactant. The resulting
emulsion (8.4 parts) was combined with 90 parts of an
aminoplast emulsion consisting of320 parts ofa dibutyl
melhylolmelamine solution (75% in butanol) dispersed
in 112 parts water using a poly(oxyethylene)/
hexamethylene diisocyanate/hydroabietyl alcohol
adduct (48 parts) as an emulsifying agent. The epoxy
resin/melamine resin emulsion blend was adjusted to a
pH of 7 with triethanolamine, combined with 0.5 parts
Zn (BF4)" applied to aluminum sheets at a thickness of
50 to 100 /l-m, and dried for 10 min al 150°C to yield
coatings with good 10 very good resistance to white
spirits and displaying an Erichsen value of 3.1 to 3.4.
Other epoxy compounds that were suitable for the ap­
plication included 8.9-epoxy-3-(3.4-epoxycyclo­
hexy!)-2,4-dioxaspiro [5.5J undecane, (3,4-epoxy­
5-meth yIc ycl ohe xyI)met hy1- 3.4-epox y- 5- me thy Icy­
c1ohexanecarboxylate, and an epoxidized butadi­
enestyrene copolymer. 47

TYPES OF CURING AGENTS

Besides Ihe various curing agents discussed in the
previous examples. a myriad of other amine-containing
compounds have been investigated as crosslinking
agents for epoxy compounds. While many of these
curing agents have been classified as being less effec­
tive or desirable than fatty acid-amine adducts or
polyalkylenepolyamines, which serve as standards of
comparison, the usefulness of each epoxy resin/amine
curing agent combination must be established through
empirical methods since the principles and technologies
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Table 6-Performance Characteristics
Of a Singh~·Component Epoxy Emulsion in Comparison

With a Solvent-Borne Epoxy/Polyamide System'

Waler al ~5°C . . . 8
WaleI' al 66"C 7
10'If aOH.. . 10
1O'k HCI .........•............. 10
1lY7t: HOAc 9
Xylene 10
Melhyl elhyl kelone 6
Impaci resistance

Forward (in·lbs) 20
Reverse (in-Ibs) 15

60" gloss 100%

Coating
Resistance to

Epoxy resin/curing
agent-emulsifier

combinationb

Solvent·borne
Epoxy/polyamide

combinationb

8
7

10
8
6

10
8

30
10

100%

SURVEY OF CROSSLINKING EMULSIONS-VI

glycol ether, and 250 parts of the cationic amine curing
agent-emulsifier (49% solids).

The chemical resistance properties of the epoxy
resm/cunng agent-emulsifier combination could be im­
proved by replacing all or part of the DER 732 epoxy
resin with DER 331 epoxy resin. However, such sub­
stitutions usually resulted in a loss of impact resistance,
and the utilization of such epoxy resins as DER 337 or
DER 671 was recommended as a somewhat more aus­
pici?us approach to formulating chemically resistant,
fleXIble, epoxy emulsion coatings. While epoxy emul­
sions prepared with the curing agent-emulsifier compo­
nent were claimed to possess long pot lives, such prop­
erties as the loss of oxirane content with time, the for­
mation of gel with time, the mechanical, freeze-thaw,
and storage stabilities of the system were not de­
scribed."4

lOll ClhllHlg~ were ilppliculn aluminum; however mt)(Jc of applicalitlO. coaling thicknc'l>,
n.. ,h·oIT and ('tlfe liml" Wl'n: nOI llpccifieJ.

rhl Coaling' were rOlled III f\lr no efTect and n for failure.

established with similar solvent-based epoxy/amine
combinations may not directly transfer to mixtures of
the same components which are in colloidal form. Tab/e
7 .illustrates typical amine-based curing agents along
with the advantages associated with each combination.

While successful products have been obtained by
combining epoxy resin emulsions with amine curing
agents which were developed primarily for con­
ventional, solvent-borne systems, additional perform­
ance and marketing advantages may be achieved by de­
signing the composition of the curing agent in accord
with the requirements set by the environmental and
two-phase nature of the colloidal system. For example,
protective coatings with improved resistance prop­
erties were obtained from a single component, 84.5/
IS.S-DER 331/DER 732 epoxy emulsion which utilized
a water-soluble, amine-functional emulsifying agent
which also served as the curing agent upon coalescence
of the particles.

The curing agent/emulsifier combination was pre­
pared from a carboxyl-functional. acrylic solution
copolymer which was condensed with a hydroxyl­
functional polyamine and subsequently neutralized
with Hel to yield a water soluble compound possessing
cationic, amine hydrochloride sites. Presumably, the
hydrophobic component of the acrylic backbone be­
comes interfaced with the epoxy resin while the cation
groups become oriented in the aqueous phase. Thus,
the amine sites are relatively isolated from the epoxy
resin, and the epoxy resin/curing agent-emulsifier com­
bination undergoes very little premature gelation in the
emulsion form. However. as the particles coalesce
upon drying, the cationic sites become comingled with
the epoxy resin. and crosslinking occurs in the normal
fashion. Tahle 8 illustrates the performance charac­
teristics ofpigmented coatings derived from an epoxy
pamt consIsting of 93 parts DER 331 epoxy resin, 17
parts DER 732 epoxy resin, 300 parts TiOt . 3 parts de­
foamer. 40 parts solvent. 20 parts Dowanol® DPM
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Formulation Variables

. Obviously, such factors as freeze-thaw stability dur­
mg transport and cold-weather storage, shear stability
during paint manufacturing and application, storage
stability prior to application, as well as achieving the
performance characteristics associated with solvent­
borne epoxy systems or other high-performance,
ecologically-compatible systems were major determi­
nants governing the commercial acceptance and suc­
cess of epoxy emulsion systems. Recently. several of
the variables influencing the colloidal and performance
characteristics of epoxy emulsions were disclosed in a
study which investigated the usefulness of epoxy emul­
sions for military aircraft applications. The primary
emphasis of the investigation was to assess the feasi­
bility of developing epoxy emulsions whose physical
and resistance properties were comparable to those of
their solvent-borne counterparts. However. since films
cast from colloidal dispersions frequently retain mi­
crostructures reminiscent of their equilibrium packing
orders while solvent-cast films usually achieve an inti­
mate comingling of epoxy resin and curing agent. the
use of emulsions with fine particle sizes was recognized

Table ~Critical Particle Size for Settting Upon Standing'

Particle Particle
Density, Viscosity of Diameter,
glcm' medium, cps I'm

1.10 0.R95 (water at 2S"C) 0.44
1.10 1.0 0.46
1.10 2.0 0.65
1.10 5.0 1.03
1.10 10.0 1.46

1.15 0.895 0.36
1.15 1.0 0.38
1.15 2.0 0.53
1.15 5.0 0.84
1.15 10.0 1.19

fa) Cakulallons \\,crc ba"l:J upon 'iCllJmg of p'lrlldc, In a metfium l,\,llh a den"'l} of I.on
g//:m3

.
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Table 1G-Effect of Several Emulsification Variables on the Particle Size of Epoxy Emulsions'

Particle Size DescriptionC

Epoxy/Diluent Emulsification Emulsification Relative Max. Size
Ratiob Temperature iC) Method Distribution Observable (I'm)

50/50 63 Simple stirring Very broao 75
828/PGE

50/50 63 Ullrasonic Mooeralcly 3.8
828/PGE irradiation narrow

68/32 63 Simple stirring Very broao 140
828/PGE

68/32 ambient Ultrasonic Moderately narrow 5.2
828/PGE irradiation to intermediate

75/25 63 Simple slirring Very broao 48
828/PGE

75/25 63 Ultrasunic Moderately
828/PGE ilTadiatiol1 narrow

75/25 63 Simple stirring Very~ro"d 611
IIXII/PGE

75/25 63 Ullrasonic Moderately narrow 4.5
IIIOI/PGE irradiation 10 intermediate

(a) Emul\lUo, "ere prepared u!>ing the 11~':lo{)dlum laUf}1 \UJrilldccl~1 alcuhol cumbinaTIun.
(h) X1X= EPlll1 IQll. IIIUI = EpLIn 1001. PGE=phl,'n~ I ~1}l."lJ)'1 ether.
[('j P:lrlICh.' '1IC' ""'-'fl' estimated from electron phOlollllcrugraph,.

as being an essential element for overcoming the prop­
erty differences arising from the compositional
heterogenities inherent in two-component emulsion
systems.

In addition to yielding films of a more uniform com­
position. a second advantage for using emulsions with
fine particle sizes emanated from the need to attain im­
proved shelf stability. According to Stokes' Law. the
rate of sedimentation varies directly with the square of
the particle diameter; thus, at a critical particle size, the
rate of sedimentation exceeds the limit which is accept­
able for adequate shelf stability. This point is illustrated
in Table 9 which describes particle sizes as a function of
the viscosity of the medium whereupon settling occurs.

Since most epoxy resins have densities between 1.10
and 1.15 g/cm". the above data suggest that settling due
to sedimentary factors will be minimized by achieving
particle sizes below 0.36 JLm to 0.44 JLm unless the vis­
cosity of the medium is increased by a false-bodying
agent such a poly(vinyl alcohol) or hydroxyethyl cel­
lulose.

A third advantage for using emulsions with fine parti­
cle sizes emanated from a consideration that a direct
relationship exists between the physical properties of
the developing film and the degree of coalescence. This
relationship can also be discussed in terms of the shear
modulus of the particle: for if the shear modulus of the
polymer is too high for the emulsion particle size, parti­
cle coalescence may be incomplete and, as a result. the
ultimate film properties may never develop. The greater
the shear modulus of the polymer, the smaller the parti-
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c1e size must be in order for the particles to coalesce
upon drying. Particle diameters of 0.1 JLm, 1.0 JLm. and
10 JLm require shear moduli below a maximum of 1600
psi, 160 psi. and 16 psi. respectively. if particle defor­
mation and film coalescence are to occur. Thus. for
harder particles a decrease in particle size may result in
an increase in coalescing ability and. consequently.
provide films of greater integrity.

In light of these considerations, preliminary evalua­
tions were devoted to achieving fine particle size emul­
sions through the optimization of the emulsifier com­
position and the emulsification technique. For the
initial survey. a surfactant combination of 1/2 ratio of so­
dium lauryl sulfate/cetyl alcohol was selected for evalu­
ation since previous work with this slllfactant combi­
nation produced styrene monomer emulsion droplets of
about 0.2 JLm in diameter. The epoxy resins (Epon 828
and Epon 100 I) were dissolved in phenyl glycidyl ether
(PGE) in order to produce solutions with low enough
viscosity for efficient emulsification. Various epoxy
resin/reactive diluent combinations were emulsified by
using simple stirring or ultrasonic irradiation. and the
results of this study are presented in Table 10.

Even though variations in the viscosity of the resin
phase or changes in the emulsification temperature did
not uncover guideline relationships. the previous data
clearly indicate the advantages offered by using ul­
trasonic irradiation as a means of emulsification. For
the 68/32-Epon 828/PGE combination. ultrasonic ir­
radiation effected a 27-fold decrease in particle size in
comparison with simple stirring.
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Table 11-Effect of Several Emulsification ,Variables on the Particle Size and Stability of Epoxy Emulsions

Polyamide/Solvent
Ratio·

70/30
V-liS/Xylene

70130
V-liS/Xylene

70/30
V-liS/Xylene

I~ 7/3~ .SI2O/~O/~.H
V-115/toluene/IPA/BA/
Xylene

I~. 7/32.5/20/~0/H.~

V-I IS/toluene/l PA/BAI
Xylene

80/H/5IS/2
V-115/toluene/IPA/BA/
Xylene

80/~/S/5/2

V-IISltoluene/IPAIBAI
Xylene

Surfactant
Combinationb

Sodium lauryl
sulfate/cetyl
alcohol

HDTMAB/CA

HDTMAB/CA

HDTMAB/CA

HDTMAB/CA

~%-HDTMABI

4%-CA

~ 77<,- HDTM AB/
S.4%-CA

Emulsification
Method

Simple stirring

Simple stirring

Ultrasonic
irradiation at oooe

Humugenization

Ultrasonic
irradiation

Homogenization

Humogenization

Stability and
Particle Size

Formed pastes

I day stability:
size = O.S to SO I-'Ill

Slightly greater than
I day stability:
size = O.S to 20 I-'Ill

60 day stability:
after 30 days aging.
size increased tip to
101-'111

Good stability after
5 uays: sizes lip to
IOI-'Ill

Stable up to 7 days:
sizes up 10 13 P.1ll

Stable up to 3 weeks:
sizes lip to K J-L1ll

(:I) V-115 =- V('r~amiJ 11:\ IPA =- j'\)prtlpanlli. BA = n-hul;tnoL
(h) l'IJ)T~'IAB =- hc.~;tJn·yllrirnClh}'lamI1lHnillm brlllllidc. CA = cclyl ah:oh,ll

In order to generate suitable curing agent emulsions.
several attempts were made to emulsify a Versamid 115
polyamide curing agent using the II2-sodium lauryl
sulfate/cetyl alcohol emulsifier mixture; however. due
to an interaction between the amine and the sutfactanl,
only pastes were formed, This impasse was overcome
by substituting hexadecyltrimethylammonium bromide
for sodium lauryl sulfate in the surfactant mixture.
Since the resulting cationic emulsion of Versamide 115
displayed good stability. the same hexadecyltrimethyl­
ammonium bromideicetyl alcohol combination was
used for a subsequent study which evaluated the
parameters associated with achieving fine particle size_
cationic epoxy emulsions.

Because the viscosity of the Epon 100 I/PG E combi­
nation was inordinately high for efficient emulsifica­
tion, a 50/50-toluene/methyl isobutyl ketone (MIBK)
mixture was substituted for PG E in order to reduce the
viscosity of the resin and yet prepare higher solids solu­
tions. The Epon 1001/toluene/MIBK solutions were
employed in a ladder study which evaluated the effects
which varying ratios of hexadecyltrimethylammonium
bromide to cetyl alcohol and varying concentrations of
total surfactant to epoxy resin had on emulsion particle
size and stability. The emulsions were prepared using
simple stirring followed by ultrasonic irradiation of 25
parts ofa 50/25/25-Epon 100l/toluene/MIBK mixture in
75 parts of water at 60°C. The sutfactant combinations
which yielded the most stable epoxy emulsions (12%
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solids) consisted of 3.2112.8_ 3,2/9,6. 3,2/6.4, 2.6/5.4,
4/4, 5.4/2,6, and 6,2/2 weight percent ratios (based on
epoxy solids) ofhexadecatrimethylammonium chloride
to cetyl alcohol. Emulsions prepared from 1.4/2,6.2/6.
or 1.6/6.4 weight percent ratios of these emulsifiers
were not stable. These results combined with an optical
microscopic evaluation of the emulsion droplet sizes al
various aging times indicated that emulsions of the 50/
25/25-Epon 1001/toluene/MIBK mixture required at
least 2.6% hexadecyltrimelhylammonium bromide and
5.4% cetyl alcohol in order to retain acceptable sla­
bility.

The 50/25/25-Epon 1001/toluene/MIBK mixture was
then emulsified in a Manton-Gaulin homogenizer using
the hexadecyltrimethylammonium bromide/cetyl al­
cohol emulsifier combination to generate an emulsion
with a droplet size of II-tI11 or smaller after one pass and
an even further reduction in droplet size after three
passes through the homogenizer. However. little dif­
ference was observed between the particle size pro­
duced by homogenization and that produced by ul­
trasonic irradiation. These emulsions could be concen­
trated to contain 25% epoxy resin solids by vacuum
steam distillation of the solvents withoul significant al­
teration in particle sizes,

Electron microscopic evaluation of a solvent­
stripped, Epon 100 Iemulsion which had been hardened
in colloidal form with ethylenediamine revealed the ex­
istence of a broad distribution of particle sizes ranging
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from 0.03 /lm to 0.2 /lm. Similar techniques were em­
ployed to elucidate the parameters involved in gen­
erating stable emulsions of Versamid 115 curing agent,
and the major results of this survey are presented in
Table II.

These results suggest that under a given set of condi­
tions Versamid 115 emulsions produced by means of
homogenization tend to display greater stability (up to
60 days) than emulsions produced by means of ul­
trasonic irradiation (only greater than five days). The
most stable emulsions contained low concentrations of
the polyamide resin or higher concentrations of sUlfac­
tant. Since each emulsion possessed relatively large
particle sizes (8/lm or greater), the maximum shelf sta­
bility of these emulsions was limited to approximately
60 days.

In order to produce higher solids, Versamid 115
emulsions, an attempt was made to vacuum steam dis­
till the solvents used to carry the polyamide resin.
However. upon concentration, the emulsion became
viscous and turned yellowish and translucent, indicat­
ing a spontaneous breakdown of the emulsion droplets
to an even smaller size. These products could still be
combined with the cationic, epoxy emulsion without
complications to yield a catalyzed blend.

In order to evaluate the performance differences
between coatings derived from emulsified systems and
their solvent-borne counterparts, some of the more
propitious epoxy resin and polyamide emulsions were
combined in varying proportions, applied to aluminum
panels, and cured either at room temperature or at tem­
peratures up to 55°C. The combinations which were
evaluated included cationic emulsion blends of Epon
1001IVersamid liS, Epon 1001/Genamid® 250, Epon
828IVersamid 115 together with solvent-borne mixtures
of Epon 828IVersamid 115 and Epon 100lIVersamid
115. The coatings were rated for appearance and com­
patibility, and curing ability as inferred from hardness
and adhesion. Unfortunately, such coatings properties
as impact resistance, flexibility, gloss, tensile strength,
elongation, and chemical resistance were not de­
scribed. The main conclusions drawn from this survey
were as follows:

(I) The optimum blend of epoxy resin to curing agent
was found to be 2/1 for cationic emulsions of Epon
100lIVersamid 115 and Epon 100 I/Genamid 250 and 1/2
for cationic emulsions of Epon 828IVersamid 115.

(2) The film properties of the Epon 100lIVersamid
115 emulsions were judged to be slightly better than
those of the Epon 828IVersamid liS emulsions and
equivalent to those of the Epon 1001/Genamid 250
emulsions.

(3) The film properties of the solvent-borne Epon
1001IVersamid 115 system were judged to be slightly
better than those of the Epon 828IVersamid 115 system.

(4) Emulsion cast films cured at higher temperatures
generally displayed better film properties than those
cured at room temperature. However, several room
temperature cured films cast from solvent-stripped
emulsions which employed the optimum ratio of epoxy
resin to curing agent displayed good coatings properties
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while those cured at room temperature for longer times
(36 days) were almost equivalent to or at times slightly
superior to those cured at the higher temperatures.

(5) Mixtures of epoxy resin emulsions and polyamide
emulsions displayed good coalescing ability producing
transparent films at room temperature.

(6) The overall properties of the best emulsion-cast
films were rated as being nearly equivalent to those of
the best solvent-cast films.

Moduli versus temperature measurements con­
ducted on emulsion-cast films derived from 5/2,5/1, and
2/1 blends of Epon 100lIVersamid 115 together with
solvent-cast films derived from a 1/1 blend of Epon
828IVersamid 140 also indicated some similarity in the
properties of emulsion and solution cast systems.""

The difficulty of developing epoxy emulsions with
the performance characteristics of solvent-borne epoxy
systems was shown to arise. in part, from the mor­
phological differences in microstructure which exist
between films cast from emulsion and solution forms.
In this investigation, the morphological changes which
occur during film coalescence were monitored by
means of scanning electron microscopy for coatings de­
rived from an Epon 1001 epoxy emulsion which was
combined in stoichiometric proportions with three
curing agent emulsions prepared from Versamid 115
polyamide resin, a mixture of Versamid 115 and Dion®
DPM-3-800 mercaptan-terminated polymer. and a 96/
4-Epon 1001/Bisphenol A mixture.

The emulsification procedure was similar to the
method employed in the previous study·· in that the
resin/solvent mixture was dispersed in an aqueous sol­
ution containing a surfactant mixture of hexadecyltri­
methylammonium bromide and co-emulsifier (presum­
ably cetyl alcohol), and the resulting crude emulsion
was further homogenized in a Manton-Gaulin Micron
Disperser. The homogenized emulsions were concen­
trated by vacuum steam distillation of the carrier sol­
vents to yield Epon 1001 and 96/4-Epon 1001/Bisphenol
A emulsions with about 40% solids and Versamid lIS
and Versamid 115/Dion DPM-3-800 emulsions with
about 15% solids. The concentrated emulsions were
storage stable for more than two years and demon­
strated no signs of aggregation or phase separation.

Particle size determinations using scanning electron
photomicrographs of the Epon 1001 emulsion whose
particles were hardened in colloidal form with ethyl­
enediamine showed discrete spheres offrom 0.03 to 0.2
/lm in diameter while the Versamid 115 emulsion parti­
cles appeared as discrete spheres of from 0.02 to 0.03
/lm in diameter connected with strands of amorphous
polymer or coalesced particles of even smaller sizes.
The amorphous polymer phase was postulated to arise
from a solubilization of the polyamide resin during or
after dispersion.

When stoichiometric quantities of the Epon /001
emulsion and Versamid 115 emulsion were combined,
the viscosity of the mixture was observed to decrease
with time. Examination of the blend using transmission
electron microscopy and a cold-stage technique re­
vealed that after 30 min of aging at room temperature
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the Versamid 115 particles clustered around the Epon
1001 particles forming aggregates of several Epon 100 I
particles held together with Versamid 115 particles. The
aggregation of the two systems effectuated a particle
size increase which reduced the viscosity of the latex
mixture.

The film forming mechanism of two-component
emulsion systems was postulated to take place in ac­
cord with a three-stage model whereby (I) physical
contact occurs between Epon 1001 and Versamid 115
particles by coalescence during film formation, (2) re­
action takes place at the interface between Epon 1001
and Versamid 115 particles forming a crosslinked
polymer barrier, and (3) diffusion of the Versamid 115
phase through the crosslinked interfacial layer into the
core of the Epon 1001 particles takes place causing fur­
ther curing of the system.

In accord with this model gradual coalescence obser­
vations, which reflected the comingling of the
polyamide curing agent phase with the epoxy resin
phase, were conducted on coatings of the Epon 100l!
Versamid I 15 latex blend after aging for 15 hr, 7.5 days,
and 15 days, respectively, at room temperature. The
particle contours in the film were observed to disappear
gradually, and after 15 days of aging the film surface
was relatively smooth. However, if the Epon 1001/
Versamid 115 emulsion mixture was allowed to age for
one week before application, the coatings which re­
sulted were observed to possess remnants of the origi­
nal surface packing order up through the 33 days of ex­
amination.

The formation ofa crosslinked interfacial layer which
hindered further gradual coalescence of the dried film
was also observed for the Epon 100 i-bisphenol A emul­
sion blended with the Versamid 115 emulsion. Films of
this mixture retained the particle contours up to 11.5
days with only slight change. In this case, the presence
of the phenol groups of bisphenol A accelerated the re­
action between the epoxide and amine groups causing a
rapid development of the crosslinked interfacial layer.

The internal structure of the Epon 100I/Versamid 115
emulsion coatings was investigated from microtomed
sections which had been stained with osmium tetroxide
vapors. Osmium tetroxide would preferably add to the
residual double bonds of Versamid 115 thus labeling
areas of the sample which contained the curing agent.
Areas containing Epon 100 I were supposedly unaf­
fected by the osmium tetroxide. Photomicrographs of
microtomed sections of the film indicated large areas of
Epon 1001-rich material containing a few streaks of
Versamid liS-rich material as well as the spherical
Epon 1001-rich particles dispersed in a Versamid 115­
rich matrix.

Microtomed sections of the 96/4-Epon 100 I/bisphenol
A-Versamid 115 emulsion combination showed more
areas of Epon 1001-rich material dispersed in a Ver­
samid liS-rich matrix indicating significant inhomo­
genity of the film. Thus, Epon 100 I particles coalesced
to a greater extent giving uniform regions of coalesced
Epon 1001 particles containing interspersed Versamid
115 while the Epon 1001 particles containing bisphenol
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A somewhat maintained their initial colloidal charac­
teristics.

This lack of compositional homogenity was also
manifested by the effects which solvent extraction had
on the surface characteristics of crosslinked films.
Coatings of the Epon 100I/Versamid 115 combination
showed a slightly greater surface porosity after solvent
extraction, but the difference in surface craters or de­
pressions before and after extraction was not great.
Films of the Epon 1001/bisphenol A/Versamid 115
emulsion combination displayed more accentuated and
deepened surface depressions upon solvent extraction,
indicating that a portion of the uncured polymer had
been removed. Solvent extraction of films of the Epon
100I/Versamid 115/Dion DPM-3-800 combination re­
moved large spherical areas and produced many more
surface depressions and craters. The extractable por­
tion was suspected to be uncured epoxy resin. 5

" It is ob- .
vious from the preceding section that epoxy emulsion
systems require the optimization of all the meth­
odological, compositional, and topographical par­
ameters if these systems are to approach the high­
performance capabilities of solvent-borne epoxy sys­
tems. Several of these variables have been surveyed
elsewhere to various degrees. 57

,58

EPOXY ESTER EMULSIONS

The versatility and good performance characteristics
of single-component, epoxy ester emulsions have been
major factors for the expansion of these products in
water-reducible architectural, commercial mainte­
nance, and industrial coatings markets. In contrast with
the difficulties encountered in the development and
production of two-component, bisphenol A-based
epoxy emulsions, epoxy ester emulsions are lauded as
providing simplicity in formulation, relative ease of
manufacturing, reasonable storage stability, and over­
all performance properties comparable to those of
solvent-borne epoxy ester systems.

While epoxy ester systems do not provide the chemi­
cal resistance of the two-component, bisphenol A­
based epoxy system, they are similar in this respect to
short-oil phenolic varnishes and superior to the more
flexible, long-oil type. Epoxy ester emulsions thus pro­
vide an intermediate balance of properties between
those of the catalyzed epoxy emulsions and alkyd emul­
sions. The oil-modified epoxy resin provides good
adhesion, toughness, abrasion resistance, flexibility,
high gloss, and durability in combination with interme­
diate chemical resistance. The alkali resistance of
epoxy ester coatings is usually superior to that of alkyd
coatings.

Epoxy ester emulsions can be prepared in con­
ventional paint manufacturing equipment, illustrating
the ease of production of these systems. A typical for­
mulation which employs the use of a high-speed dis­
perser is presented in Table 12.

After the let-down stage of the manufacturing proce­
dure, the paint-base was slowly combined with waler
using good agitation until the water-in-oil emulsion in­
verted and became less viscous. The remaining amount
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Grind ahove tu 5 and lei down with

Table 12-Formulation for a Medium-Oil length,
Soya Oil Epoxy Ester Emulsion Primer

Epoxy eSler resin 3US 3S.71

TOIaI Formulalio". . 1227 IlXl.OO

sisting of TiO,. CaCO". 2-ethylhexanol. sodium hexa­
metaphosphate. sodium polyacrylate. ammonium hy­
droxide. and methyl cellulose. The resulting paint was
suitable for topcoat applications and displayed good
shelf stability.';'

Epoxy ester emulsions yielding coatings with im­
proved exterior durability were formulated from an
epoxy ester resin which was dispersed in water con­
taining a trialkylphenol poly(ethylene oxide) emulsifier.
carboxymethyl cellulose thickener. an antifoam agent.
and cobalt. calcium. and zirconium siccative driers.
The epoxy ester resin was prepared from bisphenol A
epoxy resins with molecular weights ranging between
600 to 1200 and dehydrated castor oil fatty acids or
mixtures of soybean. linseed. marine. and isomerized
linseed oil fatty acids.';"

Textile printing compositions providing good adhe­
sion and durability were formulated from a mixture
consisting 01'42.2 parts of an epoxy ester resin prepared
from 58.9% ofa bisphenol A epoxy resin and 41.1% de­
hydrated castor oil fatty acids. 0.31 parts mixed
naphthenate driers, and 8.2 parts sodium dodecyl sul­
fate solution (10% solids) which was inverted through
the incremental addition of a solution consisting of 4.07
parts sodium dodecyl sulfate solution (10% solids).
20.65 parts casein solution (20% solids) wntaining
NH.OH and preservatives. and 8.65 parts water. The
crude emulsion was post-stabilized with 5.48 parts of a
I/I-NH.OH/water mixture and 10.54 parts ofa sodium
carboxymethyl cellulose solution (20% solids). The en­
tire mixture was then homogenized to yield a stable
emulsion which was suitable as a vehicle for pigmented
textile paints"··H"

Primers for metal automotive parts which could be
applied by conventional spray or electrophoretic
methods were derived from an Epon 100 I/tall oil fatty
acid epoxy ester resin which was further condensed
with a maleinized linseed oil resin for five hours at
125°C to 135°C to yield a product with self­
emulsification abilities. Upon neutralization. the re­
sulting modified-epoxy ester resin was dispersed in
water. combined with carbon black pigment and a
formaldehyde-benzoguanamine crosslin king agent.
applied electrophoretically to phosphatized steel
sheets. and cured to yield primer coatings with excel­
lent adhesion. hardness. corrosion and alkali resis­
tance. The epoxy ester primer could be topcoated with
conventional acrylic lacquers without lifting or loss of
adhesion.l;I;

In addition to various industrial applications. epoxy
ester emulsions have also performed well when applied
over plaster. concrete. wood. and cardboard sub­
strates'"' Usually in such applications. the epoxy ester
emulsion serves as a modifier for commercial
poly(vinyl acetate). acrylic. or butadiene-styrene
emulsions to improve chalk adhesion. water resistance.
and coalescence abilityH' although. at times. resin in­
compatibility may detract from certain characteristics
of the resulting blend*

It is obvious from the brief discussion above that

Gallons
Used

Pounds
Used

(al Thl' I'P\l\) l'\ll'r n:,in ""';1\ l;\)mp'-"I,:u (If 57,f, \\ r. r, nnw,plll'nol t\-ep'l\~ rl'\1n \\ilh a
nlllkl'lIlar y.l.'ighl ..If ~\J(lll ;Lnu -l2.4 "I. {; ,o~a fall} al'il,h; .~ln NVS in '\;~Il'ne.

Epoxy eSler resin" 3US 3S.71
GAF Emulphor EL-719

SlIIfaclanl ................••....... 4~ ~.77
Iron Oxide. . 14~ 3.3~

China Clay. ASP 400 . . 14~ 6.63
Baryles ~X4 7.76

of water could Ihen be added rapidly. The 10lal reduc­
tion of paint base with water amounted to 75% by vol­
ume in order to achieve a sprayable viscosity. The re­
sulting emulsion was useful in automotive primer appli­
cations and displayed similar performance charac­
teristics to those of conventional solvent-borne epoxy
ester primers.""

Some of the compositional variations. methods of
production. applications. and performance charac­
teristics of epoxy ester emulsions are briefly summa­
rized in the following examples.

Varnishes of epoxy ester emulsions displaying rel­
atively long-term storage stabilities were prepared from
epoxy ester resins consisting of I equivalent of bis­
phenol A epoxy resin esterified with 0.4 equivalents of
dehydrated castor oil fatty acids. The resulting es­
terified epoxy resin (300 g of a 50% solution in toluene)
was treated with 12.2 g poly(ethylene glycol) mor­
pholinium maleate for 15 min at 120°C. and the final
mixture was inverted with 300 g water to yield a varnish
emulsion which was stable for eight months at room
.temperature. HO

Epoxy ester emulsions. using vehicles similar in
composition to those above.';o were produced by treat­
ing the epoxy ester resin solution with up to 25%
poly(ethylene glycol) acid maleate or the half maleate
ester of NaSO"CH,CH,OH at 80°C to 180°C, neutraliz­
ing the free acid groups with sodium carbonate. amines.
or phosphines, and emulsifying the resulting resin/
surfactant mixture in water. The final products
displayed good shelf stability for over six months. HI

Epoxy ester emulsions useful in industrial applica­
tions requiring light to moderate durability charac­
teristics were derived from the esterification products
of dehydrated castor oil fatty acids and a bisphenol A
epoxy resin having a molecular weight of 1400. The
epoxy ester resin was combined with a surfactant pre­
pared from a condensate of ethylene oxide and tributyl­
phenol. and the resulting mixture was inverted in an
aqueous solution containing methyl cellulose and
cobalt or zinc siccative driers. The epoxy ester emul­
sion was subsequently let down into a mill-paste con-

Ingredient
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much of the technology which was developed for alkyd
resin emulsions, i.e., more efficient means of emulsifi­
cation and the use of internal surfactant techniques,
could easily be transferred to epoxy ester resin emul­
sions to generate systems with subsequent product im­
provements.

