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The economy of excellence.

In rheological additives for paints,
too, there is still no substitute.

Using the best additive you can buy goes a long
way toward problem-free manufacturing. The sav-
ings are proven.

That's why so many of you use rheological addi-
tives from NL Chemicals. You're confident of
consistent performance. High purity. Excellent gel
strength. And it's a confidence that comes with the
economy of excellence across our entire spectrum.

It comes with our products. With BENTONE®
27, 34, and 38 rheological additives. With ous” - -
THIXATROL® family. With our M-P-A® antisettiirig
additives.

BENTONE, THIXATROL and M-P-A are registered trademarks of NL Industries, Inc.

And it comes with the expansion that makes us
a reliable source of supply. Vitality and growth
that’s typified by a dou%]}j,ng and redoubling of
BENTONE additive capacity at our plant in
Charleston, West Virginia.

Innovation, technical field support, world-
wide capabilities are also part of our economy of
excellence.

Addit all up. If you cannot afford a substitute,

- _come 1o the originator. Contact NL Chemicals/

WL Industries, Inc., Box 700, Hightstown,
New Jersey 08520. Telephone 609/443-2230.

mi Chemicals



Bare wood never had it so good

...Stains based on RHOPLEX" acrylic emulsions.

RHOPLEX acrylics give stains the adhesion, durability, and tint
retention needed for tough bare-wood applications.

0 Stains are applied over bare wood. Outstanding adhesion, durability, and tint retention proved by
adhesion is necessary. O Stains are frequently applied years of outdoor testing and use, are the best vehicles
in just one coat. Only vehicles of superior durability for formulating opaque latex stains — coast to coast.
should be used. O Stains are usually supplied in dark o : ; : ;

y EREN s For additional information on Rhoplex acrylic emulsions
colors. Tint retention is especially important. for stains, contact one of our field representatives...or
That’s why RHOPLEX 100%-acrylic emulsions, with our Marketing Services Dept., Philadelphia, PA 19105.




GLOSS COMPARISON

POLYMERIC
DISPERSANT

A Non-Foaming Anionic
Dispersant for Latex Systems

BYK VP-155, the latest development from Byk-
Mallinckrodt, represents a remarkable breakthrough
in dispersants for latex systems.

BYK VP-155 affords stable pigment dispersionwhich
ultimately provides substantial gloss improvement,
increased shelf life and minimum foaming. Due to its
polymeric structure, it does not detract from film
properties. .

BYK VP 155 was designed especially for use in high
and semigloss latex systems as a primary dispersant.
When compared to present surfactants, it provides
much improved gloss properties and stability on
heat aging.
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® Substantial gloss improvement,

* No foam produced during
production or application.

e Considerably improved
stability on heat aging.
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® Effective with many prime
pigments as well as most
extenders and reactive
pigments using a minimum
dispersant level.
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See us at the

Paint Show...
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BYK VP-155
Competitor A
Competitor B

Your
Additive
Success

Byk-Mallinckrodt U.S. Marketing Division 734 Walt Whitman Rd. ® Melville, N.Y., 11747 » (516) 271-0763  (TWX) 961363
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EVEN IN
OXYGENATED SOLVENTS

YOU NEED A PARTNER
YOU CAN DEPEND ON.

Simple deduction proves
good teamwork can unravel
the most mysterious prob-
lems.

So, if you use oxygen-
ated solvents you'll find it
very comforting to have the

leading supplier on your side.

Whenever environ-
mental demands start to
pressure you, we'll step in
with economical and efficient
answers.

We're also prepared to
help meet your volume
requirements through the
1980’s. And to give technical
assistance with your formu-
lations, as well.

We have a special
understanding of the prob-
lems you face because we've
been working with solvents

and solvent users for over
fifty years.

In fact, we've even
written a brochure telling
about our twenty-five organic
cosolvents for waterborne
coatings. We'll be glad to
send you a copy along with
product information and
safety data sheets, if you
write to us at Dept. RAM,
270 Park Avenue, New York,
N.Y. 10017. Or contact
your Union Carbide
Representative.

As for the successful
outcome of our relationship:
why, that’s elementary.

PEOPLE PLANNING THE FUTURE.

UNION
CARBIDE

Solvents & Intermediates
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BOARD OF DIRECTORS

PRESIDENT

*WILLIAM H. ELLIS
Chevron Research Co.
P.0. Box 97
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A Study Guide to the Future

Not too many years ago, Data Banks might have been thought of as a chain of
financial institutions. Today, the growth of science and technology is such that even
youngsters recognize that the term refers to computers.

As recent developments have increased the complexity of computer systems, their
functions have expanded to encompass the spectrum of industrial effort. The
computerization of industry can, perhaps, then be considered as the second industrial
revolution.

The coatings industry, of course, has not been left behind in a tangle of magnetic
tape. Practically every aspect of paint manufacture is, or can be, accomplished or
assisted via the computer. Analytical methods, testing equipment, color control,
formulation, shipping, and marketing are only part of the litany of functions
aided by the ubiquitous computer.

As part of its commitment to the International Coordinating Committee, the
Federation, through the Technical Information Systems Committee, has compiled
a bibliography, “Technical Applications of Computers in the Coatings Industry.”
Chairman Helen Skowronska and her committee searched through 12 years (1967~
1979) of literature, selecting over 300 references in 10 categories. These, together
with input from the French Association of FATIPEC, are contained in the work,
which was discussed at this year’s Annual Meeting, and is published in this issue of
the JCT.

In a recent news item, experts predicted that within the next 10 years, U.S. industry
will require over 4 million persons who are trained in the uses of computers. And
further, that in the next 20 years, the ability to operate and program a simple com-
puter will be a prerequisite for employment.

It is quite apparent that the highly competitive nature of business inextricably binds
the languages of Industry and Science. The current bibliography stands as a “Study
Guide” to the often used and seldom understood computer.—RFZ

Vol. 52, No. 670, November 1980



econd generation epoxies for

These special Ciba-Geigy epoxy
resins have been used for years in
the electronics and electrical
industries. Their outstanding
properties make them ideal for
new high-performance coatings
as well as for upgrading existing
coatings systems. We have
recently built new, larger
manufacturing facilities,
and these special epoxies are now
available to the coatings industry.
We believe the suggested
applications illustrated are only a
few of many possible uses.
Details? Ciba-Geigy, Resins
Department, Ardsley, New York
10502. Phone (914) 478-3131.

pipe coatings

0500 resin increases heat
tolerance

Allows easy formulation of
multifunctionals due to low
viscosity.

EPN 1138 resin increases high
temperature stability

Exhibits superior chemical and
corrosion resistance.

primers

Araldite® PT 810

resin crosslinks acrylic
and polyester powders
Exhibits excellent weatherability

(gloss retention and color stability). l



high-performance coatings.

exterior coatings

ECN 1299 resin increases chemical
and corrosion resistance

Improves high temperature
stability.

Hardeners HT 939 and HY 940
give excellent latency at room
temperature

Cure in five minutes at 100°C.
Promote outstanding adhesion.
Allow non-critical mixing ratios.

tank linings

down hole piping coating

CIBA-GEIGY
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THREE YEARS AGO
WE PUT OURSELVES

IN A PAINT
CHEMIST'S SHOES.

They pinched in two places.
On one side, the chemist
couldn't let down the paint
manufacturer’s standards.
On the other, the cost of
conventional acrylics was
driving the manufacturer
through the roof.
This dilemma inspired us
to create UCAR Acrylics.
They helped reduce raw
material costs without
sacrificing quality. And
delivered exterior durability
that could match that of
conventional acrylics. In fact,
very soon the manufacturer
was saving as much as 25¢ on
every gallon of paint he made.
What's more, our inven-
tion also gave the chemist the

UCAR is a Registered Trademark of Union Carbide Corporation.

option of choosing other
performance characteristics,
such as gloss retention,
pigment binding,and resis-
tance to both chalking and
dirt pick-up. All at prices the
manufacturer could afford.

If you'd like to see exactly
how UCAR Acrylics can
improve the profits you
make, contact your ?;cal
Union Carbide Sales Repre-
sentative. Or write to us at
Dept. JLS, 270 Park Avenue,
New York, N.Y. 10017

We just might have the
perfect fit for you.

UNION
CARBIDE

Coatings Materials



A COMPUTER METHOD FOR PREDICTING EVAPO-
RATION OF MULTICOMPONENT AQUEOUS SOLVENT
BLENDS AT ANY HUMIDITY—A.L. Rocklin and D.C.
Bonner

Journal of Coatings Technology, 52, No. 670, 27 (Nov. 1980)

Selection of cosolvents for water-reducible coatings is
simplified by a computer program which predicts solvent
balance and evaporation time of multicomponent water/
solvent blends at any humidity. Conventional organic
solvent blends are also accommodated, but without
humidity correction. The computer method uses an
additive equation incorporating activity coefficients cal-
culated by the UNIFAC method. Operation is straight-
forward, and results are presented promptly at the com-
puter terminal in tabular and graphic form. The method
simplifies the problem of selecting blends which comply
with air quality control regulations. Examples show how
to choose among cosolvents, including those which are
only partly miscible with water.

RADIOISOTOPE TRACER TECHNIQUE OF MEASUR-
ING ADSORPTION OF PAINT DRIERS BY PIGMENTS—
E.S. Matsui

Journal of Coatings Technology, 52, No. 670, 39 (Nov. 1980)

A sensitive radioisotope tracer technique to measure the
amount of paint drier adsorbed on paint pigments has
been developed. This technique was found to be very
sensitive and precise, and reliability and reproducibility of
the procedure were very good. The laboratory results
indicated that paint driers were adsorbed by pigments
during storage, and the amount of adsorption varied
among the paints.

ORGANO-SILANES AS ADHESION PROMOTERS FOR
ORGANIC COATINGS—P. Walker

Journal of Coatings Technology, 52, No. 670, 49 (Nov. 1980)

Organofunctional silanes of the general formula
R-Si(OR '), have been examined as adhesion promoters
for organic surface coatings on metallic substrates. Torque
spanner and direct pull-off adhesion measurements
clearly show that dramatic improvements in the initial,
water-soaked, and recovered adhesion of epoxide and

12

polyurethane paints can be obtained on degreased and
sandblasted surfaces when silanes are used as pretreat-
ment primers. Investigations also show that similar im-
provements in adhesion can be obtained when selected
silanes are incorporated into a paint in the single pack-
age, self-bonding concept.

The results of X-ray photoelectron spectroscopy (XPS)
examination of the sites of adhesion failure are described,
and the existing theories on the role and mechanism of
silanes in increasing the adhesion of coatings to the sub-
strate are reviewed in light of the observations recorded.
Finally, the selection of silanes for use with particular
formulations is discussed.

SURFACE ANALYSIS OF INTERFACIAL CHEMISTRY
IN CORROSION-INDUCED PAINT ADHESION LOSS.
Il. EFFECTS OF RESIN CHEMISTRY AND SUBSTRATE
PRETREATMENT ON ADHESION LOSS MECHANISM—
J.W. Holubka, J.S. Hammond, J.E. DeVries, and R.A.
Dickie

Journal of Coatings Technology, 52, No. 670, 63 (Nov. 1980)

The effect of changes in resin composition on the inter-
facial chemistry of corrosion-induced paint de-adhesion
has been studied by X-ray photoelectron spectroscopy
(XPS); the effect of a zinc phosphate conversion coating
on interfacial chemistry has also been assessed in a pre-
liminary way. For epoxy-urethane and epoxy-amine
based coatings crosslinked with melamine-formaldehyde
resin or mixtures of melamine-formaldehyde and urea-
formaldehyde resins, it has been found that corrosion-
induced de-adhesion is associated with hydroxide degra-
dation of coating resin, typically by hydrolysis of urethane
or, more slowly, of urea linkages. For an epoxy-ester
based resin formulated with a mixture of melamine-
formaldehyde and urea-formaldehyde resins and applied
to bare steel, it was previously reported that corrosion-
induced de-adhesion involves saponification of ester
linkages by cathodically-generated hydroxide. For this
coating applied over a zinc phosphate conversion coat-
ing, it is now found that there is again evidence of paint
resin degradation by ester saponification. The surface
composition of the conversion coating also changes
significantly, but the locus of adhesion loss is evidently
in the organic phase very near the organic-inorganic
interface.

Journal of Coatings Technology



NOW! Lead-Free Implement Enamel
Pigment Formulations hy Pfizer

e Meet Stringent OSHA Regulations
¢ Involve No Known Health Hazards
* For Solvent and Aqueous Systems

Pfizer research has found the way for you to
meet OSHA's demand for lead-free imple-
ment or heavy equipment enamels. Recom-
mended formulae are primarily composed of
Pfizer's high-purity synthetic oxides, second-
arily of other leac-free pigments. They enable

SPECIFIC EXAMPLES—RECENT PRICE LEVELS

e Close Color Matches to Standards
e Excellent Weathering Properties
¢ Attractive Cost Comparisons

closely matching the most popular colors of
the present implement and equipment enam-
els. Further, tests prove that paints made with
Pfizer's pigment formulae equal or slightly
surpass present lead-containing formulations
for gloss and color retention properties.

RED A—SOLVENT
SYSTEMS ONLY

Pfizer Yellow (YLO-2288D)
30.51b
21.0lb.
2 1.51b
Pigment Level 53.0 Ib./100 gal.
Pigment Cost/Gallon . .. ..$1.55
Molyorange/BON Control $1.50

Scarlet Red

RED B—SOLVENT
& AQUEOUS
Pfizer Red (R-1599D)
Permanent Red

27.31b
16.4 b
..9.7Ib.
Pigment Level 53.4 |b./100 gal.
Pigment Cost/Gallon 0
Molyorange/Per Red Contrgl
1.86

GREEN —SOLVENT & AQUEOUS SYSTEMS

Pfizer Yellow (YLO-2288D)

34.7 Ib.

Phthalo Green
TiO2 .

Pigment Level
Pigment Cost/Gallon
.14.31b. Med. Chrome Green Control

50.0 Ib./100 gal
$1.45

.$1.30

MINERALS, PIGMENTS
& METALS DIVISION

Dept. OC-2 + 235 E. 42nd Street
New York, N.Y. 10017
For Information by Phone Call 215-253-6261, Ext. 307

Please:
[J Send me tech data on your implement enamel formulae.
[J Have a Pfizer representative phone for an appointment.

Name & Title

Company

Address

City State Zip

Best Time




Coating — Casting — Spray finishing —Laminating — Impregnating

High-performance curing agents
for epoxy systems

hils manufacture diamines and

anhydrides for room temperature and
heat curing, and also special hardeners

for powder coatings

Diamines

IPD and TMD and hardener V214
are colourless, low-viscosity liquids.
They are characterised by their
cycloaliphatic or aliphatic structure.
Anhydrides

HHPSA, THPSA and PMDA are white
solids. MHHPSA is a low viscosity
liquid.

Special hardeners

B 31,B55,B68, B 73 enable the
production of highly reactive or
normally curing powder coating

systems with high-gloss or matt or
dead-matt films.

Evaluate these epoxy resin curing
agents in order to improve your

products. Further information, samples

and technical advice are available on
request.

HHPSA = hexahydrophthalic
anhydride

THPSA = tetrahydrophthalic
anhydride

PMDA = pyromellitic dianhydride
MHHPSA = methyl-
hexahydrophthalic anhydride

Epoxy resin
curing agents’

% VEBA epoxy resin curing agents
have now been integrated into the huls
product range.

Please send me information on
[ Diamines

[0 Anhydrides

[0 Special hardeners

O

[ Besides, | am interested in further
technical contacts

Name

Position

Company

Address

CHEMISCHE WERKE HULS AG

1
|
|
|
|
I
|
I
|
|
|
|
|
|
|
I
|
|
|
I
|
|
|
|
I
: D-4370 Marl 1
|

|

|

|

2b/6208/1E

Our representative for USA and Canada: Thorson Chemical Corporation, Olympic Towers, 645 Fifth Avenue, New York,

N.Y. 10022, Phone (212) 421-0800, Telex 233276 RCA, 424151 ITT, 148326 WU

14
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FOR COLOR,
LOOK TO
HILTON-DAVIS

RETURN THIS CARD FOR COMPLETE INFORMATION
ABOUT YOUR COLORANT NEEDS.

Please check the appropriate box:

[J Send me samples

[J Have a sales representative contact me

[J Send me descriptive brochures

APPLICATION.

[0 Sup-R-Conc" 40, non-dusting, standardized, easily dispersed
high solids pigment for waterborne coatings

[ Sup-R-Conc* L, high pigment content, stir-in colorants for
aqueous deeptones and tints

[J Sup-R-Conc* S, Chrome Yellow Slurry

[C1 Sup-R-Conc*, non-dusting, standardized. water dispersible high
solids pigment

[ Super Seatone*. lead free aqueous dispersions for tinting latex
paints

[ Hiltasperse*. aqeuous dispersions for tinting latex paints

NAME

TITLE
COMPANY

ADDRESS

CITY

STATE ZIP

TELEPHONE




| || || NO POSTAGE

NECESSARY

IF MAILED

IN THE

UNITED STATES
e}
BUSINESS REPLY CARD B
FIRST CLASS PERMITNO. 15267  CINCINNATI, OH SN
POSTAGE WILL BE PAID BY ADDRESSEE ]
= |
HILTON-DAVIS CHEMICAL CO. DIVISION —_—
2235 LANGDON FARM ROAD —
CINCINNATI, OHIO 45237 I ——
== - 7
=
ATTENTION: PIGMENTS DIV., BLDG. 60 —
J.CT.11/80 _-



NEW WAVES...

Surf off Maui, Hawaiian Islands

IN WATER BASED COLORANTS FROM HILTON-DAVIS

Now, consistency and choice.

The innovators at Hilton-Davis are solving
tomorrow’s problems today. Hilton-Davis now
offers you a broad spectrum of easy to use water
based colorants. A wide choice of products, one
to suit your needs, combined with uniform high
quality and batch-to-batch consistency. Our
family of colorants will help save you time,
money and energy while helping to achieve a
better working environment.

Hilton-Davis is responsive to you, our cus-
tomer. We understand that what you buy from
us has to add value to your product by improving
performance and minimizing costs. So, if color
sells your product, make waves with Hilton-

Vol. 52, No. 670, November 1980

Davis’ out of the ordinary colorants for pigment-
ing waterborne systems.