POLYURETHANE EMULSIONS

Polyurethane resins are among the few polymer
classes which can be tailored to meet the needs re­
quired by such broad product categories as adhesives,
coatings, fibers, rubbers, foams, and plastics. While this
capacity to be designed in accord with the property re­
quirements of the end application has been a significant
factor towards the expanding use of polyurethane res­
ins, the increased utilization and acceptance of these
systems also emanates from the extraordinary integrity
which the urethane group provides in high-performance
applications. For example, two-component, aliphatic
polyurethane coatings are being used in industrial and
marine applications which require the physical and
chemical integrity of a highly crosslinked epoxy resin
together with the gloss and gloss retention, weathera­
bility, and appearance of an acrylic system. The prod­
uct versatility afforded by this capacity to vary the
polymer structure together with the increased physical
and chemical integrity provided by the polar urethane
linkages have been contributory factors promoting the
expansion of urethane technology into the areas of
ecologically-compatible and water-borne polyurethane
systems.*

Much of the present technology that was used for the
development of thermosetting polyurethane emulsions
was patterned after the methods and techniques used
for the development of thermoplastic polyurethane
emulsions. Consequently, as many of the variables as­
sociated with the development of thermosetting
polyurethane emulsions are of a proprietary nature and
have not yet been disclosed, some of the emulsifi­
cation techniques. surfactant combinations, composi­
tional variations, and general conceptual approaches
used in the preparation of thermoplastic polyurethane
emulsions are brietly surveyed in the following exam­
ples. Most of these techniques and variables are readily
applicable to the design of thermosetting polyurethane
emulsions.

USE OF NONIONIC SURFACTANTS

Emulsions useful as binders for nonwoven fabrics or
as adhesives for construction materials were prepared
from a tolylene diisocyanate/poly(oxypropylene)
glycol/l.2-bis(2-cyanoethylamino)ethane polyure­
thane resin solution which was directly emulsi­
fied in water containing a propylene glycol/ethylene
glycol copolymer. nonionic surfactant. The resulting
emulsion displayed a viscosity of 125 poise. a pH of6.4,
a solids content of35%, a particle size ofabout I /-Lm and

'See references 126-121( in I';lfl III (JCT. September IlJ7K. p. 109): references 5K-6t1 in ParI
IVUeT, OClObcr IIJ7K. p.1)7):;lnt.lrcfcr(·IKc~ 100-111 in Part VUeT, Occcmbcr 11)7K. p,9SJ.
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yielded coatings with a tensile strength of 216 Kg/cm2

and 1200% elongation after drying for 10 min at 80°C.69

Thermoplastic polyurethane emulsions demonstrat­
ing improved shelf stability were derived from a 4,4'-di­
phenylmethane diisocyanate/l ,4-butanediol/poly­
(tetramethylene)adipate polyurethane resin solution
which was emulsified at 55°C to 60°C in an aqueous solu­
tion containing poly(vinyl alcohol) and condensates of
cetyl alcohol and ethylene oxide as emulsifiers. The re­
sulting emulsion possessed a solids content of 17.5%, a
viscosity of 7000 cps, and a shelf stability of three
months.'o

Protective coatings with good tensile strength and
elongation were formulated from a 78.8!2I.2-poly­
(propylene glycol)/tolylene diisocyanate resin which
was emulsified by means of a colloid mill in an aqueous
solution containing 3% of a nonionic surfactant pre­
pared by condensing nonylphenol with 35 moles of
ethylene oxide. The resulting emulsion was post­
stabilized with Et"N and yielded films with a tensile
strength of 246 Kg/cm 2 and an elongation of 650%."

Other types of nonionic surfactants which have been
used to prepare relatively stable, thermoplastic
polyurethane emulsions include poly(oxyalkylene)
sorbitan monooleate condensates," silicone deriva­
tives such as Ucar® Super Wetter FP,73 block copoly­
mers of poly(ethylene glycol) and poly(propylene
glycol),'· and propylene oxide-ethylene oxide adducts
of ethylene diamine (HLB value of 28.0). This latter
surfactant (Tetronic® 908) produced homogeneous
emulsions with a shelf stability of 15 days."

USE OF ANIONIC SURFACTANTS

Polyurethane emulsions stabilized with conventional
anionic surfactants were prepared from a polyurethane
prepolymer (molecular weight of 1500 and containing
5.7% free NCO groups) which was mechanically mixed
in water at 20°C containing a sodium dodecylbenzene­
sulfonate emulsifier. The resulting crude emulsion was
further homogenized by shear reduction through 15 /-Lm
slits at a rate of 64 m/sec. The final product possessed a
particle size of 0.5 /-Lm and showed no signs of phase
separation after three months of storage. ,.

Polyurethane latexes with improved degradation re­
sistance to heat or acids were formulated from a to­
Iylene diisocyanate/glycerol/propylene oxide­
bisphenol A adduct/2-methylpiperazine copolymer
which utilized an anionic slllfactant prepared from the
reaction product of I mole oClylphenol with 5 moles
ethylene oxide which was subsequently end-terminated
with CICH2C02 H and neutralized with morpholine.
Films of the emulsion demonstrated a tensile strength of
1807 psi."

Compositions which could be used as adhesives or
coatings were prepared from a 4,4' -diphenylmethane
diisocyanate/poly(ethylene glycol) (molecular weight
of 1000)/polycaprolactone glycol (molecular weight of
1250) copolymer which was emulsified in water con­
taining either a polyol-sultone adduct or a sulfosuccinic
acid compound as the dispersing agent. Thus, a sur-
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factant prepared from the alkali-treated reaction prod­
uct of polycaprolactone glycol (molecular weight of
1200) with propane sultone yielded an emulsion which
showed no change over a six month storage period at
room temperature and whose films demonstrated a ten­
sile strength of418 Kg/cm' and an elongation of620%. 78

USE OF INTERNAL, ANIONIC SURFACTANTS

Thermoplastic polyurethane emulsions stabilized
with an internal, anionic surfactant were formulated
from an isocyanate-terminated 4,4'-diphenylmethane
diisocyanate/poly(ethylene glycol) (molecular weight
of 1000)/polycaprolactone glycol (molecular weight of
1250) copolymer which was chain extended with an
oligomeric polyol-diamine-propane sultone conden­
sate. Thus, 132.5 g of the NCO-terminated prepolymer
was dispersed in 200 g of water containing the reaction
product of96 g polycaprolactone glycol, 19.5 g propane
sultone, and 5.22 g hexamethylenediamine together
with 4.0 g of a sulfosuccinic acid emulsifier to yield a
thermoplastic polyurethane emulsion containing inter­
nal, anionic surfactant groups and which displayed a
shelf stability of over six months. 79

Thermoplastic polyurethane emulsions stabilized
with an internal, anionic surfactant were prepared from
an isocyanate-terminated prepolymer consisting of I
mole of poly(propylene glycol) condensed with 2 moles
of tolylene diisocyanate which was emulsified and
chain-extended upon addition to an aqueous solution
containing the sodium salt oftriaminosulfonic acid. The
internal surfactant compound was prepared by reacting
0.1 mole of propane sultone with 0.1 mole of diethyl­
enetriamine in benzene and neutralizing the resulting
adduct with sodium hydroxide. The polyurethane
emulsion yielded films with a tensile strength of 70.2
Kg/cm', a 100% modulus of27.2 Kg/cm', and an elon­
gation of 205%.80

Finishes for textiles which yielded leather-like mate­
rials were formulated from a 1,6-hexamethylene
uiisocyanate/poly(hexamethylene phthalate) pre­
polymer which was end-terminated with a condensate
of ethylenediamine and 1,3-propane sultone. The re­
sulting anionic-functional copolymer was dispersed in
water and combined with hemp fibers and urea to yield
coatings containing 55.6% fibers, 31.7% polyurethane
resin, and 12.7% urea and which demonstrated a tensile
strength of 28.2 Kg/cm'.81 .

Adhesives and binders for textiles with improved
water and oil resistance were derived from an adipic
acid/ethylene glycol polyester diol which was end­
capped with 1.6-hexamethylene diisocyanate and sub­
sequently chain-extended with an anionic-functional
compound consisting of H,NCH,CH,[H 2N(CH 2hl
CHS03 a. The resulting anionic, polyurethane resin
was dispersed in water to yield a 40.5% solids emulsion
whose coatings demonstrated good clarity, elasticity,
and tensile strength.8'

Protective coatings with excellent water resistance
were formulated from a 79.1/26.9-poly(hexamethylene
adipate)/I,6-hexamethylene diisocyanate pi epolymer
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which was end-capped with a mixture consisting of
0.01182 moles of the potassium salt· of a 1/1­
ethylenediamine/propane sultone adduct in combina­
tion with 0.020 I moles of potassium Iysinate. The re­
sulting dual-functional anionic polyurethane resin was
dispersed in water and yielded a 44% solids latex which
could be sheared at 1400 rpm for> 10 min without
coagulation. 83

Fireproof polyurethane coatings containing up to
50% by weight of bromine were prepared from an adipic
acid/2 ,3-dibromo-2-butene-1 ,4-diol/ethylene glycol
polyester diol which was end-capped with 1,6­
hexamethylene diisocyanate and subsequently chain­
extended upon addition to an aqueous solution con­
taining the reaction product of 3.8 parts ethylenedi­
amine. 7.6 parts propane sultone. and 3.5 parts sodium
hydroxide. The resulting emulsion (45% solids) was
applied to a plastic substrate and dried to yield films
with good tensile strength. elasticity. and name resis­
tance.8'

Protective coatings displaying good light resistance
were derived from a 1,6-hexamethylene diisocyanate/
poly(ethylene adipate prepolymer which was chain­
extended in an aqueous solution containing sodium 2­
[{:l-[(w-am inoet hyl)ami nolpropiona midol-2 ,2-di­
methylethanesulfonate. The resulting anionic
polyurethane emulsion yielded clear. colorless coatings
with good elasticity and tensile strength 85

Finishes for polyester tire cords providing increased
adhesion to vulcanized rubber stock were prepared
from a 4,4'-diphenylmethane diisocyanate/ethylene
glycol/pol y(ethylene terephthalate)/sodiu m 3,5-bis(2­
hydroxyethoxycarbonyl)benzenesulfonate copolymer
which self-dispersed in water upon homogenization to
yield emulsions with good stability. A poly(ethylene
terephthalate) cord impregnated with the anionic
polyurethane emulsion at a weight-percent gain of
0.89% and further treated with a formaldehyde/re­
sorcinollatex displayed an H-test adhesion of 14.7 Kg
to vulcanized rubber after curing three minutes at
210°C.86

USE OF INTERNAL, CATIONIC SURFACTANTS

In addition to the use of conventional nonionic and
anionic surfactants or anionic-functional compounds
with groups capable of chain-extending the urethane
prepolymer, polyurethane resins may also be conven­
iently prepared having amine groups which upon acid
neutralization yield cationic sites with good emulsifica­
tion abilities. For example, cationic-functional
polyurethane emulsions with good wet and dry adhe­
sion to such diverse substrates as glass. metal, wood.
paper. masonry, and fabrics were prepared by end­
terminating a polyester or polyether diol with tolylene
diisocyanate and chain-extending the resulting NCO­
terminated prepolymer with an alkyldiethanolamine.
The amine sites of the resulting polyurethane were then
neutralized with acetic acid to yield a cationic resin
which was easily dispersed in water using a high-speed
mixer. The resulting cationic polyurethane emulsion
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was further stabilized by the addition of a polyvinyl­
pyrrolidone protective colloid.

Because of the volatilization of acetic acid during the
drying process, the cationic sites were fugitively con­
verted to the less hydrophilic amine groups which sub­
sequently increased the water resistant properties of
the system. Because of the polarity of the functional
groups and the strong intermolecular associative
forces, these systems demonstrated a marked im­
provement in physical properties as compared to those
of conventional, vinyl-type emulsions. Table 13 illus­
trates the coatings properties of a cationic emulsion
prepared from a tolylene diisocyanate-terminated
poly(oxytetramethylene) prepolymer (Adiprene®
L-167) which was chain-extended with 4.4 phr methyl­
diethanolamine and 1.3 phr triethanolamine and sub­
sequently neutralized with acetic acid.

The low solubility of these films in tetrahydrofuran
(11% by weight) was attributed to the use of triethanol­
amine which served as a source of crosslinking during
chain-extension. However, when 1,4-butanediol was
substituted for the alkylethanolamine, the resulting
resin could not be emulsified in aqueous acetic acid.
Thus, both the tertiary amine groups in the urethane
backbone and the acetic acid in the water phase were
found to be essential components in the system. The
cationic repulsive charge on the particles in one case
amounted to 86 mv 87

Cationic polyurethane emulsions have also been pre­
pared from a 4,4'diphenylmethane diisocyanate/
polyester diol prepolymer which was chain-extended
with N-butyldiethanolamine and subsequently neu­
tralized with acid,88 by the neutralization of
polyurethane resins containing amine units distributed
throughout the backbone structure,89.9Q and through the
neutralization of terminal-amine groups in combination
with nonionic emulsifiers.9t Other surfactant combi­
nations and methods of emulsification have been dis­
cussed in other surveys.9'

THERMOSETIING POLYURETHANE EMULSIONS

The procedural and compositional elements em­
ployed in the design of thermosetting polyurethane
emulsions utilize many of the previous formulation
techniques and emulsification methods in combination
with such modes of crosslinking as chain-extension,
thermal unblocking, autooxidation, and the utilization
of functional group other than isocyanates to effect
crosslinking.

Chain Extension Methods

For example, thermosetting polyurethane emulsions
which yielded crosslinked products upon chain ex­
tension were produced from a polyurethane resin, de­
rived from an adduct ofpoly(oxytetramethylene) glycol
and possessing 4.2% free NCO groups, which was
emulsified in water using a non ionic silicone surfactant
in combination with a liquid paraffin. After dispersion,
the polyurethane emulsion was combined with 4,4'­
methylenedianiline crosslinking agent, applied to a
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Table 13-Physical Properties of Coatings Derived
From a Cationic Polyurethane Latex'

Latex particle size.
Tensile strength. psi
Modulus. psi

100% . .. 200
300% 300

Elongation. % . . . .. . . . .. . . 676
Hardness. Shore A-2 . . .... 63
Taber Abrasion (CS-17

wheel). mgllOOO cycles
THF" soluble. wt-%" .
THF swell. wt-%' .
Water soluble. wl_%d .
Water swell. WI_%(i ..........•.

(a) 1(}.15 mil films dried overnight al ambicnt and at 7~oC for 2~ hr.
(bl THF = lClr;lhydrofuran
(I:) 10 mil films irnmer\cd for lhrcc Jay~ al 24°C.
ldl 10 millilm~ immcr~cJ fur ~cven days al 2,tC.

glass substrate, and cured one hour at 100°C to yield
tough, flexible films with a water-vapor transmission
rate of0.94 g per 30 em' for a 24 hr period and through 20
mils of film thickness. 9

:l

Coatings and adhesives with improved water resis­
tance were formulated from a 4,4' -diphenylmethane
diisocyanate/ I ,4-butenediol/pol y( oxytetrameth yl­
ene) glycol/maleic acid/styrene/m-cresol copolymer
which was emulsified in aqueous sodium hydroxide
using a poly(oxyethylene) lauryl ether surfactant. The
resulting emulsion was combined with a 1,6-hexa­
methylenediamine crosslin king agent and heated to
60°C to yield coatings with a tensile strength of 160 Kg/
em' and an elongation of 650%."'

Crosslinkable polyurethane latexes have also been
formulated by emulsifying an isocyanate-terminated
prepolymer in an aqueous sUifactant mixture_ Presum­
ably, the free NCO groups of the polyurethane resin are
converted to amine functionality which subsequently
chain-extend the prepolymer through the formation of
urea linkages. These products are usually applied as
soon as the prepolymers are emulsified and have been
found useful as binders for nonwoven fabrics,95 or as
substitutes for leather. 96

Self-emulsifiable polyurethane resins which cross­
link upon chain-extension in water were prepared
from a mixture of 47 parts ethylene glycol, 264 parts
poly(oxydiethylene adipate) diol (molecular weight of
2000),740 parts of a diethylene glycol/sodium dimethyl
sulfoisophthalate/adipic acid polyester diol, and 278.4
parts tolylene diisocyanate which was condensed at
80°C to a product with a free NCO content of2.1%. The
resulting anionic-functional urethane prepolymer was
emulsified by simple stirring in water to yield a
storage-stable polyurethane latex whose coatings dis­
played a tensile strength of 290 Kg/em', a modulus at
100% of 14.3 Kg/em', an elongation of 1280%, and
swelling percentages in water, trichloroethane, and
methyl ethyl ketone of 11.2, 118, and 66.4%, re­
spectively.97
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USE OF BLOCKED ISOCYANATES

As the chain-extension reaction in water may yield
products of varying performance consistency and as the
presence of urea linkages usually enhance the water
sensitivity of the product, a more practical and auspi­
cious approach for obtaining high-performance
polyurethane emulsion coatings has been the use of
blocked isocyanate groups capable ofcrosslinking upon
thermal treatment. For example, thermosetting
polyurethane emulsions containing blocked isocyanate
groups and yielding high-performance coatings were
obtained by reacting 255 parts Desmodur® N-75
isocyanate with 119 parts E-caprolactam at 100°C for
three hours. The resulting blocked isocyanate was
combined with 213 parts Desmophen® 651, 213 parts
ethyl acetate. and 0.26 parts dibutyltin laurate. This
mixture (100 parts) was emulsified in 150 parts water
containing I part of a 3/1 blend of a polyoxyethylene al­
kylaryl ether (Emulgen 935)/polyoxyethylene nonyl­
phenol ether (Nonipol® 100). The resulting emulsion
was applied to galvanized steel and cured for 10 min at
180°C to yield transparent, glossy coatings with good
water and chemical resistance"8

Thermosetting polyurethane emulsions containing
blocked isocyanate groups which reacted upon heating
at 150°C were prepared from 187 g of an 80/20 blend of
2,4-tolylene diisocyanate and 2,6-tolylene diisocyanate
which was reacted with 56.5 g E-caprolactam in 77.5 g
acetone at 60°C for three hours. The blocked diisocya­
nate was combined with a tolylene diisocyanate­
terminated poly(propylene glycol) intermediate which
had been chain-extended with glycerol and sub­
sequently end-capped with maleic anhydride. The re­
sulting carboxylic acid-functional polyether/blocked
diisocyanate mixture was emulsified in NH40H to yield
an anionic. polyurethane resin emulsion (pH of 8.7)
which when applied to glass, dried, and cured for 30 min
at 150°C yielded coatings with good water and chemical
resistance.""

Protective coatings with good flexibility and chemi­
cal resistance were formulated from a tolylene
diisocyanate-terminated poly(ethylene adipate) diol
which was subsequently end-capped and chain­
extended with diethylenetriamine. The amine­
functional polyurethane prepolymer was combined
with a monooxime blocked adduct prepared from 174
parts tolylene diisocyanate and 17.4 parts 2-butanone
oxime. and the resulting mixture was emulsified in
water containing an acid to yield a cationic, thermoset­
ting polyurethane emulsion which when applied to
metal and cured for 20 min at 120°C provided coatings
with a modulus of 21 Kg/cm', a tensile strength of 207
Kg/cm', and an elongation of 570%.'00

Protective coatings with good mechanical properties
and chemical resistance were formulated from a
tolylene diisocyanate-terminated poly(ethylene
adipate)/polyethylene glycol mixture which was
chain-extended and end-capped with diethylenetri­
amine. The resulting polyurethane/polyurea/polyamine
mixture was combined with a blocked isocyanate pre­
pared from 87 parts methyl ethyl ketoxime and 174 parts
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tolylene diisocyanate. and the blend was dispersed in
water containing acid to yield a 10% polyurethane
emulsion which when applied to glass and cured for 20
min at 120°C provided coatings with a 100% modulus
of 13 Kg/cm', a tensile strength of 159 Kg/cm'. an elon­
gation of 780%. and swelling upon immersion in water
for one hour of 35%.'"'

High-performance coatings with good adhesion to
steel and improved exterior durability were formulated
from a blocked-urethane monomer containing vinyl
functionality which was prepared by condensing 1.1
moles of 2,4-tolylene diisocyanate with 1.2 moles of
cresol and subsequently reacting the partially blocked
product with 1.0 moles of 2-hydroxyethyl methacry­
late. The resulting blocked-urethane. vinyl-type
monomer(30 parts) was free radically polymerized with
17 parts isobutyl methacrylate, 10 parts styrene, 30
parts methyl methacrylate. 10 parts hydroxyethyl
methacrylate. and 3 parts maleic anhydride in 100 parts
tetrahydrofuran. The hydroxyl. carboxyl, blocked
isocyanate-functional polymer was emulsified in 150
parts water containing 2.0 parts NaOH and 3.0 parts
poly(ethylene glycol) lauryl ether surfactant. After
emulsification, the tetrahydrofuran carrier solvent was
vacuum stripped to give a 40% solids emulsion. The re­
sulting latex was applied to steel and cured 30 min at
150°C to yield glossy coatings with good bending resis­
tance. '"'

Polyurethane emulsions containing blocked isocya­
nate constituents have also been recommended for such
applications as high-temperature, adhesion-promoting
finishes for tire cords'":! and as high-tensile strength.
porous coatings useful as leather substitutes.'"4 In the
latter application. low density films were produced
from the liberation ofcarbon dioxide which was formed
when the freed NCO groups combine with the carboxyl
functionality of the resin component.

AUTOOXIDIZABLE POLYURETHANE EMULSIONS

Because systems containing blocked isocyanate
functionality usually require curing temperatures of ap­
proximately 150°C in order to ensure development of
optimal properties,'"; other means of crosslinking such
as autooxidation or the use of less water sensitive func­
tional groups (methylol or epoxide) have been em­
ployed to develop polyurethane emulsions with lower
thermal curing requirements. For example, air-drying
polyurethane emulsions with good exterior durability
characteristics were prepared from a polyester inter­
mediate consisting of 500 g linseed oil fatty acids, 98 g
poly(ethylene glycol) (molecular weight of 3000), 184 g
pentaerythritol, 122 g hydrogenated bisphenol A, and
98 g phthalic anhydride which was chain-extended with
a mixture consisting of 1M g tolylene diisocyanate, M g
pentaerythritol triallyl ether, and 0.04 g dibutyltin di­
laurate in 122 g methyl ethyl ketone. The resulting ur­
alkyd-type resin was combined with TiO, and cobalt
driers and emulsified in water to yield a paint which
demonstrated good resistance to ultraviolet light and
yeliowing.'OG
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Air-drying coatings with good hardness and solvent
resistance were formulated from a hydroxyl, car­
boxyl-functional alkyd resin intermediate prepared
from 0.094 moles phthalic anhydride condensed with
0.3 moles of a 2/1-N .N-bis(2-hydroxyethyl)linseed
amide/linseed monoglyceride mixture. The free car­
boxyl groups of the resulting half-ester product were
neutralized with a stoichiometric amount of triethyl­
amine, and the remaining free hydroxyl groups were
condensed at 50°C with 0.253 moles of tolylene
diisocyanate. The uralkyd resin (85 parts) was com­
bined with 15 parts of2-butoxyethanol and dispersed in
water to yield a 30% solids emulsion with a pH of8.0 to
8.5. Coatings of the emulsion dried tack-free in 0.33 hI',
displayed a Sward hardness of 21, 45, 49, 56, and 53
after aging 1,4,7,14, and 21 days, respectively, and
were resistant to immersion in xylene for >240 hr. ,07

Protective coatings which air-dried rapidly and dis­
played good mechanical properties were derived from
an alkyd intermediate consisting of 48 parts phthalic
anhydride condensed with 182 parts of a 1/2 molar
adduct of bisphenol A/propylene oxide, 64 parts bis­
phenol A epoxy resin (epoxide eq, wI. of 1650), 94 parts
trimethylolpropane, 38 parts polyethylene glycol
(molecular weight of3000), and 392 parts castor oil fatty
acids, The mixture was esterified to an acid number of
2, combined with 364 parts styrene and 64 parts metha­
crylic acid. and free radically polymerized using 8 parts
tert-butyl peroxide over a four hour reaction period.
The resulting vinyl-modified alkyd intermediate was
combined with 108 parts pentaerythritol triallyl ether
and 84 parts tolylene diisocyanate. and the mixture was
allowed to react over an eight hour period at 75°C. The
uralkyd resin was neutralized with triethylamine and
inverted in 1240 parts water containing cobalt driers to
yield a polyurethane emulsion whose coatings demon­
strated improved physical properties and displayed a
dry time of 1.5 hr. 108

Air-drying polyurethane emulsions with good flow
properties and aging characteristics were derived from
an autooxidizable substrate consisting of 512 g linoleic
acid, 134 g trimethylolpropane, and 344 g of a 1/2 molar
adduct of bisphenol A/propylene oxide which was es­
terified to an acid number of 6, combined with 98 g of a
bisphenol A-epichlorohydrin epoxy resin, and further
esterified with 148 g of trimellitic anhydride to an acid
number of 46, The resulting alkyd-epoxy resin interme­
diate was chain-extended with 120 g of tolylene
diisocyanate, neutralized with triethylamine, and in­
verted with a mixture of butyl cellosolve and water to
yield a 48% solids emulsion which provided coatings
with good drying properties, gloss, and corrosion re­
sistance. '09

POLYURETHANE EMULSIONS CONTAINING
VARIOUS CROSSLINKABLE FUNCTIONALITY

In addition to such methods of crosslinking as chain­
extension reaction, thermal unblocking of masked
isocyanate groups, and autooxidation, crosslinkable
polyurethane emulsions have also been prepared with
functional constituents other than isocyanate groups to
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effect crosslinking. For example. a hydroxymethylated
polyurethane emulsion capable of self-condensation
was derived from an adipic acid/diethylene glycol
polyester intermediate which was end-capped with
1,6-hexamethylene diisocyanate and subsequently
chain-extended with sodium-2-LB-(cyclohexylamino) ­
propionamido]-2-methylpropanesulfonate. The re­
sulting anionic polyurethane resin was emulsified in
water and subsequently hydroxymethylated through
the addition of 30% formaldehyde. The modified poly­
urethane latex was catalyzed by reducing the pH to 3-4
and yielded elastic films having improved strength,110

Aziridine-functional polyurethane emulsions which
were useful for improving the shrinkproofing and flat­
setting of wool fabrics were derived from a tolylene di­
isocyanate-terminated poly(tetramethylene ether)
glycol intermediate which was end-capped with
ethyleneimine. The resulting aziridine-terminated
polyurethane resin was emulsified with an alkyl­
phenoxy poly(oxyethylene) ethanol to yield an emul­
sion which imparted durable-crease properties to the
fabric. A woolen textile was immersed in a 4% emulsion
of the aziridine-modified polyurethane resin together
with 1% NaHS03 , squeezed to a wet pickup of 80 to
100%, and cured at 149°C to yield a product displaying a
0,5% shrink and excellent crease retention after three
washes (75 min) at 41°C."1

Crosslinkable polyurethane emulsions containing an
aziridine curing agent have also been evaluated for ap­
plications requiring high gloss, water, and hydraulic
fluid resistance. However. because of their toxicity
under spray application conditions, the use of such
systems was not recommended. "'

A siloxane-functional polyurethane emulsion with
enhanced shear stability and yielding water and chemi­
cally resistant coatings was derived from a mixture of
875 parts poly(oxypropylene) diol (molecular weight of
700) and 68.5 parts poly(oxypropylene) triol (molecu­
lar weight of 410) which was chain-terminated with
522 parts of an 80/20 mixture of 2,4 and 2,6-tolylene
diisocyanate. The resulting isocyanate-terminated
prepolymer was subsequently reacted with 73.3 parts
[CH"C(CH,OHj,CO,l [HN(C,H5h]+ to chain-extend
and provide anionic functionality together with 29.3
parts of H,N(CH,hSi(OC,H 5), to provide self­
condensibility, The resulting anionic, siloxane-func­
tional polyurethane resin was self-emulsified in 3000
parts of water and yielded films which upon curing at
105°C demonstrated a tensile strength of320 Kg/cm', a
tensile modulus at 100% of87 Kg/cm', a tear strength of
45 Kg/cm, and an elongation at break of 420%. A clay­
treated paper board coated at 0.0005 g/cm2 of polymer
solids with the siloxane-functional polyurethane emul­
sion displayed a weight loss of 0.02 g after 100 revo­
lutions in a Taber Abraser while a commercial acid­
catalyzed, melamine-cured alkyd resin showed a
weight loss of 0.031 g under identical conditions. ""

Epoxide-functional polyurethane emulsions which
were useful as binders and coatings with good tear
strength and elasticity were derived from 202 parts of a
poly(tetramethylene ether) glycol intermediate which
was end-capped with 34.8 parts of tolylene diisocya-
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nate. The resulling polyurethane prepolymer was sub­
sequently chain-extended with 3.83 parts of diethyl­
enetriamine which provided internal reactive sites for
the condensation of4.8 parts of epichlorohydrin and 5.1
parts of maleic anhydride. The epoxidized. maleated
polyurethane resin was emulsified in 200 parts water
containing 2.1 parts sodium hydroxide. The epoxi­
dized. anionic polyurethane emulsion yielded self­
curing films which after baking for 20 min at 120°C dem­
onstrated a tear strength of 248 Kg/cm'. a modulus at
100% of 20.5 Kg/cm', and an elongation of 710% and
were insoluble but swelled in dimethylformamide. '14

Epoxide-functional polyurethane emulsions which
were self-curing and useful as binders and coatings
were formulated from 1020 parts of a poly(tet­
ramethylene ether) glycol intermediate which was
end-capped with 348 pans tolylene diisocyanate and
subsequently chain-extended with 26.5 parts of diethyl­
enetriamine. The resulting amine-functional poly­
urethane resin (357 parts) was further condensed
with 6.1 parts epichlorohydrin and 12.6 parts 1.3­
propane sultone and subsequently emulsified in water
containing base to yield an anionic. epoxide-functional
polyurethane emulsion whose coatings demonstrated a
tear strength of 194 Kg/cm'. a 300% modulus of 35.7
Kg/cm'. and an elongation of 850% after curing for 20
min at 120°C. I ",

Cationic. self-curing polyurethane emulsions useful
as coatings or binders were prepared from 327 parts of
a poly(oxytetramethylene) glycol intermediate which
was end-capped with 55.7 parts of tolylene diisocya­
nate. The isocyanate-terminated prepolymer was subse­
quently chain-extended with an amine-epoxide adduct
prepared by reacting 61.8 parts diethylenetriamine
with 18.5 parts epichlorohydrin. The resulting amine
and epoxide-functional polyurethane resin was emul­
sified upon addition to a water-acid mixture and pro­
duced a cationic. epoxy-functional polyurethane resin
emulsion whose self-curing coatings demonstrated a
tensile strength of 320 Kg/cm'. an elongation of 640%.
and good flexibility after curing for 20 min at 120°C.".
. Melamine-cured. anionic polyurethane emulsions
useful as finishes for leather or as a leather substitute
were prepared from 212 g of an adipic acid/ 1.6-hexane­
diol/neopentyl glycol intermediate which was end­
capped with 3g g 1.6-hexamethylene diisocyanate and
subsequently chain-extended with an anionic-amine
compound prepared from 3.75 g ethylenediamine. 7.6 g
l.3-propane sultone and 3.5 g KOH. The rcsulting
anionic. pOlyurethane resin (300 g) was emulsified in
350 g water containing 5 g NH.OH. combined with
58.5 g trimethylolmelamine trimethyl ether crosslinking
agent. applied to a polyurethane leather substitute. and
cured for 15 min at 90°C to yield smooth. glossy. mi­
croporous finishes with good tear strength and crack re­
sistance. "7

Melamine-cured. polyurethane emulsions useful as
vehicles for stoving lacquers were derived from an
alkyd-type intermediate prepared from 120 parts
ricinoleic acid. 160 parts pelargonic acid. 84 parts pen­
taerythritol. 294 parts trimethylolpropane. 104 parts
poly(ethylene glycol) (molecular weight of 3000) and
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242 parts phthalic anhydride. The alkyd-type interme­
diate (acid number of 15) was combined with 66 parts of
pentaerythritol triallyl ether. and the resulting mixture
was chain-extended with 172 parts tolylene diisocya­
nate. The acid-functional (acid number of 12) poly­
urethane resin was neutralized with triethylamine. dis­
persed in water. combined with a water-dilutable 25/
75-formaldehyde/melamine curing agent. applied to
metal or glass. and cured for one hour at 80°C to yield
coatings with good gloss. elasticity. and resistance to
water."·

Formulation Variables

While the previous examples illustrated some of the
compositional variations and procedural techniques
used in the development of crosslinkable polyurethane
emulsions. much of the science and technology of these
systems is still being held confidential as experimental
polyurethane emulsions progress toward com­
mercialization. However. a recent study has been
conducted which illustrated some of the ditTicullies
associated with the development of crosslinkable
polyurethane emulsions which possess properties
comparable to those of commercial. two-component.
solvent-borne polyurethane systems. The poly­
urethane resin which served as the control for the
investigation consisted of 71 parts Desmodur N-IOO. a
high molecular weight biuret of 1.6-hexamethylene
diisocyanate. 29 parts Mullron® E-380. a short-oil alkyd
resin adduct. and 0.072 parts dibutyllin dilaurate. The
various approaches used to develop crosslinkable
polyurethane emulsions with the capabilities and integ­
rity of the solvent-borne control are summarized as
follows.