» Sup-R-Conc® » Sup-R-Conc® S

» Sup-R-Conc® L« Super Seatone®

» Sup-R-Conc® 40 e Hiltasperse®

Hilton-Davis welcomes inquiries for pigment and
dye specialty applications. For color, look to

Hilton-Davis.
HILTON-DAVIS

Division of Sterling Drug Inc.
2235 Langdon Farm Road, Cincinnati.
Ohio 45237 U.S.A. Phone: (513) 841-4000

A Most Extraordinary Chemical Company

17



Preserve and Protect
with Allied Chemical Chrome Chemistry

“Preserve and Protect” is the
proud motto of the lawman. But who
protects the lawman and his tools. . .
his gun, his holster, his badge?

Allied Chemical chrome chemicals
can. We can protect his sixshooter
from corrosion and preserve the
finish and suppleness of his hand-
crafted leather holster. We can even
put the glint in his U.S. Marshall’s
badge. Because, when it comes to
chrome chemicals, no one has more
experience than Allied Chemical.

Qur chrome chemicals have been
meeting the needs of industry for
more than a quarter of a century.
During that time we’ve built a repu-
tation for providing the technology
so essential in meeting demanding
application requirements.

That’s why, today, you'll find
Allied Chemical chrome chemicals at
work 1n dozens of critical operations

.. protecting vital parts of jet air-
craft. .. playing an important role in
the preservation of wood. . . helping
to provide state-of-the-art solutions.

If your product requires tanning,
plating, dyeing or special protection,
consider Allied Chemical. We're your
insurance of the finest in chrome
chemical quality, service and
technology for the preservation of
your product and the protection of
your investment.

For more information on Allied
Chemical’s chrome chemicals write:
Chrome Chemicals, Allied Chemical
Corporation, P.O. Box 1053R
Morristown, New Jersey 07960.

The chemical technology resource

/] éhmgg\lcal

Journal of Coatings Technology




1 cycle Kesternich

HEUCOTRON
Yellow 5

M Less than 1 % Acid Soluble Lead
H High SO,-Resistance

Less than 1% Acid Soluble Lead

During recent years chrome yellow pigments have been partly
substituted by organic yellow pigments as many authorities sus-
pected the average content of 16 % acid soluble lead to be a
potential hazard to human beings whereas there is no such
danger with non-soluble lead and chrome combinations such
as lead crystal or chrome steel.

HEUCOTRON-Yellow 5 is the first product of a newly developed
generation of chromate pigments which contain hardly any acid
soluble lead. According to the German DIN-Standard 55975
which simulates the solubility of lead in the human body, only
0.5% acid soluble lead (less than 1% is guaranteed) and no
soluble chrome have been found in HEUCOTRON-Yellow 5.
With this 32-times-reduction of the acid soluble lead content in
HEUCOTRON-Yellow 5 the above mentioned supposition of a
potential hazard to human beings has lost its basis. This Factor
should eliminate the substitution of chrome yellows by organic
pigments.

High SO,-Resistance

The test panels were uniformly coated with an alkyd-melamine
resin varnish containing 20% pigment and tested in accordance
with DIN 50018 with 2 litres SO, in a Kesternich apparatus.
HEUCOTRON-Yellow 5 was compared with two high perfor-
mance pigments from the highly and medium stabilized series
in the same shade range:

HEUCOTRON-Yellow 1064 - medium stabilized
HEUCOTRON-Yellow 123 - highly stabilized
HEUCOTRON-Yellow 5 - SO,-stabilized

The Kesternich test has shown that HEUCOTRON-Yellow 5
possesses a significantly better resistance to SO, than the
other two types. This characteristic predestinates HEUCOTRON-
Yellow 5 for use in high quality paint systems such as those
used for the final coat on cars and in other coating materials
which are subjected to severe industrially induced atmospheric
influences.

HEUCOTRON-Yellow 1064 | 123 5

SO, resistance ¥ o B
Light fastness ' f f
Weathering fastness ' R ) f
Hue steps e 3 ' A

Dr. Hans Heubach GmbH & Co. KG  Clode International Inc.

HeubachstraBe 7 655 Third Ave.

Postfach 1160 Suite 1610

D-3394 Langelsheim 1 New York, N.Y. 10017
Telefon (05326) 52-0 Telephone: (212) 883-0200
Telex 0957 726 heuba d Telex: 236311 ama ur

Telex 0957716 farbe d




heubach
Innovative Special Products

The family firm of Goslarer Farbenwerke Dr. Hans Heubach GmbH & Co. KG
and its associate firm, Harzer Zinkoxyde Werner & Heubach KG,
manufacture special pigments as well as zinc and lead based chemicals.

Harlingerode works

The companies hold a leading @ zinc oxide @ zinc dust @ zinc phosphate @ zinc chromate
position on the German market in @ chrome yellow @ molybdate red @ special pigments
the following product areas: @ red lead e litharge @ battery oxides

Langelsheim works

The history of the company began as far back as 1305 as the
forefathers of the present owners founded a glassworks in the

Thuringer forest. Porcelain was produced first in 1764, white
lead in 1847. The works in East Germany were lost in 1945.
Since that time the enterprise is existing in West Germany.




PGS can supply you with all the top-grade silica paint filler
you need today. And tomorrow.

How much MIN-U-SIL® filler can we deliver? How
much can you use?
Many major paint manufacturers have been

depending on PGS MIN-U-SIL extender to cut costs

for quite some time. That's probably because PGS
isthe leading silica supplier. And plentiful reserves
will insure that supply. For years to come.

It you cometo PGS for MIN-U-SIL's availability,

youll stay for its quality. Available in several micron

rades, MIN-U-SIL isan inert silica extender with
ewer fines to minimize absorption. Soyou get con-
Y sistent, stable color while using less vehicle. Which
cansave P/OU money. y

P~ MIN-U-SIL also increases scrubbabiliy,

@\, Improves burnish resistance and
L) sanding characteristics. And more.
Y Ifyouneed apaintfiler you can count
Y onfor availability and'for quality, contact
PGS today. Weve got a free sample, im-
partial test results, and plenty of MIN-U-SIL
—allontapfor you. Just write: Pennsyl-
vania Glass Sand, Dept. A-18, Three Penn
Center, Pittsburgh PA 15235. Or call (412)

 PES

A Subsidiary of ITT
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William H. Ellis, of Los Angeles Society
Becomes Fifty-Ninth Federation President

William H. Ellis, Senior Research
Associate at Chevron Research Co., El
Segundo, CA, became the 59th Presi-
dent of the Federation of Societies for
Coatings Technology on October 31 at
the Federation’s Annual Meeting in
Atlanta, GA.

Howard Jerome, of Spatz Paint Indus-
tries, Inc., St. Louis, MO, was named
President-Elect, and A. Clarke Boyce, of
Nacan Products Ltd., Toronto, Ont., was
elected Treasurer.

President Ellis

Mr. Ellis is a Past-President of the Los
Angeles Society and has served as Fed-
eration Council Representative. He was
General Chairman of the 1972 West
Coast Societies’ Symposium and has
served on numerous Society committees.

He has been a member of the Federa-
tion Board of Directors, and has also
served on the Program and Publicity
Committees as well as the Ad Hoc Com-
mittees on Education and Federation
Restructuring.

A graduate of Stanford University,
Mr. Ellis is a member of the American
Chemical Society, American Associa-
tion for the Advancement of Science,
Sigma Xi, and the Air Pollution Control
Association.

He and his wife, Bea, reside in El
Segundo.

President-Elect Jerome

Mr. Jerome is a Past-President and
Honorary Member of the New England
Society (where he also served as Fed-
eration Council Representative), and
most recently served as the St. Louis
Society’s Representative to the Federa-
tion’s Board of Directors.

He has also served as Chairman of the
Federation’s Technical Advisory Com-
mittee (1969-70) and the By-Laws
Committee.

Mr. Jerome is a graduate of North-
eastern University.

Treasurer Boyce

Mr. Boyce is a Past-President of the
Toronto Society. He most recently
served as Society Representative to the
Federation Board of Directors and as a
member of the Federation Executive
Committee.
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H. Jerome

A.C. Boyce

‘Challenge, Change, Opportunity’
Is Theme of 1981 Annual Meeting

The 1981 Annual Meeting will have
as its theme, “Challenge, Change, and
Opportunity,” it was announced by Pro-
gram Chairman Thomas J. Miranda,
of Whirlpool Corp., Benton Harbor, M1.

The Annual Meeting and Paint Show
will be held at Cobo Hall, in Detroit,
on October 28-30.

Journal of Coatings Technology



President Ellis Announces
Committee Chairmen for 1980-81

Chairmen of the 30 committees of the
Federation of Societies for Coatings
Technology for 1980-81 have been
announced by President Willam H.
Ellis. A complete roster of all committees
will be published in the 1981 Year Book.

An asterisk (*) indicates re-appoint-
ment for 1981.

A.F. VOss/AMERICAN PAINT &
COATINGS JOURNAL AWARDS—Albert
Seneker, Ameron Research & Develop-
ment, South Gate, CA.

BRUNING AWARD—Ruth Johnston-
Feller, Pittsburgh, PA.*

By-LAWS —Fred Schwab, Coatings
Research Group, Cleveland, OH.*

CORROSION—Saul Spindel,
Labs, Inc., New York, NY.*

D/L

DEFINITIONS —Stanley LeSota, Rohm
and Haas Co., Philadelphia, PA.*

EDUCATIONAL—Johh A. Gordon, Jr.,
University of Missouri—Rolla, Rolla,
MO.*

ENVIRONMENTAL CONTROL—S.
Leonard Davidson, N L Industries, Inc.,
Hightstown, NJ.*

FINANCE — Elder C. Larson, Shell De-
velopment Co., Houston, TX.

HECKEL AWARD— Harold Spitzer

HOST (Annual Meeting)—Jose Bena-
vides, Ford Motor Co., Mt. Clemens,
MI.

INTER-SOCIETY COLOR COUNCIL—
Dennis Osmer, CIBA-GEIGY Corp.,
Ardsley, NY.

INVESTMENT—Herbert L. Fenburr,
Columbus, OH.*

L1AISON—John J. Oates, Troy Chem-
ical Corp., Newark, NJ.*

MANUFACTURING — Donald Fritz,
Superior Varnish & Drier Co., Mer-
chantville, NJ.*

MATTIELLO LECTURE—Felix P.
Liberti, Chemray Coatings Corp., Mid-
dlesex, NJ.

MMA AWwARDS —Terryl Johnson,
Cook Paint & Varnish Co., Kansas
City, MO.

MEMBERSHIP—A. Gordon Rook,
O’Brien Corp., Fremont, CA.

MEMORIAL— Carroll M. Scholle, Chi-
cago, IL.*
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METRIC SYSTEMS—Ernest L. Hum-
burger, Schenectady Chemicals Canada,
Scarborough, Ont.*

NOMINATING— Elder C. Larson, Shell
Development Co., Houston, TX.

PAINT INDUSTRIES' SHOW — Deryk R.
Pawsey, Rohm and Haas Canada Ltd.,
Vancouver, B.C.*

PROGRAM —Thomas J. Miranda,
Whirlpool Corp., Benton Harbor, MI.

PROGRAM AWARDS—Horace Philipp,
Sherwin-Williams Co. of Canada Ltd.,
Montreal, Que.

PUBLICATIONS —Thomas J. Miranda,
Whirlpool Corp., Benton Harbor, MI.*

PUBLIC RELATIONS — Peter F. Decker,
Union Carbide Corp., Atlanta, GA.

ROON AWARDS — Martin R. Hastings,
Midland Div., Dexter Corp., Wauke-
gan, IL.

SPECIFICATIONS — John A.J. Filchak,
General Services Administration, Au-
burn, WA *

TECHNICAL ADVISORY—William F.
Holmes, DeSoto, Inc., Garland, TX.

TECHNICAL INFORMATION SERVICES
—Helen Skowronska, Cleveland, OH.*

TRIGG AWARDS—Sharon Vadnais,
E.T. Horn Co., Oakland, CA.

Delegates to Other Organizations

NATIONAL ASSOCIATION OF CORRO-
SION ENGINEERS—Thomas Ginsberg,
Union Carbide Corp., Bound Brook, NJ.*

NATIONAL PAINT & COATINGS ASSO-
CIATION, SCIENTIFIC COMMITTEE—Ted
Provder, Glidden Coatings & Resins
Div., Strongsville, OH.*

STEEL STRUCTURES PAINTING COUN-
ciL—Sid Levinson, D/L Labs., Inc.,
New York, NY.*

NATIONAL PAINT & COATINGS ASSO-
CIATION AND GOVERNMENT AGENCIES
(ENVIRONMENTAL CONTROL)—S. Leon-
ard Davidson, N L Industries, Inc.,
Hightstown, NJ.*

INTERNATIONAL UNION OF PURE AND
APPLIED CHEMISTRY —Milton A.
Glaser, Glencoe, IL.* and Percy E.
Pierce, PPG Industries, Inc., Allison
Park, PA.*

complete,
up-to-date
guide to
Waterborne
Coatings
Emulsion and Water-

Soluble Paints
By Charles R. Martens

-

You'll find fast, accurate, practical
guidance on handling virtually
every type of waterborne coating
in this comprehensive new volume.
Coverage extends from raw ma-
terials, formulation, manufacture,
testing, and application of water-
borne paints to regulations affect-
ing their use. You get the latest in-
formation on the advantages and
disadvantages of waterborne
coatings ... the difference be-
tween water-soluble and water-
dispersible coatings ... the uses
of organic binders, surfactants,
protective colloids, thickeners,
pigments and extender pigments,
preservatives, and fungicides ...
how to make calculations for for-
mulation and application ... the
function and measuring of color
...and much more. 326 pp., illus.,
6x9, $22.50.

Free 15-day examination

Van Nostrand Reinhold
Mail Order Service

7625 Empire Drive
Florence, Ky. 41042

Please send me Waterborne Coat-
ings for a free 15-day examination. At
the end of that time, | will pay the pur-
chase price of $22.50, plus postage,
handling. and local sales tax, or return
the book and owe nothing. (Offer
good in U.S. only, and subject to credit
department approval. Payment must
accompany orders with P.O. Box
addresses. Price subject to change.)
Name
Address
City _______ State Zip
[0 SAVE! Check here if you are enclos-
ing payment now, and we pay post-
age and handling. Same return-
refund guarantee. Local sales tax must
be included.

25137-8

C 7846
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_ ‘e body
into cgatings
with §2BA

The best way to add body to sol-
vent-thinned coatings?

Troykyd Bodying Agent 42BA!
Here’s an easy-to-use liquid that
exhibits high bodying efficiency in
coatings based on long, medium
and short oil alkyds, styrenated
and vinyl toluene alkyds, oil-modi-
fied urethanes, and others.
What's more, with just normal agi-

tation, 42BA is effective in the
entire pigmentation range, from

4 e

high PVC to low PVC, and even
with no pigment at all.

As our graph indicates, 42BA
adds a true, non-thixotropic vis-
cosity. So, side effects on leveling,
gloss and color acceptance are
virtually nonexistent.

Normal use levels: ¥4 to 2%
based on total formulation weight.

Troykyd Bodying Agent 42BA.
Puts more body in each batch.
Send for sample and literature.
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: COntro/
/

& 300 Plis 4284
4
O 200 [
(7] Control
>

0
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troy chemical corp.

One Avenue L, Newark, New Jersey 07105
(201) 589-2500



Test new Lo-Vel'275.

SILICA FLATTING AGENT

You may never see acoil coati
v gofiat sofast. -

PPG's new Lo-Vel 275. It may be
the most efficient silica flatting
agent you'll ever use.

And the most versatile, too. You
can use it to formulate Hegman 6
coil coatings or any of a wide
range of other coatings requiring
an exceptional flatting agent.

Lo-Vel 275 is so efficient that
a two-thirds loading can reduce
gloss just as well as the full amount

of silica hydrogel you use now.
© It's so easy to disperse, you can
add it to your formulation with any
available method, including direct
stir-in.

And, it resists overdispersion, too.

Add that kind of efficiency to
the reduced initial cost of Lo-Vel
275, and the result is a substantial

Jc2
PPG Industries, Inc.
Chemicals Group
One Gateway Center
Pittsburgh, PA 15222

Please send me a free sample of
Lo-Vel 275 silica flatting agent, along
with your literature.

Name

Title

Company.

Street

City. State Zip.
Phone

cost savings. And, after per-
formance, what’s more important
than low cost when you're
choosing a silica flatting agent for a
coil coating?

Try it and see for yourself.
Return the coupon today, and
we'll send you a free sample.

PPG Industries, Inc., Chemicals
Group, One Gateway Center,
Pittsburgh, PA 15222.

PPG: a Concern for the Future

Chemicals m

INDUSTRIES



Provides uniform
pigment dispersion
in a wider range of
water-based paint
formulations.

Total color
development.
Compatible with
reactive pigments.

Consider These Advantages
NALCO 2324 is an effective dispersant
in a broad range of coating systems.
With its use, other surfactants can
often be reduced or eliminated without
loss of performance.

By consolidating around NALCO 2324,
your raw material costs can be
reduced, inventory and warehousing
costs can be cut, and your production
requirements can be simplified.

Start Saving Today

Request your sample of NALCO 2324
today. Your Nalco representative can
assist you in optimizing performance
throughout your entire line of paints
and coatings. For rush service, use our
“hotline” number (312) 887-7500 ext.
1214, or request our technical
literature.

Excellent gloss
development and
retention.

One

Dispersant

For Al

Your Needs

Tested in a wide
variety of formulas:
interior and exterior
paints, acrylic and
modified acrylic
polymers.

NALCO

NALCQO 2324

Efficient at low
dosages. NALCO
2324 performs as
well as or better
than competitive
dispersants.

Water Specialists
in the Paint and
Coatings Industry

Nalco Chemical Company
2901 Butterfield Road
Oak Brook, IL 60521

(312) 887-7500
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THIS PAPER WAS AWARDED SECOND PRIZE OF $450 IN THE 1980 ROON AWARDS COMPETITION

A Computer Method

For Predicting Evaporation
Of Multicomponent Aqueous
Solvent Blends at Any Humidity

Albert L. Rocklin

Shell Development Company*
and

David C. Bonner

Shell Oil Companyt

Selection of cosolvents for water-reducible coat-
ings is simplified by a computer program which
predicts solvent balance and evaporation time
of multicomponent water/solvent blends at any
humidity. Conventional organic solvent blends are
also accommodated, but without humidity correc-
tion. The computer method uses an additive equa-
tion incorporating activity coefficients calculated
by the UNIFAC method. Operation is straightfor-
ward, and results are presented promptly at the
computer terminal in tabular and graphic form. The
method simplifies the problem of selecting blends
which comply with air quality control regulations.
Examples show how to choose among cosolvents,
including those which are only partly miscible with
water.

INTRODUCTION

Humidity has a strong effect on the drying of a water-
reducible coating. As shown in an earlier study,' humid-
ity can drastically alter evaporation time and solvent
balance. High humidity prolongs drying time by slowing
down the rate of water evaporation from the solvent
blend. This has the further effect of allowing the organic
cosolvents to evaporate while the water is kept back. The
result is a depletion of cosolvent and an enrichment of
water. The effect becomes increasingly pronounced as
humidity rises. Since film quality is affected by water-

Presented at the 58th Annual Meeting of the Federation of Societies for Coatings Technology
in Atlanta, GA, October 29, 1980.

*P.0. Box 1380, Houston, TX 77001.

1P.0. 2463, Houston, TX 77001.
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cosolvent balance from the moment of application
through the final drying step, it is advantageous for the
coatings technologist to be able to predict the effect of
humidity on evaporation so that cosolvents can be
selected for optimum performance.

Although previous studies had addressed the problem
of the effect of humidity on water/solvent evaporation,
their agplicability is limited. The wide ranging papers by
Dillon” and by Stratta, Dillon, and Semp” contain elab-
orate computer simulations of evaporation behavior and
claim verification for typical ternary systems, but reveal
data for only a few binary systems. In a further elabora-
tion, Eaton and Willeboordse* use diffusion theory to
account for evaporation through boundary layers, but
treat only binary blends and single solvents. On the other
hand, an earlier study' is replete with data, but is con-
fined to a few ternary systems.

This paper describes a practical computer method for
predicting evaporation time and solvent balance at any
humidity during evaporation of aqueous blends con-
taining any number of water-soluble organic solvents. It
also predicts evaporation time and solvent balance for
conventional organic solvent blends, but as with other
solvent blend calculation methods, it ignores humidity.
Calculations are performed by a FORTRAN program
using data drawn from a computer file of pure solvent
properties.

Calculation Method

To help coatings technologists select practical organic
solvent replacement blends, Walsham and Edwards” had
developed a useful computer program for predicting
solvent blend evaporation time and solvent balance. The
program calculates evaporation at 5% increments using
activity coefficients computed from the solvent concen-

27



AL. ROCKLIN and D.C. BONNER

Table 1—Evaporation Temperatures of Solvents
(from filter paper by ASTM D3539 in Shell Evaporometer
with instrument set to 25.0°C)

Solvent Tmin

°Cc

WAaLEE Luusvscnsummpnsnsavsvssesasbondvssivavnsesssesse 15.6
Acetone .... .. 00
Methyl ethyl ketone . .. 10.0
Ethanol ........ccoivviiiinnnnnnnnn, ceee 122
Isopropanol . sose  HET
Toluene ..... .. 184
sec-Butanol .. 186
Methyl isobutyl ketone ................... .. 200
n-Butanol ...... .. 208
2-Ethoxyethanol .. 21.3
n-Butyl acetate ... s 1220
XVICNE 5i5iviers wrvvramvinan siv st sromioiersisim-oraloivioss ~ibrelstais Golurais/ole 225

trations by the method of Van Laar.® Although the
method is successful with organic solvent blends, at-
tempts to apply it to aqueous blends have failed. The
method described in this paper retains some of the fea-
tures of that program but overcomes the water failure by
(1) using a different system to calculate activity coeffi-
cients and (2) allowing for evaporative cooling of solvent.
The calculations apply to homogeneous solutions. If
phase separation occurs, the predictions may not be valid.

As in the method of Walsham and Edwards,’ the
course of solvent evaporation is calculated by a repetitive
procedure. The first step calculates the time to evaporate
a small portion of the blend at a constant rate determined
by the initial composition. At the end of this step, a new
composition is computed and the process repeated using
this new composition to calculate a new rate. At each
step, the evaporation rate is calculated by adding up the
rates of the individual components at their concentra-
tions in the blend. The method takes into consideration
the effect of evaporative cooling on evaporation rate, and
adjusts the rates of the individual components according
to the actual temperature of the blend as it evaporates.
Activity coefficients are calculated at the actual evapo-
ration temperature by the UNIFAC'™ group method.
Humidity is accommodated by applying a correction
factor to the water evaporation rate. It is assumed that
diffusion of each component in the liquid-vapor bound-
ary layer and in the vapor phase is not affected by diffu-
sion of other components.

These concepts are incorporated in the following equa-
tion which computes the total mass rate of evaporation at
each step as the sum of the evaporation contributions of
each component:

n
M= 3 %% 6T (Ta/Tm)” (1)
i=i
where r(t) = total rate of evaporation from solution at time t, in
grams/sec of the n components
x;(t) = mole fraction of component i in the blend at time t

7i(t, Twa) = activity coefficient of component i at time t at the actual
temperature of the blend during evaporation

T = actual temperature of the evaporating blend

28

r{ = rate of evaporation (g/s) of pure i, at its actual evapora-
tion temperature (Tma) as a pure component in the
evaporation instrument set to its standard temperature
of 25°C, determined from the time required to evaporate
90% (wt) of a standard sample, assuming a linear evapo-
ration rate to 90%.

The term (Tioi/ Tmin)'? is a temperature correction'
to r{ to account for the fact that each solvent is evapo-
rating at solution temperature (T.) rather than at the
temperature at which it evaporates as a pure solvent
(Tmin). This is discussed more fully in a later section.

Solvent blend evaporation times are useful in gauging
drying times of formulated coatings, and in assessing
effects of changes in solvent blend composition. The pure
solvent 90% evaporation times employed in our com-
puter program are published values'® determined for
evaporations from filter paper in the Shell Automatic
Thin Film Evaporometer'' at an instrument temperature
of 25°C, using evaporation method ASTM D3539. The
computer calculations predict the results of testing sol-
vent blends in the instrument under those conditions. For
aqueous blends, the predictions apply to tests performed
at the specified humidity.

Correction for Relative Humidity

For aqueous solvent blends, the water evaporation rate
is modified by a linear factor which takes into account
the effect of relative humidity on the driving force. The
correction is applied to water only because it alone is
directly affected by humidity. What may appear to be a
humidity effect on water-soluble solvents is merely a
dilution effect relating to the concentrations and activity
coefficients in aqueous solution: High humidity, which
slows down water evaporation, will indirectly slow down
cosolvent evaporation because it will prolong the time
that the water diluent remains in solution.

For the water component of the blend, the evaporation
rate term in equation (l) is multiplied by the linear
humidity correction factor (1-RH/100) as follows:

ru,0 = (I-RH/100) Xu,0 1,0 (t, Tat) I'(lllzo (Tt /Twin)'? (2

where RH is relative humidity .of the ambient air sur-
rounding the evaporating blend and ru,o is the evapo-
ration rate of water from the blend. The linear correction
factor (1-RH/ 100) appears to be a good approximation
to actual behavior.

Solution Temperature During Evaporation

The temperature correction factor for each solvent in
equation (1) involves two quantities, Tmin —the actual
evaporation temperature of the pure solvent, and
Tt —the evaporation temperature of the solvent blend.
Tmin can be determined experimentally for each solvent
and the values included in the computer data file. Table 1
lists Tmin values for a few representative solvents. The
cooling effect is very pronounced with the volatile sol-
vents and is certainly significant with water and some of
the more slowly evaporating solvents.

To calculate T., a heat balance calculation is done
based on the evaporative cooling of the individual sol-
vents, i.e., on the Tri, values. The method is not rigorous
because several simplifying assumptions are made, yet it
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produces results that are adequate for the purpose.
Among the simplifications are the assumptions that
(1) heat of mixing is small compared with heat loss by
evaporation, (2) heat capacities remain constant during
the evaporation, and (3) solution temperature drops
instantaneously to its steady state value, Tso, and there-
after depends only on solution composition.

If heat of mixing is negligible, the same amount of heat
is required to evaporate the blend as would be required
to evaporate the same amounts of its unmixed compo-
nents. This means that, in being cooled from instrument
temperature to T, the blend loses the same amount of
heat as would be lost by its unmixed components if each
were cooled to its own actual evaporation temperature,
Tmin. Since the heat loss of the blend is also the sum of the
heat losses of its dissolved components all being cooled
to the same temperature, T, the following equation can
be written equating total cooling effects of the unmixed
and the dissolved solvents.

2n; Cpi (298.15 — Tia) = 2 Cpi (298.15 — Trin, ) i A3

This assumes that, for each solvent,Cp;, the molar heat
" capacity of component i at 298.15K, remains essentially
constant during the small temperature drop caused by
evaporation; n; is moles of component i in solution.
Equdtion (3) can be rearranged to solve for T

3Cpi(298.15 = Toia) i

Toot = 298.15 —
J SnCpi

4

Activity Coefficients

At each step in the incremental calculation procedure,
the program computes activity coefficients at the actual
evaporation temperature of the blend. Furthermore, the
activity coefficient of each solvent depends on its con-
centration and molecular structure and also on the
concentrations and structures of all the other solvents in
the blend. The computations can become enormously
complicated (and expensive) if an inappropriate method
is chosen for assigning activity coefficients.

The UNIFAC method was chosen because it treats
all molecules as collections of standard molecular frag-
ments or groups for which activity calculations are
readily performed for any given temperature. * For exam-
ple, a molecule of the well-known solvent 2-ethoxyetha-
nol having the structure,

HO—CH,—CH,—0—CH,—CH;
can be represented as the following collection of groups:
1 OH, 2 CH;, 1 0—CH;, 1 CH;

With each component of a solution represented by the
appropriate collection of groups, the computer uses the
prescription in the UNIFAC method to calculate activity
coefficients at the evaporation temperature of the blend.

*For the UNIEAC method, see Fredenslund, et. al.”™; for the parameter matrix, see Skjold-
Jgrgenssen, ct. al.’
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COMPUTER METHOD FOR PREDICTING EVAPORATION

ESTIMATED PROPERTIES FOR THE rm.nmcs &W BLEND:
===SOLVENT PRICES UPDATED MOVERDER

THIS PROGRAN DOES NOT TAKE INTD ACCOUNT PWASE SEPARATION

SOLVENT BLEND VOL FRACTION WY FRACTION MOL FRACTION
WATER 0.627 0.700 0.93%

UOXITOL 0.128 0.120 0. 024

AR 0.083 0.080 0.017

PENTDONE 0.064 0.060 0.011

A 0.048 0.040 o.013
TOTAL ~=eeecccee=], 000

BLEND PROPERTIES:
sncmc ﬁlv"V = 0.9%%

WSI (”) l 9.8
90% EVAPORATION TINE = 2107. SEC

BLEND EVAPDPATION TIME AT 23.0 “C AND  S0.0 % WUMIDITY
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Figure 1—Computer printout of calculation for 5-component
blend
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Table 2—Evaporation of 3-Component Aqueous Blend

Temperature 25°C

Starting Composition, %w: 70.0 Water
15.0 2-Ethoxyethanol
15.0 2-Butoxyethanol

Composition at Indi d Stage of Evaporation, %w
Time to 70%
%w Evaporated: 20 45 70 Evap, sec
RH,% Solvents Obs Calc Obs Calc Obs Calc Obs Calc
15 Water 60.2 66.6 50.3 58.3 289 354 1050 1061
2-Ethoxyethanol 17.5 16.2 224 19.4 28.5 279
2-Butoxyethanol 22.3 17.2 27.5 224 42.6 36.7
40 Water 64.2 68.0 57.7 62.8 51.1 48.2 1530 1412
2-Ethoxyethanol 16.3 154 18.4 16.8 19.5 21.1
2-Butoxyethanol 19.5 16.6 239 204 294 30.7
65 Water 68.3 70.7 704 72.2 75.4 76.4 2605 2071
2-Ethoxyethanol 14.2 13.8 13.4 11.8 122 8.2
2-Butoxyethanol 17.5 15.5 16.2 16.0 124 15.4

TYPICAL CALCULATION

Figure 1 is a printout of a typical calculation. The
5-component blend is 70% by weight water; the remain-
ing 30% is composed of 2-butoxyethanol, diacetone alco-
hol, 4-methoxy-4 methyl-2pentanone,* and n-butanol.
The exercise was to calculate the evaporation charac-
teristics at 509 RH. (With five components, this would
be an impossible job for even the most sophisticated
extension of methods developed for predicting evapora-
tion of binary water/solvent blends. This program, how-
ever, can accommodate as many components as any
coatings technologist would wish to consider.)

Whether the data were entered by volume or by weight
fraction, the computer prints out the initial composition
in volume, weight, and mole fraction. All subsequent
compositions are printed out in weight fraction only. The
calculations include specific gravity and eastern and
western prices in cents per gallon of blend. If the blend
does not contain water, the program also calculates
solubility parameter, fractional polarity, hydrogen bond-
ing index, and viscosity because these are useful param-
eters in selecting replacements for conventional organic
solvent blends.

Calculation results are presented in a form that is easy
to understand. The first graph in Figure 1 shows the
calculated simulation of the evaporation curve that
would be obtained if the blend were evaporated in the
Evaporometer at the specified humidity. Times to evap-
orate the blend in 5% increments are listed in the right
margin, and, as a convenience, the 90% time is repeated
at top center. The graph is useful because it shows
whether or not the blend evaporates at a uniform rate.
In this case, the evaporation rate is fairly uniform. If the
curve had shown an initial fast rise, it would have meant
that much of the blend is lost during the early part of the
evaporation. This may be good for some lacquers where
fast set is important, but it may be bad for other coatings

*F solvent. P isa

d trademark of Shell Chemical Co.
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and application methods where dry spray, popping, and
other such plagues must be avoided.

The second graph shows solvent balance of the blend
during evaporation. The operator can tell at a glance
which solvents are undergoing enrichment or depletion
as the blend evaporates. Since the points on the graph are

. RH 15%

0
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= RH 40% ATE
3 o s oxiroe®!
oxiteL
s LINES ARE CALCULATED VALUES
£ a0 \TURE 26T
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40 |-
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~
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DEGREE OF EVAPORATION, %w

Figure 2—Three ponent aq lvent blend
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COMPUTER METHOD FOR PREDICTING EVAPORATION

Table 3—Evaporation of 4-Component Aqueous Blend

Temperature 25°C
Starting Composition, %w: 70.0 Water

10.0 Dimethylformamide (DMF)
10.0 2-Butoxyethanol
10.0 4-Methoxy-4-Methyl-2-Pentanone (PON)

Composition at Indicated Stage of Evaporation, %w

Time to 70%
%w Evaporated: 20 45 70 Evap, sec
RH,% Solvents Obs Calc Obs Calc Obs Calc Obs Calc
15 Water 64.7 67.6 56.0 61.3 34.2 43.1 1010 1123
DMF 14.3 12.5 19.3 18.2 314 327
2-Butoxyethanol 14.0 10.8 18.1 12.6 282 16.9
PON 7.0 9.0 6.6 7.9 6.2 73
40 Water 68.2 69.2 64.3 66.2 53.5 54.5 1670 1489
DMF 13.7 12.5 18.4 18.2 27.8 326
2-Butoxyethanol 12.6 103 14.2 10.5 17.2 10.6
PON 53 8.0 31 51 1.5 24
65 Water 739 72.1 74.9 74.1 71.4 66.5 2820 2376
DMF 12.5 12.5 15.9 18.1 23.2 320
2-Butoxyethanol 10.5 9.2 8.4 6.2 5.4 1.6
PON 3.1 6.2 0.8 L5 -0- -0-
typed by a computer terminal, their positions cannot be EXPERIMENTAL

exact because they have to conform to typewriter spac-
ing. Exact values are listed in the table.

100

RH 18%

100 Q0SERVED
| RH 40% © waren
ouF
3 wof s o
o WATER PENTOXONE'
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> o) TEMPERATURE 25T
- \-—-‘—_———
g ‘
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2
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g o o

BuryL oxitor B

... DEGREE OF EVAPORATION, %w
Figure 3— Four component aqueous solvent blend
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Evaporation measurements were made with the Evap-
orometer. For all measurements, the instrument was first
adjusted to the standard setting of the ASTM-D3539
procedure. A 0.7 ml sample of n-butyl acetate is depos-
ited on a 9 cm disc of filter paper suspended in the instru-
ment at 25°C in a dry air stream set to a rate close to
21 1/min such that 90% of the sample evaporates in 468
sec. An earlier publication' describes humidity adjust-
ment by mixing dry and wet air, humidity measurement,
and determination of solvent concentration at different
stages of evaporation. Tmin Was measured with a thermo-
couple placed directly in contact with the filter paper. In
each case the temperature dropped almost instantan-
eously to the final value.

Solvents were reagent grade, usually at least 99% pure.
Since water contamination has a significant effect on
evaporation time, each solvent was checked for water by
gas chromatography. Those with more than 0.1% water
were dried over 3A molecular sieve.

RESULTS AND DISCUSSION

Three Component Aqueous Blend

Solvent balance was measured for a blend of 70%w
water, 15%w 2-ethoxyethanol, and 15%w 2-butoxy-
ethanol at three stages of evaporation at three relative
humidities. Table 2 and Figure 2 compare observed and
calculated concentrations of solvents in the residual
blend when 20, 45, and 70% of the blend has evaporated
at humidities of 15, 40, and 65%. Table 2 also compares
the observed and calculated time to evaporate 70% of the
blend.
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Table 4—Solvent Balance During Evaporation of Organic Solvent Blend

Temperature 25° C

ition at Indi d Stage of Evap Y%w
%w Evap: 0 25 50 60 70 80
Saturates Obs* 305 30.2 28.6 23.7 17.2 9.3
Calc 27.8 236 20.3 14.2 22
Toluene Obs 13.2 14.8 16.2 15.1 13.2 8.3
Cale 14.4 15.0 14.1 11.0 34
Xylene Obs 8.9 10.7 14.5 16.7 . 19.4 19.8
Calc 11.2 15.2 17.6 20.4 20.6
MEK Obs 19.7 14.7 6.7 24 0.45 -0-
Calc 14.7 73 35 0.3 -0-
IPA Obs 9.7 6.4 107 0.3 -0- -0~
Calc 8.1 4.5 2.2 0.1 -0-
CSolv. AC Obs 17.9 23.2 324 420 49.8 62.6
Calc 23.7 345 425 54.0 73.8

(a) Evaporation from TAFID boat.