Desmodur -100 and Multron E-380 were allowed to
react for two hours. and the resulting adduct was emul­
sified with a surfactant mixture of 1.6%/3.2%-sodium
lauryl sulfate/cetyl alcohol using either ultrasonic ir­
radiation or homogenization. Since the polyurethane
adduct contained some free isocyanate groups. chain­
extension presumably occurred upon mixing the adduct
in water. The emulsions prepared by this method pro­
duced coatings comprised partially of a friable. white
powder and partially of a transparent film. However.
suitable products could not be generated by using the
adduct/wa ter-ex tension method.

In order to eliminate the hydrolysis reaction between
water and the free isocyanate groups. the urethane pre­
polymer was partially blocked with various monohy­
dricalcohols. Thus. 10 ml portions of methanol. ethanol.
and isopropanol were added. respectively. to mixtures
of 8.1 g Desmodur N-IOO. 19.6 g Multron E-380. and
0.02 g dibutyllin dilaurate. After the alcohol-urethane
mixture reacted. 2 g of trimethylolpropane trimeth­
acrylate was added to each of the ungelled. alcohol­
capped urethane prepolymer samples. and the resulting
mixture was emulsified in water using the sodium lauryl
sulfate/cetyl alcohol sUlfactant mixture and ultrasonic
irradiation. The resulting emulsion was heated to 60°C
and combined with a persulfate initiator in order to cf­
fect crosslinking. Presumably. the sulfate ion radicals
would abstract a hydrogen atom from both the blocked
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isocyanate and hydroxyl-terminated polyester pre­
polymers. and the resulting radicals would then com­
bine with the trimethylolpropane trimethacrylate com­
pound. thereby crosslinking the constituents of the
system. The polymerization attempts produced lumps
of coagulum which were softer than would have been
expected had extensive crosslinking occurred. and no
evidence was found which indicated radical induced
crosslinking.

Therefore. in order to enhance the free radical
crosslinking reaction with the urethane moiety. an
adduct of Desmodur N-IOO and hydroxyethyl methac­
rylate was prepared using dibutyltin dilaurate as a
catalyst. The acrylate-containing urethane adduct was
subsequently dissolved in a vinyl monomer. and the
mixture was emulsified using the sodium lauryl sul­
fate/cetyl alcohol surfactant combination and ul­
trasonic irradiation. The resulting pre-emulsion. con­
taining the vinyl-type monomer and the bifunctional
acrylate-urethane adduct. was converted to a pre­
crosslinked latex by heating the mixture over a three
hour period in the presence of a persulfate free radical
initiator. Theoretically. the acrylate-urethane adduct
served as a multifunctional crosslinking agent which
when polymerized with conventional vinyl-type
monomers yielded fully-cured polyurethane emulsions.
The concentration of the hydroxyalkyl methacrylate­
Desmodur -100 adduct in the blend was varied be­
tween 40.8% and 48.3% by weight. and the comono­
mers which acted as a reactive diluent for the acrylate­
urethane adduct included methyl methacrylate.
isobutyl methacrylate. butyl acrylate. and acrylonitrile.

In general. the film properties of these precrosslinked
emulsions depended upon the composition of the
copolymer. the degree of crosslinking. and the degree
of compatibility achieved between the vinyl polymer
and the acrylate-urethane adduct. Incompatibility be­
tween the constituents produced opaque. cheesy films.
while excessive crosslinking produced brittle.
nonadherent films. The best overall coatings properties
were obtained from a 44.4/27.8/27 .8-hydroxyethyl
acrylate-Desmodur N-IOO adduct/n-butyl acrylate/
isobutyl methacrylate copolymer. and the modulus­
temperature response of this combination was typical
for that of a flexible coating. However. most blends
were excessively crosslinked and produced opaque and
brittle films with poor coalescence.

In order to reduce the degree of crosslin king and sub­
sequently to improve the flexibility and coalescing
ability. the crosslinking functionality of the Desmodur
N-IOO adduct was decreased by replacing 75% of the
hydroxyalkyl methacrylate constituent with methyl
ricinoleate. The modification resulted in a polyurelhane
adduct containing 47.4% Desmodur -100. 8.2% hy­
droxyethyl methacrylate. and 44.4% methyl
ricinoleate. A fully-cured latex prepared from 74% of
the Desmodur -IOO/hydroxyethyl methacrylate/
methyl ricinoleate adduct and 26% isobutylmethacry­
late produced clear. soft. semi-gloss coatings with good
adhesion after baking for 16 hr at 60°C. However. the
coatings were rated 100 soft for topcoat applications.

In an effort to improve the film properties of this sys-
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tem. the methyl ricinoleate constituent was replaced
with Paraplex® P-444A. an unsaturated polyester pre­
polymer of lower functionality which was claimed to
provide good weathering properties and resistance to
discoloration by ultraviolet light. A crosslinkable
polyurethane adduct was prepared from a mixture con­
sisting of 28.8% Desmodur -100. 17.8% hydroxyethyl
methacrylate. and 53.4% Paraplex P-444A by allowing
the constitutents to react for 24 hr at room temperature.
The resulting unsaturated urethane adduct was cross­
linked at 60°C for two hours using 0.5% azobisisobuty­
ronitrile and yielded coatings with good gloss. tough­
ness. and hardness. However. because the viscosity
of the adduct was too high for efficient emulsification.
further work with this approach was discontinued.

Consequently. several epoxide-functional urethane
adducts were prepared from Desmodur N-IOO and 2.3­
epoxy-I-propanol (glycidoi) in order to generate an'
intermediate which could be crosslinked by means of
conventional epoxy curing agents. An epoxy-urethane
crosslinking agent consisting of 42.5% glycidol and
57.5% Desmodur N-IOO was found to gel within three to
four hours after the addition of ethylenediamine: how­
ever. when the same adduct was combined with the
diglycidyl ether of 1.4-butanediol. the glycidol­
urethane adduct/diglycidyl ether mixture could not be
cured with ethylenediamine. and. therefore. this ap­
proach was also abandoned.

As a result of the difficulties encountered with
adducts of Desmodur -100. several attempts were
made to prepare crosslinking intermediates from
adducts of 1.6-hexamethylene diisocyanale (H MDI).

The crosslinking intermediates prepared from the
condensation of hydroxyethyl methacrylate with
HMDI were difficult to solubilize in the flexibilizing.
longer side-chain acrylate monomers: and copolymeri­
zation with the shorter-chain acrylate monomers
yielded hard. brittle coatings. Allempts to produce a
more flexible intermediate by substituting part of the
hydroxyethyl methacrylate with Polypropylene
Glycol-425 were unsuccessful since the modification
resulted in the formation of a waxy solid which was in­
soluble in the desired acrylate monomers. Also. at­
tempts to prepare a crosslinkable intermediate from
adducts of HMDI and glycidolwere unsuccessful since
the desired product could not be isolated from the reac­
tion mixture.

As a result of the limited success provided by the ap­
proaches used to develop fully-cured. polyurethane
emulsions. the project emphasis was shifted to the in­
vestigation of polyurethane emulsions which possessed
air-drying capabilities. In light of this objective. an air­
drying intermediate was prepared consisting of 36.3%
Desmodur -100. 9.9% allyl alcohol. and 53.8%
Paraplex P-444A unsaturated polyester prepolymer.
The resulting autooxidizable intermediate was blended
with 26.9% (based on weight of the intermediate)
methyl methacrylate. combined with 0.05% cobalt
drier. and air dried for 24 hr at ambient to yield hard.
semi-brillie films. Similar results were obtained from
mixtures of the Desmodur '-IOO/allyl alcohol/Paraplex
P-444A intermediate with such reactive diluents as
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butyl acrylate, isobutyl methacrylate. and a blend of
n-butyl acrylate with styrene.

In order to overcome the brittleness displayed by
these coatings, the autooxidizable intermediate was
modified by substituting Paraplex P-444A with Multron
R-16, a hydroxyl-terminated polyester prepolymer. A
mixture composed of 68.1% of a Desmodur N-IOO/allyl
alcohol/hydroxyethyl methacrylate/M ultron R-16
intermediate dissolved in 31.9% isobutyl methacrylate
and catalyzed with 0.05% cobalt drier yielded glossy.
flexible coatings which dried slowly in air. The drying
rate could be improved by a partial replacement of
Multron R-16 with Paraplex P-444A unsaturated
polyester. One blend containing 63% Paraplex P-444A
and 37% Multron R-16 demonstrated improved drying
properties while retaining its flexibility and toughness.

As a further means of improving the drying charac­
teristics of these systems. the use of a methyl ethyl ke­
tone peroxide/cobalt naphthenate initiator combina­
tion was investigated since this type of initiator system
effectively cures such analogous systems as unsatu­
rated polyester/styrene monomer blends. The experi­
mental design of the evaluation utilized a fairly large
compositional ladder study which included various
concentrations and types of reactive diluents in combi­
nation with several polyurethane adducts. Typically.
Desmodur N-IOO was condensed with varying amounts
of hydroxyethyl methacrylate. hydroxypropyl methac­
rylate. allyl alcohol. and Multron R-16 polyester. After
a standardized reaction period, the vinyl-functional­
urethane adduct was combined with a mixture of
Paraplex P-444A unsaturated polyester dissolved in
either butyl acrylate, isobutyl methacrylate. or some
combination of the two monomers (reactive diluents).
The resulting mixture was emulsified in water using the
sodium lauryl sulfate/cetyl alcohol surfactant combina­
tion together with ultrasonic irradiation. Methyl ethyl
ketone peroxide (1%) was added to the emulsified mix­
ture together with varying amounts of 6% cobait
naphthenate drier. In general. most of the resulting
systems cured within 16 hr to form tack-free films which
were brittle; none of the combinations provided tough­
ness; and some coatings were friable. These systems.
on the average. yielded coatings displaying less integ­
rity than those of the 34.1/29A/25.2/6.3/5.0-Desmodur
N-IOO/Multron R-16/isobutyl methacrylate/hy­
droxyethyl methacrylate/allyl alcohol combination
which was air-dried using cobalt naphthenate as the
sole catalyst and which yielded tough, transparent.
flexible films ...·119

While some of the techniques and conceptual ap­
proaches employed in this last study were similar to
those discussed in previous examples of this section,
the impasses illustrated in this final study bring to light
many of the difficulties which must be resolved if
crosslinkable polyurethane emulsions are to become a
viable. marketing reality to the industry.

SILICONE-CONTAINING EMULSIONS

The utilization of silicone-based modifiers in con­
ventional, vinyl-type emulsions"o-12' and the emulsifi-

56

cation of polyorganosiloxane resinsl25-128 are two of the
more common approaches used to upgrade the per­
formance characteristics of emulsion systems. Typi­
cally. coatings derived from silicone-containing emul­
sions have been claimed to provide such property im­
provements as greater adhesion; 129-131 elasticity, 132

flexibility,133 and abrasion resistance; 13'.135 improved
tearl:16.137 and tensile strength;138.139 increased anti­
blocking l•o.I' 1 and lubricit yl'2 together with greater
stain. l43 water,l44 weather. I' 5and heat resistance. I' 6.147

In light of their numerous advantages. silicone­
containing emulsions have been recommended as being
useful in such applications as finishes. I' 8 coatings,l'9
and binders l50 for textiles; foam backings for carpets; 151
finishes for paper152.153 and leather;15' components in
vulcanized rubber;155.156 polishes l57 and protective
coatings;158-161 and anti-foam agentsl62.163 and surfac­
tantsI6•.165 for emulsion systems.

The emulsifying agents used in the preparation of
silicone-containing latexes include nonionic surfactants
such as poly(vinyl alcohol),16".lo7 oleyl alcohol conden­
sates containing 20 moles of ethylene oxide. lo8 lauryl al­
cohol condensates containing 10 moles of ethylene ox­
ide. lo9 alkylphenol condensates containing 10 moles of
ethylene oxide,I70 and block copolymers of nonhydro­
Iyzable polysiloxanes and oxyalkylenes;171 such ani­
onic surfactants as sodium lauryl polyethylenoxy­
sulfate (Trex® K5).172 sodium bis(2-ethylhexyl)­
sulfosuccinate. 173 sodium undecylsulfate;l74 and such
cationic surfactants as cetylbenzyldimethylammonium
chloride. 115 dodecylbenzyldimethylammonium chlo­
ride. m and pyridinium salts such as CI8 H:170CH2
+
N::Q) CI'. 117

Through an optimization of the HLB requirements of
the system l78 and through the use of ultrasonic disper­
sion l79 or homogenization,I80 silicon oil emulsions have
been prepared with particle sizes ranging from 0.03 iLm
to 0.3 iLm.181 However. as was the case with other
post-emulsified systems, the storage stability of silicon
oil emulsions usually varies from several weeks IB2 or
months l83 up to six months. l84

Because silicone resins such as poly(dimethylsi.­
loxane) lack the pendent. crosslinking sites possessed
by other polymer systems, the hydroxyl units of the
chain ends serve as the main function group for
crosslinking silicone oil emulsions. 185 Typically.
hydroxyl-functional polysiloxane emulsions have been
crosslinked with such curing agents as aluminum salts
of CO_B-chain fatty acids,IB6.1R7 tin-containing fatty
acids,lBB chromium stearyl chioride,IB9 Chromium (III)
complexes of C12-18 mono- or diesters of H3PO•. 190

Zn(N03)2 or Zr(OAc).,191 or urea-formaldehyde. epoxy
resin. or polyamine-epichlorohydrin reaction products
in combination with lead, cobalt, zinc, tin. titanium. or
cerium salts. 192

Several of the compositional variations. physical
properties. crosslinking variables. and applications of
crosslinkable silicone resin emulsions are briefly dis­
cussed in the following examples.

Crosslinkable silicone emulsions with improved
storage stability were prepared by dispersing 1200 g of a
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OTHER TYPES OF SILICONE EMULSIONS

The resulting silanediol-containing polyester was
spontaneously emulsified in water using an inversion
process and without the aid of external surfactants.
Thus, the silanediol moiety served as a fugitive. internal
sUifactant affording colloidal stabilization qualities for
the system in the emulsion form and providing hy­
drophobic. crosslinked sites upon silanol combination
during curing. The increased integrity provided by
crosslinked films of the silanediol-containing polyester
emulsion in comparison with the solvent-borne, parent
polyester resin is presented in Table 14.

siloxane) resin. 7 parts Zn(NO,,)z curing agent. and 843
parts water. The siloxane emulsion was combined with
70 parts dihydroxydimethylolethyleneurea and 30 parts
of a bisphenol A epoxy resin (25 parts)/diethylenetri­
amine (10 parts) adduct dispersed in 25 parts methanol.
25 parts acetic acid. and 130 parts water. A polyester­
colton blend fabric was impregnated with the emulsion
mixture. dried. pleated. and cured for 14 min at 170°C.
The pleating remained intact after eight washes. and the
fabric displayed good hydrophobicity both before and
after washing. "17 A cotton poplin fabric impregnated
with a similar urea-formaldehyde/epoxy resin-amine
adduct/Zn (NO"lz/poly(alkylsiloxane) emulsion blend
demonstrated a water absorption and penetration of
11% and 0 ml. respectively. before washing and 27%
and 3 ml after five machine washings at 60°C.'''"

In addition to such techniques as the post­
emulsification of preformed polysiloxane resins which
crosslink primarily through the free hydroxyl groups
located at the ends of the polymer chain. thereby limit­
ing the crosslink density attainable by such systems.
crosslinkable. silicone-containing emulsions have also
been prepared containing self-condensable silanol
groups which have been selectively placed throughout
the polymer structure by means of the hydrosilylation
of residual unsaturation sites. '"''

The hydrosilylation was performed on an unsatu­
rated polyester substrate derived from the condensa­
tion of 306 g phthalic anhydride. 299 g pentaerythritol.
962 g tall oil fatty acids. and 167 g alpha-eleostearic
acid. The residual hydroxyl and carboxyl groups of the
unsaturated polyester were blocked with trimethyl­
siloxane units prior to the hydrosilylation step in order
to eliminate any undesired side-reactions. The addi­
tion reaction was effected by condensing 9.46 g methyl­
dichlorosilane with 360 g of the blocked polyester resin.
which contained 10% triene unsaturation. and the
hydrosilylation step was complete after a reaction
period of 30 min at 60°C when chloroplatinic acid was
used as the catalyst. The methyldichlorosilylated
polyester resin was then treated with water and agitated
to form the silanediol moiety by the hydrolysis of Si-CI
bond. i.e.,

OH

OH
H20 I

poiymcr-Si-CH"

CI
I

polymer-Si-CH"
I
CI

hydroxyl-terminated dimethylpolysiloxane resin/ethyl
acetate/toluene/xylene solution (33% resin solids) in
825 ml of water using 75 g of a hexadecylamine acetate
condensate of ethylene oxide as the emulsifying agent.
The crude mixture was homogenized for 30 min at 250
atmospheres pressure and solvent stripped at 12 to 15
mm of vacuum and 50°C to yield a 38% solids
polysiloxane emulsion containing 5% organic solvents
and demonstrating a stability ofgreater than six months
at room temperature or eight days at 40°C. Presumably.
crosslin king of the resin occurred as the free hydroxyl
groups combined during thermal curing.'''"

Finishes for textiles which provided enhanced
water-repellency characteristics were formulated from
220 parts of a trimethylsiloxy-blocked poly(methylhy­
drogensiloxane) resin. 180 parts of a trimethylsiloxy­
blocked poly(dimethylsiloxane) resin. 25 parts
poly(vinyl alcohol). 175 parts water. and 400 g (9% sol­
ids) of a curing agent consisting of the condensation
product of adipic acid. diethylenetriamine. and
epichlorohydrin. The mixture was emulsified. applied
to colton cloth. and dried at temperatures up to 150°C
to yield a product which demonstrated less water
absorption than a fabric treated with a polysiloxane
resin emulsion which had been cured with a mixture
consisting of zinc 2-ethylhexanoate and dibutyltin
bis(2-ethylhexanoate). "14

Coatings for fabrics with improved water-repellency
and crease resistance were formulated from 15 parts of
a poly(methylsiloxane) resin (molecular weight of
2500).7.5 parts isopropyl alcohol. 74 parts water. and I
part ofa crosslinkable surfactant prepared from 75 g ofa
formaldehyde solution (30%). 42 g dicyandiamide. 6.75
g stearylamide. 12.5 ml 2N HCI. and 30 g isopropyl al­
cohol. The resulting silicone resin emulsion (80 ml) was
diluted with 100 ml of water. combined with 720 ml of
water containing 0.8 g SnClz'2H zO curing agent,
applied to a colton poplin fabric at 80% wet pickup. and
cured for 5 min at 150°C to yield a water-repellent
coating with good resistance to washing and scrubbing.
Presumably. the water sensitivity of the coatings de­
creased as the emulsifier combined with the tin curing
agent upon being incorporated into the crosslinked ma­
trix. \!I5

Finishes for fabrics which provided increased water­
repellency were derived from 30 g of a poly(methyl­
hydrogensiloxane) resin (molecular weight of 3(00)
which was dissolved in 7 go-dichlorobenzene and 2 g
perchloroethylene and subsequently combined with 61
g of an aqueous solution containing 2g zirconium ion as
zirconium acetate-formate (1.8 acetyl groups and 0.2
formate group/Zr ion). The catalyzed mixture (480 g)
was emulsified with 300 g of a solution containing the
titanic acid ester of triethanolamine. applied to a fabric.
squeezed to a conventional degree of pickup. and cured
at 105°C to yield a fabric with good hydrophobic prop­
erties. '9"

Compositions for imparting water repellency and
permanent press to textiles were formulated from an
emulsion (50 parts) containing 20% of a a: .w-bis(tri­
methylsilyl)poly(dimethylsiloxane) resin and 20%
of a a: .w-bis(trimethylsilyl)poly(methylhydrogen-
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62

62

23

28

Salt Fog Exposure
(Days to Failure)

Initial Complete

40
20 21

18 40

14 38

80

Table 14-Effect of Silanol Condensation on the Film Properties
Of a Polyester Resin Containing Different Alkylsilanediol Moieties

Impact
Resistance
at -80'C --------­
(in-Ibs)

Electrical Tensile Elong-
Hydrosilylaling Curing Resistance Sward Strength ation
Group Employed Conditions (volts/mil) Hardness (Kg/COl') (%)

one . . . . . . . . . . . . . . .. Air dried 537 26 67

Melhyldichloro-
43 55silane . . . . . . . . . . . . . . . Air dried 2475 8

Phenyldichloro-
28 53silane. Air dried 2778 10

one 30 min (g. 120'C 1442 JO 76 28

Methyldichloro-
109 49silane. 30 min ~v 120'C 3000 64

Phenyldichloro-
m 36silane. 30 min «I 120'C 3000 38

These results indicate that the hydrosilylation of an
unsaturated resin and the subsequent condensation of
the silanediol groups upon curing provided emulsion­
cast films with improved impact. electrical, and corro­
sion resistance together with greater tensile strength
and hardness. Moreover. the gloss retention of these
products was characteristic of that associated with
other silicone-modified systems.2•O'

PHENOL-FORMALDEHYDE RESIN EMULSIONS

Besides serving as a crosslinking agent for hydroxyl*
and carboxylt functional. thermosetting emulsions.
phenol-formaldehyde resole resins have also been for­
mulated into emulsion products which are suitable for
such applications as binders for paper.201-2U:l protective
coatings.2u4.2o. and adhesives for wood.2",! When used in
applications requiring lower cost. higher performance
products. phenol-formaldehyde resin emulsions have
been claimed to yield coatings with excellent water2'"
and chemical resistance together with excellent adhe­
sion to metal and wood substrates.

Thermosetting phenol-formaldehyde resin emulsions
are formulated using conventional dispersion tech­
niques in combination with such emulsifying agents as
poly(vinyl alcohol).2u''-2o. sodium caseinate.",,·2o. or
conventional nonylphenol condensates of ethylene
oxide.2UI-211:l.20', The particle sizes of the resulting emul­
sions may range as low as 0.02-0.8 I-'m .2U" and repre­
sentative products usually display reasonable storage
stabilities of up to six months.2.".20ti

Typical methods of preparation, formulation vari­
ables. physical characteristics, performance prop­
erties. and applications of thermosetting. phenol­
formaldehyde resole emulsions are briefly summarized
in the following examples.

Compositions suitable as binders for thermal insula­
tion or as impregnates for cellulosic sheet members
were prepared using a two-stage. novolac-resole proc­
ess which reduced the free concentration of phenol and
formaldehyde in the product to less than 1% by weight.

In the first stage (novolac) of the synthesis. 0.28
'St-e rl'f\'rCnl'e, Illll anJ 12~ III Pan IIJ(~1 . Junl' 1'J7~. p. 55); and rl'fl'fl'oce 5." In I';.n IV

un.o..:lt'ht.'r IlJ7X. p. OJ11
tScc reference III I';trl III UCI. wptcmhcr 11J7X. p. 1Il1J)

moles of aqueous formaldehyde (50% solution) was
heated at reflux with I mole of phenol and 0.004 moles
of oxalic acid catalyst until approximately 98% of the
formaldehyde was consumed. The resulting novolac
resin was then used in the second stage (resole) of syn­
thesis to form a product which crosslinked upon ther­
mal curing.

Thus, the novolac resin prepared in the first stage was
neutralized with 0.2 moles of NaOH. combined with
2.26 moles of aqueous formaldehyde (50% solution) and
O.15moles of calcium hydroxide catalyst. and heated at
65°C until the free formaldehyde content dropped to
2.3*. Upon achieving the desired degree of conver­
sion. the reaction mixture was cooled to 40°C. com­
bined with 0.075 moles of aqueous ammonia (29% solu­
tion). and sparged with carbon dioxide to form a cal­
cium carbonate precipitate which was removed by fil­
tration. The resulting resole resin mixture (100 parts)
was combined with 5 parts of a casein emulsifier solu­
tion (20% solids) and mixed with a conventional pro­
peller. blade. or turbine agitator to yield an emulsion
which displayed a pH of7.7. a solids content of 51.1 *. a
Brookfield viscosity of 38 cps. a free formaldehyde
content of 0.8*. a free phenol content of 0.68%. a de­
gree of polymerization of 1.8. and a stability at 0 to SoC
of greater than one month. The resole emulsion was
used as an impregnate for paper sheets which were
useful as automotive oil. air. and fuel filters. 2""

Phenol-formaldehyde resole emulsions useful as
adhesives for wood products were obtained by con­
densing941 gphenol with 1461 gofformalin overa 110
min period at 85'C using NaOH and E\:,N as catalysts.
The resulting product was subsequently emulsified at
85°C using 78.7 g of poly(vinyl alcohol) which was
89. 1% hydrol yzed and possessed adegree ofpol ymeriza­
tion of 1700. The pH of the emulsion was adjusted to 5.5
with p-toluenesulfonic acid to yield a product with a stor­
age stability of32 days. a curing time of2.5 min at 115°C.
a~d demonstrating an adhesive strength to plywood of
12.5 Kg/cm2after a 72 hr immersion in boiling water.2'"

Compositions useful as surface coatings or as im­
pregnates for cellulosic sheets were prepared by react­
ing 100 parts phenol. 5 parts melamine. and 85 parts
formalin (50% solution) over a 155 min period at 95°C
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while in the presence of 3 parts triethylamine catalyst.
The resulting modified resole resin was cooled to 45°C
and combined with 0.11 parts NaOH (50% aqueous) and
an emulsifier solution consisting of 15 parts water. 6.5
parts urea. 6.5 parts casein. and 0.9 parts NH"OH (30%
solution). The modified resole resin/emulsifier blend
(222 parts) was then slowly combined with water (182
parts) whereupon. after approximately 75% of the total
water addition. phase inversion occurred forming an
oil-in-water emulsion. The resulting resole emulsion
displayed a solids content of 55%. a Brookfield viscos­
ity of 1000 cps using an LYF viscometer at 30 rpm with
spindle number 3, and a particle size range of approxi­
mately 0.02 fLm to 0.8 fLm. After curing for 10 min at
150°C. films of the emulsion demonstrated good resis­
tance to water. Other modifiers which could be used in
place of the melamine resin included guanamine or
benzoguanamine compounds."1

PRECROSSLINKED EMULSIONS

While multifunctional monomers such as divinyl­
benzene ,212 diallyl pht halate. m N. N' -methyl­
enebis(methacrylamide)."I'I."J:, 1.1 '-divinylferro­
cene.""; ethylene glycol dimethacrylate."17 dial­
Iylidenepentaeryt hrito!. "18.m pol yeth ylene gl ycol
bi s( n-vi nylcarba mate). ""0 I .2-bi s(p- vi nyl phen yl)­
1.2-ethanediol."21 triallyl cyanurate."'"·"" tri­
methylolpropane trimethacrylate"" and 1.1.2.2.-te­
trakis(allyloxy)ethane"":' are normally used as
crosslin king agents tn high-solids. resin/monomer for­
mulations that are post-cured by means of peroxide
compounds and heat"" or irradiation:'" I'ecently. such
multifunctional monomers have received increased at­
tention as a means of developing higher-integrity. pre­
crosslinked emulsion systems."""'" Coatings and lami­
nates crosslinked by means of multifunctional mono­
mers usually display increased hardness."':! scratch
I'esistance.""·' modulus.""; glass transition tempera­
ture.""" impact resistance.'"' cohesive"'" and tensile
strengths.""

The use of multifunctional monomers in vinyl
acetate-based emulsions has been found to be an effec­
tive means of increasing the molecular weight of the
copolymer and to correspondingly upgrade the per­
formance characteristics of architectural coatings
based upon such products. For example. when 2% tri­
methylolpropane triacrylate. based on weight of total
monomer, was included in a typical butyl acrylate/vinyl
acetate monomer mixture. the resulting latex was found
to be crosslinked and yielded coatings with a significant
quantity of the composition being insoluble in an 80%
acetic acid solution. Upon filtration of the insoluble
portion. the terpolymer was found to possess an inher­
ent viscosity of 1.15 dl/g compared to an inherent vis­
cosity of 0.70 dl/g for a similar composition which
omitted the multifunctional monomer. In qualitative
terms, if these copolymers had been homopolymers of
vinyl acetate. a difference in inherent viscosity of this
magnilUde would have retlected an increase in average
molecular weight of from 130.000 to approximately
240.000. or an increase of 85'10 or more.
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Table 1S-EHect of Precrosslinked Emulsion Vehicles
On the Scrub Resistance of Latex Films'

Scrubs to failuree

Ratio of MFFT'
VA/BA' % TMPTAc 1'C) 60% PVC 65% PVC

~ 1.5/t~.5 . Nonc II 11 ~ 105
~3.5/t6.5 . None 13 20n 105
80/20 ~'h 13 274 12)
Commercial
All,acrylic
emulsion. NOllc In~

(;11 I';linl 111m ... v.ac agl.'U lllll' \\cd, pnor II' ,auh le,!.
lhl VA == Vinyl :KC'I:lll': I3A == PUl}1 :IlTylall,'.
11:1 I Mr"!·\ = Il"Iflll,'lh}l\llprllp<lIll,' tn;ll.:r~bk.

Id) fo,lFFI == fluilirnuill tilm fornurl,g ll,'l11pcr;lIl1rl~.

IIC' Struh 11'..,1 \\:1' a mlldlli":;lll\llll'!" ASTfo,l·I)~-+Xh·hY\.I hl'r..:h~ Ih" p:ulll 11;1' :lpplll'd 111;1
I-l'nCl:1chill"l, In..:d, pliln'd ;I(opa \l:I''': pl:l(l't\J whieh a III mil r:u,,,J ,111m h'hJ hn'n :1((:H;hnl.

and 'l'rub\l..:d Ililh a \\l'lghll'd n} lOll hru,h. F,nlul''': U'U;IJl> \lenIr, qUld.l~ Illlh..: (Ilitling dl­
rn:1J} \)I..:r Ill..: r:II'l,d ,hllll.

The increased molecular weight and the network
structure which resulted upon crosslinking were also
responsible for a subsequent improvement in the tensile
strength properties of an 85!15-vinyl acetate/butyl ac­
rylate copolymer which was modified with varying
concentrations oftrimethylolpropane triacrylate. Films
of the vinyl acetate/butyl acrylate copolymer emulsion
containing 2%. 4%. and 6% trimethylolpropane triac­
rylate demonstrated tensile strengths of 1710. 1870. and
2020 psi. respectively, in comparison to a tensile
strength of 1540 psi for a control composition which
omilled the multifunctional crosslin king agent. Thus. as
a result of crosslin king. the tensile strength of the films
containing 2%. 4%. and 6% trimethylolpropane triac­
rylate improved 11%, 21%. and 31%. respectively. in
comparison with the uncrosslinked control.

The increased integrity provided by the multifunc­
tional comonomer was also demonstrated by the supe­
rior scrub resistance of a paint prepared from the vinyl
acetate/butyl acrylate/trimethylolpropane triacrylate
terpolymer emulsion as compared to other paints pre­
pared from uncrosslinked emulsion vehicles. Tah!e 15
illustrates the scrub resistance of various emulsion
coatings which were formulated at 60% and 65'10 pig­
ment volume concentrations and which were aged at
ambient conditions for one week.

These data indicate that the paint which was formu­
lated from the precrosslinked emulsion provided 33%
beller scrub resistance at 60% pigment volume con­
centration than the average of two controls which were
not crosslinked. Even at the higher pigment volume
concentration of 65%. the scrub resistance of the paint
prepared with the crosslinked vehicle was almost 20%
greater than that of the controls.

Precrosslinking the 85/15-vinyl acetate/butyl acrylate
copolymer emulsion with 4% trimethylolpropane triac­
rylate was also found to increase the wet adhesion of the
lilm since the resulting network structure presumably
served to reduce the rate at which water vapor was
transmilled through the film."'"

Other applications. compositional variations. physi-
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cal properties, and performance characteristics of pre­
crosslinked emulsions are briefly discussed in the fol­
lowing examples.

Weather-resistant coatings useful in architectural
applications were formulated from a 55/27.4/15/2.6­
styrene/dibutyl itaconate/ethylene glycol dimeth­
acrylate/acrylic acid copolymer emulsion which
utilized 5% sodium dodecylbenzenesulfonate as the
polymerization emulsifier. The resulting pre­
crosslinked emulsion (100 parts), which possessed a
solids content of 49.5%, a pH of 7.9, and a viscosity of
1550 cps, was combined with 50 parts Ti02, applied to
steel panels, and dried for one week at 25°C to yield
glossy coatings with improved water, alkali, and acid
resistance and which demonstrated a pencil hardness of
3H and Ericksen hardness of6.7 mm. 24!