Agreement is certainly not exact and it is doubtful if
it ever can be, but the calculations come satisfyingly close
to predicting the main features of the evaporation behav-
ior and of showing how these are affected by RH. The
greatest deviation occurs at the lowest humidity, but

Table 5—Evaporation Time of Organic Solvent Blends

Evaporation

Solvent Blend Composition Time, sec

%w Evap Obs Calc

even here the fit is fairly good and the calculation predicts
the correct order of evaporation of the solvents and the
approximate rate of depletion of water and of enrich-
ment of the cosolvent. The fit at the higher humidities is
remarkably good. It is noteworthy that the calculations
successfully predict the change in evaporation behavior
from water depletion to water enrichment in going from
40 to 65% RH. This can be of great importance to coat-
ings technologists who must be able to predict and antici-
pate this effect for successful design of a water-reducible
coating that has minimum sensitivity to humidity.
Since prediction of solvent balance of water/solvent

Solvent %hv (
blends was the main goal of the program, much less
n-Butyl acetate 10 10 15 17 attention was given to confirming predictions of evapo-
Acetone 8 30 52 55 ration time. For this blend, times are reported only to
I’;‘)?K 1§ 33 lzg 13; 70% instead of the 90% evaporation, because that is the
Toluene 65 90 201 205 point at which evaporation was cut off in the solvent
balance measurements. Table 2 shows that evaporation

Isopropyl acetate 15 10 19 20 time at higher humidities tends to be underestimated.
n-Butyl acetate "5’ gg 132 18? This is of little importance, since the program performs
;l;ﬁwne éo 70 151 147 the more useful function of predicting the trend in

90 207 201 evaporation time with changing humidity.

20 10 9 1

ﬁﬁi,‘;?jvc@ acetate 15 30 32 38 Four Component Aqueous Blend
!r]:ﬁ’ — }g ;g lﬁ ,;g It might be argued that the good predictions for the
Tolusol®5 15 90 334 334 previous example are unremarkable because solution
VMP-EC n behavior of the two glycol ethers is known to be close to
Xylene 6 ideal. To see how the program would compare with a
Shell Sol® 340 H 54 10 168 210 more coqxplicated blenfi containing less well-behaved
Butyl Oxitol® 46 30 576 633 solvents, it was tested with a four component blend con-

50 1080 1075 taining dimethylformamide, a solvent notorious for its

70 1852 1701 nonideal solution behavior.

90 3100 3042

Cellosolve is a registered trademark of Union Carbide Corp.; Tolusol, Shell Sol, and Oxitol
are registered trademarks of Shell Chemical Co.
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Table 3 and Figure 3 compare predicted and observed
evaporation data for a blend of 70% water and 10%w
each of dimethylformamide, 2-butoxyethanol, and
4-methoxy-4-methyl-2-pentanone. The agreement both
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on solvent balance and on evaporation time is equally as
good as for the previous example. In fact, the solvent
balance prediction for the supposedly poorly behaved
dimethylformamide is appreciably better than for the
glycol ether.

Conventional Organic Solvent Blends

There is nothing in the program which confines it to
aqueous systems. The method is equally applicable to
organic blends except for the humidity feature which is
not applied because that could involve consideration of
phase separation. Tables 4 and 5 show close prediction
of solvent balance and evaporation time for several typi-
cal organic blends.

APPLICATIONS

The computer program allows the coatings technolo-
gist to survey a large variety of options economically and
efficiently. The following examples illustrate a few of
those options.

Minimizing Effect of Humidity
On Cosolvent Depletion

Cosolvents are put into a water-reducible system to do
a certain job. If they are lost by evaporation before the
job is done, the coating may be inferior. With the com-
puter program, it is possible to examine evaporation of
prospective formulations over a range of humidities and
to optimize on compositions with minimum sensitivity to
effect of humidity on cosolvent retention. Instead of
performing the lengthy operation of repeating the com-
plete solvent balance calculation over a range of humidi-
ties, it is more convenient and efficient to follow the water
concentration only. For most cases, this will be adequate
because the properties of a water-reducible coating tend
to be more sensitive to water/solvent ratio than to the
makeup of the organic solvent portion of the blend.

Figure 4 shows the effect of composition on the hu-
midity sensitivity of water concentration in the blend at
different stages of evaporation. Figure 4a shows the
response of a typical water/solvent blend composed of
80%w water and 10%w each of butoxyethanol and sec-
butanol (SBA). The dashed line shows the effect of
humidity on the weight percent water remaining in the
blend after 25% of the blend has evaporated. For exam-
ple, if the blend is evaporated at 40% R H, point A shows

COMPUTER METHOD FOR PREDICTING EVAPORATION
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Flgdre 4—Effect of cosolvent composition on water retention at
different humidities

that when 25% has evaporated, the water concentration
in the remaining liquid is 90.5%w. If the evaporation is
done at 70% RH, point B shows 93.0% water in the
remaining liquid. Not surprisingly, residual water in-
creases with increasing humidity. The broken line shows

Table 6—Residual Liquid Composition at 90% Evaporation

(Initial composition, %w: Water 90.0; Ethoxyethoxyethanol 5.0;
Butoxyethoxyethanol 5.0)

Solvent Concentrations, %w

RH % Water Ethoxyethoxyethanol  Butoxy y
0 sseeeaas 8.1 448 47.1
25 rmnsrne 11.0 434 45.6
80" rpnran 16.4 40.2 434
5 nsnae 326 31.0 36.3

Table 7—Influence of Activity Coefficient on Evaporation Rate

(Composition, %w: Water 90.0; Ethoxyethoxyethanol 5.0;
Butoxyethoxyethanol 5.0)

Solvent
Ethoxyethoxyeth y yeth
90, 366, «acmsnmssnse 27,840 150,000
< in initial blend .... 15.1 80.0
(v/to) X 10° ....... 5.42 5.33

Vol. 52, No. 670, November 1980
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Solvent Balance
Weight pc of Blend Evaporated at 25.0°C and 40.0% Humidity

Component 0 10 20 30 40 50 60 70 80 90

Water 0800 0841 0890 0943 0985 0999 1.000 1.000 1.000 1.000
PON 0.100 0.094 0081 0.053 0015 0.001 0.000 0.000 0.000 0.000
CSAC 0.100 0065 0028 0.004 0000 0.000 0.000 0.000 0.000 0.000

Figure 5—Competitive evaporation from an aqueous solvent
blend

the water concentration at the half-way point of the
evaporation. Point C shows 95.5% water at the half-way
point when the blend is evaporated at 40% RH, but at
70% RH, point D shows the blend to be almost entirely
water. Virtually all the organic solvent has been depleted.
Point E on the solid line shows that less than 19 cosol-
vent remains in the blend when 75% has evapoarated at
40% RH. The line ACE shows the progressive increase in
water concentration, and progressive decrease in co-
solvent as the blend is evaporated at 40% RH. Figure 4a
also lists the 90% evaporation times at 25, 50, and 75%
RH.

The graph offers a guide as to how much cosolvent one
can expect to find in the blend at different stages of
evaporation at any given humidity. The blend is shown to
lose cosolvent at all humidities. But, if the goal is to retain
cosolvent, it would seem logical to increase the concen-
tration of the slowly evaporating cosolvent, butoxyetha-
nol, and decrease the fast evaporating solvent, SBA.
Figure 4b shows the effect of this change. Cosolvent
retention is greatly improved at the lower humidities but
total depletion still occurs above 50% RH. It is inter-
esting to note that, in this case, the change has not
affected the 90% evaporation times.

An alternative approach is to replace some of the slow
cosolvent with a slower one. Figure 4c shows the effect of
modifying the blend of Figure 4a by replacing half of the
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butoxyethanol with the slower evaporating butoxy-
ethoxyethanol. The new blend retains cosolvent at all
humidities. Despite the addition of the much slower
solvent, the effect on evaporation time is minimal. At the
lower humidities, there is about a 6% increase in evapora-
tion time, and at 75% RH the increase is less than 5%.

The graphs show that, for this system, cosolvent
retention during evaporation is better achieved by
changing to a slower cosolvent than by increasing the
ratio of slow to fast cosolvent. Anunderstanding of these
effects is important where environmental controls limit
the total cosolvent concentration.

Butoxyethoxyethanol has a very long evaporation
time, (tso = 150,000 sec). For some applications it may
be preferable to use a faster evaporating solvent. An
obvious choice is ethoxyethoxyethanol, which, though
fairly slow (tgo = 27,800 sec) evaporates five times as fast.
Figure 4d shows the effect of using it instead of the butyl
glycol ether. The difference between Figures 4d and 4c is
hardly noticeable. Both glycol ethers give blends with
almost identical evaporation behavior. Although this
unexpected result can be explained logically, it illus-
trates the power of the computer program to reveal
behavior that is not obvious.

Choosing Between Two Cosolvents

The previous example showed that 5% of either of the
two cosolvents, ethoxyethoxyethanol and butoxyethoxy-
ethanol had almost the same effect on the evaporation of
the blend. Their similar behavior could have been dis-
covered more directly by calculating evaporation char-
acteristics of a blend of 5% of each in water. Under these
competitive conditions, differences between the two
should show up clearly. Table 6 lists the solvent balance
of that blend at the 90% evaporation point at four
different humidities. Although the less volatile cosolvent
has a bit of an edge on retention, the advantage it offersis
not significant.

It can be argued that at the 5% level all high boiling
cosolvents should have about the same effect, because
their evaporation rates are so much slower than water
that each functions as a nonvolatile tail, so that within the
0-909% evaporation range all that is being looked at is the
evaporation of water. This is undoubtedly an important
reason for the similarity of these two glycol ethers, but
there is another factor at work that further narrows their
differences. In aqueous solution, their activity co-
efficients are of inverse magnitude to their neat evapora-
tion rates. Table 7 shows that neat ethoxyethoxyethanol
evaporates about five times as fast as butoxyethoxy-
ethanol, but its activity coefficient in aqueous solution is
only one fifth as great. The effect is to equalize the evapo-
ration rates from aqueous solvent blends. The bottom
line shows the product of activity coefficient and recipro-
cal evaporation time. These are proportional to actual
evaporation rates from aqueous solution and, as seen, are
almost identical.

The technique of competitive evaporation is a useful
tool in selecting one cosolvent in preference over another.
It can show behavior that would not be obvious just from
a consideration of evaporation times. Suppose a for-
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mulator has the option of using either 2-ethoxyethyl
acetate (CSAC) or 4-methoxy-4-methyl-2-pentanone
(PON) in an application where the slower evaporating
solvent is favored. Based on the 90% evaporation times
of the neat solvents, the winner would appear to be
CSAC because its evaporation time is 2200 sec as com-
pared with the shorter 1875 sec of PON. But in an
aqueous blend, this pattern is reversed. Figure 5 shows
the computed solvent balance for a blend of 10% each of
the two competitive cosolvents in water. Of the two,
PON would be the solvent of choice because it is retained
for a much longer time. The same order of retention was
seen at other humidities.

Using Partly Miscible Cosolvents

There is an understandable reluctance to use cosol-
vents that are only partly miscible with water. Though
they can be solubilized with other cosolvents, there is the
fear that differential evaporation with prior loss of the
solubilizing cosolvent will bring on phase separation.
Since it may not be obvious which order of evaporation
will prevail, the fear has somejustification. Yet,asidefrom
miscibility, solvents such as n-butanol or sec-butanol
may have just those characteristics that are needed for
viscosity control or other film forming properties. With
the computer program, solvent balance calculations can
show whether or not a prospective solvent blend con-
taining partly miscible solvents will remain within the
safe homogeneous region as evaporation proceeds.

" TENERATIRE 25,0 “C

WMIDITY 0.0 X

..* i ® o 8 0 0 s 0 0 0
e s o o .o

0. 10 20 3 40 S0 €0 70 8 90
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- na

T DXITOL
SOLVENT -BRLANCE
WEIGHT PC OF DLEND EVAPORATED AT 25.0 “C M o.xmm’v

COMPONENT L] 10 2 30 0 so 60 70 80 0
i
watee 0.700 0.7“ 0,727 0.740 0. 'BI 0.760 0.761 0.749 0.718 0.607
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The solubility of n-butanol in water is less than 8%w,
but a study on miscibilityof ternary systems'’ shows that
it can be raised to 15% by addition of an equal amount
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LEFT IM SOLN.

1.00 * e s 2 0 0 0

o5 b.
0.85 .
0.80 .
0.7S .
.
0.70 o
0.65
0.69
0.9%
0. iﬂ

0.40

0 HT!I
I wum.

SOLVENT BALANCE
WEISHT PC OF BLEND EVAPORATED AT 23.0 “C AND 75.0 X MUMIDITY

CONPONENT o 10 20 30 40 S0 (1] 70 s0 %%

. 0.700 0.748 0.604 0.860 0.913 0.967 0.997 1,000 1.000, 1. 600

g 0.130 0.098 0.04% 0.008 0,000 97000 0.000 0,000 0.000 0. 000
170 0.150 0,154 0.151 0.132 0.067 0,033 0.003 0.002 0.000 0.000

Figure 6—Evaporation of blend containing a partly miscible
solvent
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of the solubilizing cosolvent ethoxyethanol. Will a blend
of 15% each of n-butanol and ethoxyethanol evaporate
without phase separation? Figure 6a shows the predicted
solvent balance for evaporation at zero humidity. From
the very beginning, the concentration of n-butanol falls
while that of ethoxyethanol rises, thereby maintaining
conditions that guarantee miscibility. But what about
evaporation at a higher humidity? Figure 6b shows that
at 75% humidity the n-butanol concentration approaches
zero long before any significant loss of ethoxyethanol has
occurred. With this blend, n-butanol can be used at a
15% concentration without phase separation during
evaporation.

Consideration of the use of partly miscible cosolvents
need not be confined to ternary systems. If miscibility
data are available, solvent balance can be calculated for
any multicomponent system and used for predicting
whether solubility limits will be exceeded during evapo-
ration.

SUMMARY

The new calculation method does away with previous
limitations confining predictions of water/solvent evapo-
ration to binary systems only. Any number of cosolvents
can be dealt with routinely at any humidity. This makes it
easier to survey realistic formulations which will comply
with air quality control regulations and have optimum
evaporation performance and minimum sensitivity to
humidity, and it can embolden the coatings technologist
to consider partly miscible cosolvents.
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PEARLS 1300

the belter carbon black for
lacquers & enamels

More and more manufacturers are turning to Cabot’s Black Pearls® 1300 (or the fluffy
Monarch® 1300) for their black coating formulations.

Why? Simply because it is the optimum high-color carbon black. It provides a sharp
gloss, excellent blue tone, and a jetness equal or superior to that of the channel blacks it
replaced. It disperses easily, permitting fast, economical processing. What's more, it is
available at a very modest price.

In short, you can't find a better all-round black for high-color lacquers, enamels and
other coatings than Black Pearls® 1300.

For other applications, of course, there are other fine Cabot black grades. For example:

For MEDIUM COLOR...
Black Pearls® 800 is the logical choice.

For TINTING...
Sterling® R is in a class by itself.

For detailed information on the characteristics of

Black Pearls® 1300 and Monarch® 1300, send
for Technical Service Report S-23A. For typical
properties of Cabot's complete family of special
blacks, request “Cabot Carbon Blacks for Ink,
Paint, Plastics, Paper.”

SPECIAL BLACKS DIVISION
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125 High Street, Boston, Massachusetts 02110, U.S.A.
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The “Iinpossible Dreanr’.

THOTCAL,

That Impossible!

The first step toward “Total Recycling” should
start with C-FLOCS

The pH of the system is the C-FLOCS are a line of energy-efficient,
most important criteria in economical, water-soluble flocculants de-
the selection of the proper signed for primary treatment of latex paint
C-Floc. washwaters.
C-Floc-9 — pH range 7.7-13 The ultimate benefits of C-FLOCS are, with
C-Floc-18 — pH range 6.3-9.5 proper precautions, the ability to recycle both
C-Floc-36 H 3267 water and precipitated solids into production —
FRE ==L RS d.ee: and profits!
Write or call for details.
4 COSAN CHEMICAL CORPORATION
400 FOURTEENTH ST., CARLSTADT, N.J. 07072 ¢ (201) 460-9300
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Radioisotope Tracer Technique
Of Measuring Adsorption
Of Paint Driers by Pigments

Eddy S. Matsui
Civil Engineering Laboratory*

A sensitive radioisotope tracer technique to mea-
sure the amount of paint drier adsorbed on paint
pigments has been developed. This technique was
found to be very sensitive and precise, and reliability
and reproducibility of the procedure were very
good. The laboratory results indicated that paint
driers were adsorbed by pigments during storage,
and the amount of adsorption varied among the
paints.

INTRODUCTION

Corrosion and deterioration of U.S. military structures
from the environment are major factors for concern in
construction and maintenance. Painting is the most
widely used method of protection for large surface areas
because of the simplicity of application and the relatively
low cost. Techniques and coatings need to be adapted to
minimize deterioration and the resulting costly repairs.
Excessively prolonged drying times can cause undesir-
able increases in downtime of an operation or premature
failure of coatings.

To provide satisfactory, long-lasting protection, the
coating must be able to (1) resist chemical and physical
attacks from the environment, (2) maintain good adhe-
sion with the surface for extended periods, and (3) form
a hard impervious film with minimum mechanical
defects.

Oleoresinous and modified oleoresinous (e.g., alkyd)
paints are the most widely used coatings in the Naval
Shore Establishment. An important factor which affects
overall protective properties of such coatings is their loss
of drying power during storage. Slow-drying films are
vulnerable to chemical and physical attack from the envi-
ronment during the prolonged drying process. This loss

*Materials Science Div., Naval Construction Battalion Center, Port Hueneme, CA 93043.
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of paint drying power during storage is believed to be
caused by adsorption of driers by the pigments. With this
condition, the drier will not be available to the paint resin
to accelerate the oxidation process necessary for curing.

Uncured films (i.e., soft) are not only easily damaged
by external forces but are also more permeable to mois-
ture or corrosive elements than cured films. Any impuri-
ties or corrosive elements trapped during the prolonged
curing process will ultimately affect the overall protec-
tive properties of the films.

BACKGROUND

Absorption of paint driers by pigments during storage
has long been suspected,'™ but verifying experimental
data are lacking. No accurate and reproducible proce-
dure for measuring small quantities of driers adsorbed by
paint pigments has been developed because the amounts
involved are usually too minute for accurate measure-
ment by the usual analytical methods.

More recently, the Philadelphia Society for Coatings
Technology has conducted series of drier studies®™ and
reported that the most important parameter affecting the
drying time was the type of vehicle used, followed by
variation in temperature. The influence of the humidity
and that of the organic radical portion of the driers were
minimal. However, the Society also reported encoun-
tering puzzling results, stating that many aged finishes
took longer to dry, while others dried more rapidly than
they had originally. Adsorption of driers by pigments was
not investigated. In fact, many facets of the loss of dry
problem are still waiting for a thorough investigation.

The Civil Engineering Laboratory (CEL) undertook
the task of developing a new technique for making these
measurements. A radioisotope tracer technique was de-
veloped and applied to the investigation of factors that
play an important role in drier adsorption on pigment
surfaces. This technique was found to be very sensitive
and precise, and reliability and reproducibility of the
procedure were very good.
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Table 1—Coating Analysis

Paint

Weight Total Vehicle
Per Specific Solid Pigment Solid
Generic Gallon Gravity Viscosity Weight Weight Weight
No. Specification Type (Ib) (gm/ml) (KU) (%) (%) (%)
| TT-E-489F Alkyd 9.09 1.091 100 60.96 28.59 3237
2 .oeienis TT-P-105A Oil 13.15 1.578 82 93.54 60.38 33.16
3 S TT-P-81B Oil-alkyd 10.93 1.312 78 82.29 44.51 37.78
i, S TT-E490E Silicone-alkyd 9.79 1.175 91 61.64 3243 29.21
S sammase Mil-E-699C Phenolic-alkyd 10.39 1.247 85 70.30 42.63 21.67
6 ssnpens Mil-P-16188B Vinyl-alkyd 7.52 0.902 76 49.51 2543 24.07
PREPARATION OF EXPERIMENTAL PAINTS Co®(C;H;0:); - 4H,0 + 2(R — COOH) —> -

Synthesis of Paint Driers

Three soluble metal driers (cobalt, lead, and manga-
nese naphthenates) were synthesized by reacting metallic
salts (acetates) with a long-chain organic acid (naph-
thenic acid), as described by Gordon and Gordon.” This
reaction is illustrated with cobalt naphthenate in the
following equation:

Co(C;H;0:), - 4H,0 + 2(R - COOH)—>
Co(R — CO0); + 2H(C:H;0) + 4H,0
where R = naphthenic acid radical

Radioisotopically tagged driers were synthesized in
exactly the same manner except that radioactive metallic
salts (cobalt-60, lead-210, or manganese-54 acetates)
were used in place of the nonradioactive salts as in the
following equation:

)

Co*(R - COO); + 2H(C:H;0,) + 4H,0

CoBALT NAPHTHENATE: The radioactive and nonradio-
active cobalt naphthenate were prepared in the same
manner. Thirty grams of naphthenic acid were weighed in
a 500-cc beaker and heated to 200°C. Added slowly were
12.5 g of cobalt acetate, allowing the reaction to subside
between the addition and agitation. After the cobalt
acetate was added, the temperature of the solution was
kept at 200°C until the evolution of acetic acid and water
was completed. The final product was diluted with 33 g of
mineral spirits while stirring. The resulting cobalt metal
concentration in the drier was 5.6% by weight.

LEAD NAPHTHENATE AND MANGANESE NAPHTHENATE:
These driers were prepared in the same manner. There
were, however, differences in the amounts of acetates and
mineral spirits used. Nineteen grams each of lead acetate
and manganese acetate were added to the respective drier

Table 2—C of Radioactive and N: dioactive Paint Driers in Experimental Paints
Paint Drier Drier
Paint Paint
No. Specification (gm) (gm) (% by wt) (gm) (gm) (% by wt)

Co-60 Drier Co Drier
1 TT-E-489F 257.276 0.815 0.32 234.250 0.588 0.25
2 TT-P-105A 360.900 1.019 0.28 342.700 0.923 0.27
3 TT-P-81B 293.150 0.822 0.28 309.125 0.819 0.26
) TT-E-490E 275.850 0.803 0.29 277.133 0.778 0.28
5 Mil-E-699C 294.050 0.824 0.28 275.300 0.706 0.26
6 Mil-P-16188B 248.725 0.714 0.29 233.750 0.839 0.36

Pb-210 Drier Pb Drier
| TT-E-489F 267.300 2.335 091 241.755 1.777 0.74
2 TT-P-105A 365.850 3.308 0.90 329.834 2.323 0.70
3 TT-P-81B 306.600 2.799 0.91 303.509 2.265 0.75
4 Mil-E-490E 265.725 2420 091 277.500 1.980 0.71
5 Mil-E-699C 297.575 2718 091 281.975 2.105 0.75
6 Mil-P-16188B 242.450 2.273 0.94 232.250 1.645 0.71

Mn-54 Drier Mn Drier
1 TT-E-489F 257.275 0.258 0.10 251.775 0.334 0.13
2 TT-P-105A 362.525 0.363 0.10 335.125 0.373 0.11
3 TT-P-81B 300.300 0.308 0.10 301.275 0.278 0.09
4 TT-E-490E 270.250 0.320 0.12 263.125 0.293 0.11
5 Mil-E-699C 290.575 0.292 0.10 285.475 0.285 0.10
6 Mil-P-16188B 245.700 0.248 0.10 236.200 0.228 0.10
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charges. Twenty-two grams of mineral spirits were added
to each solution. The lead metal concentration in the
drier was 17.71% and the manganese metal concentration
was 7.09%.

Basic Paint Materials

Six different generic, government specification coat-
ings were specially prepared by the paint manufacturers
by eliminating paint driers. Details of the paints are given
in Appendix A. All were analyzed by methods specified
in References 10 through 12 to determine physical prop-
erties and chemical composition. The physical proper-
ties (weight per gallon, drying time, specific gravity, and
consistency) and chemical properties (nonvolatile sol-
ids, total pigment, and nonvolatile vehicle) are listed in
Table 1.

Paint Storage

Each of the synthesized paint driers was carefully
added to each of the six paints and thoroughly mixed for
storage and subsequent study. The amounts of driers,
both radioactive and nonradioactive, added to the paints
are given in Table 2. The paints were stored in inverted
cans at 72°F (22°C) for specified periods.

Apparatus

Specialized equipment for this experiment included a
centrifuge with a multi-unit head, a liquid scintillation
counter, and Soxhlet extractors plus monitoring equip-
ment.

LABORATORY PROCEDURES

Pigment Separation
—Centrifuging and Extraction

Paint samples were removed from storage for analysis
every three months. The pigment was separated from
each paint by a centrifuge method.'® The pigment cakes
were wrapped in filter paper and placed in paper extrac-
tion thimbles.

Each thimble with a pigment cake was placed inside a
Soxhlet extractor. Extraction with 100 ml of benzene was
conducted for 4 hr to remove all traces of vehicle from
the pigments. The assumption was that only strongly
adsorbed drier remained with the pigment after this treat-
ment. Each pigment was then removed from the thimble,
oven-dried, and ground to a fine powder with a mechani-
cal shaker.

Method of Counting Radioactivity

The amount of paint driers adsorbed on the pigment
surface during storage was determined by counting
radioactivity of the extracted pigments. A liquid scintil-
lation spectrometer, considered the best system for
counting soft beta rays, was used.

The scintillation solution in this study was a mixture
of two fluors—PPO(2,5-diphenyloxazole) and POPOP
(p-bis-[2-(5-phenyloxazolyl)] -benzene) —dissolved in
toluene.
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Figure 2—Regression line of sample Co-60 drier concentration

vs counting rate

Fluors are fluorescent aromatic compounds that
absorb energy from soluble molecules excited by parti-
cles. They re-emit energy at a wavelength compatible
with the response of a photomultiplier of the scintillation
counting system. For best results with this counter, radio-
active substances should be dissolved in a solution of the
fluor (“cocktail”). Analyses showed that slight variations
of the fluor concentration do not cause a significant
change in the counting rate. The fluor solution was main-
tained at a constant concentration.

Forty grams of Cab-0-Sil,® a commercial pyrogenic
silica. powder, were added to each liter of scintillation
solution to suspend the ground pigments in the solution
during the counting. Cab-0-Sil increases the viscosit
of the “cocktail” solution to reduce the rate of settling."”
Analyses indicated that variations of Cab-O-Sil con-
centration within the range tested did not significantly
affect the counting rate.

Twenty milligrams of finely powdered pigment were
placed in a counting vial with the scintillation solution
and Cab-0-Sil. The vial contents were thoroughly mixed
to obtain a homogeneous mixture. Triplicate samples
were prepared from each pigment. To minimize the
random counting error, the radioactivity of each vial was
counted at least twice for a minimum of 20 and a maxi-
mum of 60 min, depending on the activity of the sample.

Estimation of Adsorbed Drier

The amounts of radioactive driers adsorbed on the
pigments during storage were computed from regression
equations derived by comparing experimental data to
that from a series of standard solutions of known activi-
ties. Regression equations were updated prior to count-
ing each sample to compensate for the loss of activity by
radioactive decay of both samples and standards.

Cab-0O-Sil is a registered trademark of Cabot Corp.
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Table 3—Reliability and Reproducibility
Of Sampling and Counting Method

Radioactivity Counting Rate (cpm)
for Sample Counts —

No. 1 2 3 4 Mean
1 357.1 352.2 353.6 3449 351.9
2 357.3 353.7 3444 358.3 3534
3 351.6 346.8 353.6 347.2 349.8
Mean 355.3 350.9 350.5 350.1 351.7
Analysis-of-Vari s y
Source of Degree-of- Sum of Significant
Variation Freedom Squares  Mean Square Difference?
Recounting 3 52.9125 17.6542 No
Sampling 2 26.5850 13.2925 No
Experimental 6 179.7950 29.9658
error
Total 11 259.3425

Pigment Concentration and Color

The effect of pigment concentration and color on
counting rate was determined by counting the activity
of the driers mixed with varied pigment concentrations
and colors. Only three pigments—white (TT-P-105A),
light gray (TT-E-489F), and dark gray (MIL-E-699C)—
were used (Figure 1). After the analyses, it was decided
that all pigment samples were to*be measured to a close
tolerance of 20 * 1 mg for each sampling to obtain reli-
able and reproducible data.

Drier Concentration Vs Counting Rate

The validity of the counting method used in this
experiment was determined by counting the radioactivity
in the Co-60, Pb-120, and Mn-54 naphthenate driers at
various concentrations mixed with pigment from each
paint sample. The resulting straight line in Figure 2 indi-
cates that the counting rate is directly proportional to
drier concentration. Statistical analysis showed a very
highly significant relationship. From this, it was con-
cluded that the counting method used to determine the
amount of the drier was satisfactory for this experiment.

Regression equations were derived similarly for all
other driers mixed with each pigment. The counting rates
of all three driers were significantly affected by the
presence of dark-colored pigment in comparison with
those mixed with lighter colored pigment. These results
showed that an appropriate regression equation for each
drier and coating is required for accurate determination
of adsorbed driers.

Reliability and Reproducibility

The reliability and reproducibility of the sampling and
counting system were determined by counting each of the
triplicate samples for 20 min (7able 3). No significant
difference was noted among the triplicate samples nor did
any significant change occur in the recounted rate. It
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Adsorbed Paint Drier (ug/mg of pigment)

Length of Storage (mo)
Figure 3—Adsorption of cobalt paint drier by pigments during storage

was concluded that the method of sampling and counting
is reliable and reproducible and was satisfactory for use
for this experiment.

LABORATORY RESULTS

The amounts of drier adsorbed by the pigments in the
six radioactive experimental paints were determined by
(1) separating the pigments from the paints by centri-
fuging and Soxhlet extraction and (2) counting their
radioactivity by a liquid scintillation counter every three
months during 12 months of storage.

Data for earlier than three months are not available
since it was initially assumed that the adsorptionis a slow
process because loss of drying power of paints does not
usually become apparent until after several months of
storage. Unfortunately, the result indicated that the
adsorption (chemisorption) took place much sooner than
expected and, therefore, data for earlier stages are
missing. "

Appropriate regression equations were used to relate
measured radioactivity to the amount of drier.

Cobalt, Lead, and Manganese
Naphthenate Driers

The adsorption rate of the various driers differed from
one generic type of paint to another. For the cobalt and
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lead driers, adsorption took place during the first three
months of storage and changed only slightly thereafter.
For the manganese drier, the pigment from phenolic-
alkyd and vinyl-alkyd adsorbed the drier modestly dur-
ing storage. The pigment from alkyd and silicon-alkyd
completed their adsorption during the first three months
of storage and the pigments from oil and oil-alkyd paints
continued to adsorb the drier up to nine months, after
which desorption of the drier to the three-month level
was observed. The differences in the adsorption data
among the paints and storage periods were not dueto the
standard deviation of individual measurements, but were
true differences in drier adsorption.

E. S. MATSUI has been Senior Project
Scientist with the Material Science Divi-
sion, U.S. Civil Engineering Laboratory,
Port Hueneme, California since 1962. With
a B.A. Degree from the University of
Colorado, he conducts investigations of
protective coatings and other corrosion
resistant materials for use at the Naval
Shore Establishment.
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Figure 4—Adsorption of lead paint drier by pigments during storage
SUMMARY

A sensitive radioisotope tracer technique to measure
the amount of paint drier adsorbed on paint pigments has
been developed. Reliability and reproducibility of the
procedure were very good; random error of the counting
system was less than 2%.

The laboratory results clearly indicated that the
amounts of the three driers adsorbed during storage
varied among the paints. The pigment in the oil and oil-
alkyd paints adsorbed less paint driers, and the pigments
in the silicone-alkyd paint always adsorbed considerably
more than other paints. The pigments in phenolic-alkyd
and vinyl-alkyd paints adsorbed moderately in compari-
son. It appears that the type of vehicle possesses more
control over adsorption of paint driers than the pigment
itself.

These experimental results seem to indicate a strong
sign of interaction between the generic vehicle and the
type of pigment upon the adsorption of paint driers. (A
series of experimental paints with two mainisolated vari-
ables—vehicles and pigments—are required to deter-
mine the significance of interaction between them.)

Two types of adsorption processes, physical and
chemical, take place during the storage of paints. Physi-
cal adsorption occurs where adhesional forces between
adsorbate and adsorbent are relatively weak. The extent
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of the adsorption layer formed on the surface of the pig-
ments by the adsorbate is dependent on the nature of the
pigment-vehicle system. Physical adsorption takes place
slowly and is readily reversible. Chemical adsorption
(chemisorption) occurs where adhesional forces between
adsorbate and adsorbent are relatively strong, and a
chemical bond is formed. (This bond cannot extend
beyond one molecularlayer.)!¢ Chemisorptiontakes place
very rapidly and is either irreversible or reversible with
great difficulty.

In this experiment, only driers strongly bonded by
chemisorption were retained. Hence, Figures 3, 4, and 5
represent the amounts of chemically adsorbed driers.
Chemisorption took place at an early stage of storage and
rapidly reached its equilibrium by forming a monomo-
lecular layer on the surface of the pigments. Earlier
work'* determined the drier content left in an aliquot part
of the paint after separating the pigments. The driers were
adsorbed by titanium dioxide as early as the first half
hour of contact.

The limited experimental results indicate that the
amount of physically adsorbed paint driers and their
reaction to the surrounding factors (type of vehicle,
temperature, and humidity) may have a more profound
effect on drying potential of the paint than the chemi-
sorbed drier.

Additional work will be necessary to provide detailed

Journal of Coatings Technology
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Figure 5—Adsorption of manganese paint drier by pigments during storage

information on the effects of drier adsorption on drying
time.

CONCLUSIONS

A more extensive investigation should be made of the
amount of drier adsorbed physically (rather than chemi-
cally) by the pigment during storage. In addition, basic
research should be conducted to determine if surfaces of
paint pigments can be precoated with a tightly bonded
vehicle prior to introduction of drier into the paint so that
no area is available on the pigment surface for adsorption
of drier.
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APPENDIX A

Paint Formulations

The specifications for the six paints used in the tests follow.

Weight*
Ingredients (Ib)
Paint No. 1, TT-E-489F, Light Gray
Titanium Dioxide 250.0
Beckosol® 11-082 603.5
Bentone® #34 5.0
Alcohol 0.5
Nuact® Paste LS
Antiterra® U 4.0
Mineral Spirits 30.0
Hi-Flash Naphtha #114 145
Post-#4 _40
Total Weight 913.0
Paint No. 2, TT-P-105A, White
Busan® 11-M-1 280.0
Titanium Dioxide 200.0
15-15 Calcium Carbonate 320.0
Raw Linseed Oil 133.0
Z2 Bodied Linseed Oil 2770
Mineral Spirits 123.0
Antiterra U 4.0
Total Weight 1,337.0
Paint No. 3, TT-P-81B, White
Busan 11-M-1 250.0
Titanium Dioxide 100.0
15-15 Calcium Carbonate 250.0
Talc Hi-Fine 80 350.0
Antiterra U 2.0
Bentone #34 2.0
Isophthalic Alkyd 525.0
Q Linseed Oil 98.0
Z2 Linseed Oil 70.0
Alkali Ref-Linseed 209.0
Mineral Spirits 305.0
Total Weight 2,161.0
* Per batch
Beckosol is a k of Reichhold Ch ; Bentone of NL Nuact

of Tenneco Chemicals, Inc.; Antiterra of Byk-Gulden, Lomberg; Post-4 of The Baker Castor
Co.; Busan of Buckman Laboratories, Inc.; and McCloskey of McCloskey Varnish Co.
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Weight*
Ingredients (Ib)
Paint No. 4, TT-E-490E, Light Gray
Titanium Dioxide 160.0
Talc Hi-Fine 80 206.0
Bentone #34 30
Alcohol 0.3
Antiterra U 4.0
McCloskey ® 333-60 466.0
Hi-Flash Naphtha 36.0
Mineral Spirits 116.0
Post #4 4.0
M.C. Black 1.56
M.C. Yellow Oxide 0.38
M.C. Red Oxide __0.09
Total Weight 997.33
Paint No. 5, MiI-E-699C, Very Dark Gray
Titanium Dioxide 36.0
Zinc Oxide 125.0
Lampblack 15.0
Magnesium Silicate 135.0
Silica, pulverized 100.0
Alkyd Resin solution 221.0
Phenolic Varnish 240.0
Petroleum Spirits 159.0
Total Weight 1,031.0
Paint No. 6, Mil-E-16188B, Dark Gray
Titanium Dioxide 30.0
Zinc Oxide 110.0
Lampblack 24
Magnesium Silicate s 80.0
Alkyd Resin 195.0
Vinyl Resin 75.0
Methyl Isobutyl Ketone 400.0
Xylene 40.0
Total Weight 932.4
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Organo Silanes
As Adhesion Promoters
For Organic Coatings

Peter Walker
Ministry of Defence”

Organofunctional silanes of the general formula
R-Si(OR'"), have been examined as adhesion pro-
moters for organic surface coatings on metallic sub-
strates. Torque spanner and direct pull-off adhe-
sion measurements clearly show that dramatic
improvements in the initial, water-soaked, and
recovered adhesion of epoxide and polyurethane
paints can be obtained on degreased and sand-
blasted surfaces when silanes are used as pretreat-
ment primers. Investigations also show that similar
improvements in adhesion can be obtained when
selected silanes are incorporated into a paint in the
single package, self-bonding concept.