Compositions useful as packaging films with low gas
permeability were derived from a 63.6/27.3/9.1­
acrylonitrile/methyl acrylate/ethylene glycol dimethac­
rylate copolymer seed emulsion (50% solids) which was
overcoated with a composition consisting of 70/30­
acrylonitrile/methyl acrylate. The resulting emulsion
(10 parts), which possessed a crosslinked core and un­
crosslinked shell, was blended with 90 parts of a 70/30­
acrylonitrile/methyl acrylate copolymer emulsion to
yield a blend which formed films with 400% elongation
at break. 242

Precrosslinked emulsions which were used as mod­
ifiers for thermoplastic emulsion compositions were
prepared from a 92/8-butyl acrylate/acrylonitrile
copolymer emulsion which was precrosslinked with
small amounts of allyl methacrylate. The resulting
crosslinked emulsion (5 to 40 parts) was combined with
from 95 to 60 parts of a thermoplastic emulsion con­
sisting of a 75/25-styrene/acrylonitrile copolymer to
yield a blend whose coatings demonstrated improved
workability, heat stability, and impact strength.'43

Compositions with a rubbery, crosslinked core and a
rigid, thermoplastic shell were prepared from a 92.5/5/
2.5-butyl acrylate/ethylene glycol dimethacrylate/allyl
methacrylate copolymer seed emulsion which used
0.5% sodium lauryl sulfate as the polymerization emul­
sifier. The crosslinked seed latex was overcoated or
grafted with methyl methacrylate at 65°C utilizing ben­
zoyl peroxide as the initiator to yield an emulsion with a
thermoplastic shell to crosslinked core ratio of 33 to 67
which was found to be useful as protective coatings
with improved weatherability.'44

Elastomeric emulsion composi tions possessing an
uncrosslinked core and a crosslinked, intermediate
shell were prepared from a seed latex consisting of28.5
parts butyl acrylate and 1.5 parts methyl methacrylate
which was overcoated or grafted with a mixture con­
sisting of 63 parts butyl acrylate, 4.2 parts methyl
methacrylate, 2.8 parts ethylene glycol dimethacrylate,
and 0.7 parts triallyl cyanurate. The resulting emulsion
(100 parts) was subsequently overcoated at 70°C with 30
parts of a 60/20/20-styrene/methyl methacrylate/
acrylonitrile monomer feed using 1.5 parts benzoyl
peroxide as the initiator to yield a moldable product
which demonstrated a Dynstat impact strength of 81
Kg-cm/cm2and a weather resistance (time required for
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the impact strength to decrease by 50% of its initial
value in a Weather-Ometer®) of 950 hr.'45

Multilayered emulsion compositions possessing a
crosslinked core with a glass transition temperature
(Tg) of 2: 10°C, crosslinked interlayers with Tg of
oS O°C, and a crosslinked shell with Tg 2: 50°C
were prepared from a seed latex consisting of 10 parts
methyl methacrylate and 0.05 parts allyl methacrylate
which utilized I part sodium dialkyl sulfosuccinate as
the polymerization surfactant and which was over­
coated five consecutive times with varying amounts of
methyl methacrylate, allyl methacrylate, and butyl ac­
rylate. The final shell layer contained 15 parts methyl
methacrylate and 0.015 parts allyl methacrylate, and
the total composition consisted of 55 parts methyl
methacrylate, 45 parts butyl acrylate, and 0.425 parts
allyl methacrylate. The resulting crosslinked emulsion
yielded moldable products with very good transparency
and stress-clouding resistance and improved resistance
to impact and weathering.'46

THERMOSET, WATER·IN·OIL EMULSIONS

In contrast with thermoplastic, inverse emulsions
(water-in-oil) which have served mainly as model sys­
tems in kinetic and mechanism studies,'" thermoset
water-in-oil emulsions have been developed which
show promise in such applications as protective coat­
ings,'48 adhesives,'49 sealants,250 molding com­
pounds,25! foams,'52 and insulating materials,253 wood
substitutes,'54 and leather substitutes.'55

Typically, these systems are prepared by dissolving
unsaturated polyester resins such as 1/I.5/L8-maleic
anhydride/phthalic anhydride/propylene glycol
copolymers,256.'58 1/1/2.2-isophthalic acid/maleic acid/
propylene glycol copolymers/59.'6o or a 37.7/34.9/23.1/
4.3-propylene glycol/phthalic anhydride/maleic
anhydride/tolylene diisocyanate copolymer6! in such
monomers as styrene'6' or methyl methacrylate263 and
emulsifying water into the resulting resin/monomer
mixture with the aid of conventional, nonionic surfac­
tants.'64 The water-in-oil emulsion is then combined
with such free radical initiators as methyl ethyl ketone
peroxide and dicumyl peroxide'65 or methylcyclo­
hexanone peroxide (2%)'66 along with a promoter such
as diethanolphenylamine combined with cobalt undec­
anoate'67 in order to produce a crosslinked dispersion.
The gel times of the catalyzed mixture usually vary in
accord with the nature of the peroxide and promoter,
but typically a 1% H20 2, 1% cobalt neodecanate, dieth­
anolphenylamine (co-amine coordination ratio of 1/6)
mixture provided a gel time of 0.8 to 1.1 min, a gel to
peak exotherm time of 8.0 to 8.6 min, and a peak
exotherm of 102 to 104°C268 while 0.75% H20 2, 0.625%
of a 1/1 blend of dimethylaniline and diethanolphenyl­
amine, and I% cobalt neodecanate (co-amine coordi­
nation ratio of 1/4) provided a gel time of one minute, a
gel to peak exotherm time of 10 min, and a peak
exotherm of 100°C.'69 The water-in-oil polyester emul­
sions are usually stable only for short periods (one
day).27o
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The following two examples illustrate the procedures
and components used to produce crosslinked. water­
in-oil polyester emulsions.

Water-in-oil polyester emulsions yielding f1ame­
resistant compositions with improved mechanical
properties were obtained from 60 parts of a 2.21111­
isopropylene glycol/maleic acid/isophthalic acid
polyester which was dissolved in 40 parts styrene.
combined with 9 parts of a Surfonic®-type nonionic
sUlfactant (ethylenediamine/propylene oxide/ethylene
oxide adduct) and I part of a calcium stearate emul­
sifier. and subsequently mixed with 50 parts water. The
resulting water-in-oil emulsion was treated with 0.5%
cobalt naphthenate and 1% methyl ethyl ketone
peroxide and cured 20 hI' at room temperature and two
hours at 80°C to yield a self-extinguishing product with
a specific gravity of 1.07. Shore 0 hardness of 70.
bending strength of 2.30 Kg/mm'. impact strength of
2.36 Kg-cm/cm'. and volatile content of 7.7%. Z7I

Water-in-oil polyester emulsions useful as coatings
which could be applied by means of spray applicators
were formulated from 48.5 parts of a liquid polyester
resin (specific gravity of 1.05 and viscosity of 160 cps)
which was emulsified with 48.5 parts water using ul­
trasonic irradiation at a frequency 01'90 kHz and power
of 40 kW/gal. The resulting water-in-oil emulsion was
catalyzed with 1% methyl ethyl ketone peroxide. 0.5
parts N.N-dimethyl aniline promoter. and 1.5 parts
cobalt octanoate (12% cobalt) to yield a crosslinked
product with a Shore A hardness of 100. a flexural
strength of 4050 psi. a flexural modulus of 180.000 psi. a
tensile strength of 2500 psi. and a heat distortion tem­
perature of noe at 270 psi.'7Z

Besides forming water-in-oil emulsions, polyester
resins have also been used to form conventional oil­
in-water crosslinkable emulsions for use as coat­
ingsZ73 ·'H and binders.m

NONAQUEOUS DISPERSIONS

Nonaqueous dispersions (NAOJ were designed as an
intermediate generation system which complied with
prevalent photochemical emissions standards and
which also ;\fforded a more suitable environment for
water reactive systems such as polyurethane res­
insz7H.m oraziridine-functional resins than that provided
by an aqueous emulsion. Also, nonaqueous disper­
sions usually wet unprimed surfaces better than emul­
sion systems which tend to crawl and fisheye, and the
water-free dispersions also eliminate the flash rusting
problems associated with coating untreated steel. Both
thermoplastic"'/-'·! and thermosetting nonaqueous dis­
persions are available commercially. and various as­
pects of their science and technology have been re­
viewed elsewhere. ,.,.,." The folluwing examples briefly
illustrate the general approaches used in the vehicle de­
sign and formulation of nonaqueous dispersions.

Urethane/acrylic nonaqueous dispersions containing
unsaturated functionality for post-irradiation curing
were derived from 480 parts of a 73118.7/8.3-methyl
methacrylate/2-hydroxyethyl acrylate/butyl acrylate
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copolymer which was dispersed in 200 parts of an
aliphatic hydrocarbon. The dispersion was heated to
80°C. and the hydroxyl functionality of the copolymer
were subsequently condensed with 300 parts of a III
molar adduct of tolylene diisocyanate and 2­
hydroxyethyl acrylate which was dispersed in 200 parts
of an aliphatic hydrocarbon. The resulting vinyl­
functional. urethane/acrylic copolymer dispersion was
solvent stripped at 140°C to remove 250 parts of ali­
phatic hydrocarbon which was replaced with 250 parts
of 2-ethylhexyl acrylate reactive diluent. The vinyl­
functional copolymer/2-ethylhexyl acrylate dispersion
(200 parts) was formulated with 50 parts of a 39/39/22­
styrene/butyl acrylate/glycidyl methacrylate co­
polymer dispersion (containing both methyl methacry­
late and 2-ethylhexyl acrylate reactive diluents) and 500
parts TiO,. The white enamel dispersion was applied to
a galvanized steel panel coated with a nonaqueous
primer and cured with electron beams (3 Mrad) to yield
crosslinked coatings with good hardness and high
bonding strength.'·4

Epoxy/phenolic resin nonaqueous dispersions useful
as corrosion-resistant topcoats for metal were pre­
pared from 20 parts of Epikote 1007 epoxy resin (pow­
der) dispersed in 40 parts aliphatic hydrocarbon
(Shellsol® No. 140, boiling point of 186.7-203.3°C.
kauri-butanol value of 31). 5 parts of ethyl cellosolve
acetate. and 5 parts isobutyl alcohol. The epoxy resin
nonaqueous dispersion was combined with 8.5 parts of
a methylol-functional phenolic resin crosslinking agent.
5.0 parts iron oxide. 0.1 parts dispersing agent. and
additional aliphatic hydrocarbon (70 parts) to yield a
sprayable coating composition. The epoxy/phenolic
resin nonaqueous dispersion was applied to steel
sheets. dried one minute at 200e. and cured for 10 min at
300°C to yield pinhole-free. impact resistant coatings
with good bonding strength.""

Polyester/melamine resin nonaqueous dispersions
providing impact resistant coatings for metal were de­
rived from an oil-free polyester resin (acid value 7.1)
which was obtained by condensing 194 parts dimethyl
terephthalate. 174.6 parts dimethyl isophthalate, 116.2
parts isophthalic acid. 43.8 parts adipic acid. 27.6 parts
glycerol. 126 parts l.3-butylene glycol. and 146 parts
neopentyl glycol while in the presence of 1.0 part lead
oleate catalyst. The hydroxyl. carboxyl-functional
polyester resin (80 parts) was dispersed in 170 parts
aliphatic hydrocarbon (Shellsol No. 140).20 parts butyl
cellosolve acetate. milled with 100 parts TiOz. and
blended with 40 parts of a commercially available.
butylated melamine resin curing agent (many systems
require specifically-designed. butylated melamine­
formaldehyde curing agents with high white spirit toler­
ance, i.e., 400 to 1500 as determined by ASTM 01198­
55)"H to yield a nonaqueous dispersion whose coatings
provided good impact strength and corrosion resistance
after curing for 10 min at 250°C.'.'

Acrylic/melamine resin nunaqueous dispersions
useful as a topcoat for coil coating applications were
prepared from 100 parts of an 88110/2-acrylonitrile/2­
hydroxyethyl methacrylate/methacrylic acid co­
polymer which was dispersed in 100 parts of isopropyl
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alcohol using 43 parts of an 80/l5/5-hydroxyethyl
acrylate/styrene/acrylic acid copolymer as a dispersing
agent. The hydroxyl, carboxyl-functional dispersion
(140 parts) was combined with 43 parts of a commercial
melamine-formaldehyde curing agent (Smimar M-53), 7
parts aluminum pigment, 50 parts isopropyl alcohol. 20
parts cellosolve, and 30 parts butyl cellosolve to yield a
composition whose coating demonstrated good chemi­
cal resistance and high gloss after curing for 30 min at
140°C.288

OTHER METHODS OF APPLICATION ANO CURING

In addition to the conventional application tech­
niques and curing methods discussed throughout this
survey, crosslinkable emulsion systems have also been
developed which may be applied by means of e1ec­
trodeposition 28".291i and cured by means of ultra­
violet ,291-299 y-rays .:11I0-302 microwave,"03 infrared ."04 and
electron beam irradiation.,,0;-301 An example of each of
the more commonly investigated methods is given
below.

Application by Electrodeposition

A cationic, vinyl-functional copolymer was prepared
by reacting 114 g of glycidyl methacrylate with the sec­
ondary amine groups ofa terpolymer consisting of 500 g
of ethyl acrylate. 185 g (tert-butylamino)ethyl methac­
rylate. and 157 g (dimethylamino) ethyl methacrylate.
The resulting vinyl-functional copolymer was com­
bined with a monomer mixture consisting of II %
ethylene glycol dimethacrylate and 4% lauryl methac­
rylate, and the internal amine groups of the copolymer
were neutralized with acetic acid to yield a 10% solids
emulsion. A steel sheet. which served as the cathode.
was electrocoated for one minute at 50 volts while im­
mersed in the emulsion, dried five seconds at 150°C,
and cured under nitrogen with electron beams (5 Mrad)
to yield impact resistant coatings with a pencil hardness
of H and a crosscut adhesion of 100/100."08

Curing by Ultraviolet Light

UV-curable coatings for wood applications were de­
rived from an unsaturated polyester, consisting of 1.0
moles maleic anhydride, 0.4 moles triethylene glycol.
0.5 moles propylene glycol. 0.35 moles trimethyl­
olpropane diallyl ether, and 0.035 moles linseed oil fatty
acids. which was emulsified in water using 3% nonionic
slllfactant as the dispersing aid. The resulting emulsion
was combined with 5 parts benzoin isopropyl ether UV
sensitizer. coated on decorative plywood. and exposed
20 min to an infrared lamp and 30 sec to a UV source to
yield solvent, water, and weather resistant coatings
with a pencil hardness of H.309

Curing by y-Radiation

y-radiation-curable coatings useful in textile, leather.
and paper applications were formulated from a 33%
solids poly(ethyl acrylate) emulsion which was mod­
ified with 1% diallyl maleate crosslinking monomer.
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Films of the latex/crosslinking monomer mixture dem­
onstrated 67% insolubility and a swelling ilidex of 100
after exposure to I Mrad irradiation. 92% insolubility
and a swelling index of 41 after exposure to 2 Mrad ir­
radiation. and 93% insolubility and a swelling index of
33 after exposure to 5 Mrad irradiation. Other mono­
mers which could effect crosslinking included
dichloroethylene. vinylidene chloride. and N-phenyl­
maleimide. 311'

Curing by Electron Beam

Vinyl-functional emulsion coatings which could be
cured by electron beam irradiation were prepared by
reacting 142 parts glycidyl methacrylate with a solution.
hydroxyl-, carboxyl-functional copolymer consisting of
498 parts butyl acrylate. 100 parts methyl methacrylate.
100 parts styrene, 172 parts methacrylic acid, and 130
parts 2-hydroxyethyl acrylate. The epoxy addition re­
action was conducted at 80°C until the acid number of
the mixture reached 50. The resulting vinyl-functional
copolymer was vacuum stripped of the solvent
(ethanol), neutralized with an equivalent amount of
ammonium hydroxide. and subsequently dispersed in
2000 g of water. The emulsion was applied to a sanded.
mild steel plate and irradiated with electron beams (10
Mrads) to yield a crosslinked coating having a pencil
hardness of2H, an impact resistance of > 50 Col (500 g.
1.27 Col diameter dart). and a water resistance of> 20
days at 40°C.""

OVERVIEW

It is apparent from the preceding discussion that a
number of approaches have been investigated over the
past 20 years to develop crosslinkable emulsions which
are suitable for application in a reasonably broad spec­
trum of industrial areas. Although this effort has re­
sulted in the commercial development of several prod­
ucts with good shelf stability, adequate application
characteristics, and with more than competitive per­
formance capabilities. crosslinkable emulsions as a
class have achieved only limited commercial success in
spite of the manifold nature of the coatings market.
While certain interest groups attribute the restricted
growth of these systems to elements such as consumer
resistance and the preference of competitive solvent­
borne products. perhaps the most ostensible factor pre­
venting the continual expansion of the present­
generation ofcrosslinkable emulsions into areas such as
heavy-industrial or marine applications stems from the
method of crosslinking which binds these systems to
thermal curing processes such as those used in present
coil or wood finishing applications. With the increasing
need for high-performance, water-borne systems which
are suitable for general application and which cure at or
near ambient conditions, the coatings industry is
presently attempting to develop industrial-quality
emulsions which crosslink through autooxidation since
the restrictions imposed upon products crosslinked by
means of methylol-functional groups [aminoplast res­
ins. N-methylolacrylamide and N-(isobutoxymethyl)-
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acrylamideJ have become increasingly more obvious.
However. the limitations associated with autooxidiza­
ble systems are also apparent since even the better
drying oil-based, solvent-borne systems have never
achieved the properties provided by such systems
as solvent-borne vinyl, chlorinated rubber, two­
component epoxy, and polyurethane resins. Conse­
quently, a considerable effort is presently underway
to develop the technology required to produce two­
component epoxy emulsions with adequate colloidal
stability and with properties that are equivalent to those
of their solvent-borne counterparts.

If. however, emulsion-based coatings are to progress
beyond the growth-rate projected over the next 10 years
for ecologically-based systems, then other high­
performance vehicles in addition to autooxidizable and
improved two-component epoxy emulsions must be
developed which offer advantages commensurate with
those provided by high-solids (over 70%), conforming
solvent-borne systems; 100% solids, two-component
systems; powder coatings; and other water-reducible or
water-borne systems. al2 Such future-generation
crosslinkable emulsions will utilize, out of necessity,
other irreversible. low activation energy addition re­
actions which are tractable with the emulsion environ­
ment and which provide coatings with the properties
required in high-performance applications.
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Back to Basics

Selection of Straining
(Nominal Filtration)

Equipment for Coatings
Ash Tankha

Glidden Resins and Coatings, Division of SCM Corporation'

Straining is the last unit operation in a chemical coatings
facility before the coating is filled into containers for
shipment. This article discusses filtration equipment and
filter mesh size which optimize the filtration rate.

INTRODUCTION

The straining operation in the coatings industry is gen­
erally the lasl step in the manufacturing process before
coatings. like paints and resins. are filled into con­
tainers. Most products are strained through I to 125
micron filters or screens. Straining in this range is called
"nominal filtration." The filtering operation is used to
clean paint when the cause of dirt is a "seedy" vehicle.
or a lower-than-specified dispersion grind due to poor
quality raw material or incomplete dispersion. The
main object offiltration is to remove material foreign to
the coating formula that would affect the customer's
application equipment or quality of their coated prod­
ucts.

To increase filtration throughout and decrease filter
cost. the following have to be selected: (I) Type of fil­
tration equipment; (2) Filter size, or mesh opening ..

Evaluated first are the advantages and limitations of
filtration equipment followed by a discussion of the
criteria for selection of filter size or screen mesh.

FILTRATION EQUIPMENT

Vibrating Screen

Manufactured by Russell Finex, Inc .. Vorti-Siv Co.,
and others. The screens are made of synthetic materi­
als. like nylon, and are available over a wide size
range-from 80 to 400 mesh. In general. vibrating
screens are suitable for water-borne products. low gloss

"llSJOA De~ Rd.• Des Plaines. III. 60016.
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oil products (5\-2 grind or less on the Hegman scale). and
as a prefilter for any dirty products. The viscosity of the
product going through a screen should be 80 Krebs
Units or less. and not more than 100 Krebs Units as
higher viscosities decrease filtration rate sharply. This
filter is not recommended for dilatant products because
the intense screen vibrations increases the product vis­
cosity and filtration rate falls off. A disadvantage of this
equipment is that during filtration the coating is open to
the atmosphere and is. therefore. subject to aeration.
drying. and contamination. Unlike cartridge filters. the
screen can be washed and used again.

Cartridge Filters

Manufactured by AMF Cuno Div .. Filterite Co..
Carborundum Co.. Johns-Manville Co.. and others.

The cartridges are either of a continuous filament
yarn or of a graded density type. Cartridges are recom­
mended for filtering coatings with a grind above 5on the
Hegman scale. which generally comprise intermediate
and high gloss conventional solvent systems. Because
pressure can be exerted on the product during filtration.
a good filtration rate can be achieved with high viscosity
(up to 140 Krebs Units) and dilatant products. Car­
tridges are available in sizes ranging from I to 200 mi­
crons.

The collapse pressure (the pressure above which the
pores of a cartridge collapse) of a typical cartridge is
about 70 Ib/in 2 differential. Filtration should be carried
out below this pressure. Also, the average velocity of
the coating through the cartridge should be kept below
10 ft/sec. Cartridge filters are not suitable for products
containing long or gelatinous particles. such as occur in
latex. Long particles break under pressure. and gelati­
nous particles larger than the cartridge micron size ex-

Journal of Coatings Technology



SELECTION OF STRAINING EQUIPMENT

/
I

/

-J/
/

/
/

/
Ji/
~I

/
/

/
/

Table l-Comparative Fineness Data

Hegman Production Depth of Walls or Groove U.S.
Scale Club Scale NPIRI' Mils Microns Mesh Size

0 0.00 40 4.0 100.0 140
I 1.15 35 3.50 87.50 170
1 1.50 30 3.00 75.00 200
3 3.75 25 1.50 62.50 230
4 5.00 20 2.00 50.00 325
5 6.25 15 1.50 37.50
6 7.50 10 1.00 25.00 400
7 8.75 5 050 12.50
7.5 2.5 0.25 6.25
8 1000 0 0.00 0.00

1"1 Nalllm;ll I'nnling Ink Re'l::trch In'lilUlc.

trude through the cartridge. unless the filtration is car­
ried out at low pressure. below abollt 20 Ib/in.'.

100 100

IIESH SIlE (SCREEN)

300 400 500

Table 2-Typical Thickness of Industrial Coatings

Filter Bags

Manufactured by Textile Industries Inc., FSI Com­
pany. and others. the filter bags are made of various
synthetic materials, with mesh size openings of I - 200
microns. The bags are of two types: (a) bags which are
enclosed in pressure vessels. the filtration being carried
out under pressure: (b) tie-on bags: the end of the bag is
tied to the discharge nozzle of the tank containing the
liquid to be filtered. The maximum pressure which
tie-on bags should be subjecled to is 6 psi. which is ap­
proximately the pressure exerted on a bag tied to the
end of a nozzle wilh a 12 ft liquid head above it. When
used as a prestrainer or for filtering coarse products. a
filter bag gives a throughput equivalent to 12 cartridges.
assuming both are operated at the same low pressure
(max. 6 psi). This is because the standard 9.75 in. car­
tridge has about 0.5 ft2 of surface area, and the standard
size filter bags (I x 2 ft. 1.5 x 2 ft) provide 7 and 10 times
the surface area ofa cartridge filter. Thus. six cartridges
are required to provide the same filtering area as one
bag. Add to this the fact that for the same area. bags
(surface filtration) provide a higher filtration rate than
cartridges (depth filtration). The net result is Ihat under
low pressure (max. 6 psi), a filter bag gives about the
same throughput as 12 cartridges.

Thickness of film applied, mil.

Normal Range

MICRON RATING (CARTRIOGE)

Figure l-Mesh or micron filter size which should be used to fil­
ter a coating with a specific grind

100806040

I
I

I
/

I
/

I
/

I
/

/
/

I
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COMPARATIVE FILTRATION RATES

In general, the amount of product filtered/unit time/
unit area increases as one goes from a tie-on bag filter,
to a vibrating screen, to a cartridge filter and. finally, to
a pressure bag filter. Although the operating cost of a
vibrating screen is negligible compared to a cartridge
filter, because the filtering medium of the vibrating
screen is reusable, the time saved by using a cartridge
filter instead of a vibrating screen may justify its use.

Continuous Filtration

Manufactured by Jenag Equipment Co., this is a to­
tally enclosed self-cleaning strainer with a much higher
throughput than a vibrating screen with a comparable
sieve area because of the fact that suction/pressure can
be applied on the material being filtered. The back­
flushing system reduces cleaning downtime. and gives
an almost constant throughput as the sieve is periodi­
cally back washed.

This unit is suitable for filtering large batches (over
2000 gal) and, basically. it finds an application on the
same products suitable for vibrating screens. as dis­
cussed earlier.

0.2 :! 0.05
0.7 :! 0.1
0.1 - 1.2

0.001 :! 0.002
0.8 - 1.2
1.0 - 1.2
0.1 - .2
0.1 - 2.0

16 - 20

0.2
0.7
0.75
0.001
1.0
1.0
0.1
0.8

18

Coil coatings:
Primer .
Topcoat

Eleclrocoats
Can coalings .
Gen. industrials
Appliance .
Paper coatings
Wood coatings
Gel - coats

Type
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The set-up and clean-up time of all these filters is com­
parable. about 30 min. except the tie-on bag filter.
which is much less.

Filter Size or Mesh Opening

Below are a few criteria which are used to determine
the cartridge size or screen mesh of the filter media.
Sometimes more than one of the criteria may be appli­
cable to a coating, and. if they contlict. one of them will
have to be discarded.

ASH TANKHA is a Process Engineer at
Glidden Resins and Coatings, Chicago. He
is a chemical engineering graduate from
the University of Denver, a registered pro­
fessional Engineer in Ohio, a member of
A.I.ChE., and has published several tech­
nical articles on filtration.

Gloss

As the desired gloss of the coating increases, the par­
ticle size of the dispersed pigment particle must de­
crease.

Thickness of Coating Applied

Final dry film thickness of the coating should be one
of the major considerations for the selection of micron
size of the cartridge or screen mesh opening. For the
coating to appear smooth, the particle size of the dis­
persed pigment should be less than the coating film
thickness. If it is larger, the pigment particle will be
visible above the film, resulting in reduced gloss and a
rough texture. Therefore, the mesh or micron size of the
filter media selected to filter the coating, or the degree
of fineness of the premix (as measured on a Hegman
grind gauge), should be equal to or less than the thick­
ness of the coating applied.

Tables I and 2 show comparative fineness, and film
thickness of typical industrial coatings. For example,
Table 2shows that a coil coating top coat would have to
be dispersed to a 6.5 grind on the Hegman scale and
then be filtered through a 10 micron cartridge, the next
smaller size cartridge commercially available after 25
microns. The same result can be obtained from Figure I
which gives the mesh or micron filter size which should
be used to filter a coating with a specific grind.

High gloss.
Semi-Gloss
Flat

70

DESIRED

GLOSSMETER

READING

90+
.. 60 - 80

0-15

REQUIRED

HEGMA,

GRIND

7+
5 - 7
0-7

A coating can have a 7 grind on the Hegman scale,
and still be given a low gloss by the addition of selected
tlating pigments.

Color Development of Pigment

Certain pigments have to be dispersed to a specified
fineness in order to achieve properties such as color or
transparency. For example, a mixture of phthalo blue
and titanium dioxide with a 7+ Hegman grind will be a
darker blue than the same mixture with a 5 Hegman
grind; quinacridone pigments require a 7+ Hegman
grind to become transparent.

SUMMARY

The straining operation in a chemical coating facility
is a major factor in determining throughput. Simply in­
creasing the filtering media would increase throughput.
but not necessarily improve cleanliness and certainly
increase cost. To optimize the straining operation, first
select the straining equipment that will give the maxi­
mum filtration rate and then the coarsest filter that will
do the required job.
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Volumetric Computer Color Matching

Bruce H. Todd
Pigment Division, Chemetron Corporation"

The paper explains how conventional computer color
matching (GGM) programs have been modified to yield
data in volumetric units for greatly expanded flexibility
and cost savings. Volumetric handling and dispensing of
coloring materials are discussed in their application to a
variety of laboratory and manufacturing situations com­
mon to the coatings industry, including the new innova­
tion of totally automated factory tinting. The advantages
and limitations of this approach to GGM are frankly dis­
cussed.

INTRODUCTION

The intent of this paper is to present some simple con­
cepts which are being used to expand the versatility of
computer color matching (CCM), to illustrate some
money saving ideas achievable by improving color
matching efficiency and productivity, and to present
some ideas for helping to work more effectively with
some special color matching situations often encoun­
tered in the coatings industry.

It is not our intent to provide programming informa­
tion or present programming examples. but simply to
illustrate a few cost saving or problem solving ideas.

DISCUSSION

Concept

The concept behind the volumetric approach to CCM
is simple: Volumetric expression of computer calcu­
lated colorant formulations or batch adjustments has
been added to the output format of existing CCM pro­
grams without altering current pigment calibrations.
This allows a variety of volumetric dispensing devices
to be efficiently and effectively utilized in the color
matching process without compromising match quality.

Presented by /'ok Todd al lhe Symposium on Color and Appearance Jnstrumcnt:llilln.
March 15. 1971<, Cleveland. Ohio.

'491 Columbia Ave.. Holland. Mich. 49423.
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Utilization of volumetric dispensing devices will in
turn allow many tedious and often unnecessary weigh­
ing steps to be eliminated. This can result in greatly
improved efficiency and productivity in many color
matching situations with realization of significant cost
savings.

Advantages and Limitations

None of the well known advantages of CCM are
compromised by making the match volumetrically.
However, the money saving advantages of decreased
matching time or of increased productivity can be
measured in real terms.

Ofcourse, for every added advantage we may have to
accept a limitation. A major limitation of volumetric
CCM is that all of the coloring ingredients must be in
predispersed form in order to be dispensible. Obvi­
ously, a laboratory or manufacturing operation using
dry pigments entirely cannot take advantage of vol­
umetric methods. However. this is an exception to the
general rule. Most color matching situations within the
coatings industry, particularly with the utilization of
computer techniques to obtain a final color adjustment,
use liquid or semi-liquid dispersions of color pigments.

Another limitation that should be considered is the
loss of confidence which may be associated with vol­
umetric techniques. However, considering weighing of
ingredients to be an absolute certainty is dubious. What
is needed with volumetric techniques is development of
a high confidence level based upon results. However,
knowledge of the accuracy of dispensing devices is a
must, as are periodic calibration and preventive
maintenance if appropriate.

Volumetric CCM Programs

Now that the concept, advantages, and limitations of
volumetric CCM are understood, the next thing needed
will be a CCM program which will yield output data in
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Figure 1-Automatic formulation, conventional

PROCR.A.M NO. ? ~

NO. OF PIGMENTS ? !

?~

volumetric units. Although volumetric outputs are
standard or custom options in certain commercial CCM
programs, this type of output format will need to be
programmed into other commercial programs, older
versions of commercial programs, and captive pro­
grams.

To illustrate volumetric computer outputs, let us
refer to a program, available commercially from David­
son Colleagues, called COLOR2. A variety of vol­
umetric options can be added to COLOR2 as a custom
service; volumetric expression is standard on certain
other commercial programs. Figure I illustrates the
conventional output format ofan automatic formulation
program. After the operator enters the spectral reflec­
tance data of the reference color and chooses suitable
colorants. the program calculates the best match ex­
pressed as percentage concentrations of dry pigment
and pigment dispersions (shown in the last two col­
umns).

As shown in the very abbreviated flowchart in Figure
2, the program calculates the percent by weight of dry
pigment to make the match by using stored calibration
data. Then, using stored pigment percentages of disper­
sions. the parts per 100 parts of each dispersion are
calculated. Finally, using stored price data, the cost of
the match per 100 pounds of ingredients is calculated.

Altering the program to yield volumetric output data
is' illustrated by the abbreviated flowchart in Figure 3.
The percentages and parts per 100 parts ofcolorants are
calculated as before. The operator specifies the exact
volume of paint to be tinted. Then, the volumetric units
are calculated using a simple arithmetical process. Fi­
nally, the actual cost of materials used can be calcu­
lated. Note that none of the stored calibrations, percent
pigment, or price data needed to be changed.

The automatic formulation from Figure I is illus­
trated in Figure 4 with the volumetric output expressed
in fluid ounces and 1/48ths ounces. Note the extra inter­
active step where the program asks for the paint volume
to be tinted. Although the previous illustration used
fluid ounces. a wide variety of volumetric outputs can
be programmed to be consistent with user require­
ments.

Figure 5 illustrates a conventional format for batch
adjustment using the COLOR2 program. The actual
weights of dispersions contained in the batch are
specified by the operator. Their percentages. COITeC­

tion factors. i.e. relative error. the new percentages

1.0000

WN~ y 1.0000

SIJ.CX 12 1.0000

"
OED· .1

PC. CONe.

15.6500

32.)312·

2.0011

50.0107

15.9259

19.7450

3.2582

61.0709

COST S52.55

necessary to correct the batch, and weights of disper­
sions to be added to correct the batch are calculated by
the program.

Using the volumetric approach, illustrated in Figure
6. the operator inputs paint and dispersion volumes
instead of weights and the program calculates the vol­
umes to be added to correct the batch.

Major Uses

Now that the reader has been provided with concept,
advantages and limitations, and program examples, we
shall turn to a discussion of the major potential uses of
volumetric CCM. At the same time, various dispensing
devices especially suitable for particular applications
will be discussed.

The major areas where volumetric CCM can, and
does, provide utility are: color systems. both trade sales
and industrial; as a paint formulating tool; in manufac­
turing; and as a marketing tool.

COLOR SYSTEMS: First. let's evaluate the utility of
volumetric CCM in working with color systems, both
for trade sales and industrial finishes such as consumer
coatings, general industrial. and automotive refinishes.

For purposes of definition. a color system can be
thought of as a series of tintable paints. usually called
tint bases. consisting of a series of hiding power levels
(induding unpigmented. colored. or aluminum tint
bases for certain applications) and often representing a
variety of product lines. These are tinted at the retail
store, factory outlet. or application site with a series of
liquid colorant dispersions, typically 10 to 16 in
number. The colorants are volumetrically introduced

CALCULATE %

BY WEIGHT

OF PIGMENT

% PIGMENT

IN DISPERSION
CALCUATE

PARTS/lOa (Wt. )

OF DISPERSION

• COST/LB. OF

DISPERSION

CALCULATE COST

OF MATCH PER

100 POUNDS

INGREDIENTS

Figure 2-Automatic formulation flowchart
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Figure 3-Volumetric
automatic formulation flowchart

VOLUMETRIC COMPUTER COLOR MATCHING

CALCULATE %

BY WEIGHT

OF PIGMENT , % PIGMENT

-'I IN DISPERSION

CALCULATE

PARTS/1OO (Wt. )

OF DISPERSION

~ , SPECIFY ACTUAL AMOUNT!
I OF WHITE TO BE USED

CALCULATE

COLORANT VOLUMES

ADDED TO SPECIFIC

VOLUME OF WHITE

ICOST/LB. OF IIDISPERSIONS

CALCULATE

ACTUAL COST

OF MATERIALS

USE

using a series of dispensing cannisters with self­
contained storage reservoirs. Dispensing can be done
manually or fully automatically. Using published color­
ant addition formulas. a wide variety of colors can be
produced.

With all color systems. special emphasis is placed on
the decorative qualities of the coating. This is especially
true with trade sales systems which are merchandised
using attractive color display racks. decorating guides.
and color cards. The intention. of course. is to market
color. not just paint.

Volumetric CCM can be used with particular effec­
tiveness in color systems by producing new color arrays

(not by just "punching out" a huge number of colorant
permutations, but by quickly computer matching a cre­
atively designed new color array). in producing new
color formulas in the quickest possible manner. in
troubleshooting problems, and may even save enough
time and expense to make a custom color matching
service an economic feasibility.

Calibriiliol/ Techl/iques - Since most color systems
not only represent a variety of product lines. but also a
ladder series of white hiding pigment levels within each
product line. it may be worthwhile mentioning that
colorants can be calibrated in the conventional manner

pR()GRA.'1:>O. 7 ~

,"'0. of j'l911lenu 1 .!

PIGllr:;TS ARE ? !........!.....

~

COLORAST COR. F'ACT 01. U's

PROGRA.'l :/0. ? ~

HUMBER OF PIGMENTS? i

PIGM£lifS ARE ?~

WEIGHT OF PIGME1:TS IS 8ATCH ? )1.85 39.49 4.00 122.14

1.10)7 2.0563 IL07l2

0.9985 63.0574 2.5836
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Figure 4-Automatic formulation, volumetric
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Figure ~Automatic batch adjustment. conventional
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by adding each colorant to just one white base to obtain
its absorption and scattering coefficients.

However, since color systems contain a limited
number of colorants, a user may consider separate
calibrations in tint bases representing each titanium
dioxide level or in each product line represented. This
will minimize the effects of such idiosyncrasies as
selective pigment flooding, floating, flocculation, color
contribution of extenders, vehicles, additives, and
critical PVC effects. This should yield improved accu­
racy of the initial trial match and make fewer cor­
rections necessary.

Many color systems also use colored tint bases con­
taining substantial amounts of both white and colored
pigments. This is done to improve the hiding of bright,
organic red, yellow and orange colors and to minimize
the amount of pigment added in dispersed form. Be­
cause no white base is used in making matches, some
users may be confused or intimidated by colored tint
bases.

However, calibrations and color matching using col­
ored tint bases in place of white bases can be easily
accomplished in one of three ways, depending upon the
versatility of any particular color matching program.
First, one can treat the colored base as if it contained a
white pigment, with its colored pigment calibrated sep­
arately. When making matches, however, the program
must be versatile enough to specify a constant color
pigment to white pigment ratio. Second, one can cali­
brate each colorant in the colored tint base and simply
ignore the constant ratio of colored pigment present.
Third, the colored tint base can be calibrated in a com­
patible white base to obtain its relative K and S values.
These can be used in place of the relative K and con­
stant S = 1.0 used for more conventional "white" pig­
ments if the particular program allows.

Dispensing Devices for Color Syslems - The most
commonly used dispensing devices for both laboratory
and field use of color systems are the colorant dispens­
ing machines which are familiar objects in paint stores
and paint sections of department stores. The best types
have precision machined parts and storage resevoirs
fitted with slow speed stirring mechanisms. Most are
well engineered, durable, require infrequent mainte­
nance, but often suffer from inaccuracies at small dis­
pensing volumes on the order of 1/10 fluid ounce or less.
For general purpose use in volumetric CCM they are
usually adequate.

PROGRA.~ NO. ? ~

NO. OF PIGMENTS? !

PIGMENTS ARE ? L.!.!........!.

? 4,12 3,32 0,15 120,0

STANDARD IS 1~
0'. 49' s "'''COLORA.'<T VOt.. BATeH \ WT. BATCH COR. FACT VOL. ADD rOR,.'1ULA

PH 8W I _,12 15.9252 1.0365 0, I 4,13

LUNA Y , 3,32 19.7458 0.8521 0,12 ',0

'IX' Il 0.15 2.1098 1.10)7 0, 0 0.15

WHITE " 120.00 61.11706 0.9985 I, J HI,03

Figure &--Automatic batch adjustment, volumetric
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Automatic dispensers have been available for a lim­
ited number of years. The newest development in au­
tomatic dispensing is the Graco Series 2000 Automatic
Color Processor which combines quality dispensers
with a solid state microprocessor. When used for vol­
umetric CCM, the operator merely inputs the desired
colorants and amounts via keyboard for automatic dis­
pensing into quarts, gallons, or 5-gal containers.

The ultimate in state of the art technology, however,
is an innovation recently introduced by Applied Color
Systems. Its key feature is that the colorant dispensing
module is directly coupled to either the ACS-5oo or 600
Computer Color Control System for total integration of
the spectrophotometer, computer, and colorant dis­
pensers,

Called the Spectra-Tinter, the system can measure a
color sample, compute the match formula or correction
from a field of 12 or 16 colorants, dispense into an
operator selected batch size, and store the data in mem­
ory, Storage, retrieval, preparation, and correction
of standard recipes is also done automatically,
Spectra-Tinter is ideal for use with color systems, but,
of course, can be effectively used in a variety of other
situations.

The heart of the Spectra-Tinter is a unique dispensing
system containing two pumps per colorant. The large
pump dispenses 1/10 fluid ounce per shot; the smaller
pump dispenses in miniscule increments of 1/100 fluid
ounce per second. Under computer control and at two
shots per second, the system can dispense colorants
with a previously unattainable combination of speed
and accuracy,

FORMULATING TOOL: Computer color matching is
undoubtedly an effective laboratory tool for the for­
mulator, Volumetric techniques add utility and speed to
the process.

Standard amounts of tinting colors or shading bases
can be quickly calculated for use in formula costing or
for production guidelines.

No one likes to use off-standard raw materials, but
when the inevitability arises, accurate usage recom­
mendations or formula adjustments can be quickly ob­
tained for marginal. but usable colorants.

Money saving consolidation of factory tinting colors
can be accomplished much quicker than by color
matching by weight.

Color related troubleshooting can be done in more
expedient manner,
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ACS PRODUCTION DISPENSING SYSTEM USING GRACO FLUID HANDLING EQUIPMENT

Graco PumplAgitalOr/Low ltvtl Sensor mounted on
drum cover, which raises up aUlOmatically for
colorant drum replacement.

Colorant Storage
Drumh)

Clear or
Base TanklsJ

Graco
Metering
Pumphl

l00cc Increments

From other
Coiorani Drums

~
Graco

Dispense Module

COlOAANT(SI DISPENSING STATION

Oa18

ACS·500 or 600
COLOR CONTROL SYSTEM

(louled remotely from
Dispensing System)

Figure 7-ACS production dispensing system using Graco fluid handling equipment

It is also expected that volumetric tinting will allow
quicker preparation of cost-optimized paint formulas
when integrated into a pigment loading or hiding power
formulating program.

Dispensing Devices for Formulating - All of the
dispensing devices mentioned previously are applicable
to laboratory formulating, provided accuracy and re­
producibility are acceptable. The Spectra-Tinter would
be especially suitable if the field of colorants is not
large.

For very small colorant volumes the Pantone® or
IGT* ink pipets are quite suitable because of their accu­
rate micrometer feature. Their limitations are lack of
colorant reservoirs and need for clean-up.

Another device which is very useful for small color­
ant volumes and has good accuracy is the common
plastic throwaway hypodermic syringe.

"Plunkerator" devices, simple calibrated sleeves
fitted with pistons, are less accurate, and must be
cleaned; but they may find usefulness in less discrimi­
nating situations.

MARKETING TOOL: The added speed and efficiency
gained when volumetric techniques are added to CCM

Trade name of Panlone. Inc.
'Trade n;\rnc of the Research InstiWle for .he Priming and Allied Indumies.
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systems may have enough of a cost impact to make use
ofcustom color matching or custom color production as
a marketing tool. Many good marketing ideas associ­
ated with color are. regrettably, unfeasible because
of expense versus expected benefit to be derived from
color matching. When the lower cost per match and
added productivity of volumetric CCM are introduced.
however, many otherwise excellent ideas may be
brought into the realm of economic feasibility, particu­
larly if ingredients are standardized, the work is sys­
tematized, and as much automation as possible is intro­
duced.

MANUFACTURtNG: It should be obvious at this point
in the discussion that volumetric CCM can take an
important role in paint manufacturing. Since the vol­
umetric approach requires pigment dispersions, it is
consistent with modern manufacturing practices which
utilize pigment slurries, volumetrically meter major liq­
uid ingredients, prefer the use of easy mixing tinters,
and utilize simple mixers, high speed dispersers, or
sand mills in preference to pebble mills, attritors, and
three-roll mills.

We have already touched upon the use of volumetric
CCM in certain laboratory situations which have close
analogies in manufacturing: elimination of weighing
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GRACO POSIMETER

Colorant from
Colorant Storage Drum

P,ston Stops IAir·operated Limit Sw.tch)

LEFT CYCLE

Inlet Valve "A" Closed
Inlet Valve "0" Open

Discharge Valve "8" Open
Discharge Valve "C" Closed

Vdlves
switched
automatically
for right cycle

OPERATION

As piston moves to left (inlet colorant at valve "0" under pump pressure
as a result of pumping system at colorant drum). it displaces colorant in
left cycle chamber, forcing fluid out through discharge valve "B" and to
mixed colorant drum.

Right cycle begins when piston engages left cycle stop limit switch and
valves "B" and "0" automatically close and valves "A" and "C" auto·
matically open. Inlet colorant (under pressure) now enters left chamber
through valve "A", and piston moves to right forcing colorant through
valve "C",

Figure &-Graco Posimeler

steps, expeditious problem solving and troubleshoot­
ing, colorant consolidation programs, economical
production of custom colors, and automatic tinting
systems.

The last point, automatic factory tinting, deserves
further discussion because it is a recent development
which is a major innovation for the coatings industry.
The ACS Colorant Dispensing System can be used for
automatic shading of full size factory batches. The sys­
tem, jointly developed by Applied Color Systems and
Graco, uses ACS computer and color matching exper­
tise combined with Graco pumping and metering
technology.

Figure 7 is a schematic diagram illustrating an auto­
matic production dispensing system. The system works
in the following manner*:

Base data is stored in the computer. Color formulas,
updated colorant inventory, and application pro­
grams are retained by a remotely located ACS model
500 or 600 color control system. The same system can
also service your laboratory color control needs.

Formulations are transmitted from the color control
system to a Dispenser Controller. The Controller, a
second microprocesser, becomes the command sta-
'Reprinted with permission from ACS literature.
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tion for the dispensing operation. Up to 100 job for­
mulations are transferred for production use at any
one time by a key operator. Adjustments can be made
to the formulations at this time, prior to dispensing.
When ready for production dispensing the production
operator enters formula identification on a remote
terminal. The Controller automatically retrieves the
proper formulations and awaits a batching command.
The operator enters the batch quantity and dispens­
ing begins.
Dispensing streams are controlled simultaneously for
all items in the batch. The base or extender is pumped
initially to coat the container. then all colorants are
dispensed in a simultaneous staged sequence to as­
sure that the color is interspersed through the batch.

Throughout the operation, the Controller (micropro­
cessor) monitors the colorant level in the supply
tanks, controls sequence of adds, collects material
usage data, and, if the sequence is halted for any
reason, can provide information as to the materials
batched to that point.

The key to precision fluid handling is the patented
Graco Posimeters which are precision machined dual
displacement reciprocating metering cylinders. They
are fed and powered by the supply fluid under pres-
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sure from the supply pump modules. The unique de­
sign of the Posimeter allows direct control of the
dispensing sequence by the Dispenser Controller. A
computer controlled slowdown feature assures accu­
racy during the critical last steps in the batching proc­
ess.

The standard posimeter dispenses in 10 cc increments
and, for even greater accuracy, Icc Posimeters are also
available. See Figure 8 for operating details of the Po­
simeter.

Atypical color match is said to be accomplished three
to five times faster than when using manual weighing.

Helpful Hints for Volumetric CCM

Anyone trying the volumetric approach to CCM is
advised to keep the following suggestions in mind:

(I) Well calibrated tints are essential to the success of
any computer color matching process, volumetric in­
cluded.

(2) If colorants are actually mixtures of two or more
colored pigments, they can be calibrated and utilized as
if they were a single pigment. for simplicity.

(3) Don't try to treat pigment dispersions as if they
were 100% solids dry pigments. Results will be unsat­
isfactory.

(4) To help alleviate the uncertainties which may
accompany volumetric techniques, pay close attention
to program "correction factors" which are the first
indication of error.

(5) Keep dispensing devices in good condition. Do
not allow them to clog or become dirty. Use a preven­
tive maintenance program for bushings and parts sub­
ject to wear.

(6) Use periodic accuracy checks to assure confi­
dence.

(7) Avoid trying to produce color matches using
"micro" quantities of colorants: i.e .. quantities of col-
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orants which are too small for accurate dispensing,
Error may be magnified and results prove unsatis­
factory.

(8) Pay close attention to colorant stability. Even the
best dispensing devices can have their accuracy com­
promised by settling, vehicle separation, unusually high
viscosity, or unusual rheological properties.

CONCLUSION

In conclusion, it is appropriate to list those who
should be considering the volumetric approach to com­
puter color matching:

Every laboratory working with a color system or
which can take a systems approach to color
matching.

Every laboratory producing color matches using
liquid colorants.
Every manufacturing 'plant using computer color
matching with shading dispersions.

Manufacturers of custom colors.
Every company which can use color matching as a
marketing tool.
Every company interested in automated paint
production.

Any firm doing a considerable amount of color
matching that wishes to save time ... save
money.
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Development
Of Computer Color Formulation

And Control

Hugh R. Davidson
Davidson Colleagues'

Eloquent testimony to the effective­
ness of instrumental color matching
has been given by the Symposium on
Color and Appearance Instrumenta­
tion. Many suppliers, competing in
the field, and many producers of col­
ored materials came to evaluate the
new equipment and methods. But we
cannot claim complete success in all
color formulation and control prob­
lems, so it is well to consider both the
strong points and the weak points of
our instrumentations.

Introduction

In the comparatively short time since
instrumental color matching was intro­
duced in the late ·SO·s. the technique has
made considerable progress. This is
well exemplified by the comments and
questions raised by potential users. In
the early days. the most common com­
ment was "It won't work." A long
string of reasons could be given ranging
from the supposed mystical nature of
color to lack ofcontrol of manufacturing
conditions which. of course. is still a
valid comment today. A few years later
the comments had changed to "It may
work for some companies. but not for
mine." Again. a long string of reasons
could be given. but they were consider­
ably more rational-success had elimi­
nated some of those based primarily on
superstitions of one sort or another.
Today the comments are usually some-

Pre'>Cnleti b)' Mr. Davl<hon al the S)mpo:.lUm on Color
and Appear:tnce In'lrumentallon, March 15. 11J7tl. Cle\e­
land. Ohio.

·P.O. 80x 157. Tatam). Pa. Ill085.
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thing like this: "Yes. it will probably
work for me. but is it worthwhile and. if
so. what is the best system for me""

Now that we are in the era of rational
discussion. the promoters of instru­
mental color matching can afford to be
less dogmatic. We can admit that there
are some areas of poor performance.
and even some cases where the cost is
simply not justified by the results.

During these twenty years or so we
have gone from simple. one-constant.
manual-input analog computer to
automatic-input. high-speed. digital
computers employing two-constant
programs. Our systems have become
much faster. much easier to operate.
and much more nexible in that they can
be applied to a wider range of color
problems. It is interesting to note. how­
ever.that in those plants where the best
practices have been followed since the
first systems were used. the average ac­
curacy. as measured by the number of
hits required to adjust a batch for exam­
ple. has not improved dramatically.
Computations can be obtained much
faster today. ofcourse. but it is apparent
that even rather primitive instrumenta­
tion. when used intelligently. can pro­
duce results comparable to those ob­
tained with our most sophisticated sys­
tems.

Oddly enough. during this period of
growth in our hardware. our basic theo­
retical approach has not changed at all.
We still rely on the simple Kubelka­
Munk two-constant approach. Some of
our mathematical techniques have be­
come more sophisticated. but we still

deal primarily with a constant of scatter
and a constant of absorption. Other the­
OI'etical approaches have been pro­
posed. but so far they have not led 10

any overall improvement in accuracy.
This may be so simply because the
two-constant approach. with empirical
corrections where called for. is suffi­
ciently accurate for most problems. As
an industry. we have not as yet taken
full advantage of what we have.

Success in Areas of Use

Color control instrumentation has
been most successful in establishing
initial formulations where metamerism
is a problem. and in reducing the
number of corrections required in pro­
duction. There is no doubt that in most
cases we can make better nonmetameric
matches. much more quickly. with in­
strumentation than we can without in­
strumentation.

In the case of batch corrections. the
improvement is due partly to a direct
and partly to an indirect effect of in­
strumentation. When instrumentation is
used. there is a general tendency to pay
more attention to production variables
and errors. a general cleaning up of
production methods. in other words.
This in itself produces better control
and. hence. fewer batch corrections. In
any case. there is usually a marked de­
crease in the number of corrections
when instrumentation is introduced.

We often claim great success for in­
strumentation in reducing the total cost
of pigments used in production. Un-
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doubtedly this is true in some cases. but
our claims are probably a bit too strong
for the average case. If a manufacturer
has paid reasonable attention to pigment
cost before introduction of instrumen­
tation. the chances are that he will show
only a modest cost decrease by use of
instrUinents.

High Chroma and
Metallic Colors

There are two types of paint colors in
whieh our success has been less than
desired. The first of these is the area of
very deep or high chroma colors. that is.
on colors which contain little or no
white pigment. Our measurements seem
adequate on these colors. The major
difficulties encountered with these col­
ors involve (I) the accuracy and re­
peatability with which the paint mix­
tures can be prepared and the panels
made and (2) the method used for char­
acterizing the absorption and scattering
of the individual pigments. A difference
in dispersion of a pigment may be of no
importance when it is mixed with a
quantity of white. but can be of major
importance when little or no white is
present: the scattering characteristics of
a pigment must be known accurately to
predict dark and high chroma colors; a
difference in surface renectance so
small that it cannot be detected with
gloss measuring equipment can cause a
visible color difference on dark colors.
In short. the effects of all areas of poor
control and inadequate pigment char­
acterization are magnified many fold on
dark and high-chroma colors. con­
tributing significantly to poorer results
with computer colorant formulations.

The second type of paint color on
which we have had relatively little suc­
cess is metallics. Our present programs
can be helpful. but real success still
eludes us. Part of the problem is meas­
urement - instruments utilizing vari­
able angles of illumination and viewing
are not commercially available here; the
other part of the problem is the lack of a
workable mathematical model to use
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with the angular measurements. if we
had them. Full success will not be
realized unless more appropriate meas­
urement instrumentation and further re­
search is brought to the effort.

Types of Instrumentation

Now, assuming that instrumentation
for color formulation and control is de­
sirable. what is available? Details of
various instruments and computing
systems cannot be discussed here. but a
few general descriptions and costs
should be helpful to those considering a
purchase.

Measuring instruments can be di­
vided into two general categories. col­
orimeters and spectrophotometers.
Colorimeters are far less expensive than
spectrophotometers. but can be rec­
ommended only for production control.
If any formulation. pigment strength
determination. or general color
trouble-shooting is to be done. a spec­
trophotometer is necessary. Colorime­
ters range in price from about $4.000 to
$10.000; spectrophotometers range
from about $12.000 to $20.000 and even
much higher.

There is also a wide range of choice
for the computational systems that are
needed for formulation and batch ad­
justment. The simplest is commercial
time-share. In this case. the operator
uses a terminal to communicate by tele­
phone with a large computer in some
remote location. The terminal costs
range from about $1.500 to $3.000. and
aside from the measuring instrument
this is all the hardware needed. An ini­
tial fee ofabout $500 is paid to subscribe
to the system and from then on the
charges are for use only. The costs
range around $2 for a batch correction
and $2 to $8 for an initial formulation. If
large numbers of batch corrections or
formulations must be made. this method
becomes expensive. but it still may be
justified as a first step in setting up an
instrumental system.

Use of a computer presently owned

by the company is another possible
step. In this case a computer program
may be purchased and placed in the
company computer. Program costs
range from around $10.000 to $15.000
depending on the computer and com­
plexity of the program. The computer
used may be either a time-share system
or one used primarily for color work.

Several companies are now offering
complete systems including the meas­
uring instrument. computer. printer.
and a suitable enclosure. The least ex­
pensive systems presently available use
colorimeters and are recommended
only for batch corrections. The com­
puting system costs about $23.000 and
the colorimeter about $5.000. making a
total package cost of about $28.000. For
full formulation capability a spec­
trophotometer must be used. thus rais­
ing the minimum cost to about $40.000.
From here. the prices range up to about
$80.000 for a complete system. In­
creased computer size and complexity.
time-sharing capability. speed of opera­
tion. and various options on peripheral
equipment are some of the factors lead­
ing to this wide price range.

The best advice that can be given to
anyone considering the use of in­
strumentation for color control is to
shop around. All systems or methods
offered have their advantages and dis­
advantages. No one is best suited to all
applications or to all particular cir­
cumstances in all companies. Only by
comparing all systems can an optimum
selection be made.

Conclusion

Please note that no method or system
will be successful unless the operator
wants it to be. All system manufacturers
can point to some of their own systems
which are standing idle simply because
the operators had no real interest in
making them work. No magic buttons
are available which. when pressed.
solve all color problems. but all systems
now on the market will be successful in
most applications if intelligently and
diligently used.
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Constituent Societies Report on Education Programs

This report is published as part of the Federation's ongoing efforts to keep
members informed of educational activities. both underway and planned. and to
stimulate interest in formulating new programs at both the local and national
levels.

Baltimore

Jointly sponsoring. wilh local PCA. a
scholarship award for children of mem­
bers ... Conlinuing sponsorship of an­
nual seminar.

Birmingham

Completcd slide-tape program on
"Set,dlash Teslcr" for Federation
training series: work conlinuing on
three additional programs for the series.

Chicago

Efforts are joinlly sponsored with
local PCA ... Two seminars arc sched­
uled each year: one technical. and one
managemcnl: 197X management devel­
opment seminar dealt with understand­
ing human hehavior. particularlv be­
tween age group~. ilnd (echnical semi­
nar (SYMCO '7X) was devoled.to
technology of polymers involved in the
coalings industry ... 1979managemenl
seminar will he held April ~6: SYMCO
'79 will be held March ~() & ~ I. and will
focus on pigments and color ... Coal­
ings technology course has heen started
at Elmhurst College. Ihe first such
course in Ihe Chicago area in five
years-approximately 100 studenlS
regiSiered for Ihe 31 sessions: current
plans are to present the course every
two years . .. Nocoatings curriculum i~

offered at an} area colleges. and efforls
are underway to orient faculty at Elm­
hurSi in this direction.

C-D-I-C

Educational presentalion precedes
each Society monthly meeting: topics
wvered in recent prllgrams included
loxicily testing. acrylic urethanes. and
lasers.

Cleveland

Presented program on "Science and
Technology in Ihe Coatings Industry"
for high school science leachers al
Cleveland Regional Council Science
Teachers Wllrkshllp: leachers altending
were later invited to Sllciety monthly
meetings tll hear presenlation on
"Chemistry and Art" ... Continuing 10

assiSi in puhlicizing annual nine-session
Salurday mllrning credit course on 01'-
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ganic coatings. held Septemher through
Nllvemberat Kent State University.
Sponsllred tWll-day symposium in
March lln "Advances in Cllatings
Technology" - program addressed
Ihree major lopics: "Charaeterization
and Behavior of Coatings:" "TeSiing
and Coatings Cllnsensus Siandards:"
and "Environmental and Tllxicity In­
nuences on the Cllatings InduSlry" .
Assisted in judging for Grealer Cleve­
land Science Fair (also awarded. on he­
half of Sllciety. a savings bond for heSi
project with a coatings Iheme). and will
repeat effllrt in 1979 Compleling
production of slide/tape presentation on
"Tinting Strenglh of Paint hy Inslru­
menIal Means" ... Issued call for pa­
pers for 1979 symposium. to be held
March ~()-~ 1 ... Continuing contrihu­
tions to Cleveland Puhlic Lihrarv. Kcnl
Stale University. and Case-Western
Reserve University for purchase of
coatings textbooks.

Dallas

Continuing support llf scholarship
program at University of Southern Mis­
sissippi Hosted local high school
chemislry leachers at regular Society
monthly meeting. at which Dr. Herman
LlIlson presented lah experimenlS lln
Hansa Yellow and Toluidine Red:
teachers altending were given wrilten
llutlines - program will be repealed in
currenl meeting year Planning
one-day educational seminar in Febru­
ary: also planning Icchnician's course at
junior wllege. in conjunclion with local
PCA.

Detroit

In cOllperation with local PCA. setup
and equipped coatings lab at University
of Detroit's Polymcr Institute
Jointly sponsors. with PCA and
Polymer Instilute. IWO courses: 14­
week presentation on "Surface Coat­
ings Technology:" and I~-week course
on "Modern Resin Technology:" also
helps puhlicize Universily of Detroil's
credit courses on "Chemistry of Pro­
lective Coatings" and "Synthesis of
Organic Coating Polymers:" as well as
annual Polymer Conference Series.
Sponsored annual Symposium on Fu­
ture of Coatings Under Study (FOCUS)

in April - topic was "Coalings for Au­
tomotive PlaSlics:" 1979 FOCUS. to be
held May 3. will have as its theme. "Re­
cent Advances in Automolive Coat­
IIlgs ... Purchased complete package
of Federalion AN programs. and make
them aVililahle on a loan hasis to area
paint companies (also include projeclor.
if needed).

Golden Gate

Actively participates in California Air
Resources Bllard meetings Coat­
ings Cllurse for high school slUdents is
heing conlinued: however. due to im­
pactllf Prop",ition 13. classes are held
at cllmpany facilities rather Ihan at high
schools or cllileges - this lllTers spin-llff
henefil of making local firms more
aware of Sllciety activities. as well as
giving them opporlunity 10 ohserve stu­
denlS laking courses. which should be
helpful in joh placement considerat ions

Study grant program has proved
successful and is being continued - So­
ciety pays expenses of selected member
to attend coatings seminar ((here were
three seminars selected for the program
last year) and make repllrt to memher­
ship ... Two slide-tape presentations
were cllmpleted for the Federation
Iraining series: "Wet Film Thickness
Gages" and "A Salt Spray IFog) Test­
ing Cahinel.". . New coalings section
has heen estahlished at Redwolld City
Public Library which is sponsored and
maintained hy the Society.

Houston

Monitllring developments of Texas
Air Cllnlrol Regulations. _Continuing
sponsorship of annual seminar.

Kansas City

Invited area high school teachers to
Society "Education Night" and
presented kils on hasic painl composi­
tion. making of rigid polyurethane foam.
and preparalion of Hansa Yellllw and
Toluidine Rcd Participates in
Greater Kansas Citv Science Fair. bv
assisting in judging 'of coalings-related
projeclS and in providing three prizes­
each winner receives 550. with match­
ing sum awarded to prizewinner's
school science department for purchase
of lab equipment: students awarded
prizes at "Education ight" meeling.
to which their parents and high school
teachers are also invited _.. Planning to
expand experiments for the leachers'
kilS _. _Coni rihutes to scholarship fund
at University of Missouri - Rolla.
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Los Angeles

Continues aClive participalion at
hearings of California Air Resources
Board and olher regulalory agencies
... Restructuring basic coatings course
taught at Los Angeles Trade Tech
School to encourage greater enroll men I
- curtailed funds as resuli of passage of
Proposition 13 mandates increased al­
tendance if course is 10 continue
Providing advisory assistance for
polymer science courses offered at Uni­
versity of Southern California ... Con­
tinuing scholarship funding for benefit
of members - scholarships arc
awarded direclly 10 studems. basically
children of members. who can attend
college of their choice. . Also contin­
uing support of scholarship program at
North Dakota Slate University. and
mainlenancc of coatings library at Cily
of Commcrce.

Louisville

Continuing to sponsor coatings
courses al University of Louisville: laS!
fall presented course which focused
primarily on resins. followed lasl spring
with a prescnlation on formulations.
Currcntly underway is course on quality
conlro!: spring semester will offcr
cOllr~e on in~lrumcnlal analysis ... So­
ciety.local PCA. and Cily of Louisvillc
are jointly sponsoring new scholarship
al University of Louisville to study "I n­
dust rial Waste Disposal.··

Mexico

A'sisteu in planning a graduate crcuil
course on organic coatings presenteu al
Ibe University of Mcxico: first group of
slUdenls has complcted course. and an­
other more advanced course is con­
templated Has volunteercd 10

translale Color-matching Aptitude Test
Set instructional folder into Spanish.

Montreal

Continuing sponsorship of annual
IS-wcck evcning course on Introduc­
tory Coatings Tcchnology Co­
sponsored wilh Quebec Paint Industries
Association a course for chemical
coalings sales personnel which fealUred
introduclion to basic coalings Icchnol­
ogy. and wood and metal coalings .
Planning 10 publish coatings technology
information in French language. and 10

organize hasis coatings course in
French language. . Working on plans
for special short seminar on "What's
New in Vehicle Polymers'"''
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New England

Cooperated with Lowell UniversilY
in Ihe presentation of two courses:
"Adhesive Chemistry" and "Polymer
Chemistry:" these were offered as part
of university's Master of Science pro·
gram. but were available 10 undergrad·
uates on an elective basis. Courses
being offered this school year are
"Coatings Science and Technology"
and "Chemistry of Plaslics and Foam"
... Society schedules presenlations of
Fcderalion AN training programs prior
to monthly meetings.

New York

Continued sponsorship of two coat­
ings courses: II) .. Fundamenlals uf
Coalings Technology." two-semester
(IS weeks. 2 hours per week) course for
new chemisls and advanced techni­
cians: and 12) "Laboralory Course for
Coalings Technicians" - III-week (2
hours per week) "hands-on" lab course
on Ihe tcchniqucs of fundamenlal lest
mel hods. held allaboratories of various
coatings and raw malerials manufaclUr­
ers Also sponsored course on
"Principles of Color Technology'" a
III-week. 2-hr per week lecture pre­
scnlation on color and color matching

Funded two scholarships at ew
York Institute of Technology
Applied 10 New York Stale for Voca­
tional Education Granl to fund basic
course 10 train laboratory lechnicians
for Ihe coalings industry.