The results of X-ray photoelectron spectroscopy
(XPS) examination of the sites of adhesion failure
are described, and the existing theories on the role
and mechanism of silanes in increasing the adhe-
sion of coatings to the substrate are reviewed in
light of the observations recorded. Finally, the
selection of silanes for use with particular formula-
tions is discussed.

INTRODUCTION

There are many references in literature to the use of
reactive silane coupling agents as adhesion promoters in
the technology of reinforced plastics'™ and adhesive
bonding,”" but relatively few on their use in or with
organic coatings.'*'® The patent literature is also largely
silent on silanes used in conjunction with organic coat-
ings. One patent'’ describes how the adhesion of organic
polymers, e.g., polyesters, to wood may be improved by
using a silane of specified general formula. The silane or
its hydrolysate is suitably applied to the wood as a
0.10-10 wt % solution in ethanol containing 5% water.

Presented by Mr. Walker at the 58th Annual Mecting of the Federation of Socicties for
Coatings Technology in Atlanta, GA, October 30, 1980.
* Atomic Weapons Research Establishment, Aldermaston, Reading RG7 4PR, England.
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Another'® relates to the treatment of inorganic substrates
to enhance the bonding of organic coatings, more par-
ticularly to the adhesion of polyolefins. The silane and
ethylene copolymer may be applied to the substrate
separately or as a mixture. A more recent patent'’
discloses the use of compounds having an organic
copolymer or terpolymer backbone with pendent hydro-
lizable organosilane groups to improve the gloss and
weathering properties of a vinyl paint.

The literature on adhesive and reinforced plastic
claims some improvement in the initial bond strength to
metallic and glass substrates, but stresses the substantial
increase in the wet strength of the bonds.’ The Cleveland
Society’s work'® indicates an improvement in the initial
bond strength of a vinyl-based coating using N-beta-
aminoethyl-aminopropyltrimethoxysilane as the adhe-
sion promoter.

Improvements in both the initial and wet adhesion of
organic coatings to metallic substrates would be of great
interest to surface coating and metal finishing chemists
alike, especially if improvements were to be obtained on
surfaces given the minimum pretreatment, or on the more
difficult metals to paint, e.g., cadmium plate and copper.
Any improvement in wet adhesion would be welcomed,
particularly in the light of work reported by Timmins,”
who suggests that if adhesion is maintained, corrosion
will not occur.

This present paper describes the results of a series of
investigations into the use of organosilanes as adhesion
promoters for epoxide and polyurethane coatings ap-
plied to aluminum, mild steel, cadmium, copper, and
zinc substrates.

EXPERIMENTAL

Materials

Paints: Two paints were used throughout: a two-part
epoxide paint pigmented with rutile titanium dioxide and
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Table 1—Organosilanes

Chemical Name and Structure Trade Name
<y Methacryloxy propltrimethylsilane Al74€*
CH; O
CH, =-(]Z— éO (CH,); Si(OCH;)s
B-(3, 4 epoxycyclohexyl) ethyltrimethoxysilane Al86®
CH, — CH:
CH (CH,), — Si(OCH);
C _/CH—CHZ
y-glycidoxypropyltrimethoxysilane Alg87®
CQ‘(?CH — CH.:O(CH.); Si(OCH;);
y-mercaptopropyltrimethoxysilane Al189®
HS (CH,); Si(OCHa);
n-beta aminoethyl aminopropyltrimethoxysilane All120@

H; N(CH:); NH (CH,); Si(OCH;);

(a) Union Carbide Corp.

cured with a polyamide resin, and a two-part aliphatic
isocyanate adduct-cured polyester paint, also with rutile
titanium dioxide pigmentation. The paints conformed to
DTD 5555 and DTD 5580, respectively.

SiLanes: Five organosilanes were examined and are
presented in Table 1.
Substrates

The bulk of the reported work utilized aluminum and
mild steel, but some additional work was carried out on
cadmium plate, copper, and zinc.

Aluminum: 99.9% aluminum conforming to specifica-
tion BS 1470 Grade SIC-H8

Mild Steel: BS1449, Steel Plate and strip, Part 1B
CR3/FF

Cadmium Plate: Mild steel (asabove) plated to DTD904A

Copper: BS 2870 C101 — 4H X 0.08 mm

Zinc: BS 849 (98.5%) X 1.00 mm

METHOD

Panel Preparation

All panels, each 150 X 100 mm (6 X 4 in.) were cut
from the same batch of sheet stock and individually
identified. The cadmium plating operation was carried
out on individual panels, plated in one batch. Panels were
degreased to the dictates of BS3900, section A3, and
those selected for sandblasting were again degreased on
the completion of this operation. The silanes were
applied from a 2 w/w solution in a mixture of acetone and
distilled water (4:1) by brush, and allowed to flash dry
at ambient temperature before being rinsed in distilled
water and dried at 40°C in an air-circulating oven. All
paints were applied by spray as a single coat and allowed
to cure for 14 days at room temperature and humidity
before exposure or testing. Methods of testing are
detailed in Appendix A.

EXPERIMENTAL RESULTS

Silanes Used as Pretreatment Primers

INITIAL ADHESION. VALUES ON ALUMINUM: Table 2 shows
the initial adhesion values of the polyurethane and
epoxide paints on aluminum, as determined by the two
separate methods. In all cases, the presence of the silane
materially increased the adhesion of the polyurethane
paint over that of the degreased silane-free panel when
assessed by both methods. The increase in adhesion was
dramatic when A174 and A1120 were present and, in

Table 2—Torque Shear and Direct Pull-Off Adhesion Values on Aluminum

Torque Shear Adhesion

Direct Pull-Off Adhesion

Paint Silane/Treatment MPa psi/Area of Detachment MPa psi/Area of Detachment

Polyurethane Degreased only 15.8 2300/ 100 11.4 1660/ 100
A 174/ Degreased 41.5 6030/0 33.1 4880/0-60
A 186/Degreased 21.0 3050/20 18.5 2690/ 100
A 187/ Degreased 244 3540/ 100 17.0 2470/ 100
A 189/Degreased 344 4990/0-80 19.8 2880/100
A1120/Degreased 40.3 5850/0 232 3370/5-50
Sandblasted only 36.7 5330/10 27.6 4000/ 10

Epoxide Degreased only 279 4050/90 20.3 2950/50-100
A 174/ Degreased 4222 6130/0 30.8 4470/0
A 186/ Degreased 44.2 6420/0 25.0 3630/50
A 187/ Degreased 439 6370/10 249 3610/80
A 189/Degreased 422 6130/0 227 3300/30
A1120/Degreased 41.5 6030/0 29.7 4310/0
Sandblasted only 404 5870/5 26.3 3820/60
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Table 3—Torque Shear and Direct Pull-Off Adhesion Values on Mild Steel

Torque Shear Adhesion Direct Pull-Off Adhesion
Paint Sllane/Treatment MPa psi/Area of Detachment MPa psi/Area of Detachment

Polyurethane Degreased only 22.6 3280/60 154 2230/10

A 174/ Degreased 38.7 5620/0-30 24.4 3550/80

A 186/ Degreased 317 5470/ 100 22.9 3330/30

A 187/Degreased 47.1 6830/0 24.2 3520/60

A 189/Degreased 36.4 5280/10 23.6 3430/40

A1120/Degreased 48.0 6970/0 29.6 4300/2

Sandblasted only 40.0 5800/ 10 249 3610/50
Epoxide Degreased 36.2 5260/100 19.5 2830/40

A 174/ Degreased 39.7 5770/30 27.6 4000/30

A 186/ Degreased 36.2 5250/20 26.6 3860/20

A 187/ Degreased 35.7 5180/20 23.2 3370/0

A 189/Degreased 428 6220/0 227 3290/60

A1120/Degreased 45.0 6530/0 30.6 4400/0

Sandblasted only 37.0 5370/0 21.8 3160/20

both cases, the measured adhesion was greater than that
on the sandblasted control. A similar improvement was
also apparent with the epoxide paint, with A174 and
A1120 showing the greatest improvement in the direct
pull-off test. The real extent of the improvement was
masked by the number of failures to detach paint from
the substrate; here, the values recorded were a minimum
only. Once again, some of the values on the silane-treated
and degreased panels were greater than those on the
sandblasted panels.

INITIAL ADHESION VALUES ON MILD STEEL: Table 3
shows similar data obtained on mild steel. The adhesion
of the polyurethane paint was materially improved by the
presence of the silanes, and the most marked improve-
ment occurred on the A174, A187, and A1120 treated
panels, with the measured adhesion in some cases being
greater than on the sandblasted panel.

The torque shear values for the epoxide paint also
showed a considerable improvement for the panels
treated with A189 and A1120, and all the values were

close to or greater than those on the sandblasted panel.
The direct pull-off values also showed an improvement
on the silane-treated panels, with the greatest improve-
ment occurring on those treated with A174, A186, and
A1120. All values were in excess of those on the sand-
blasted panel.

These data show that there can be no doubt of the im-
provement in initial adhesion which can be obtained on
aluminum or mild steel substrates by the use of a silane
pretreatment.

Water-Soaked and Recovered Adhesion Values

It has been demonstrated that organic surface coatings
show a marked loss of adhesion under water-soaked
conditions, but may show some recovery of adhesion
on drying.”® Because the films dry out rapidly, the
measurement of wet adhesion can be difficult. In the
experiment, the coated panels were totally immersed in
distilled water for 1500 hr and every effort was made to
keep the panels wet during all subsequent operations.
Individual panels were removed from the water, wiped

Table 4—Wet and Recovered Adhesion Values—Direct Pull-Off on Aluminum

Control Wet Adhesion Recovered Adhesion
Area of Area of Area of
Paint Silane/Treatment MPa psl/Detachment MPa psi/Detachment MPa psi/Detachment
Polyurethane Degreased only 12.5 1820/100 38 550/100 9.9 1440/ 100
A 174/Degreased 323 4690/30 10.1 1470/30 21.7 3160/30
A1120/Degreased 26.3 3820/40 11.1 1610/30 2238 3310/30
Sandblasted only 28.6 4150/10 8.5 1230/ 100 13.6 1970/80
A 174/Sandblasted 33.7 4890/0 13.0 1890/20 224 3250/40
A1120/Sandblasted 34.0 4930/0 14.9 2160/20 220 3190/30
Epoxide Degreased only 213 3100/90 5.6 820/100 11.2 1630/ 100
A 174/ Degreased 30.2 4380/0 12.0 1740/30 19.6 2850/50
A1120/Degreased 311 4520/0 11.4 1660/30 20.5 2970/40
Sandblasted only 284 4130/30 8.5 1230/100 13.7 1990/80
A 174/Sandblasted 31.8 4610/0 13.3 1930/40 21.6 3140/50
A1120/Sandblasted 326 4730/0 129 1880/40 249 3620/30
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Table 5—Wet and Recovered Adhesion Values—Direct Pull-Off on Mild Steel

Control Wet Adhesion Recovered Adhesion
Area of Area of Area of
Paint Silane/Treatment MPa psi/Detachment MPa psi/Detachment MPa psi/Detachment
Polyurethane Degreased only 16.7 2420/100 5.6 820/ 100 6.8 990/100
A 189/Degreased 25.1 3650/30 54 780/ 100 12.1 1760/ 100
A1120/Degreased 38.2 5540/0 14 1070/90 12.5 1820/90
Sandblasted 25.6 3720/40 11.8 1710/95 20.8 3020/60
A 189/Sandblasted 32.2 4680/5 23.6 3430/10 29.1 4230/0
A1120/Sandblasted 36.6 5320/0 2.7 3300/30 29.1 4230/0
Epoxide Degreased 19.9 2890/60 72 1050/100 10.9 1590/100
A 186/ Degreased 27.3 3970/20 17.3 2510/100 21.8 3160/90
A 187/Degreased 30.0 4360/0 14.3 2070/100 15.6 2260/100
A 189/Degreased 27.1 3930/40 10.9 1590/30 164 2380/100
A1120/Degreased 320 4640/0 28.1 4080/100 29.2 4240/10
Sandblasted 259 3760/ 40 9.2 1340/100 209 3040/100
A 186/Sandblasted 304 4410/0 16.3 2360/30 317 4600/60
A 187/Sandblasted 319 4630/0 8.3 1210/70 269 3910/100
A 189/Sandblasted 311 4520/0 17.2 2500/ 10 300 4360/45
A1120/Sandblasted 335 4870/0 26.3 3820/50 27.8 4040/40

dry, bonded with cyanoacrylate adhesive (IS 150) and
cured in a chamber containing water-saturated air.
Panels were removed after 2 hr and tested individually in
the shortest time possible. Other specimens were allowed
to dry out under laboratory conditions for 48 hr before
testing.

ALUMINUM PaNELs: Table 4 gives the direct pull-off
values of those silanes showing the most promise in the
initial tests. Comparison of the control values in Table 4
with those in Table 2 shows that extremely good agree-
ment in the repeat experiments was obtained. Although
not quoted in the tables, the coefficients of variation
obtained were below 5%. With both paints it can be seen
that there was a marked loss of adhesion under water-
soaked conditions on all the panels, but that the loss on
the silane-treated panels was considerably less than on
the silane-free panels, both degreased and sandblasted.
There was little difference between the two promoters,

although A1120 was marginally better with the poly-
urethane, and A174 better with the epoxide. The recov-
ered adhesion values on the silane-treated panels were
considerably higher than on the silane-free panels.

MiLp STeeL PANELS: In Table 5, the direct pull-off
values obtained on mild steel are shown. The control
values are similar to those shown in Table 4, with
approximately the same coefficient of variation. The
polyurethane coating on the degreased panels showed a
marked loss of adhesion under water-soaked conditions,
and the presence of the silanes gave little improvement.
The recovery values, however, were much improved.
The “wet” adhesion values were much higher on the sand-
blasted panels and the presence of the silanes resulted in
even higher adhesion values. The recovered values were
also appreciably higher.

The epoxide coating showed a marked loss of adhesion
under water-soaked conditions, and the presence of the

Table 6—Initial Adhesion Values of Paints Containing Silanes—Aluminum

Torque Shear Adhesion Direct Pull-Off Adhesion
Paint % Silane/Treatment MPa psi/Area of Detachment MPa psi/Area of Detachment
Polyurethane Degreased only 29.1 4230/100 8.8 1280/100
0.1% A 189/Degreased 31.7 4600/80 21.8 3160/30
0.4% A 189/Degreased 43.1 6250/40 208 3020/40
1.0% A 189/Degreased 47.0 6820/30 214 3100/40
0.1% A1120/Degreased 479 6960/0 20.5 2970/30
0.4% A1120/Degreased 493 7150/0 27.8 4030/40
1.0% A1120/Degreased 48.0 6970/0 292 4240/20
Epoxide Degreased only 30.6 4440/100 311 4510/50
0.1% A 189/Degreased 36.4 5280/30 30.0 4350/30
0.4% A 189/Degreased 4.1 6400/0 43.0 6240/0
1.0% A 189/Degreased 49.6 7200/0 43.8 6360/0
0.1% A1120/Degreased 47.0 6820/5 30.0 4350/60 -
0.4% A1120/Degreased 49.6 7200/0 32.1 4660/0
1.0% A1120/Degreased 49.6 7200/0 313 4540/0
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Table 7—Initial Adhesion Values of Paints Containing Silanes—Mild Steel

Torque Shear Adhesion

Direct Pull-Off Adhesion

Paint % Silane/Treatment MPa psi/Area of Detachment MPa psi/Area of Detachment
Polyurethane Degreased only 30.7 4460/60 23.8 3450/ 100
0.1% A 189/Degreased 35.5 5160/50 31.2 4530/60
0.4% A 189/Degreased 40.3 5850/20 325 4720/60
1.0% A 189/Degreased 39.5 5730/90 333 4830/30
0.1% A1120/Degreased 479 6960/20 41.2 5980/0
0.4% A1120/Degreased 474 6880/80 43.1 6260/0
1.0% A1120/Degreased 45.1 6550/20 41.9 6080/0
Epoxide Degreased only 315 4570/100 22.1 3200/60
0.1% A 189/Degreased 36.0 5230/50 274 3970/60
0.4% A 189/Degreased 39.1 5680/50 29.1 4230/0
1.0% A 189/Degreased 40.2 5820/30 31.8 4620/0
0.1% A1120/Degreased 41.0 5960/30 23.8 3450/10
0.4% A1120/Degreased 40.8 5920/50 288 480/10
1.0% A1120/Degreased 40.0 5800/40 30.0 4360/20
Table 8—Wet and Recovered Adhesion Values on Paints Containing Silanes—Direct Pull-Off on Aluminum
Controls Wet Adhesion Recovered Adhesion
psi/Area of . psi/Area of psi/Area of
Paint % Silane/Treatment MPa Detachment MPa Detachment MPa Detachment
Polyurethane Degreased only 88 1280/ 100 1.3 190/100 — Paint peeled on
drying out
0.4% A 189/Degreased 20.6 2990/ 100 11.7 1700/100 13.8 2010/30
0.2% A1120/Degreased 21.0 3060/ 100 9.5 1380/ 100 14.5 2100/100
Sandblasted only 29.3 4260/10 104 1510/70 15.2 2210/40
0.1% A1120/Sandblasted 336 4880/0 15.6 2260/70 25.2 3660/30
Epoxide Degreased only 14.1 2050/100 2.2 320/100 12.9 1880/100
0.2% A 189/Degreased 27.6 4000/0 26.3 3820/0 27.3 3960/20
0.2% A1120/Degreased 315 4570/0 25.3 3680/0 26.9 3910/0
Sandblasted only 21.0 3050/10 74 1070/100 222 3230/20
0.2% A 189/Sandblasted 31.2 4530/0 25.1 3640/0 26.7 3870/5
0.4% A1120/Sandblasted 28.2 4090/0 28.2 4090/0 28.7 4160/0
Table 9—Wet and Recovered Adhesion Values on Paints Containing Silanes—Direct Pull-Off on Mild Steel
Controls Wet Adhesion Recovered Adhesion
psi/Area of psi/Area of psi/Area of
Paint % Silane/Treatment MPa Detachment MPa Detachment MPa Detachment
Polyurethane Degreased only 10.1 1470/100 5.1 740/ 100 32 460/100
0.4% A 189/Degreased 20.8 3020/40 7.8 1130/100 12.8 1860/100
0.4% A1120/Degreased 27.8 4030/40 9.8 1420/60 20.2 2930/100
Sandblasted only 28.6 4150/20 17.8 2590/50 22.5 3260/40
0.4% A 189/Sandblasted 36.3 5270/0 20.9 3040/30 24.7 3580/20
0.4% A1120/Sandblasted 36.0 5230/0 213 3090/20 29.8 4320/0
Epoxide Degreased only 22.1 3200/40 14.7 2130/70 19.1 2770/50
0.4% A 189/Degreased 29.1 4230/0 24.1 3500/0 29.7 4130/0
0.2% A1120/Degreased 314 4560/20 17.7 2570/10 26.6 3860/20
Sandblasted only 28.7 4160/10 19.1 2770/40 229 3330/100
0.1% A1120/Sandblasted 35.7 5180/0 21.6 3130/10 27.5 3990/40
0.2% A1120/Sandblasted 348 5050/0 23.8 3450/0 253 3680/20
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silane resulted in appreciably higher “wet” adhesion
values. The greatest improvement occurred on the
degreased panels treated with A186 and A1120, and with
A186, A189, and A1120 on the sandblasted panels. In
every case, the recovered adhesion values on the silane-
treated panels were greater than on the silane-free panels.