Northwestern

Continuing program of offering a
pre-monlhly meeting seminar based on
a booklet from Federation Series on
Coatings Technology Have pur­
chased Federation AN programs. and
make them available to members on
loan basis . .. Assisted local vocational
school in application for stale aid 10 set
up coatings materials lab technician
program Continuing eonlribulions
10 North Dakota Slate Universily for
purchase of coalings equipment.

Pacific Northwest

Portland Section conlinuing sponsor­
ship of two seminars and course on
basic paint technology in Salem. Ore.
... British Columbia Seclion also con­
linuing 10 support coatings course at
B. C. Vocational Inslitute. . Sealtle
Seclion is sponsoring new coatings
course: planning seminar for 1979.

Philadelphia

Offering repeat of ACS course on
coatings technology. conducted by
Seymore Hochberg: eight 2-hour
classes will be held prior to Society
and/or Technical Committee meetings

Planning five-lesson course on
color matching. with emphasis on col­
orimelry and computer color formula­
tion ... Also offering. in conjunction
wilh Temple School of Pharmacy. IWO
free courses: one on lab procedure use­
ful in health and safety hygiene. the
other on general healih and safety mat­
ters Completed production of
slide-tape presentation on "A Simple
Method to Determine Microbiological
Activity" for the Federalion Iraining
series.

Piedmont

Contributed to Chemistry Dept.
scholarship fund at Appalachian State
University Continuing efforts to
initiate coatings courses at Appalachian
Slate Planning full-day workshop
and/or seminar.

Pittsburgh

Planning to participate in Spring Sci­
ence Fair by awarding prizes and as­
sisting in judging: will help S1imulale
imerest in coalings projects by visiling
high schools and presenting AN pro­
grams on paint test procedures to
chemistry and science classes ... Will
assiS! in preparation of Spring sym­
posium on "Corrosion."

Rocky Mountain

Monilors proposed regulalions by
Colorado Air Pollution Control Cum­
mission . .. Planning seminars on paint
fOlmulation. application. and trouble­
sbootinc. to be aimed at lower ecbelon
lab pers'onnel. and sales and paint store
people Annual June meeting fea­
tured presentation on Colorado State
University's free service of providing a
complele industrial hygiene inspection
of a store or manufacturing facility.

51. Louis

Continuing to devote one monlhly
meeling for educational purposes: area
high school teacbers are invited and
given demonstration kits for classroom
use ... Developing member speakers'
hureau for presentalions at local higb
school on coalings industry career op­
portunilies Contributes funds to
scholarship program al University of
Missouri-Rolla.

(Colltinued 0/1 paKi' 90)
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Toronto Society for Coatings Technology Executive Committee for 1978-79. Front row
(left to right): Secretary - A.G. Morris; Federation Council Representative- A.C. Boyce;
President- S. Palleschi; President-Elect - H. Zapfe; and Treasurer - J.A. Grodzinski.
Back row (left to right): Society Committee Chairmen - S.R. Balmer; L.T. Ham; G.E.
Abboud; G. Major; R. Blondin; E.L. Humberger; and M. Hanzen. (Committee chairmen not

shown: F.N. Reckless; F.W. Laroche; L. Harrison; T. Bird; and A. Jones.)

Birmingham Nov. 2
Ken Downes. ofCIBA-GEIGY Ltd ..

spoke on "USE OF ORGANIC PIGMENTS
IN PREPARATION OF OI'AQUE PAII'T
FIl.MS."

Mr. Downes said Ihal in 1973. sam­
ples of commercial decorative painls 10

match BS4800 08E51 and IOE53 had
been found to be based eilher on lead
chromes or on organics such as c.1.
Pigment Yellows 3 and I. which were
poor malches wilh low opacity. A simi­
lar exercise in 1978 found all Ihe painls
10 be based on organic yellows with
lilanium dioxide as an opacifier. He
mentioned Ihal C.I. Pigment Yellow 74
appeared 10 give Ihe best results. two
grades being available. They differed in
slrength and durability but both showed
good opacily and flow propenies.

Brighl reds. such as BS4800 O4E53
Poppy Red. could be obtained by vari­
ous blends. bill poor opacity was slill a
problem. This was an area where there
was slill a requiremenl for a new high
opacily organic red. conlinued Mr.
Downes.

Industrial painls. he explained.
present funher problems of resislance
10 slrong solvenls. hea!. and acid
catalysis. CI. Pigmenl Yellow74can be
considered for induslrial syslems. It
does show a lendency 10 bleed on
over-lacquering. but docs nol bloom out
oflhe film. II also has excellenl wealher
faslness. marginal color fade. and
shows no sign ofhlooming on exposure.
Mr. Downes Ihcn presenled lables of
pilinl COSI per square yard for variou~

pigment combinations Ihat could be
used 10 match Ford Traclor Yellow and
Internalional Harvesler Red.

At equal weather fastness. Ihe or­
ganics arc 2-4 limes the price. New
shades will havc 10 be adopled based on
organics. Mr. Downes Ihen presented
calm ehans showing the feasibility of
organic/oxide/while combinalions to
give acceplable opacily at 3 mil film
thickness. There arc still gaps in Ihe
ranglo' of organic pigments suitahle 10

give opaque paint films. concluded Mr.
Downes.

Q. !lal''' rOil a qlli('~ ll'Chl/iqll" .fiJI'
deteuil1g fl/l~ lin} ,~rlll/(~S of Pigmellf

Y"I/OII' 74:'
A. Acceleraled wealhering in an Atlas

Weather-Omeler' for 500-1000 hr.
BRI.~I' F. GILI.IMI. Pllblicilr 0.11;('('''
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C-D·I-C Dec. 11
A momenl of silence was observed in

memory of William Malleson. retired.
and Frank Splinter. of PPG Industries.
Inc" who died recenlly.

Sleven E. Canlor. of Uniroyal InL.
spoke on "ROLE 01· POLYELECt ROI.\ IE
AS A DISPERSA "1 FOR TIO, SI. RRIES
AI\D LA IEX PAINTS."

Dr. Cantor said Ihal good dispersion
is helpful for hiding. flow or leveling.
package S1abilily. gloss and refleclion.
and high solids content. The mechanism
for dispersing TiO, pigment is welling.
mcchanieal disruplion. and stabiliza­
tion. The physical forms assoeialed wilh
these sleps. eonlinued Dr. Cantor. are
(I) aggrcgalors-Iarge. relatively solid
masses of panicles wilh lillie ahility 10

disperse lighl: (2) floceulaled-smaller
masses of particles which still do nol
maximize Ihe abilily to disperse light:
and (3) defloceulated-separalion inlo
individual panicles wilh almost no
agglomeration inlo masses with more
Ihan one particle. This maximizes
abilil} to disperse lighl and hide Ihe sub­
strate.

Polyeleelrolyle dispersants which
have been used 10 disperse pigmenls in­
clude sodium or potassium polyphos­
phales. sodium polyacrylales (shon
oligomeric chaines per charge). and
bisulfile regulaled oligomers. The dis­
persanl molecule should nOI be 100 large
or il may absorb onlO 1'1'0 or more pig-

menl panicles. resulting in floeculalion.
A dispers<lnl will decrease Ihe vis­

cosily of a slurry of TiO, in waleI' (com­
mercial grades are about 64'k solids for
flal and about 7h'k solids for glossy) 10 a
ccnain minimum which is referret! to as
Ihe demand poin!. Excess dispersanl
will cause the viscosity to go back up.
An ideal dispersanl will cause slighl or
no viscosity incr~aseas exc~ss is added.

Q. Is Ih" disp"rslil/l d"lIIlIlId ./i),. II

l1Iix('(/ piglll<'1/1 sysl('11/ lIddilil'l' or II
fill/cliol/ of 11Ie n'SI<'I1I:)

. A. Obs~rvatio;1 and literature indicate
it is addilive.

Q. Whr do"s Ih" "isCllsilr il/(,),""."·
H'illi (,xu'ss displ'rSlIJIf:)

A. ACCllrding to Helmholtz double
layer effec!. the "bumper" effeci of Ihe
like charges becomcs compressed and
ov~r-riddcn. n:slIlting in some atlrm:­
lions bel ween particles and Iloccula­
tion.

W.J. FROST. Sn""lIIrr

Cleveland Nov. 9
Benjamin LllberolT. of Chemtech

1agazinc. spoke on .. MANAGEMEi"t1
AI'IJ BEIN(; MANAGED."

Dr. LuberofT covercd many facels of
management. He mel1lioned thai a \\ ell
run company wilh a problem in even one
department can have difficulties. An-
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other point stressed by Dr. Luberoff
was that we need to become effective
listeners.

l.S. MALAGA. Secretary

Dallas Dec. 14
Dr. B. George Buf1<in, of the Univer­

sity of Southern Mississippi, presented
a talk and slide program detailing the
coatings and polymer science work
done at the University during EDUCA­
TION NIGHT. He discussed the Univer­
sity's source offinances as well as avail­
able scholarships and grants, which was
of special interest to the students and
teachers from area schools who were
attending this education emphasis pro­
gram.

RICHARD D. WILLIAMSON. Secretary

Montreal Dec. 6
R. Rauch, ofTioxide of Canada, gave

a history of the Technical Committee.
He also described the function and aim
of the committee. He then introduced
the Chairmen of the Freeze Thaw and
Adhesion of Latex Paints subcommit­
tees who outlined their programs for the
coming year.

Claude Dessureault. of Canadian in­
dustries Ltd .. spoke on "UNRESTFUL
SITUATION OF MIDDLE MANAGEMENT."

Mr. Dessureault·s presentation en­
compassed the problems and grievances
encountered by middle management
people in large and small. public and
private companies.

CUTHBERT A. MCWADE. Secretary

New York Nov. 14
Robert W. Lenz. of the University of

Massachusetts, spoke on "UNUSUAL
RESINS FOR COATING ApPLICATIONS."

Dr. Lenz dealt with a number of re­
cent developments in polymer science
which could be applicable to the cUling
of sUIface coatings. Some of the devel­
opments covered included spontaneous
polymerization reactions which require
no catalysts or initiators. and which
occur readily at low temperaIures;
polycondensation reactions which can
be run in water or alcohol solvents;
solid-state polymerization reactions:
reversible crosslinking reactions; and
polymerization systems in which vol­
ume shrinkage is minimized or elimi­
nated.

Some of the possible applications to
surface coatings include low energy
curing reactions. reversible or re-usable
crosslinked coatings. water-based sys­
tems having reactive functional groups
for crosslinking. and the improvement

Vol. 51, No. 649, February 1979

Constituent Society Meetings and secretaries

BALTIMORE (Third Thursday-Eudowood Gardens, Towson). GORDON
ALLISON. McCormick Paint Works. 2355 Lewis Ave .. Rockville, Md. 20851.

BIRMINGHAM (First Thursday-Calthorpe Suite. Edgbaston). BRIAN J.
AODENBROOKE. Croda Paints Ltd., Brodesley Green Rd., Birmingham B94TE,
England.

CHICAGO (First Monday-meeting sites in various suburban locations).
RICHARD M. HILLE. United Coatings, Inc., 3050 N. Rockwell, Chicago. III.
60618.

C-D-I-C (Second Monday-Sept., Nov.. Jan.. Mar.. May in Columbus;
Oct.. Dec.. Feb., Apr. in Cincinnati, Kings Island Inn). WILLIAM J. FROST.
Ashland Chemical Co.. P.O. Box 2219, Columbus. Ohio 43216.

CLEVELAND (Second Tuesday-meeting sites vary). JACK S. MALAGA.
Body Brothers, Inc., 214 Northfield Rd., Bedford. Ohio 44146.

DALLAS (Thursday following second Tuesday-Vic's Gallery Restau­
rant). RICHARD WILLlft.MSON. Trinity Coatings Co., P.O. Box 721. Fort Worth.
Tex. 76101.

DETROIT (Fourth Tuesday-Rackham Memorial Bldg.). GARY VAN DE
STREEK. Wyandotte Paint Products. Inc., 1430 Sycamore, Wyandotte. Mich.
48192.

GOLDEN GATE (Monday before third Wednesday-Sabella'S Restau­
rant. San Francisco). SHARON VADNAIS. E.T. Horn Co.. 7700 Edgewater Dr..
Oakland. Calif. 94621.

HOUSTON (Second Wednesday-Marriott Hotel, Astrodome). SAMUEL
L. LOE, JR. Samuel Loe Co.. Inc.. 4715 S. Main St .. Houston. Tex. 77002.

KANSAS CITY (Second Thursday-Washington Street Station).
WILLIAM SMITH IV, Conchemco. Inc.. P.O. Box 37. Kansas City, Mo. 64141.

LOS ANGELES (Second Wednesday-Steven's Steak House). JAN P.
VAN ZELM. 5412 Calle de Arboles, Torrance, Calif. 90505.

LOUISVILLE (Third Wednesday-Essex House). P.W. HARBAUGH. Re­
liance Universal, Inc., 4730 Crittenden Dr., Louisville, Ky. 40221.

MEXICO (Fourth Thursday-meeting sites vary). MAURICIO ESQUIVEL,
Pinturas Azteca.

MONTREAL (First Wednesday-Bill Wong's Restaurant). B. MCWADE.
Stahl Finish (Canada) Ltd .. 380 Des Lauriers St., Montreal, Que.. P.Q.

NEW ENGLAND (Third Thursday-Fantasia Restaurant. Cambridge).
ROBERT G. MODRAK. Benjamin Moore & Co.. P.O. Box 416. Milford. Mass.
01151.

NEW YORK (Second Tuesday-Landmark II, East Rutherford. N.J.).
MARVIN J. SCHNALL. Troy Chemical Corp., One Ave. L, Newark, N.J. 07105.

NORTHWESTERN (Tuesday after first Monday-Jax Cafe). ROGER AN­
DERSON. 3M Company. 3M Center, St. Paul, Minn. 55101.

PACIFIC NORTHWEST (Portland Section-Tuesday following second
Wednesday: Seattle Section-the day after Portland; British Columbia
Section-the day after Seattle). CURTIS BAILEY. Parker Paint Co .• 3302 S. Junett
St., Tacoma, Wash. 98409.

PHILADELPHIA (Second Thursday-Valle's Steak HOllse). BARRY OP­
PENHEIM. McCloskey Varnish Co., 7600 State Rd .. Philadelphia. Pa. 19136.

PIEDMONT (Third Wednesday-Howard Johnson's Coliseum.
Greensboro, N.C.). WILLIAM J. CUNANE. Sherwin-Williams Co.. P.O. Box
4528. High Point, N.C. 27263.

PITTSBURGH (First Monday-Skibo Hall. Carnegie-Mellon University
Campus). RAYMOND C. UHLIG. Technical Coatings Co.. 1085 Allegheny Ave ..
Oakmont. Pa. 15138.

ROCKY MOUNTAIN (Monday prior 10 second Wednesday). F.H.
MEYERS. Kwal Paints. Inc .. P.O. Box 5231 T.A., Denver, Colo 80217.

ST. LOUIS (Third Tuesday-Salad Bowl Restaurant). FLoYIJTHOMAS.JR..
Thomas & English, Inc.. 108 MlIllanphy St., St. LOllis, Mo. 63102.

SOUTHERN (Gulf Coast Section-Second Tuesday; Central Florida
Section-Thursday after third Monday; Atlanta Section-Third Thursday).
FRANKLIN D. RECTOR, Indurall Coatings. Inc., 3333 Tenth Ave .. N., Birming­
ham, Ala. 35234.

TORONTO (Second Monday-Town and Country Restaurant). A.G.
MORRIS. L.V. Lomas Chemical Co.. 6365 Northwest Dr.. Mississauga. Ont..
Canada.

WESTERN NEW YORK (Second Tuesday-Holiday Inn. Cheektowaga.
N.Y.). GEORGE C. REID. Spencer Kellogg Div .. P.O. Box 210. Buffalo. N.Y.
14225.
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Society rTleetrlgs (Continued)

Saveupto
30%inenergy

costs.
Free booklet explains
how to manage energy

to save money.
The Alliance to Save Energy
offers an energy accounting
and analysis system devel­
oped by The Carborundum
Company which spells it out
simply and powerfully. It
helps you determine how
and where your company
consumes energy, shows how
to measure it against pre­
vious consumption, and rec­
ommends ways to conserve
energy and save money.
Using this system, many com­
panies have found ways to
save thousands ofdollars with
little or no capital outlay.

The Alliance to Save
Energy will happily send you
one or more of these book­
lets. Mail the coupon today.

A ALLIANCE TO SAVE ENERGY
IV!5 K St.. N. W. Suite 506
WashifIKlUfl. D.C 20006

Please .H'f1d me __ copy (copies) (1 The
CarbortmdwJI 5:rs/(-f}/ of["axy ACCOll/lf­

ing and AfJa~nis booklet.

Name

COmpllll,1' Nan/('

(rpi' U/hIlSIIWH"

SWIl' Zip

A Public Serrice of This Magll:;IlI! fIJI
& The Adl'effising Council. ~
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ofadhesion by eliminating shrinkage. he
said.

Dr. Lenz concluded by giving details
of chemical structure and the reactions
involved as well as a slide presentation
of the new developments.

MARVtN J. SCHNALL. Secretan'

Philadelphia Dec. 14
A moment of silence was observed in

memory of John C. Moore. George
Woodward. and William Uzelmeier
who died recently.

Among the honored guests present
were Frank J. Borrelle. Federation Ex­
ecutive Vice-President. and Thomas
Kocis. Federation Director of Com­
munications. Mr. Borrelle accepted a
check 01'$500 for the Paint Research In­
stitute. presented by President Sander.

Members of the Definitions Commit­
tec were presented with tokens of ap­
preciation in the form of personalized
copies of the POilll/COOlillgs Diuiollorr
on which they worked so hard. Stanley
LeSota. Commillee Chairman. also re­
ceived a large wall plaque.

William J. Stewart. of Tenneco
Chemicals. Inc .. spoke on "HEAVY
METAL ADDITIVES FOR COATI 'Gs-A
PROSPECTUS...

The heavy metals have been impor­
tant in the coatings industry. in many
functions. for years. and they are going
to continue to be important. Phenyl
mercury compounds are used as preser­
v,llives and as fungicides. Since mer­
cury is a toxic metal. however. it is a
good idea to plan for the future possi­
bility of not being allowed to use mercu­
rials. said Mr. Stewart.

In the oil-based paint field. the most
widely used products are suhstituted
thio phthalimide and ethyl sulfone.
There are. mcntioned Mr. Stewart. a
number of nonmercurial fungicides for
exterior latex coatings. but none have
pelformed as well as mercurials. The
problem in the first year is early chalk
resistance. but they do last a long time.
The organics are hydrolized at high pH
and are not effective in latexes for very
long when compared to the performance
of mercurials. said Mr. Stewart.

In water-based finishes there is a ten­
dency to plug in conventional drier sys­
tems which may not work well: the
polymers are different, he said. The sol­
ubilizing agents (amines) cause prob­
lems with cobalt. however. they don't
affect manganese. Because of calcium's

water sensitivity. zirconium should be
used. continued Mr. Stewart. For the
drier to work. it must be soluble in the
organic portion of the system. Cerium.
zirconium. and the rare earths are ac­
ceptable. concluded Mr. Stewart.

BARRY OPPE, HElM. SecrNOr\'

Piedmont Nov. 28
David Watson. of Rohm and Haas

Co.. spoke on .. DtSPERSION PROCESS."
Mr. Watson. aided by a slide

presentation. explained in detail such
areas of interest as (I) reducing pigment
to its primary particle size. (2) complete
welting of exposed pigment surfaces.
and (3) stabilizing the resultant disper­
sion.

Q. Is Iltere olll~ffi'Clil'e \l'lIY 10 COlllro!
jiWlllillg'

A. Select a del'oamer and a wetting
agent which does not contribute to the
foaming.

W.J. CUNANE. Secretan'

Pittsburgh Dec. 4
Jim Dulaney announced that the So­

ciety will sponsor a symposium on Cor­
rosion Protection. on May 22. at
Duquesne University.

Peter Fletcher. of PPG Industries.
Inc .. spoke on "NUCLEAR MAGNETtC
RESO ANCE."

Mr. Fletcher gave a brief history of
the development of MR and also cov­
ered the basic theory of NMR. Both
proton NMRand carbon 13 NMR tech­
niques were discussed. Mr. Fletcher
showed several NMR spectra and ex­
plained chemical shifts and peak split­
ting. Carbon 13 was recommended for
polymer analysis because of the wider
range of chemical shifts which give a
sharp line for each carbon. and. thus.
beller identification. The problem of
gelling accurate peak areas was dis­
cussed. Mr. Fletcher concluded by ex­
plaining more accurate techniques to gel
good quantitative analyses.

RAY UHLIG. SI'CreTarr

Western New York Dec. 12
Roy Flynn. of Rohm and Haas Co..

spoke on "ADVANCES IN ACRYLIC
L\TEX MillNTE ANCE PAINTS."

GEORGE C. REID. SecreTarr
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Elections

MEXICO Associate Associate

Write for test data and formulations today!

AFFILIATE

FINK-JENSEN. PAUL H. - Sadolin &
Holll1blad Ltd .. Central Research De­
partments. Copenhagen. Denmark.

MASILOTTI. HUGO - Packaging West. Inc..
Denver, Colo.

O' ElL. WAYNE G. - Diamond Shamrock
Corp.. Downey. Calif.

RUPPRECHT. H.J. - N L Induslries.
Titanium Pigments Div .. Los Angeles.
Calif.Active

ZAPPITELLI. PHtL- Shell Canada Ltd .. Van­
couver. B.C.

ROCKY MOUNTAIN

TROUSIL. EDWARDG. - Storage Technology
Co.. Louisville. Colorado.

VALIS. K.S. - Colorado Paint Co.. Denver.
Colorado.

A
~ /;::::::---) MICA's "protective shield" helps resist corrosion.

~,e-------~ The addition of small amounts of Water·

" ground Mica reduces the cost of zinc-rich

and other corrosion-resistant primers.

~ ~ c::::::> Like impervious plates of armor, the tiny

~ <: ~ ~ica flakes dispersed in a liquid/solid paint

~ <:::? system form laminar strata parallel to the

===:> ~~ubstrate and exposed paint surface.

c:;::?,~~ RESUL~A·reinforced paint film

:::-----..... MTCA Sc:: "iIR5r~sistance to moisture pene·

~ ~~ ~rraaion Ae~t~ chemicals.

a tF:'eM1~~

ALAVEZ H .. ANGEL - Simon S.A.. Mexico
D.F.. Mexico.

CABEZAS. RUBEN - Mobil Atlas S.A. De
C. V .. Mexico D. F.

COLIN c.. PEDRO - Colin Y Lozano S R L.
Mexico D.F.

ESQUIVEL. MAURICIO - Pinturas Azteca
S.A .. Mexico D.F.

GARCIA M .. ALDEGUNDA - Pinturas AI­
fagama S.A .. Naucalpan. Edo. Mexico.

GUEVARA Z.. ANTONIO- Sindair & Valen­
tine. Mexico D. F.

IRAZABAL.JUAN PEDRo-Grafex De Mexico
SA. Mexico D.F.

MOLINA. M,GUEL - Prod. Quim. Y Pm!.
SA. Mexico D.F.

MORALES C.. AURELIANO - Mobil Atlas
SA De C.Y.. Mexico D.F.

ONTIVEROS E.. LUCHAR - Pinturas Aztlan
S.A .. Mexico D.F.

PEREZ. MARIO E. - Mobil Atlas S.A. De
C.V .. Mexico D.F.

RosAs S.. MARCELlNO- Pints. Cuauhtemoc
S.A .. Puebla. Mexico.

SA 'CHEZ. JOSE DEJ. - Colorquim S.A. De
C. V .. Mexico D. F.

SANTILLAN. EMILIO R. - Ind. Tee. De Pin­
luras. Puente De Vigas. Edo.

Active

ASJod(lf{J

PACIFIC NORTHWEST

ANGON T .. ENRIQUE - Comsolmex S.A ..
Mexico D.F.. Mexico

DEL c.. JAVIER MARTtN - Distribuidora
Jarnaca. Guadalajara. Jalisco. Mexico

DENIS A.. RENE - Ferroenvases Conicos.
Naucalpan. Edo De Mexico

FoJO. CARLOS SIERRA - Synres. Mexico
D.F.

GARDUNOC .. LEONARDO- Nopco Industrial
SA. Mexico D.F.

MAASS B.. ELIZABETH - C.T.J. Maass.
Mexico D.F.

MARTINEZ Z.. JOSE LUIS - Synres. Mexico
D.F.

MONTEJANO. J.ARMANDO - Pigm. Prod.
Quill1icos. Mexico D. F.

QUIROZ B.. VICTOR M. - Pigm. Y Prod.
Quill1icos. Mexico D. F.

ROMERO. PEDRO - BASF Mexicana S.A ..
Mexico D.F.

TORRES GT Z.. JOSE LUIS - Pigll1. Y Prod.
Quimicos. Mexico D. F.

VIDRIO P.. PRAXEDIS - BASF Mexicana
S.A .. Mexico D.F.

RITCHIE. NORMAN - Reliance Universal.
Inc .. Langley. B.C.

TAPPER. A. WILLIAM - Tonecraft Paints
Ltd .. Vancouver. B.C.

\[be (fnglisb :fflica (0.
INCORPORATED 1908

RIDGEWAY CENTER BUILDING· STAMFORD, CONNECTICUT 06905. Phone 203 -324-9531
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Future Society Meetings

Mines and Plants: Sandersville. Georgia
EXECUTIVE SALES OFFICES; P.O. BOX 349. SANDERSVILLE. GA 31082

HYDROUS AND ANHYDROUS ALUMINUM SILICATE PIGMENTS, KAOLIN CLAYS

Birmingham

(Mar. I) - "COMMENCING PRODUC·
TlON IN IRAN AND ALASKA" - J.R.
Taylor, of B.P. Ltd.

(Apr. 5) - "WASTE DISPOSAL" ­
H.G. Pullen, of Redland Purle Ltd.

(May 3) - "CATHODIC ELEC­
TRODEPOSITION-CURRENT STATUS"
- E. Millington, of International
Paints.

Write lor complete details
and samples.

BURGESS
PIGMENT

Chicago

(Mar. 5) - "AMINE SOLUBtLlZERS
FOR WATER-SOLUBLE INDUSTRIAL
COATtNGS" - Dr. Zeno W. Wicks, Jr.,
of North Dakota State University; and
"MARKETING - RESEARCH INTERAC­
TIONS" - Dr. Robert Bumb, of Dow
Chemical Co.

(Apr. 2) - "ACCELERATED WEATH­
ERING" - George Grossman, of Q-

TISYN
"Thermo-Optic" Aluminum

Silicate Pigment
The unique light-scattering ability of TISYN,
due 10 its particle shape and structure. en­
ables it to provide the maximum in opacity of
all Burgess flash-calcined pigments. Excep­
tionally synergistic with Ti02 at alt PVC
levels, TISYN actually contributes to Ti02 ef­
ficiency.lts hiding power is not impaired by
coarse extender loadings. In numerous. spe­
cific formulations. TISYN has demonstrated
notable sheen efficiency advantages plus
improved scrub resistance.
Also offered are OPTIWHITE· and OPTI­
WHITE· P -lwo exceptionally versatile
flash-calcined silicates. Each 01 these top
quality Burgess pigments has its own unique
properties designed to improve opacity. en­
hance film quality and scrub resistance as
well as coatings appearance. while providing
significant saVings through Ti02 reduction.
For unsurpassed hiding. optimum economy
and simplified formulating approaches.
rely on Burgess!

COMPANY

Panel Co.; and "You CAN'T AFFORD TO
BE WITHOUT SAFETY" - Gilbert Cain,
of Hercules Incorporated.

C-D-I-C
(Mar. 12) - FSCT SLIDE PRESENTA­

TION - Federation Officers.
(May 14) - "A NEW. IMPROVED

THtCKENER SYSTEM" - RJ. Duncan,
of Kelco Div., Merck & Co., Inc.

Cleveland
(Mar. 13)-"FSCT SLIDE PRES­

ENTATION"-Federation Officers;
Panel Discussion on "NEW CONCEPTS
IN PAtNTS/COATlNGS ApPLICATION
TECHNOLOGY ...

(Apr. 12) - Meeting to be held at
Ohio Edison Nuclear Power Plant,
Perry, Ohio.

(May 17) - "ART OPENS WAY FOR
SCIENCE" - Dr. Jon B. Eklund, of
Smithsonian Institution.

Golden Gate
(Mar. 19) - "NEW DEVELOPMENTS

IN THE FIELD OF GLOSS EMULSION
PAINTS" - John Bax, of Scott-Bader.

(Apr. 16) - "ACCELERATED WEATH­
ERINGANDFADING"-R. Metzinger,of
Atlas Electric Devices Co.

(May 14) - "USE OF ORGANO TITA­
NATES IN COATINGS" - Salvatore J.
Monte, of Kenrich Petrochemicals, Inc.

Los Angeles

(Mar. 14) - "NEW DEVELOPMENTS
tN THE FIELD OF GLOSS EMULSION
PAINTS" - John Bax, of Scott-Bader.

(Apr. 11)- "ACCELERATED WEATH­
ERING AND FADING" - R. Metzinger, of
Atlas Electric Devices Co.

(May 9) - "USE OF ORGANO TITA­
NATES IN COATINGS" - Salvatore J.
Monte, of Kenrich Petrochemicals, Inc.

Montreal

(Mar. 7) - Annual joint meeting with
Quebec Paint Industry Association.
"MARKETING OF CONSUMER PAINT
PRODUCTS" - B. Wayne, of Interna­
tional Paints (Canada) Ltd.; and "THE
PROFESSIONAL CHEMIST IN THE COAT­
INGS INDUSTRY" - F. Bonnier, of Car­
ter White Lead.
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Technical Articles in Other Publications
Complied by the Technical Information Systems Commlttee-H. Skowronska, Chairman

Rascio. V" Giudice. C.A .. Benitez. J.c.. and Presta. M. - "Ship's
Trials of Oleoresinous Anlifouling Paims. Part I: Formulations
with High and Medium Toxicant Conlents," 383-389.

Industrial & Engineering Chemistry Product Research
& Development

Published by American Chemistry Society. 1155 - 161h Street
N.W.. Washington. D.C. 20036 Vol. 61 o. II ovember 1978

Journal of the Oil and Colour Chemists' Association

Published by Oil and Colour Chemists' Assoeialion.
Priory House. 967 Harrow Road. Wembley. Middlesex

HAO 2SF England

Seiner. J.A. - "Microvoids as Pigmenls. A Review," 302-317.
Pierce. P.E" Kovac. Z" and Higginbotham. C. - "Kinetics and

Mechanism of Film Growth During the Eleetrodeposition Proc­
ess," 317-322.

Ghanem. N.A .. Naser. A.M .. Ismail. M.F.. and Ghafar. M.A. ­
"Synlhesis of Modified Phlhaloeyanine Compounds Suitable as
Pigments," 369-371.

Naser. A.M .. Naoum. M.M .. Salman. A.A .. and Taha. A. - "Recent
Aspecls of Some Coloured Urea/Dibasic Acid Fusion Adducts:"
372-374.

Zahoor. M.A" Chandra. S.. and Vaskshtha. A. K. - 'Cellulose-Based
Resins for Surface CO't1ings," 375-382.

Carr. W. - "The Theory and Practice of Pigmem Dispersion," 397­
410.

Callaghan. B.G. - "The Corrosion and Proteclion of Melals in the
Building and Conslruclion Industries," 411-418.

Vetere. V.. Rozados. E.. and Carbonari. R.... Measurement of Con­
ductivity. Capacity. Eleclrical Resistance and Permeabilily of
Paint Films in an Aqueous Solulion," 419-426.

Guruswamy. S. - "Electrical Resistance of Eleclrodeposiled Rubber
Per Unit Coulomb:" 427-430.

Deutsche Farben-Zeitschrift (Defazet)
(in German)

Published by Elvira Moeller GmbH. Karl--Benz-Strasse II.
Poslfach II 68. 7024 Filderstadl I. Germany

Vol. 32 No.9 September 1978

Partin. G.D. - "Pigment Dispersion - in Theory and Practice:" 322­
331.

Rechmann. H. - "Titanium Dioxide Pigments· Manufactured by the
Chloride Process:" 331-338.

GI'iser. F. - "Optical Behavior of Aligned Pigmenls," 338-342.

October 1978

December 1978

Vol. 61 No. 10

Vol. 17 0.4

FREE BULLETIN •.•
Send for bulletin #1320
today.

Manufacturers of World-famous
Weattler·Ometer3 & Fade·Ometer@

Atlas presents
a patented new
concept in visual
color matching. Only
Color·Chex offers fluorescent Northlite (7500
k), Daylight (6500 k), Chroma 50 (5000 k),
Incandescent (2300 k) and Black Light lamps
for maximum versatility and illumination. This
combined with our sample holding feature,
which reduces errors caused by viewing angle
reflectance and distance, offers you the ulti·
mate in visual color matching. Its compact
size and light weight make the Atlas Color'
Chex an ideal tool for office, lab., or plant.

ATLAS
rnlILrn:CC'IT'llRllCC
IQ)rn:wrrCCrnl~

cc@mJP£J~W

4114 N. Ravenswood, Chicago. III.• 60613, U.S.A. Phone: (312) 327/4520

87

478 Center Ave., lillie Falls, N.J. 07424
(201) 256-4242

Ball and pebble mills

• Reduce particles to sub-micron fineness.
• No mechanical adjustments of any kind required.
• Design differences include bolted or welded lifter

bars, chrome-manganese steel construction, easy to
replace gears, oversized solid steel trunnions with
grease seals ... and more.

• Standard mills from 9 gallon to 3300 gallon capacity
available.

• Jar mills, jar rolling mills and laboratory mills
available from stock.

I» PAUL D.EIDII

FOR FAST, EFFICIENT GRINDING, MIXING
AND DISPERSION OF WET OR DRY PRODUCTS
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meetings / Education

Cleveland Society to Host 22nd Conference
On "Advances in Coatings Technology" in March

"Pigments and Color" to be Examined
During Chicago Society's SYMCO '79

The Cleveland Society for Coatings
Technology's Education Committee
will present their 22nd technical confer­
ence. "Advances in Coatings Technol­
ogy." on March 20-21 at Baldwin­
Wallace College in the Cleveland sub­
urb of Berea. Ohio.

Committee Chairman George R.
Pilcher. of Sherwin-Williams Co.. has
announced that this conference will be
divided into four. !-2-day symposia:
"Crosslinking Chemistry;" "Envi­
ronmentally Acceptable Coatings;"
"Surface Characterization;" and "Re­
cent Technological Advances."

During the first day. the morning ses­
sion. "Crosslinking Chemistry," will be
chaired by F. Louis Floyd. of Glidden
Div" SCM Corp.; the afternoon sym­
posium. "Environmentally Acceptable
Coatings'" will be chaired by Dr. John
C. Weaver. of Sherwin-Williams Co.

Two symposia will be held the second
day. Chairing the morning session,
"Surface Characterization," will be Dr.
Theodore Provder. of Glidden Div ..
SCM Corp.; and Charles C. Beck, of
Premier Industrial Corp" will chair the
afternoon symposium. "Recent
Technological Advances'"

The following papers will be
presented:

MARCH 20

Srmposium ou Crosslinking Chemistry

"Reaction Mechanisms of Melamine
Resins" - W.J. Blank. of American
Cyanamid Co.

"Recent Trends in Aminoplast Res­
ins" - Dr. P.J. Schirmann, of Ameri­
can Cyanamid Co.

"Amino Crosslinkers: Relationship
of Structure to Coating Properties/
Performance" - F.S. O'Connell, of
Monsanto Plastics and Resins Co.

Symposium on EIll'ironmell/ally
Acceptable Coatings

"High Solids are Here - And They
Work - But Not for Everyone. Every­
where" - J.D. Pontius. of Sherwin­
Williams Co.

"The Evolving Role of Thermoplast
Emulsions in Industrial Finishing" ­
Dr. E.L. Leasure, of Rohm and Haas
Co.

88

"Requirements ofa Polymeric Binder
for Thin Film Thermosetting Powder
Coatings" - G.E. Gorrow. of Glidden
Div., SCM Corp.

"UV Coatings: A Possible Answer"
- H. Ragin. of Sun Chemical Corp.

Banquet Lecture - "Technical in­
vestigation of Painting Forgeries" ­
R.M. Merrill. Chief Conservator.
Cleveland Museum of Art.

MARCH 21

Symposium 011

Surj{lce Characterization

"Electron and Ion Bombardment
Spectroscopy: Principles and Potential
Applications in Coatings Technology"
- Dr. G.D. Mateescu. of Case Western
Reserve University.

"Application of Photogoniometry for
the Characterization of Coatings Sys­
tems" - T.H. Grentzer. R.A. Zander.
M.E. Koehler. T. Provder. and R.M.
Holsworth. ofGlidden Div" SCM Corp.

The Educational Committees of the
Chicago Society for Coatings Technol­
ogy and Chicago Paint and Coatings As­
sociation will jointly sponsor the ninth
annual Chicago Coatings Symposium.
SYMCO '79. March 20-21. at the
Fountain Blue Restaurant in Des
Plaines, III.

According to Program Chairman
Daryl Luxmore. the symposium will
focus on the theme, "Pigments and
Color'" and will be highlighted by an
exchange on extenders and vesiculated
polymeric beads (see JCT. October
1978, pp. 1Il-1I3 - Ed.).

Scheduled for presentation are the
following:

MARCH 20

"Pigment/Polymer Grafting"-Ted
Muzycko, of Elmhurst College.

"Pigments for Water-Borne Coat­
ings"-Ted Kolski. of Du Pont Co.

"Coatings Analysis and Charac­
terization" - R.M. Holsworth. of
Glidden Div" SCM Corp.

Symposium on Recent
Technological Advances

"Surface Modification of Inorganic
Pigments and Extender Pigments" ­
J.E. Moreland, of Malvern Minerals Co.

"Optimization of Cure Conditions
During Processing of Acrylic Latex
Coatings" - Dr. C. Huang and E.J.
Leeson. of B.F. Goodrich Co.

"A Newly Available Aliphatic
Isocyanate for Light-Stable Urethane
Coatings" - Dr.·G.L. Driscoll. of Sun
Petroleum Products Co.; and K.C.
Frisch. J.C. Kresta. and T.B. Lin, of
University of Detroit.

Additional information on the confer­
ence can be obtained from the Educa­
tion Committee Chairman, George R.
Pilcher. The Sherwin-Williams Co" 601
Canal Rd" Cleveland. Ohio 44113.

"Flatting Agents"-Peter Marston.
of Davidson Chemical Div .. W. R.
Grace Co.

"Theories and Principles of Col­
or"-Donald Parker. of Sherwin-Wil­
liams Co.

MARCH 21

"Extenders as Ti02 Spacers"-Fred
B. Stieg, of Pigmentech Consulting.

"Vesiculated Polymeric Beads in Flat
Latex Paints"-Robert Johnson. of
Dulux Australia Ltd.

"Extender Pigments"-William
Grimm. of Plews Stouffer.

"Psychological Effects of Color"­
Joyce Davenport. of DeSoto. Inc.

"Color Mapping"-John McMillan.
of ICI United States.

For complete information. or to reg­
ister, contact Program Chairman Daryl
Luxmore. 9 S. 684 Highland Ave ..
Hinsdale. III. 60521.
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FOR INKS, PAINTS, ETC.

formulation, evaluation, and raw mate­
rials usage. Fee, including texts, is $150.

Meanwhile, a course on Color
Matching - Theory and Applications
will be presented in a series of five
two-hr sessions by P.J. Sotorrio, of De­
Soto, Inc. An updating of color match­
ing practices will be presented. A com­
prehensive evaluation of old vs. new
will be discussed, along with computer
color matching. Fee is $50.

The Philadelphia Society is also spon­
soring two presentations at Temple
University's School of Pharmacy. One
is on lab procedure useful in health and
safety hygiene, and the other is a health
and safety seminar. Both are free.

RUGGED CONSTRUCTION

RELIABLE PERFORMANCE

SIMPLE TO MAINTAIN AND OPERATE

LARGE SCREENING AREA

HIGH PRODUCTION RATES

ABRASION RESISTANT VESSEL
AND AGITATOR PARTS

TAKEAWAY PUMP ON MEDIUM AND
LARGE UNITS

PROMPT TECHNICAL ASSISTANCE

ON·TIME DELIVERIES

1965 ClYBOURN AVE., CHICAGO, ILL., 60614, 312-348-8250

The Joint Educational Committee of
the Philadelphia Society for Coatings
Technology and the Philadelphia Paint
and Coatings Association has an­
nounced sponsorship of two evening
courses for coatings personnel.

Thefirst is a repeat of the ACS Course
in Coatings Technology offered in 1977,
which is for persons with a college
chemistry background. Dr. Seymore
Hochberg, of E.!. du Pont de Nemours
& Co.. Inc .. will again be the instructor
in a series ofeight two-hr sessions which
will be presented prior to the regular
monthly Society and the monthly Tech­
nical Commillee meeting. The course
will offer a thorough discussion of paint

Philadelphia Society Sponsoring Courses
On Color Matching and Coatings Technology

TROUBLE FREE

SHOT MILLS

Federation to Host Society
Technical Committee
Chairmen At March 30

Meeting in Atlanta

Technical Committee Chair­
men of the Constituent Societies
of the Federation will be hosted
by the Federation at a meeting to
be held in Atlanta, Ga., on March
30.

The full-day conference will be
devoted to reports on projects
currently underway. as well as
discussions on suggested under­
takings for Society Technical
Committees.

The meeting has been sched­
uled as an outgrowth of recent
discussions by the Federation's
Technical Advisory Committee
on development of projects that
would generate practical work on
topics of current concern to the
industry.

1979 PRI Symposium to Focus
On Analy1ical Methods
For Regulated Materials

ASymposium on Analytical Methods
Used to Monitor Product Compliance
with Regulations has been scheduled for
May I and 2 at Battelle Columbus
Laboratories. Columbus. Ohio, by the
Paint Research Institute.

The symposium will inform suppliers,
formulators, and users of methods
available for the analysis of materials
that are regulated or are likely to be reg­
ulated, will assess the validity of man­
dated limits and sampling practices, and
will enable the coatings chemist to
select the most appropriate method for a
given compliance problem. with con­
sideration of the acceptability of the
method to a referee.

The tentative program schedules four
sessions dealing with Metal Analysis:
Volatile Organic Components (VOCl:
Flammability: and Trace Organic Mate­
rials.

Program Committee Chairman
Raymond R. Myers. PRI Research Di­
rector and Chairman of the Chemistry
Dept. of Kent State University. will be
assisted by William Golton. of du Pont
Marshall Laboratories: Richard Hols­
worth, of Glidden Div .. SCM Corp.;
Percy Pierce. of PPG Industries; John
Vandeberg. of DeSoto. Inc.; and John
Weaver. Consultant.

Members of the Host Commillee in­
clude: Chairman William Mirick, of
Ballelle Columbus Laboratories; Her­
bert Fenburr. Consultant; and Carl J.
Knauss. of Kent State University.
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1980 FATIPEC Congress to Focus on '3-E' Activities of Coatings Industry

Society Educational Programs (Continued)

The XVth Congress of FATIPEC
(Federation of the Associations of
Technicians in the Paint, Varnish, Lac­
quer and Printing Ink Industries of Con­
tinental Europe) will be held from June
8-13, 1980, at the Rai Congress Centre in
Amsterdam, Netherlands.

Dr. M.F. Kooistra, ofN.V.V.T. and
the President of FATIPEC, announced
that the Congress theme will be ..Ac­
tivities of the Coatings Industry in the
Framework of Ecology, Energy, and
Economy Problems."

Society's developments and their re­
sulting consequences in controlling and
regulating environmental pollution, in
saving energy and resources, and in re­
ducing labor and production costs, will
continue to have a heavy impact on
coatings industry's technology. and on
its relevant research and development
for the years to come.

It is envisaged to have presented at
the Congress an actual picture of the
state of the art. composed of the con­
tributions which hopefully will be of­
fered from different and international
sectors of the coatings industry.

Call for Papers

Discussion papers for the FATIPEC­
Congress are invited.

It is emphasized that submitted pa­
pers should deal effectively with the
theme and that the Technical-Scientific
Committee. as part of the Dutch or­
ganizing structure. has been instructed
to apply their acceptance criteria for
Congress contributions accordingly.

The discussion papers will be divided
over section meetings. It is the intention
of the Technical-Scientific Committee
to group appropriate discussion papers,
so as to be able to organize more effec­
tive discussion sections or panels.

As usual, registration of papers from
speakers from FATI PEC member
countries should be made to the re­
spective national FATI PEC associa­
tion. Speakers from other countries are
requested to register their paper directly
to the Congress Secretariat: C. Korf,
Oostenrijklaan 43. Haarlem. Nether­
lands.

Authors must send their names and
titles of papers to Mr. Korf by June I;

Southern

Co-sponsors with University of
Southern Mississippi annual sym­
posium on water-borne and higher sol­
ids coatings ... Continuing support of
scholarship grants at USM ... USM
students invited to present papers at So­
ciety Annual Meeting.

Toronto

Coatings courses at George Brown
College continuing under Society spon­
sorship - currently offering courses on
basic and advanced coatings technol­
ogy. as well as one for technicians: also
presenled one-day program in January
on color technology and instrumenta­
tion .. Working on production of

the abstract by September I; and the full
text of paper by January I, 1980. Both
plenary lectures and discussion papers
will be presented in one of the three offi­
cial FATI PEC languages: English.
French, or German.

Exhibition

Running concurrently with the pro­
gram sessions will be the FATIPEC ex­
hibiuon in the Rai exhibition halls.

Dr. Kooistra (Kerkhofiaan 8. 6718 ZJ
Ede Gld .. Netherlands) said that Con­
gress Circulars # land #2 will be issued
later this year. Copies will be available
upon request.

slide-tape presentation on "Training of
a Resin House Operator.··

Western New York

In attempt to improve liaison with
area colleges to make them aware of
coatings industry needs and activities.
polymer instructors from these institu­
tions have been invited to attend regular
Society monthly meetings: students will
be invited to tour industry facilities. and
Society members solicited to present
lectures on careers in coatings at local
schools ... Efforts being pursued with
Erie Community College to establish
polymers course ... Working on pro­
duction of slide-tape presentation on
"Impact Resistance."

PHILADELPHIA SOCIETY MEMBERS CITED FOR
DICTIONARY WORK

Members of the Philadelphia Society who worked on the Paint/Coatings Dictionary were
cited recently by the Federation fortheir outstanding contribution. Shown left to right are:
Dave Engler, of Finnaren and Haley, Inc.; J. Richard Kiefer, Jr., of McCloskey Varnish Co.;
Lothar Sander, of Amchem Products Co.; Bruce Schirm, of Thibaut & Walker, Inc.;
Chairman Stan LeSota, of Rohm and Haas Co.; Michael McGroarty, of DeSoto, Inc.; and
Francis Willard, retired from Finnaren and Haley, Inc. Not shown, but also cited for their
efforts on the dictionary, were Seymour Mark, of New Jersey Zinc Co. and John Landis, of
Reichard-Coulston, Inc., along with Ruth Johnston-Feller, Consultant, of the Pittsburgh

Society.
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Larry L. Thomas, of NPCA,
To be Keynote Speaker
At WCS Symposium, March 1

Larry L. Thomas. Executive Director
of the National Paint and Coatings As­
sociation. will be featured as Keynote
Speaker at the 14th Biennial Western
Coatings Societies Symposium and
Show to be held at the Fairmont Hotel.
San Francisco. Calif.. March 1-3. He
will speak during the luncheon on
March I.

The previously announced keynote
speaker. Congressman Leo J. Ryan
(D-Calif.). was slain last December in
Jonestown. Guyana.

Mr. Thomas. who recently succeeded
Robert Roland as Executive Director of
NPCA. joined the Association's Legal
and Government Relations Div. in 1971.
Prior to his promotion he served as
NPCA General Counsel.
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OCCA to Host Biennial Conference June 20-23

Southern Society to Hold
Annual Meeting, March 14-16

The 43rd Annual Meeting of the
Southern Society will be held March
14-17 at the Dutch Inn Resort Hotel.
Lake Buena Vista. Fla.

Featured presentations on the pro­
cram will focus on technical. manufac­
turing. and economic subjects.

Two changes from the traditional
format have heen annnunced. The
Business Meeting will be held at the
concluding session instead of at the
first. Also. the banquet will be replaced
this year with a reception.

Complete information on the program
and recistration is available from AI
Hendry. A. L. Hendry & Co.. P. O. Box
170W. Tampa. Fla. 33612.

The National Association of Corro­
sion Engineers will present 260 techni­
cal papers at 40 symposia during its an­
nual conference. CORROSION/79. in
Atlanta. Ga .. March 12-16. Headquar­
ters for the event will be the Hilton
Hotel.

On Wednesday. March 14. Dr. Mars
G. Fontana. Executive Director of the
Materials Technology Institute of
Chemical Processes Industries. Inc ..
will deliver the Plenary Lecture. "Cor­
rosion Science. Corrosion Engineering.
and Then Whal"". which will discuss
the importance and value of synergistic
relationships between the corrosion sci­
entist and corrosion engineer.

Dr. Fontana. early in his career.
worked for the Du Pont Co .. where he
pioneered industrial uses of nylon and
Teflon. Since 1945. he has been a con­
sullant to both industry and govern­
ment. He has been an active member of
NACE for over 32 years. and served as
its President in 1952. He is also a
member of the National Academy of
Engineering. an Honorary Member of
the American Society for Metals. and is
a Fellow in the Meta'lIurgical Society of
AIME and the American Institute of
Chemical Engineers.

In addition 10 the technical symposia.
35 research-in-progress repnrts will be
given during the '79 Corrnsion Research
Conference. The '79 Corrosion Show.
to be held in conjunction with the Con­
ference. will feature over 150 exhibits of
products and services used in control­
ling corrosion.

Conference registration information.
hotel reservation forms. and a complete
listing of presentations are available
from NACE. P.O. Box 986. Katy. Tex.
77450.

NACE to Feature 40 Symposia
At CORROSION179 in Atlanta

A.R.H. Tawn. of Coates Group of
Companies.

"The Changing Role of Polymer
Chemistry in Organic Coatings
Technology" - M.F. Kooistra. of
Azko Research. Netherlands. (Pre­
sented on behalf of FATIPEC.)

"Characterisation of the Interactions
between Pigments and Binder Solutions
Using Rheological Measurements" ­
A. Saarnak. of the Scandinavian Paint
and Printing Ink Research Institute.
(Presented on behalf of the SLF.)

"Aqueous Coil Coatings" - E.J.
Percy and F. Nouwens. ofSynres inter­
national BV. Netherlands.

.. Aluminum Compounds as Major
Components of Surface Coatings" ­
J.H.W. Turner. Consultant. and
W.K.H. Lakin. of Manchem Ltd.

"Dispersion of Pigments: What is the
Ultimate"" - D.M. Varley and H.H.
Bower. of CIBA-GEIGY Plastics &
Additives Co.

"Dry on Wet - A ew Concept in
Low Pollution Coatings Utilising Cel­
lulose Acetate Butyrate" - B.P. Wind­
ibank and R.W. Mahar. of Kodak Ltd.

Registration fees for the conference
are £60 for members: £80 for nonmem­
bers: and £20 for wives. A daily regis­
tration fee of £35 has been set for mem­
bers only.

For additional information. contact
the Director and Secretary of OCCA.
Priory House. 967 Harrow Rd ..
Wembley. Middlesex. England HAO
2SF.

Shown are a number of industry leaders who were on hand for the 31st Annual Na­
tional Decorating Products ShoW in SI. Louis. From left to right (seated) are
Raymond D. Stevens, of Pratt & Lambert, Inc., Immediate Past Chairman of the Na­
tional Paint and Coatings Association; James A. McCormick, of Inland-Leidy
Corp., President of the Federation of Societies for Coatings Technology; William
Fuller, President of the National Decorating Products Association; Roger Plauche,
President of the Wallcoverings Manufacturers Association; and Joe Gallagher, Jr.,
President of the Wallcoverings Wholesalers Association. Standing (left to right)
are Larry Thomas, Executive Director of NPCA; Dollard Carey, Chief Operating Of­
ficer ofthe WWA; Glen Craven, Executive Vice-President of the Painting and Deco­
rating Contractors of America; Frank Borrelle, FSCT Executive Vice-President; and

Robert Petit, NDPA Executive Vice-President

1')

l 4
Decorating Products Show Attracts Industry Leaders

The Oil and Colour Chemists' Asso­
ciation will hold its Biennial Conference
at the Stratford Hilton Hotel. S"'at­
ford-upon-Avon. June 20-23. 1979.

Papers reflecting the theme of the
conference. '"The Challenge to Coat­
ings in a Changing World'" will be
presented at four technical sessions by
lecturers from the United Kingdom.
Denmark. Germany. and the United
States. The following papers are sched­
uled:

"The Challenge to Coatings in a
Changing World - Predestination or
Prophecy"" - J.B. Harrison. Consul­
tant.

"Surface Coatings for the Nuclear
Industry"' - P. Walker and A.
Haighton. of the Ministry of Defence.

"Original and Maintenance Painting
Systems for North Sea Oil and Gas
Platforms" - D. Atherton. of Sigma
Coatings Ltd.

"Solvent Loss from Paint Films"-
J. Ramsbotham. of Shell Research BV.

etherlands.
.'Water- Borne Industrial Thermoset­
ting Systems" - H.J. Luthardt and W.
Burckhardt. of Deutsche Azko GmbH.

"Influence of Light Intensity on
Photoactivity in TiO, Pigmented Sys­
tems" - T.A. Egerton and C.J. King.
ofTioxide International Ltd.

"Engineering for Corrosion Protec­
tion" - Speaker to be named.
(Presented on behalf of the Federation
of Societies for Coatings Technology.)

"The Technologist in Chains"
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People

Richard L. Vaughan has been ap­
pointed Western Regional Manager.
Resins and Adhesives. forthe Industrial
Chemicals Div .. of the American
Cyanamid Co. He will be located in
Chicago. Mr. Vaughan is a member of
the Philadelphia Society for Coatings
Technology.

Fredric M. Guist has been promoted
to Director of New Business Develop·
ment for Engelhard Minerals & Chemi­
cals Corp .. Minerals & Chemicals Div.
In his new position. he will take charge
of the selection. evaluation. and im­
plementation of new business oppor­
tunities developed by the division out­
side its normal lines of business.

The Enterprise Companies. an Insilco
Co.. has named James Moe to the posi­
tion of Vice-President/National Sales
Manager of the BPS Paint Div .. and
James M. Thompson to the position of
National Accounts Manager of the
Magicolor Paint Div.

Neil C. Hawkins has been promoted to
Plant Manager of the San Leandro.
Calif.. plant of Standard T Chemical
Co.. Inc. Mr. Hawkins has been with
the company for over 17 years. and
served most recently as Laboratory
Manager. He is a member of the Golden
Gate Society for Coatings Technology.

Motowo Takayanagi was presented
with the Society of Plastics Engineers'
Distinguished Educator Award at a spe­
cial ceremony in Tokyo during the
Japanese Plastics and Rubber Fair.

Dr. Takayanagi is Professor of
Applied Chemistry. Faculty of Engi­
neering. at the University of Fukuoka.
Japan. Among his many original scien­
tific contributions are the invention of
the Rheovibron. a widely used powerful
tool for investigating structure-property
relationships in polymers. and the de­
velopment of the Takayanagi model to
describe the visco-elastic behavior of
two-phase polymeric systems.

In a series of promotions. J.T. Baker
Chemical Co. has named Thomas P.
Merrick to the position of Manager of
Marketing and New Products Devel­
opment. John J. Elmo to the posotion of
Product Manager-Laboratory Prod­
ucts. and Judith A. Decker to the posi­
tion of Assistant Product Manager­
Laboratory Products. Ms. Decker is a
member of the American Chemical So­
ciety.
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R.L. Vaughan

Allen Starkey, a Technical Repre­
sentative for the Polymers. Resins. and
Monomers business team of the Rohm
and Haas Co.. has been named one of
the ten winners in PI/rchasil/g maga­
zine's 1978 Top Salesmen Contest. Mr.
Starkey is a member of the Northwest­
ern Society for Coatings Technology.

Dr. Kamil Klier, Professor of
Chemistry at Lehigh University. has
been named Associate Director­
Surfaces in the Center for Surface and
Coatings Research at the university. Dr.
John W. Vanderhoff continues as Asso­
ciate Director-Coatings. Simultaneous
with Dr. Klier's appointment. the reor­
ganization of the Center into the fol­
lowing laboratories was announced:
Color Laboratory. directed by Dr.
Eugene M. Allen; Catalysis Laboratory.
directed by Dr. Klier; Corrosion Labo­
ratory. directed by Dr. Henry Leid­
heiser, Jr.; Environmentally Sensitive
Fracture Laboratory. directed by Dr.
Robert P. Wei; Slllface Analysis Labo­
ratory. directed by Dr. Gar)' W. Sim­
mons; and Colloid Laboratory. directed
by Dr. Fortunato J. Micale.

Robert J. Mitchell has been promoted
to Business Manager of the Pigments
Div .. of the Degussa Corp.. Teterboro.
N.J. He served previously as National
Sales Manager.

M. Joyce Specht has joined the Porter
Coatings Div .. Porter Paint Co.. as
Manager of the Testing. Analytical and
Compliance Laboratory. Miss Specht is
a member of the Louisville Society for
Coatings Technology. ACE. ASTM.
ACS. Society of Instrumental Analysis.
Coblentz Society. and the Society of
Applied Spectroscopy.

Arthur C. Wrotnowski has been ap­
pointed Vice-President of Engineering
and Development for Filter Specialists.
Inc.. Michigan City. Ind.

A. Starkey

Richard R. Missar has been elected
President and Chief Executive Officer
of DeSoto. Inc.. Des Plaines. III. He had
been Executive Vice-President and
Chief Operating Officer. George A.
Nichols, currently the company's
Chairman of the Board and Chief Exec­
lHive Officer. will relinquish the office
of Chief Executive. but will remain as
Chairman until his retirement on May
31. 1979.

Air Products and Chemicals. Inc. has
appointed Clifford A. Bridges Marketing
Manager for its Plastics Dept. He will be
responsible for establishing a marketing
data base and developing business plans
and strategies for the polyvinyl chloride
business area.

Three key appointments in the
Chemistry Dept.. of Battelle's Colum·
bus Laboratories. have been an­
nounced. They are: George E. Cre­
means, Manager of the Organic and
Polymer Chemistry Section; Joseph A.
Wray, Manager of the Polymer Science
and Technology Section; and Michael
M. Epstein, Program Manager for Ser­
vice Life of Polymeric Materials Re­
search.

Meanwhile. Dr. Howard C. Woodruff
has joined Battelle's Houston Opera­
tions as a Research Leader. He will co­
ordinate and assist in research and proj­
ect marketing directed toward coatings
and polymer applications for the petro­
leum. gas. and allied industries. Dr.
Woodruff is a member of the Houston
Society for Coatings Technology.

George W. Ingle has been named to
the new position of Director of Associa­
tion Liaison for the Manufacturing
Chemists Association. He will continue
as Assistant Technical Director for
Toxic Substances Control and Secre­
tary to the Chemical Regulations Advi­
sory Committee.
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John C. Moore, Federation Past-President, Dies at 79

John C. Moore, Coatings Consultant,
Past-President of the Federation of
Societies for Coatings Technology,

and former
Technical Di­
rector of the
National Paint
and Coatings
Association,
died in South­
ampton, Pa. on
December 10,
1978 following a
brief illness. He
was 79-years­
old and still ac­
tive as a chemi-

J.e. Moore cal engineering
consultant and legal witness.

Mr. Moore, President of the Federa­
tion in 1946-47, also served as Presi­
dent of the Philadelphia Society and
was an Honorary Member of both the
Baltimore Society and the Federation.

In addition to his Federation in­
volvement, Mr. Moore served as Tech­
nical Director of the NPVLA. now the

National Paint & Coatings Association,
from 1947 until 1956, when he organ­
ized his own firm, Moore Research
Laboratories, Inc., at Bethesda, Md"
which operated as a research and in­
vestigatory arm of local, state, and
Federal government for 20 years.

Mr. Moore served on Committee D-1
of the American Society for Testing and
Materials from 1934 until his death, and
was Chairman of that committee from
1963 to 1972. From 1955 to 1958, he
was an Officer and National Director of
ASTM. He was elected an ASTM Fellow
and received the Society's Award of
Merit in 1970.

Born in Matador, Tex, Mr. Moore was
graduated from Texas A&M University
in 1922 with a B.A. Degree in Chemical
Engineering. He served as a Chemical
Engineer with the Texas Co. from 1922
to 1927 and was Assistant Superinten­
dent with the Texas Pacific Coal & Oil
Co. from 1927 to 1930. In 1930, he
joined Sinclair Refining Co as a
Chemical Engineer and was Superin­
tendent of the firm's paint plant from

1937 to 1947.
In addition to /lSTM, Mr. Moorewasa

member of the American Chemical So­
ciety and the American Institute of
Chemists. He was active in the Boy
Scouts of America from 1935 to 1950,
on the local and regional level. From
1935 to 1938, he was Scoutmaster of
Troop 2, Swarthmore, Pa., sponsored
by the Swarthmore Presbyterian
Church in which he was an elder. He
was appointed Commissioner to Valley
Forge District of BSA and participated
in rewriting the Scout Manual. From
1946 to 1948, he joined in the develop­
ment of a series of learning aids, along
with three completely new manuals, for
Cub Scouts of America. For these and
similar activities, he received, in 1948,
the Silver Beaver, the highest award of
the Boy Scouts of America.

Mr. Moore is survived by two sons,
Charles, 51, and William, 49; three
younger sisters, 10 grandchildren, and
one great-grandchild.

Services and burial were at War­
minster, Pa.
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People (Continued)

Beatrice Foods Co., Wilmington.
Mass., has announced the election of
Harry C. Wechsler, President of the
Chemical Div .. to the position ofCorpo­
rate Vice-President. He will continue to
supervise operations ofall domestic and
international units of the Chemical Div.
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Dr. Ronald K. Eby, Chief of the
Polymer Science and Standards Div.,
National Bureau of Standards, Gaith­
ersburg. Md., was elected Chairman of
Committee D-20 on Plastics of the
American Society forTestingand Mate­
rials.

for
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Union Oil Co. of California. Union
Chemicals Div .. Petrochemical Group.
has named Nicholas E. Lynam Manager,
Manufacturing. He will direct the ac­
tivities of the division's six polymer and
adhesive plants. Mr. Lynam will be lo­
cated in Schaumburg, III.

Spencer Kellogg Div. ofTextron. Inc.
has acquired the coating resins business
of Ashland Oil, Inc., effective De­
cember II. 1978 and has appointed
G. William Harrison, Div. President.
Under the terms of the agreement,
Spencer Kellogg assumes control of
three manufacturing facilities in
Newark. N.J.; Valley Park, Mo.; and
Pensacola, Fla. These facilities will
complement the company's other plants
in Baltimore. Md.; Bellevue, Ohio;
Buffalo. N.Y.; Edgewater. N.J.; Min­
neapolis, Minn.; and San Carlos, Calif.
In addition. about 50 administrative and
technical personnel will be hired or
transferred to the company's head­
quarters and research facility in the
Buffalo area.

Witco Chemical Corp. has named John
T. Foley Vice-President/Director of
Marketing and General Sales Manager
of the Organics Div. He was formerly
Vice-President for Surfactant Product
Management in Houston. Tex. Mr.
Foley will be relocating to division
headquarters in New York City.

Meanwhile. Alfred P. Marone has
been elected a Corporate Vice-Pres­
ident and General Manager of the divi­
sion. He had been Assistant General
Manager and Vice-President-Director
of Marketing for the past five years.

Obituary

George P. Woodward, 75. a Past­
President and Honorary Member of the
Philadelphia Society. and long-time
Paint industry worker. died December
10.1978. in Roslyn. Pa. Mr. Woodward.
during his career. worked for McClos­
key Varnish Co .. Archer-Daniels­
Midland Co.. and Ashland Chemical
Co. He retired in 1%6. Mr. Woodward
also served on numerous local and na­
tional paint committees. He is survived
by his wife. two children. and four
grandchildren.
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Literature

Industry Trend Study

Non-residential coatings are entering
a new era of change and opportunity ac­
cording to a just-completed 200 page
study by the Ozimek Data Corporation
(ODC). Rye. New York. entitled
Mailliellallce alld Nell' Callslflluioll
CualillKs.

Currently the market for non-resi­
dential coatings is pegged at about the
$670 million level and is forecast to grow
about $180 million in five years time.
The profit opportunities for individual
companies-raw material and paint
manufacturers-are beller than the
sales figures suggest. The products
serving the market are undergoing
wide-scale reformulation.

The pressure for reformulation comes
from the U.S. Government. The Gov­
ernment is concerned with four problem
areas: air pollution. water pollution.
safety and health. toxic substances.