Undoubtedly, the presence of the silane adhesion
promoter improved both the “wet” and “recovered”
adhesion of both paints on aluminum and mild steel to a
considerable extent.

Silanes Incorporated into Paints

To determine whether the silanes function as adhesion
promoters when present in the paint, additions of A189
and A1120 were made to both the polyurethane and
epoxide coating by mechanical stirring shortly before
application. All subsequent tests were carried out on
degreased panels only.

Effect of Concentration

ALuMINUM PaNELs: The initial adhesion values ob-
tained by both the torque and direct pull-off methods
are shown in Table 6. It is apparent that the A189 and
A1120 were effective in both the polyurethane and epox-
ide paints and major improvements in adhesion were
observed with both the torque spanner and direct pull-off
tests. The complete extent of this improvement was
masked by an appreciable number of cases in which no
detachment of the film was observed. In general, A1120
appeared to be effective at lower concentrations than
Al89.

MiLp STeeL PaNELs: In Table 7, the values recorded
on mild steel are given. Again, both silanes were effective
in increasing the measured adhesion, and A1120 gave
higher values at lower concentrations. In no case was
there any apparent advantage in using an addition at
more than 0.4% by weight, and the A1120 appeared to
be effective at 0.1% by weight.

WATER-SOAKED AND RECOVERED ADHESION
VALUES ON PAINTS CONTAINING SILANES

These experiments were performed in the manner
described earlier and the direct pull-off values are shown
in Tables 8 and 9.

Aluminum Panels

Table 8 shows that the initial results were very similar
to those in Table 6 and they indicate a real improvement
in adhesion. After water-soaking, the measured adhesion
of all the polyurethane systems fell, but the retained
adhesion of the paints containing silane was much higher.
After drying out, the degreased silane-free panel showed
no recovery and, in fact, failed completely in adhesion.
The remainder of the recovered adhesion values were
appreciably higher than the water-soaked values.

The wet adhesion of the epoxide paints was markedly
greater for the silane-containing paint on both the de-
greased and sandblasted panels and there was little to
choose between the two silanes.
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On drying out, the recovered adhesion of the silane-
containing paints was greater than the silane-free
systems.

Mild Steel Panels

Table 9 gives the direct pull-off adhesion values on
mild steel. The initial values of all the silane-treated
paints were markedly greater than the silane-free paints.
The water-soaked values were also higher in every case,
although the differences were not as great as on the alu-
minum panels. The recovered adhesion was greater on
all panels, except the degreased silane-free polyurethane
panels, which showed an apparent fallin adhesion. In this
respect, it showed the same behavior as the aluminum
panel. In each case the recovered adhesion of the silane-
treated paints was greater than the silane-free paints.

If the results shown in Tables 3 and 4 (silane as a pre-
treatment) are compared, where possible, with those in
Tables 8 and 9 (silane incorporated into the paint) it
seems that, on the aluminum panels, there is a marginal
advantage in incorporating silane into the paint. On mild
steel, however, the values are so close that neither method
seems to offer any major advantage. Certainly, both sets
of results illustrate marked improvements to be gained
in “wet” and “recovered” adhesion by the use of silanes.

POSSIBLE DIFFICULTIES
ASSOCIATED WITH THE ONE-PART CONCEPT

The obvious advantages of the single part self-
bonding concept, in which the silane is incorporated into
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Figure 1—Rate of loss of adhesion of epoxide paints (water
Immersion). X—nonsilane control; O—A1120 on surface; O—
A189 In paint
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Table 10—Results of Long-Term Storage Tests on Paints Containing Silanes
(Degreased Aluminum—Torque Spanner Test)

Initial Adhesion 3 Months Storage 6 Months Storage 9 Months Storage

psi/Area of psi/Area of psi/Area of psi/Area of

Paint Drying Agent/Silane  MPa Detachment MPa Detachment MPa Detachment MPa Detachment
Epoxide None/None 24.1 3500/10 224 3250/50 23.2 3360/80 23.8 3450/50
1% TL/A 174 30.7 4450/5 37.1 5380/30 36.4 5280/30 33.8 4900/30
2% TL/OP/A 174 329 4770/0 34.1 4950/30 325 4720/40 35.1 5100/50
2% TL/A 174 30.7 4450/10 30.5 4430/80 332 4820/80 327 4750/50
Polyurethane None/None 11.8 1710/100 13.6 1980/90 15.1 2190/90 24.1 3500/50
1% TL/A1890 26.7 3880/50 313 4550/30 322 4680/30 40.0 5800/70
2% TL/OP/A189 26.0 3770/80 313 4550/40 30.5 4430/30 39.8 5770/60
2% TL/A189 25.2 3660/60 320 4650/90 34.1 4950/80 40.0 5800/60

a paint during the manufacturing stage, are evident.
However, there are possible disadvantages in the ap-
proach concerning the effects of short or long term stor-
age. The silanes are readily hydrolyzed—reaction (1)—

H
RSiX3+3H10—p—’ R—Si(OH); + 3 HX
catalyst m

HX = (usually an alcohol or acid)

and, almost immediately, silane triols begin to condense
with each other to form higher molecular weight
oligomers which are complex silanols. Generally, it is
desirable to retain the silane as monomer or dimer to
retain coupling agent activity.”* Thus, the silanes are
likely to lose their ability to act as adhesion promoters as

Figure 2—Rate of loss of adhesion of polyurethane paints (water
Immersion). X—nonsllane control; O—A1120 on surface; O—
A189 In paint
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they age in the presence of water. The presence of water in
the paint is a distinct possibility which may arise from
commercial solvents and pigments. Thus, if silane-
containing paints are to maintain their improved
adhesion characteristics during storage, the paint must be
“dry,” either “dry” components must be used or a water
scavenger must be incorporated.

A second potential source of instability is a possible
solvent-silane interaction. Amino-silanes are known to
be reactive with oxygenated solvents such as ketones, and
these are commonly used in polyurethane and epoxide
paint formulations. For example, y-aminopropyltri-
methoxy silane will react with methyl ethyl ketone to
form the ketimine plus highly undesirable water, as in
reaction (2):

CH; CH;
N | N
g T R S
2115 215

ketimine

A third source of instability is the possible reaction of
silanes with the polymeric components of the paint,
either base resin or curing agent. An example of this is
given in reaction (3):

| [
C—C + RNH, — HO—(II—(Ij—NHR 3

N
o
epoxide primary amine group
group on silane

This may not prove to be an intractable problem as the
silane may be added to either component of a two-part
system. A further possibility is reaction with, or
adsorption on, the pigment particles.”

In order to pursue the self-bonding concept, consider-
able care will be necessary to eliminate water and to select
a silane which will not react to the detriment of its cou-
pling properties with any component of the paint.

LONG TERM STORAGE
OF PAINTS CONTAINING SILANE

To examine the possibility of formulating paints con-
taining silanes which would be stable for long periods,
A189 was added to the pigmented portion of the epoxide
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Table 11—Direct Pull-Off Adhesion Values on Cadmium, Copper, and Zinc

Controls After 1000 hr Accelerated Weathering
PainvSilane/Substrate MPa psi/Area of Detachment MPa psi/Area of Detachment
Polyurethane/None/Cadmium 234 3400/60 18.5 2680/60
Polyurethane/ A174/Cadmium 29.8 4320/0 4.1 3500/5
Polyurethane/ A189/Cadmium 29.1 4220/0 30.0 4360/0
Polyurethane/A1120/ Cadmium 29.1 4220/0 16.9 2450/30
Epoxide/ None/Cadmium 25.1 3640/30 174 2520/40
Epoxide/A174/Cadmium 29.1 4220/0 25.0 3630/ 10
Epoxide/ A189/Cadmium 282 4090/5 29.8 4320/0
Epoxide/ A1120/Cadmium 282 4090/0 304 4410/0
Polyurethane/ None/Copper 279 4050/20 284 4120/20
Polyurethane/A174/ Copper 29.7 4310/0 339 4920/0
Polyurethane/ A189/Copper 293 4260/10 345 5000/0
Polyurethane/A1120/Copper 29.7 4310/0 343 4980/0
Epoxide/ None/Copper 213 3970/30 20.2 2930/20
Epoxide/ A174/Copper 274 3980/30 219 3180/30
Epoxide/ A189/Copper 29.7 4310/0 238 3450/30
Epoxide/A1120/Copper 294 4270/0 20.7 3000/10
Polyurethane/None/Zinc 29.5 4280/50 14.6 2120/40
Polyurethane/A174/Zinc 223 3240/50 134 1950/50
Polyurethane/A189/Zinc 27.1 3940/20 30.4 4410/0
Polyurethane/A1120/Zinc 28.7 4170/80 13.2 1920/90
Epoxide/ None/Zinc 20.5 2970/80 134 1950/30
Epoxide/A174/Zinc 20.5 2980/70 11.6 1690/80
Epoxide/A189/Zinc 31.0 4500/0 29.1 4230/0
Epoxide/A1120/Zinc 231 3360/60 23.1 3360/ 10

and A174 to the polyurethane paint, both of which had
been previously reacted with a mono-functional isocy-
anate (Additive TL from Bayer UK Ltd.) and an ethyl
ester of a o-formic acid (Additive OF from Bayer UK
Ltd.) used singly and in combination (TL at 1 and 2% by
weight on the paint and the TL/OP at a 2:1 ratio at 1%).
Samples of the paints were tested after 3, 6,and 9 months
storage.

The adhesion of both paints when applied to degreased
aluminum panels and measured by the torque spanner
method after 14 days cure at room temperature and
humidity is shown in Table 10. In the case of the epoxide
formulation there was, quite clearly, no change in the
adhesion characteristics of any of the four paints during
storage and all three of the paints containing silane had
improved adhesion, which was maintained throughout
the test period (9 months). With the polyurethane for-
mulations, there appears to be a consistent improvement
in adhesion of the paints throughout the storage period.
A real improvement in adhesion with time seems highly
unlikely, as a detailed examination of Table 10 shows
that the control paint, as well as the silane-containing
paints, exhibited an apparent increase in adhesion. The
only explanation is that there was an improvement in the
panel degreasing operation rather than any improvement
in the paint adhesion. It should be remembered that the
polyurethane paint was shown to be less tolerant of
surface preparation than the epoxide (Tables 3-4). Cer-
tainly there is no evidence of a loss of adhesive properties
during storage.

The results obtained indicate that certain silane/paint
combinations retain their improved adhesion charac-
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teristics over a period of at least nine months, and the
possibility therefore exists of producing stable silane-
containing paints.

RATE OF LOSS OF ADHESION

In previous experiments, the coated substrates were
exposed to the hostile environment for a fixed period of
time before being tested, and no information was gen-
erated on the rate of loss in adhesion with time. In order
to investigate the rate of loss, a selected silane, and paints
incorporating a silane, were applied to bolt-shaped
aluminum specimens,” coated as appropriate and,
after curing for seven days, immersed in distilled water.
Groups of five specimens were removed at intervals,
bonded to a similar uncoated bolt using the cyano-
acrylate adhesive previously described, and cured in a
container over water; thus preventing the painted
specimens from drying out. The results obtained from the
silane-free controls, specimens coated with A1120, and
paints containing A189 are shown in Figures 1 and 2 for
the epoxide and polyurethane paints, respectively.

Figure 1 shows that the general shape of the curves is
similar, with a rapid initial loss during the first 12-24 hr.
This is followed by a much more gradual loss, leveling out
at a lower but positive value. However, both of the
silane/paint combinations show an appreciably higher
retention of adhesion, with that of the paint containing
A189 being considerably greater. The recovered adhesion
values after 14 days are also much higher.

In Figure 2 it can be seen that the basic shape of the
curves is similar to those in Figure 1, with a pronounced
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loss of adhesion during the first 12-24 hr and a gradual
leveling off over the remainder of the immersion period.
The loss was particularly rapid in the case of the silane-
free control. There was little difference between the
A1120 on the surface and the A189 in the paint. Again,
the recovered adhesion values of the silane-treated speci-
mens were appreciably higher.

EXPERIMENTS ON CADMIUM,
COPPER, AND ZINC SUBSTRATES

A limited experiment in which A174, A189,and A1120
were applied as a pretreatment to cadmium plate, copper,
and zinc substrates and exposed to an accelerated
weathering cycle to BS3900 Method F3, confirmed the
value of silanes on substrates other than aluminum and
steel.

Accelerated weathering was chosen as the aging envi-
ronment since it was considered that reaction of con-
taminants and moisture with the substrate is a major
factor in the loss of adhesion to these metals. The results
obtained are shown in Table 11.

From Table 11 it can be seen that both the initial values
and those measured after recovery from the accelerated
weathering cycle showed that the adhesion on all three
substrates was materially improved by the use of a silane.
Of the three silanes tested, A189 was the most effective
all-round adhesion promoter for both the epoxide and
polyurethane paints on all three substrates. In general,
the greatest change in adhesion occurred on the zinc
substrate and the least on the copper.

The finding that A 189 was superior to the other silanes
in retaining adhesion is at variance with the findings on
aluminum and steel, on which A174 and A1120 appeared
to be most effective. This suggests that the silanes may
show some degree of specificity for metals, as well as for
the polymeric binder.

ANALYSIS OF DATA

The results quoted are the average of four separate
determinations for the direct pull-off method, and five
for the torque spanner. Although not quoted for indi-
vidual results, the coefficients of variation were, in gen-
eral, below 7%, except where recovered adhesion was
determined. Then coefficients rose to as high as 12% in
some cases. A partial statistical analysis of the results
given in Tables 3-5 showed that the difference between
the silane-free and silane-treated panels is highly signifi-
cant. In general, the difference in values for the panels
was large and the standard deviations low, so that de-
tailed statistical analyses were unnecessary. A major
difficulty in carrying out a full statistical analysis is the
failure in many cases to detach paint from the surface;
thus, the values recorded do not represent the actual
adhesion, but rather, a minimum value.

SITES OF FAILURE

Throughout this paper, the sites of failure have been
recorded as “percentage detachment.” This represents
an apparent adhesive failure from the substrate. The
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remainder of the area may be cohesive failure within the
paint film or the failure may have been associated with
the adhesive used, i.e., adhesion failure from the paint
film, cohesive failure within the adhesive layer, or detach-
ment from the reverse side of the panel or the bonded-on
test specimen. The percentage detachment is, then, the
area on the test panel over which the paint has appar-
ently been removed. There is an implication that the
area of detachment is an actual failure in adhesion to
the substrate and, for practical purposes, this may be
regarded as being the case. The rationale for this isthat if
there is no paint present to the naked eye, for all practical
purposes a failure in adhesion has occurred, since no
corrosion protection will be afforded. However, from the
point of view of understanding the role of silanes as adhe-
sion promoters, a knowledge of the “true” as opposed to
the “apparent” site of failure is absolutely essential.

In order to determine the true site of failure, a limited
examination using X-ray Photoelectron Spectroscopy
(XPS) was undertaken.

XPS Investigation

XPS is one of a group of newer analytical techniques
including Auger and Raman spectroscopy, which basi-
cally measures the core binding energies in atoms and
molecules. Chemical shifts occur in the core electron
binding energies as the atomic electron density varies.
These chemical shifts in organic compounds correlate
with the charge on the atom. Thus, as the chemical nature
of an atom varies its XPS peak shifts, it is possible to
distinguish between different types of atom or of the same
atom in the same molecule. XPS is sensitive to all atoms
heavier than helium and it is particularly useful in this
type of study. Because the technique primarily examines
the top 20~-50A of the surface, the sensitivity is good,
particularly in thin films.

The XPS spectra were run on a UG ESCA III spec-
trometer with a Mg(Ka) radiation and the intensities
(measured as peak heights) were converted to elemental
compositions. )

Specimens showing an apparently clean adhesive
failure were examined, and were selected from those
used in the determination of the rate of failure tests. Both
fracture surfaces were investigated and are described as
“metal surface” and “paint surface,” with the paint sur-
face representing the underside of the film removed
during the adhesion test. The work to date has been con-
fined to samples on which A1120 was applied to the
surface as a pretreatment primer.