Although the decline in solvent usage
is certain. the ODC study points out.
there are several unanswered questions:
Will the switch be to coatings using
water or to coatings using lillie or no
solvent? Water as a coatings vehicle
presents technical problems. It is dif­
ficult. to say the least. to produce coat­
ings with water as the vehicle that can
hold up under heavy-duty conditions.

The ODC study underscores the
major trends. concepts to be aware of.
for the engineering/design construction
firms. the end-users of coatings. as well
as the raw material suppliers and coat­
ings producers.

Maintenance and Nel1' COllstruction
Curl/illKs can be ordered from the
Ozimek Data Corp.. 92 Mendota Ave ..
Rye. N.Y. 10580. Price $800 + 'ew
York State tax where applicable.

Code Provisions for Urethane
Foam

A 12-page bulletin has been published
which provides a summary of various
building codes. tests to allain code
compliances. fire testing methods. tox­
icity factors. and a detailed compen­
dium of source materials. The brochure
notes factors that make urethane foam
an efficient insulating material and dis­
cusses possible fire hazards if it is not
given a protective coating. To obt,iin a
copy of SPI Bulletin U-104. contact
Isocyanate Products Div.. Dept.
1574-A. Witco Chemical Corp .. 900
Wilmington Rd.. ew Castle. Del.
19720.
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New French Journal,
"Couleurs," Makes Debut

The first issue of a new version of
"Couleurs:' French journal dealing
with color. has been published by Etude
et Realisations de la Couleur. 68 Rue
Jean-Jaures. 92800 Puteaux, France.

P. Chassaigne. Vice-President of
EREC. stated that the editorial staff in­
cludes scientists. professors. architects.
and others who deal with the fine arts.
"Couleurs" will be published fourtimes
a year. at irregular intervals.

Paint Specifications
The 20th edition of NPCA's "Guide

to U.S. Government Paint Specifi­
cations" is now available. This edition,
which supersedes all previously issued
sets. can be obtained by members for
$12.50 per copy, prepaid, and by non­
members for $25.00 per copy, prepaid.
Prices include periodical supplements
for a period of 4-5 years. To order, con­
tact National Paint & Coatings Associa­
tion. 1500 Rhode Island Ave.. N.W.
Washington. D.C. 20005.

Epoxy Resins

Availability of development quan­
tities of new weatherable epoxy resins is
announced in a recent brochure. Avail­
able in three grades. the resins feature
an unusually low viscosity of 20 to 25
poise at 25°C. For additional informa­
tion on Eponex resins. write Shell
Chemical Co., Manager. Chemical
Communications. One Shell Plaza.
Houston. Tex. 77002.

Polyurethane Coatings

A new eight-page bulletin describing a
polyurethane coating system which of­
fers resistance to chipping, abrasion.
chemicals. and corrosion is now avail­
able. The bulletin includes a full techni­
cal description of the product along with
information on recommended uses.
surface preparation. application.
clean-up. storage. and mixing. In addi­
tion. the brochure contains illustrations
showing corrosion. impact. and
abrasion resistance. and gloss retention
as compared to other polyurethanes. as
well as epoxy and alkyd coating sys­
tems. Color chip samples' of nine stan­
dard and more than 22 custom coating
colors are also included. For additional
information. contact Rust-Oleum
Corp.. II Hawthorn Parkway. Vernon
Hills. III. 60061.

Diisocyanate Neutralizer
A granular neutralizer said to inhibit

evaporation and control toxicity
problems stemming from urethane spills
is described in literature now available.
This product is designed for urethane
processors who use diisocyanate, either
MDI or TDI, as a raw material compo­
nent. For further information, write
Pigment Dispersions Inc., 54 Kellogg
Court. P.O. Box 412. Edison. N.J.
08817.

Pollution Control
Publication of a 444-page guidebook'.

"Handbook of Pollution Control Man­
agement." edited by H.F. Lund. has
been announced. Among the topics
covered are preparation of envi­
ronmental impact statements, forecast­
ing costs, equipment maintenance and
performance guarantees. re-cycling
waste products (and other cost recovery
opportunities). government financial
assistance, and the assignment of pollu­
tion control responsibilities. The book
is available at a cost of $39.95 from
Prentice-Hall. Inc .. Englewood Cliffs,
N.J. 07632.

Crosslinking Agents
Technical bulletins which provide in­

formation on two thiochemicals iden­
tified as pentaerythritol tetrakis (3­
mercaptopropionate) and trimethylol­
propane tris (3-mercaptopropionate)
are now available. The thiochemicals
are suggested for use as crosslinkers in
the photopolymerization of unsaturated
carbon-carbon double bonds. car­
boxyls. halides. epoxides and other
chemicals. and as stabilizers for
radiation-cured plastics. Copies of the
bulletins on Halby mercaptopropionate
esters may be obtained from Argus
Chemical Corporation, Dept. 1544.633
Court St.. Brooklyn, N. Y. 11231.

Slip Additive

A unique product has been developed
which improves the resistance of
enamel coatings to metal marking. mar­
ring. and blocking without impairing
gloss. Particularly effective in coil coat­
ings where it minimizes paint defects
which can occur during post-forming
operations. Slip-Ayd@ SL-133 is a dis­
persion of a polymerized wax in
melamine and a high KB naphtha. For
further information. or samples. write
Daniel Products Co.. 400 Claremont
Ave.. Jersey City. N.J. 07304.

95



LiterotlJre (Continued)

Ultrasonic Flowmeter
A four-page data sheet describes a

new ultrasonic flowmeter utilizing the
Doppler principle, and operating on 24
V d-c or 120 V a-c, for non-intrusive.
obstructionless measurement of liquid
flow in any size pipe. To obtain acopy of
Data Sheet C4.311 I-DS. contact Leeds
& Northrup Co.. MD210. North Wales,
Pa. 19454.

Urethane

A brochure about a new alkyd­
modified urethane describes a product
designed for interior uses such as floor
finishes. wood and paneling finishes.
aerosol coatings, and household
finishes. To learn more about Spenkel
F32-50MS. write Spencer Kellogg. Div.
of Textron. Inc .. Box 807. Buffalo.
N.Y. 14240.

ASTM Standards

New and revised standards are com­
bined in the 1978Allllual Book ofASTM
SWlldard" Parts 27-30. 41. and 42. Parts
27. 28. and 29 contain over 300 stan­
dards test methods. specifications.
definitions. practices. and classifica­
tions for paint and related products.
There are eight new standards in Part
30. three in Part 4I. and seven in Part 42.
For further information contact M.
Holst. Sales Service Dept .. 1916 Race
St.. Phila .. Pa. 19103.

EternaBrite®will ...
give you leafing values of close to 100% - something
never before achieved in leafing aluminum pigments.
That's nearly twice the Federal specification requirements.

EternaBrite®will ...
allow longer storage life for ready-mix paints with retention
of high total reflectivity and metallic brilliance to leafing
finishes upon original application.

EternaBrite ® will ...
introduce you to a bright new world of ready-mix paint
technology. It's available in three grades: 301-1 (Standard
Fine Lining), 601-1 (Extra Fine Lining) and 651-1 (Extra
Fine Lining Polished).

Specialists in Aluminum Pigments

SILBERLINE
MANUFACTURING CO., INC.
Lansford, Pennsylvania 18232
Phone (717) 645-3161

Product Finishes Study

An economic study of U.S. markets
for product finishes has been done.
and is divided into 12 sections in­
cluding Passenger Car Finishes, Ma­
rine. Factory Finished Wood. and Metal
Decorating. It also covers such areas a
Electrocoating, Raw Materials. and
Marketing Product Finishes. The mar­
kets are analyzed by types of coatings
and vehicles used. coating volume. geo­
graphic breakdown of demand. applica­
tion methods. and a 1982 market fore­
cast. The study is available at the post­
publication price of $7,500. For further
information. contact Fred Smith.
Smith. Stanley & Co .. Inc .. 72 Old
Kings Highway orth. Darien. Conn.
06820.

Chemical Intermediate

Data sheets are now available which
describe a large variety of end uses for
this hydroxyl functional liquid which
consists of various glycerols in an aque­
ous solution. Copies of the Polyglycer­
ine W-80 data sheets may be obtained by
contacting Dow Chemical U.S.A.:
Plastic Dept .. 2040 Dow Center. Mid­
land. Mich. 48640.

Thermogravimetric System

An eight-page color brochure describ­
ing the TGS-2 thermogravimetric sys­
tem is now available. A description of
the instrument is given. and basic prin­
ciples of operation are discussed. There
are three pages of performance data and
nine examples of sample runs showing:
thermal separation characterizations.
oxidation analysis. moisture analysis.
thermomagnetometry. and simultane­
ous analysis. To obtain a copy of
brochure L-508. write Perkin-Elmer
Corp .. Instrument Div .. Main Ave..
Mail Station 12. Norwalk. Conn. 06856.
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Vinyl Emulsions

Two new brochures describing wet
adhesion vinyl emulsions are available.
Tire first emulsion is a hard polymer de­
signed for use in premium interior
semi-gloss and eggshell enamels. The
second emulsion is a more flexible
polymer designed for use as a multi­
purpose vehicle in both exterior and in­
terior paints and enamels. The
brochures detail typical properties, as
well as recommended uses, suggested
formulations, availability, and technical
support services. To obtain copies of
the WAVE 345 and WAVE 375
brochures, contact Air Products and
Chemicals, Inc .. Polymer Chemicals
Dept., Box 538, Allentown, Pa. 18105.

Signal Processor
A new automatic signal processor

which features four internationally used
color scales and memory storage for up
to ten product standards is described in
recently issued literature. For more in­
formation on the 025-9. write Hunter
Associates Laboratory, Inc.. 9529 Lee
Highway. Fairfax. Va. 22031.

Book Review

HANDBOOK OF
ELECTROPAINTING
TECHNOLOGY

Written by
Willibald Machu
Translated by
Dr. Peter Neufeld
Electrochemical
Publications Ltd.
Ayr, Scotland
$67.00

Reviewed by
George E.F. Brewer
Coating Consultant
Brighton, Mich.

This book appeared in the German
language, in 1974, under the title "Elec­
trotauchlackierung:' Verlag Chemie
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Color Analyzer

Aspectrophotometric sensor that can
help users analyze color samples or de­
termine the thickness of transparent
thin films is the subject of a new techni­
cal bulletin. Advanced techniques and
features of the IBM 7409 Scanning
Color Sensor allow for the rapid han­
dling of measurement applications and
reproducible results under a wide range
of environmental conditions. For more
information write IBM Instrument Sys­
tems, 1000 Westchester Ave., White
Plains. N.Y. 10604.

Industrial Waste Treatment

A new, full-color brochure describes
the regional disposal of difficult indus­
trial wastes in accordance with gov­
ernmental regulations. The advantages
of utilizing an outside waste manage­
ment contractor, the concept of regional
facilities. and the procedures involved
in collecting, analyzing, and properly
disposing of such wastes are also dis­
cussed. Copies of the booklet are avail­
able from Rollins Environmental Ser­
vices, Inc., One Rollins Plaza, Wil­
mington. Del. 19899.

GmbH. The present, somewhat en­
larged, English Edition is well trans­
lated and well printed.

Prof. Machu anticipates many ques­
tions the reader may pose, which makes
the book valuable. The text is sub­
divided into 25 chapters, making a total
of 307 pages, illustrated with 133 fig­
ures, 34 tables, and over 900 references,
which provide access to a substantial
section of essentially European litera­
ture. At the time of writing, cathodic
electrodeposition had"... not yet gone
beyond the trial stage," as Prof. Machu
states on page 136.

The first six chapters (75 pages) deal
with history. anodic processes, volt/
ampere relation, throwing power, etc.
The next 45 pages are devoted to metal
preparation. A 122-page section elabo­
rates on resin composition, design of in­
stallations, bath stability, ultrafiltration,
power supplies, and cost studies.

The author has surveyed the patent
situation and lists 176 Process Patents.

Viscosity Determination

A six-page brochure discussing a
system for high temperature viscosity
determination is now available. The
two-color pamphlet descrites how the
system solves the difficult problem of
hot melt and liquid viscosity meas­
urements by providing a stable, pre­
cisely controlled sample environment.
To obtain a copy, write Dept. NR 28,
Brookfield Engineering Laboratories,
Inc., 240 Cushing St., Stoughton, Mass.
02072.

Surfactants

Two new surfactants for powder for­
mulators are discussed in a newly­
published bulletin. The products, Sur­
fynoll!> 100S and 82S, are reported to
offer good powder wetting, hard water
stability, compatibility with a wide va­
riety of ingredients, and anti-foaming
properties. Both surfactants can also be
used as post-additives to reduce static
charge build-up after powder grinding.
For further information contact Air
Products and Chemicals, Inc.,
Acetylenic Chemicals Div., Box 538.
Allentown, Pa. 18105.

43 Equipment Patents, and 254 Com­
position Patents.

Prof. Machu's book contains much
material of interest to Coatings Tech­
nologists.

CLASSIFIED
ADVERTISING

Experienced sales and technical represen­
tatives are forming a distribution system for the
Canadian market of chemical products for paint,
paper, plastics, rubber, ink and similarly related
industries.

Weare seeking principals with lines of raw mate­
rials with good potential in these areas.

Please reply in confidence to:
P.O. Box 773

Postal Station: "Tour de la Bourse"
Montreal, Ouebec, Canada

H4Z lKl
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Coming Events
FEDERATION MEETINGS

(May 17-19)-Federation Spring Meetings. Third-ranking
Society Officers-17th; Board of Directors-18th; Executive
Committee-19th. Hilton Hotel, New Orleans, La. (FSCT, Suite
832, 1315 Walnut St., Philadelphia, Pa. 19107).

(Oct. 3-5)-57th Annual Meeting and 44th Paint Industries'
Show. St. Louis Convention Center, St. Louis, Mo. (FSCT, Suite
830,1315 Walnut St., Philadelphia, Pa. 19107).

PAINT RESEARCH INSTITUTE MEETING
(May 1-2)-Paint Research Institute Symposium on Analyti­

cal Methods Used to Monitor Product Compliance With Regula­
tions. Battelle Institute, Columbus, Ohio. (Dr. Raymond R. Myers,
Chemistry Dept., Kent State University, Kent, Ohio 44242).

SPECIAL SOCIETY MEETINGS
(Feb. 28-Mar. 2)-Western Coatings Societies' Symposium

and Show, Spectrum '79. Fairmont Hotel, San Francisco, Calif.
(Ed Kevin, The O'Brien Corp., 450 E. Grand Ave., South San Fran­
cisco, Calif. 94080).

(Mar. 14-17)-Southern Society Annual Meeting. Dutch Inn,
Buene Vista, Fla.

(Mar. 16)-Baltimore Society's Coatings Show, Hilton Inn,
Baltimore, Md. (Richard C. Chodnicki, The A.B. Kohl Sales Co.,
8765 Mylander Lane, Towson, Md. 21204).

KAURI-BUTANOL
SOLUTION FOR
ASTM: D 1133

- STANDARD AND CERTIFIED

----Also----

KAURI GUM
-JUST THE RIGHT GRADE TO
MAKE YOUR OWN STANDARD

WITH OUR INSTRUCTIONS
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(Mar. 20-21 )-22nd Symposium of the Cleveland Society,
"Advances in Coatings Technology." Baldwin-Wallace College,
Berea, Ohio. (Sid Lauren, Coatings Research Group, Inc. 2340
Hamilton Ave., Cleveland, Ohio 44114).

(Mar. 20-21)-Chicago Society SYMCO '79,"Pigments and
Color." Fountain Blue, Des Plaines, III. (Daryl Luxmore, Drew
Chemical Corp., 9 S 684 Highland Ave., Hinsdale, III. 60521).

(Apr. 5-7)-Dallas and Houston Societies. Southwestern
Paint Convention. Shamrock Hilton Hotel, Houston, Tex. (Don
Webb, Jones-Blair Co., P.O. Box 35286, Dallas, Tex. 75235).

(May 3)-Detroit Society FOCUS Seminar, "Recent Advances
in Automotive Coatings." Michigan Inn, Detroit, Mich.

(May 3-5)-Pacific Northwest Society. Annual Symposium.
Vancouver, B.C., Canada.

(May 22)-Pittsburgh Society. Symposium on "Corrosion
Protection." Duquesne University.

(June)-Golden Gate Society Manufacturing Seminar,
"Mixing Time '79."

OTHER ORGANIZATIONS
(Feb. 26-Apr. 27)-Paint Short Courses at University of

Missouri-Rolla. For Painting Contractors and Maintenance
Engineers-Feb. 26-Mar. 2; Composition of Paints and Coat­
ings-Mar. 5-9; For Paint Inspectors and Quality Controllers­
Mar. 26-30; Tinting, Shading, and Matching of Colored Paints­
Apr. 2-6; Advanced Coatings Workshop-Apr. 23-27. (Normal
Fleming, Extension Div., University of Missouri-Rolla, 501 W.
11th St., Rolla, Mo. 65401).

(Mar. 5-9)-30th Pittsburgh Conference on "Analytical
Chemistry and Applied Spectroscopy," Pittsburgh Section, Ana­
lytical Group, et aI., Convention Center, Cleveland, Ohio, (PCAC &
AS, P.O. Box 2128, Lower Barrell, Pa. 15068).

(Mar. 12-13)-Conference on "Quality Assurance in Air
Pollution Measurement," sponsored by the Air Pollution Control
Association. Grand Hotel, New Orleans, La. (Gus Von Bodungen,
Air Quality Section, Louisiana Air Control Commission, P.O. Box
60630, New Orleans, La. 70160).

(Mar. 12-16)-National Association of Corrosion Engineers
Annual Conference and Materials Performance and Corrosion
Show, CORROSION!79. Atlanta Hilton, Atlanta, Ga. (NACE, P.O.
Box 986, Katy, Tex. 77450).

(Mar. 20)-"Toxic Considerations in Fats and Oils Products
and Derivatives," sponsored by Northeast Section of American
Oil Chemists' Society. Sheraton Inn-Newark Airport, Elizabeth,
N.J. (George Willhite, American Oil Chemists' Society, 508 S.
Sixth St., Champaign, II. 61820).

(Mar. 21-22)-Seventh Annual Air Pollution Control Associa­
tion Seminar, "The Clean Air Act-What's Happening?" May­
flower Hotel, Washington, D.C. (Public Relations Dept., Air Pollu­
tion Control Association, P.O. Box 2861, Pittsburgh, Pa. 15230).

(Mar. 22)-"Evaluation Update of America's Voluntary Stan­
dards System," sponsored by the American National Standards
Institute, Inc. International Inn, Washington, D.C. (Claude H.
Burns, Deputy Managing Director, American National Standards
Institute, 1430 Broadway, N.Y., N.Y. 10018.

(Mar. 22-23)-Coatings - 79: International Symposium on
Coatings. Carillon Hotel, Miami Beach, Fla. (V.M. Bhatnagar,
Alena Enterprises of Canada, P.O. Box 1779, Cornwall, Ont., K6H
5V7, Canada).

(Mar. 28)-Annual Symposium of North Central Section of
American Oil Chemists' Society. North Shore Hilton, Skokie, III.
(George Willhite, American Oil Chemists' Society, 508 S. Sixth St.,
Champaign, II. 61820).

(Mar. 27-29)-1979 Industrial Pollution Conference.
Philadelphia, Pa. (Alan Krigman, ICON Inc., 211 S. 45th St.,
Philadelphia, Pa. 19104).

Mar. 28-29)-NPCA Symposium on "Benefits and Risks of
Computer Use for the Small Paint Manufacturer." Admiral Ben­
bow Inn, Tampa, Fla. (George Savickas, National Paint and Coat-
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ingsAssociation, 1500 Rhode Island Ave., N.W., Washington, D.C.
20005).

(Mar. 29-30)-lnternational Conference on Spectroscopy.
Konover Hotel, Miami Beach, Fla. (V.M. Bhatnagar, Alena Enter­
prises of Canada, P.O. Box 1779, Cornwall, Ont. K6H 5V7,
Canada).

(Mar. 29-30)-"Control of Volatile Organic Compound Emis­
sions," sponsored by the U.S. Environmental Protection Agency,
National Paint and Coatings Association, Association of Finish­
ing Processors of the Society of Manufacturing Engineers, and
Air Pollution Control Association. Stouffer's Valley Forge Hotel,
Valley Forge, Pa. (Mr. Michael R. Taylor, JACA Corp., 550
Pinetown Rd., Fort Washington, Pa. 19034).

(Apr. 1-6)-Pacific Chemical Conference: 1979. Honolulu,
Hawaii. (A.T. Winstead, ACS, 1155 - 16th St., NW., Washington,
D.C. 20036).

(Apr. 2-6)-Div. of Organic Coatings and Plastics Chemistry
Symposiums and Spring American Chemical Society Meeting.
Hyatt Regency-Waikiki Hotel, Hawaii. (American Chemical Soci­
ety, 1155 16th St., NW. Washington, D.C. 20036).

(Apr. 3-6)-OCCA-31. Oil and Colour Chemists' Association
31st Annual Technical Exhibition. Alexandra Palace, London,
England. (The Director &Secretary, Oil and Colour Chemists' As­
sociation, Priory House, 967 Harrow Rd., Wembley, Middlesex,
HAO 2SF, England).

(Apr. 4-5)-NPCA Marine Coatings Conference. Omni Inter­
national Hotel, Norfolk, Va. (Georgene Savickas, National Paint
and Coatings Association, 1500 Rhode Island Ave., N.W.,
Washington.

(Apr. 19-20)-Second Canadian Chromatography Confer­
ence. Hampton Court Hotel, Toronto, Canada. (V.M. Bhatnagar,
Alena Enterprises of Canada, P.O. Box 1779, Cornwall, Ont. K6H
5V7, Canada).

(Apr. 9-10)-Washington Paint Technical Group 19th Annual
Symposium, "Uncle Sam Wants Your Paint-$100 Million Op­
portunity. Marriott Twin Bridges Motel, Washington, D.C.

(Apr. 23-24)-lnter-Society Color Council. Annual meeting.
Roosevelt Hotel, New York, N.Y.

(Apr. 25-26)-"Control of Volatile Organic Compound Emis­
sions," sponsored by the U.S. Environmental Protection Agency,
National Paint and Coatings Association, Association of Finish­
ing Processors of the Society of Manufacturing Engineers, and
Air Pollution Control Association. Holiday Inn Chicago City
Centre, Chicago, III. (Mr. Michael R. Taylor, JACA Corp., 550
Pinetown Rd., Fort Washington, Pa. 19034).

(Apr. 25-May 3)-70th Annual Meeting of the American Oil
Chemists' Society. Fairmont Hotel, San Francisco, Calif.

(Apr. 29-May 2)-National Coil Coaters Association Annual
Meeting. Marco Beach Hotel and Villas, Marco Island, Fla. (Don
White, National Coil Coaters Association, 1900 Arch St., Philadel­
phia, Pa. 19103).

(Apr. 29-May 3)-70th Annual Meeting, American Oil
Chemists' Society. Fairmount Hotel, San Francisco, Calif. (James
Lyon, Executive Director, American Oil Chemists' Society, 508 S.
Sixth St., Champaign, II. 61820).

(May 3-4)-lnternational Symposium on "Flammability and
Fire Retardants." Opryland Hotel, Nashville, Tenn. (V.M. Bhat­
nagar, Alena Enterprises of Canada, P.O. Box 1779, Cornwall,
Ont. K6H 5V7, Canada).

(May 7-10)-Society of Plastics Engineers, 37th Annual
Technical Conference, "Plastics-Efficient Use of Resources."
Hyatt Regency Hotel, New Orleans, La. (SPE, Eugene E. Wilson,
656 W. Putnam Ave., Greenwich, Conn. 06830).

(May 10-11)-"Control of Volatile Organic Compound Emis­
sions," sponsored by the U.S. Environmental Protection Agency,
National Paint and Coatings Association, Association of Finish­
ing Processors of the Society of Manufacturing Engineers, and
Air Pollution Control Association. New Otani Hotel, Los Angeles,
Calif. (Mr. Michael R. Taylor, JACA Corp., 550 Pinetown Rd., Fort
Washington, Pa. 19034).

Vol. 51, No, 649, February 1979

Day by Day,
Pound by Pound
Inventory Control

When we know we've got it. you can be certain
you'll have iLwhen you want it. Thafs why every
moming we run a full computer print-out on our
extensive inventory of minerals, colors and chem­
icals for the paint and coatings industries sup­
plied from extensive stocks in principal cities,
At Whittaker. Clat!< & Daniels we give you the
answers you need...on-the-spot. We deliver!

399-Lo Micron Magnesium Silicate S.F.
Engineered for Versatility
, Sheen control
,Viscosity modifier
, Promotes film integrity

290-Lo Micron Baltum Sunate (Baryles)
, Controlled micron size
, Intermediate brightness
, Low oil demand

Ultramaltne Blue
Reckl"'s (Colours) Lid.
Consistent uniformity of:
-Color value
, Ease of dispersion
, Maximum tinting strength

Clay-Air floated calcined
and water washed

WHITIA~[~, [lA~~ &~A~ml~, I~L
1000 Coolidge St..

South Plainfield, N.J. 07080
(201) 561-6100 ' Telex 138248



Coming Events (Continued)

(May 15-17)-Powder and Bulk Solids Conference and Ex­
hibition. The Civic Center, Philadelphia, Pa. (Industrial & Scien­
tific Conference Management, Inc., 222 W. Adams St.. Chicago,
III. 60606).

(May 21-25)-"Colloids and Surfaces." Carnegie-Mellon
University. (Mrs. Gerry Cohen, Course Coordinator, Post College
Professional Education. Carnegie Institute of Technology.
Carnegie-Mellon University. Schenley Park. Pittsburgh, Pa.
15213).

(May 21-25)-Polymer Conference Series, "Understanding
Polymer Science: Preparation, Properties, and Applications."
State University of New York-New Paltz. (Dr. AV. Patsis, Dept. of
Chemistry, SUNY, New Paltz, N.Y. 12562).

(June 4-8)-Polymer Conference Series, "Advances in
Polymer Synthesis, Modification, and Characterization." State
University of New York-New Paltz. (Dr. A.V. Patsis, Dept. of
Chemistry, SUNY, New Paltz, N.Y. 12562).

(June8-13, 1980)-XVth Congress of FATIPEC. RAI Congress
Centre, Amsterdam, Netherlands. "Activities of the Coatings In­
dustry in the Framework of Ecology, Energy, and Economy
Problems." (Congress Secretary is C. Korl, Oostenrijklaan 43,
Haarlem, Netherlands).

(June 10-13)-American Oil Chemists' Society short course
on "Industrial Fatty Acids." Tamiment Resort, Tamiment, Pa.
(James Lyon, Executive Director, American Oil Chemists' Soci­
ety, 508 S. Sixth St., Champaign, III. 61820).

(June 10-13)-ASTM Committee 0-1 on Paints and Related
Coatings and Materials, Shoreham Hotel, Washington, D.C. (J.H.
Bystrom, ASTM, 1916 Race St., Philadelphia, Pa. 19103.)

(June 10-13)-lndustrial Fatty Acids Short Course sponsored
by the American Oil Chemists' Society. Tamiment Resort and
Country Club, Pocono Mountain Region, Pa. (Fatty Acids Short
Course, American Oil Chemists' Society, 508 S. Sixth St., Cham­
paign, III. 61820.

(June 11-15)-Polymer Confeence Series, "Polymers in
Electronic Applications: Photopolymers, Photoconductors,
Conductors, and Insulators." State University of New York-New
Paltz. (Dr. A.V. Patsis, Dept. of Chemistry, SUNY, New Paltz, N. Y.
12562).

(June 14-15)-Society of Plastics Engineers, European Sec­
tions RETEC, "Lastest Improvements in the Development ood
Processing of Polyolefins." Ghent, Belgium, (Jacques de Craene,
RIGI p.v.b.a. Noorderlaan 98/36 2030-Antwerpen-Belgium).

(June 17-20)-Dry Colors ManufacturersAssociation, Annual
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Meeting. The Greenbrier, White Sulpher Springs, W. Va. (J.L.
Robinson, DCMA, Suite 100, 1117 N. 19th St., Arlington, Va.
22209).

(June 18-22)-Polymer Conference Series, "Advances in the
Stabilization and Controlled Degradation of Polymers.. ' State
University of New York-New Paltz, (Dr. AV. Patsis, Dept. of
Chemistry, SUNY, New Paltz, N.Y. 12562).

(June 20-23)-Oil and Colour Chemists' Association Confer­
ence, "The Challenge to Coatings in a Changing World." Strat­
ford Hilton Hotel, Stratford-on-Avon, England. (The Director and
Secretary, OCCA, Priory House, 967 Harrow Rd., Wembley,
Middlesex HAD 2SF, England).

(June 24-29)-Air Pollution Control Association 72nd Annual
Meeting and Exhibition, Cincinnati Convention-Exposition
Center, Cincinnati, Ohio. (Public Relations Dept., Air Pollution
Control Association, P.O. Box 2861, Pittsburgh, Pa. 15230).

(June 25-26)-European Conference on Paints and Coatings,
"Eurocoatings-79." Excelsior Hotel, Rome, Italy. (V.M. Bhat­
nagar, Alena Enterprises of Canada, P.O. Box 1779, Cornwall,
Ont. K6H 5V7, Canada).

(June 25-29)-Polymer Conference Series, "Understanding
and Assessing Paper and Fibrous Structures." State University of
New York-New Paltz. (Dr. A.V. Patsis, Dept. of Chemistry, SUNY,
New Paltz, N.Y. 12562).

(June 28-29)-3rd European Conference on "Flammability
and Fire Retardants." Excelsior Hotel, Rome, Italy. (V.M. Bhat­
nagar, Alena Enterprises of Canada, P.O. Box 1779, Cornwal, Ont.
K6H 5V7, Canada).

(July 2-3)-World Spectroscopy Conference. Sheralon Hotel,
Lisbon, Portugal. (V.M. Bhatnagar, Alena Enterprises of Canada,
P.O. Box 1779, Cornwall, Ont. K6H 5V7, Canada).

(July 5-6)-World Chromatography Conference. Sheraton
Hotel, Lisbon, Portugal. (V.M. Bhatnagar, Alena Enterprises of
Canada, P.O. Box 1779, Cornwall, Ont., K6H 5V7, Canada).

(July 16-20)-lnternational Conference in Organic Coatings
sponsored by the State University of New York and Greek Profes­
sional Societies. Athens, Greece. (Dr. AV. Patsis, Conference Di­
rector, State University of New York at New Paltz, CSB 209, New
Paltz, N.Y. 12562).

(July 17-20)-"Fifth Annual International Conference in Or­
ganic Coatings Science and Technology," Athens, Greece.
(Angelos V. Patsis Institute in Science & Technolgoy, State Uni­
versity of New York, College at New Paltz, Department of
Chemistry, New Paltz, N.Y. 12562).
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Color-matching Aptitude Test Set

Created by the Inter-Society Color Council, sponsored by the Federation, the
Color-matching Aptitude Test Set is in world-wide use as a means for estimat­
ing color-matching skill. The 1978 edition contains minor refinements over
the previous editions (1944, 1953, 1964), and these bring it closer to the
original ISCC plan, making it a still more successful tool for evaluating
color-matching skill.

The basic aim of the Test is to provide an objective measure that will aid in
determining an individual's ability for performing color-matching tasks accu­
rately. Changes in a person's color-matching skill may occur over a period of
time, improving due to training, experience, and motivation, or lessening
when removed from practice, or as a result of health disorders. Retesting at
regular intervals will provide an indication of any such changes in an indi­
vidual's ability.

The Color-matching Aptitude Test Set consists of a carrying case, an easel
on which are mounted 48 color chips, a dispenser which holds 48 matching
chips, score sheets, and a scoring key.

Brochure available upon request. Price $300, plus shipping charges.
Write:

Federation of Societies for Coatings Technology
1315 Walnut Street • Philadelphia, Pa. 19107 215 '545-1506



For super lining ...

Or super shining ...

ST. JOE HAS THE RIGHT ZINC DUST!

Two Oliver Plaza, Pittsburgh, Pa, 15222

For example, for weld through primers and tank liners
that resist both crude oil and salt water ballast. we have
51 JOE 580, a standard particle size zinc dust. with or
without calcium oxide.

And for gleaming finishes, there's 51 JOE 530, with
very fine zinc dust particles that protect the underside
of the steel against corrosion but won't show through

S1:JOE
ZINC COMPANY

CHEMICAL SALES

under stamping pressure to mar the smoothness of the
finish side.

In between, there's 51 JOE 560, fine enough for many
undercoats al,j other uses.

We will custom blend packages to suit your requirements.

5end for our new data sheets or call Mike Deelo
(412) 227-3725

A BASIC SOl:RCE

UIVI"lon 0151 JI)l' MI'l"lill.. Corptlralion
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