The chemical composition of the fracture surfaces of
the epoxide coated specimens is shown in Table 12. It
should be noted that hydrogen cannot be detected by
XPS and the values reported represent the atom fraction
of the elements other than hydrogen present in the film.
From the results in Table 12 several observations can be
made. The most striking of these is that in no case was
the aluminum substrate detected, whether in the presence
or absence of silane, in water or in air, or on the metal
or paint surface. Quite clearly the paint film failed
cohesively, and there was no element of clean adhesive
failure. A less obvious observation is that no titanium
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Table 12—XPS Data on Fracture Surfaces of Epoxide Paint

- Metal Surface Paint Surface
System Conthon c! c? N o' 02 Si Al c cz N o 02 Si Al

Epoxide paint (non-  In air 068 — 011 016 — 0.03 —

fracture surface
A1120 Empirical 057 — 014 021 — 0071 —

formula
Al/Epoxide In air 050 0.5 0.10 006 018 — — 050 0.9 o010 017 — 0010 —
Al/Epoxide In water 050 0.19 0.13 0.6 — 0.008 051 017 012 017 — 0016 —
Al/A1120/Epoxide  In air 051 019 0.1 017 — 0002 — 051 0.8 0.1 018 — 0.003 —
Al/Al1120/Epoxide  In water 050 020 0.12 0.8 — 0005 — 052 017 0.2 0.18 — 0016 —

was detected; therefore, the failure occurred within an
unpigmented boundary layer at the paint/ metal inter-
face. As a subsidiary experiment, the fracture surfaces
were ion-etched using argon and a cold cathode ion gun
operating at 2 KeV whereupon aluminum was detected
on the “metal” surface and titanium on the “paint” sur-
face. Since nothing is known of the rates of removal by
ion etching, no information is available on the thickness
of the unpigmented layer. Bailey and Castle, however,
report values of 37-46A for escape depths® and it must
be assumed that the layers are at least as thick as this,
giving a total thickness of at least 74-92A.

A second observation is that the chemical composition
of the fracture layer is different from that of the upper
exposed surface and, therefore, possibly different from
the bulk composition of the polymeric binder. There is,
of course, no reason why the boundary layers should be
of the same composition as the bulk polymer.

Bell *® has clearly demonstrated that the infrared spec-
tra of fracture surfaces and the bulk paint are different.
This finding is reinforced by the present work which indi-
cates the presence in the fracture surfaces of a second
carbon peak (C?) at a higher binding energy (possibly
C=C, C=0) not present in the unfractured surface. A
further observation, partially obscured by the presence
of silicon in the paint, is that the atom percent values for
silicon are much lower than that given by the empirical
formula of A1120; and it may, therefore, be argued that
the failure is not within a layer of silane on the surface.
The sites of failure in air and water are interesting in that

although exposure to water produces a dramatic fall in
the measured adhesion, the composition of the fracture
surfaces is broadly similar despite differences in the
silicon content.

Similar data are shown in Table 13 for the polyure-
thane paint and, in general, the observations are the same.

There was no evidence of a clean adhesion failure
either in water orin air; an organic layer was present in all
cases since no aluminum was detected. Again, there was
no detection of titanium, indicating a break within an
unpigmented layer at the metal/paint surface. Unlike
the epoxide paint, the composition of the various frac-
ture surfaces was almost identical in air and water in the
absence of the silane. The second C* peak was again
detected in these surfaces, although it was absent in the
nonfracture surface. Unlike the epoxide, no silicon was
detected in the paint surface either in air or water, indi-
cating failure at a different and possibly greater depth
in the paint.

The failure to detect titanium dioxide near the
paint/metal interface—indicating that sedimentation
had not occurred—is surprising and worthy of further
investigation.

DISCUSSION

Before discussing the practical results obtained by the
use of silanes, it may be beneficial to consider the exist-
ing theories on how silanes function as adhesion pro-
moters. The mechanism by which organosilanes bond to

Table 13—XPS Data on Fracture Surfaces of Polyurethane

Metal Surface Paint Surface

System Condion C' € N O S A ¢ ¢ N O s A

Polyurethane paint (non-fracture In air 051 0.18 0.13 0.18 — —
surface)

A1120 Empirical formula 057 — 014 021 0071 —
Al/Polyurethane In air 0.52 0.18 0.12 0.18 — — 051 0.18 0.13 0.18 — —
Al/Polyurethane In water  0.51 0.18 0.13 0.18 — — 052 0.17 o012 019 — —
Al/A1120/Polyurethane In air 051 0.17 0.12 0.7 0002 — 051 017 012 017 — —
Al/A1120/Polyurethane In water 0.55 0.14 0.1 0.18 0009 — 052 0.18 0.1 0.18 - —
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metal and glass substrates has attracted a great deal of
attention. Reflecting the early technological interest in
glass reinforced plastics, the major research effort has
been on the mechanism of bonding to glass.

The oldest and most widely known theory is the
“Chemical Bond Theory,”” in which it is postulated
that trialkoxysilanes chemically bond to the substrate
through interaction of the alkoxy group with surface
silanols in the glass and also bond to the organic present
by reaction of the organol functional group with reactive
species contained in the organic. The strong interfacial
bonds thus formed are of the order 50-100 k cal/mol.?®
The difficulties with this theory are that some silanes are
effective although they are chemically nonreactive with
the polymer and it does not necessarily explain the im-
proved wet strength since metallosiloxane bonds to metal
surfaces are susceptible to hydrolysis.

The “Deformable Layer Theory”?’ postulates a plastic
interface providing a zone in which stresses between resin
and glass may be relieved without bond rupture, thus
minimizing internal stress. However, it has been sug-
gested that the amount of silane present in a typical finish
is too thin a layer to relax in the time required.

The “Surface Wettability Theory,””’ applied initially
to filled systems, argues that complete wetting of the filler
particles by the resin would improve the adhesion of the
polymer to the filler by physical adsorption. Although
the increased adhesive strength would exceed the
cohesive strength of the polymer, it is difficult to see how,
in the competition with water and other weakly bonded
layers, physical adsorption is likely to provide much
reinforcement to a bond where chemical bonding is also
present.

In the “Restrained Layer Theory”?” it is postulated
that a region of intermediate modulus is formed to
transfer stress from the high modulus filler or surface, to
the relatively low modulus polymer. Silanes function by
“tightening up” the polymer structure at the interface
while simultaneously providing silanol groups for bond-
ing to the substrate. The need for stress relaxation due to
thermal shrinkage between polymer and filler is not
accounted for.”” In effect, this theory postulates a similar
reaction between polymer and substrate as the “Chemical
Bond Theory” while advancing a different mechanism for
its observed action.

The “Reversible Hydrolytic Bond Mechanism Theory”
has been proposed by several authors>” ** * and is largely
a combination theory combining features of the chemical
bonding theory with the rigid interface of the restrained
layer, and allowing for the stress relaxation properties of
the deformable layer theory. It proposes the reversible
breaking and reformation of stressed bonds between the
coupling agent and the substrate which allows stress
relaxation without loss of adhesion in the presence of
water. Since SiOH has a strong hydrogen bonding
capacity, water is eliminated from the surface and a high
initial bond strength is achieved. It has also been argued
that when Si-O-Metal bonds are broken by the intrusion
of water, the bond is capable of reforming with some
recovery in adhesion.”*

In this paper, it has been demonstrated that silanes
materially improve the initial adhesion of epoxide and
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polyurethane coatings to a variety of metallic substrates.
Further, their use results in a similar improvement in wet
adhesion and also in recovered adhesion. In the experi-
ments on aluminum and mild steel, it was demonstrated
that all five of the silanes examined produced an im-
provement in adhesion.

If the possibility of chemical reaction between the
silanes and some component of the polymeric binder is
examined, it can be seen that the n-beta-aminoethyl-
aminopropyltrimethoxysilane (A1120), NH,(CH,).NH-
(CH_);Si(OCHs);, may be expected to react with the
epoxide resin via the epoxide group and the terminal
primary amine group on the silane according to:

!
—c\?c + RNH, — HO—(lt—CI—NHR —
R

o d AL on

and possibly via the secondary amine group on the silane

R

|

—(IZ—(l: + R,NH — HO—C—C—N (5)
S’ [T >r

In the case of the polyurethane paint, A1120 might be
expected to react with the isocyanate group in the iso-
cyanate adduct curing agent to form initially a substi-
tuted urea

R—NH, + R'—NCO —)RNHCONHIL (6)

with the possibility of a further reaction between the sub-
stituted urea and a further isocyanate group to form a
biuret

RNHCONHR' + R’NCO — R’NCONHR O]
CONHR'

(3-4 epoxycyclohexyl) ethyltrimethoxysilane (A186)
may be expected to react with the amine groups on the
polyamide curing agent according to reaction (4). With
the polyurethane paint, a reaction between the isocy-
anate group and the epoxide to produce an oxazolidone
appears to be a distinct possibility.

—c—c + —RNCO 29, ¢ c— ®)
o I
o N-H
C
|
)

y-glycidoxypropyltrimethoxysilane (A187) may be ex-
pected to react with the polyamide curing agent in the
epoxide system as in reaction (3), and the isocyanate
adduct curing agent in the polyurethane system as in
reaction (5).

In the case of y mercaptopropyl trimethoxysilane
(A189), HS — (CH,);Si(OCH3;)s, a reaction with an iso-
cyanate group in the polyurethane system via the termi-
nal — HS group functioning as an —OH reactive site
according to reaction (9) appears possible.
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R'—NCO + HS—R — R'NHCOSR ()

The—HS group may also react with an epoxide group
in the epoxide system according to reaction (10).

|
—C—C + HS—R —> HO—C—C—SR
—C - S (10)

(0]
It seems less likely that iy (methacryloxy) propylmethoxy-
™
silane (A174), CH:—C —CO(CH,); Si(OCHs);, will

react with any component of either the epoxide or poly-
(o)
urethane system but the presence of the polar (I: group

introduces the possibility of a hydrogen bonding mech-
anism with the epoxide and the possibility of anionic
addition at the double bond in the isocyanate group may
exist.

It appears that some chemical reaction between the
silanes and components of both paints (with the possible
exception of A174) exists. However, the course of any
individual reaction must depend on the structure of the
resin and curing agent present, the solvents present, and
the presence or otherwise of catalytic agents. Although a
reaction is possible, it is not necessarily probable.

Perhaps some degree of specificity in the role of a par-
ticular silane/organic binder combination may be appre-
ciated, but it is more difficult to see why an individual
silane should give better results on a particular metallic
substrate. It may be speculated that the degree of
bonding, and therefore, the measured adhesive strength,
is a function of such factors as the degree of hydration of
the surface, the number of OH groups per unit area, the
basicity of the oxide present, and the possibility of
catalysis of the reaction by organic groups, e.g., amines
present in the silanes. Certainly some silanes are more
effective on aluminum than on mild steel, and the effects
of A189 on cadmium, copper, and zinc have already been
mentioned.

The XPS data shed some light on the role of the
silanes in improving the adhesion of the coatings exam-
ined. Bikerman® has postulated on theoretical grounds
that true adhesive failures cannot occur; observed ap-
parent adhesion failures are, in fact, failures within a
boundary layer at the paint/metal interface. Support for
this view is given in the present investigation where an
organic layer has been detected on the “metal” fracture
surface. Thus, the failure is one of cohesion within the
paint film. Animportant point here is that the same mode
of failure is apparent on specimens fractured after stor-
age in air and after storage in water, and broken while still
water soaked. The type of failure remains unchanged by
the ingress of water, although there is some evidence that
the “site” of failure is changed in the case of the epoxide
paint. The adhesion tests clearly indicate an improve-
ment in bond strength in the presence of the silanes, but it
is argued that this improvement is not obtained by an
improvement in the adhesion to the metal surface since
no adhesion failure was observed in the absence of the
silane. Rather, the increase in bond strength was a result
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of a change in the cohesive strength of a boundary layer
within the paint or in a diffuse silane/polymer layer. The
net result is a boundary layer less susceptible to the effects
of water.

The quantities of silicon detected do not seem to be
consistent with a failure in a silane-rich layer. At least in
the case of the polyurethane paint, failure would seem to
be at a silane/paint interface since no silicon was detected
on the “paint” fracture surface. In this case, the full
potential of the water resistance of the silane has not been
realized. The observations appear to be consistent with
the requirements of the reversible hydrolytic bond
theory, but much more work is required to fully elucidate
the role of silanes in improving initial and wet adhesion.

In considering the use of silanes either as pretreatments
for metallic substrates or as additives to an epoxide or
polyurethane coating, different considerations apply. In
the former, long-term stability is not a problem and a
silane showing the best overall performance on both
aluminum and mild steel can be selected, or, alter-
natively, a specific silane for a particular metal or
metal/ paint combination. From the results presented it
would appear that (methacryloxy) propyltrimethylsilane
(A174) and n-beta aminoethyl aminopropyltrimethoxy-
silane (A1120) are particularly effective on alumi-
num with both epoxide and polyurethane paints, while
y-mercaptopropyl trimethoxysilane (A189) and A1120
are preferred for mild steel. However, there is very little
difference in the performance under any given set of
conditions, and A1120 provides an excellent all-around
performance when used as a pretreatment primer.

In the latter case, the options.are more limited and
great care must be exercised in the final choice of silane to
be used as an additive. Although a particular silane may
be selected for use with a particular paint, no such choice
seems to exist in the matter of substrate, since it would be
impractical to manufacture a range of silane-modified
paints for use specifically on aluminum or mild steel, or
indeed on any other metallic substrate. Although A1120
gave good results in both the epoxide and polyurethane
paints, it is known to react with oxygenated solvents
present in most, if not all, paints of this type and its use
must therefore be discounted. A174 and A189 have been
shown to be stable in the epoxide and polyurethane,
respectively, when the paints have been suitably “dried.”
Both are worthy of further investigation.

It must be stressed that the use of anysilane as an addi-
tive to a particular formulation should be thoroughly
investigated for long-term stability and a study on deple-
tion rates should be carried out. Such a study could be
made by the use of gas liquid chromotography (GLC).”'

A factor not considered in this paper is the financial
aspect of using silanes as adhesion promoters in surface
coatings technology. It may be argued that any improve-
ment in the adhesion characteristics of a paint is worthy
of consideration, even if it involves increased expense. In
view of the improved adhesion to degreased substrates it
may well be that silanes could replace the use of a wash
primer or a relatively costly surface preparation in situa-
tions where sandblasting is not essential.
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CONCLUSIONS

From the work reported it may be concluded that:

(1) The use of organofunctional silanes as pretreat-
ment primers for epoxide and polyurethane paints results
in a dramatic increase in initial, wet, and recovered adhe-
sion on aluminum and mild steel substrates.

(2) The use of organofunctional silanes as pretreatment
primers on copper, cadmium, and zinc substrates results
in an improvement in initial adhesion and in the long-
term retention of adhesion.

(3) Organofunctional silanes may be used as additives
to epoxide and polyurethane paints to materially im-
prove their initial, wet, and recovered adhesion to
aluminum and mild steel.

(4) Suitably formulated paints containing silanes are
stable over a period of at least nine months.

(5) XPS studies reveal that the mechanism by which
silanes improve the adhesion characteristics of paints
may be adequately explained by the existing “reversible
hydrolytic bond theory.”

POSSIBILITIES OF FURTHER STUDY

The reported work reveals several areas in which
further work would be valuable in both exploring the
uses to which silanes may be put in improving the adhe-
sion characteristics of organic surface coatings and
determining the precise mechanisms by which the
undoubted improvements occur. Suggested areas for
future work are a more detailed examination of the sites
of failure on fracture surfaces in order to more fully
understand the role of silanes as adhesion promoters, in
particular the composition and depth of the boundary
layers; the use of silanes in coatings cured by other mech-
anisms, e.g., oxidative cure or solvent evaporation; and
a more detailed investigation of the single package, self-
bonding concept.
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Materials,”

APPENDIX A

Adhesion Tests

DIRECT PULL-OFF: Four squares, 31 X 31 mm (1% X 1%in.)
were cut from each test panel, avoiding the panel edges and were
sandwiched between cylindrical test specimens using a two part
polyamide cured epoxide adhesive (Versamid 115/Epikote 828
50/50 w/w). After 24 hr in an alignment jig under pressure of
45N (10 psi), the resulting doublets were brokenin a Hounsfield
Tensometer at a cross-head speed of 2 mm/min (1/16 in/min).?!

TORQUE SPANNER: Cylindrical specimens of known diam-
eter were bonded to the test surface using the two-part
epoxide adhesive previously detailed. After curing for 24 hr, the
specimens were twisted off by using a recording torque
spanner. Five specimens were used on each panel.

The two separate adhesion tests were carried out on the same
panel. In some experiments, a rapid curing cyanoacrylate
adhesive IS150 (Loctite Corp.) was used.

Environmental Tests

HuMIDITY UNDER CONDENSATION CONDITIONS: The test
was carried out to the dictates of BS3900, Method F2, in which
the panel is subjected to humidity under condensation condi-
tions cycling between 42 and 48°C. The period of exposure
was 1000 hr.

WATER IMMERSION: The panels were totally immersed in
distilled water at room temperature. The period of exposure
was 1500 hr. Unless otherwise stated, all panels were allowed to
dry out at ambient temperature and humidity for 48 hr prior
to adhesion testing.

ACCELERATED WEATHERING: The test was carried out to the
dictates of BS3900, Method F3 in which the painted panels are
exposed to a 1600 watt enclosed carbon arc with water spray.
The period of exposure was 1000 hr.
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on

Color and Appearance Instrumentation

March 24-26, 1981
Executive West Louisville, KY

Sponsored by

Federation of Societies for Coatings Technology
Manufacturers Council on Color and Appearance
Inter-Society Color Council

The 2%-day program will be divided between general sessions and “hands-on” equipment
workshop sessions on instrumentation for measuring color and appearance in the coatings
industry.

The format is designed to offer a “working meeting” environment, and registrants are invited
to bring samples with them.

Manufacturing, production, quality control, and research and development personnel should
all benefit from this definitive update on the various aspects of such topics as color meas-
urement, color formulation, gloss and other appearance, and sample preparation.

For complete program details and information on registering, contact FSCT headquarters.

Federation of Societies for Coatings Technology,

1315 Walnut St., Suite 832, Philadelphia, PA 19107.
(215) 545-1506
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Surface Analysis of Interfacial Chemistry
In Corrosion-Induced Paint Adhesion Loss

Il. Effects of Resin Chemistry and Substrate
Pretreatment on Adhesion Loss Mechanism

J.W. Holubka, J.S. Hammond, J.E. DeVries, and R.A. Dickie
Ford Motor Company*

The effect of changes in resin composition on the
interfacial chemistry of corrosion-induced paint
de-adhesion has been studied by X-ray photoelec-
tron spectroscopy (XPS); the effect of a zinc
phosphate conversion coating on interfacial chem-
istry has also been assessed in a preliminary way.
For epoxy-urethane and epoxy-amine based coat-
ings crosslinked with melamine-formaldehyde resin
or mixtures of melamine-formaldehyde and urea-
formaldehyde resins, it has been found that
corrosion-induced de-adhesion is associated with
hydroxide degradation of coating resin, typically
by hydrolysis of urethane or, more slowly, of urea
linkages. For an epoxy-ester based resin formu-
lated with a mixture of melamine-formaldehyde and
urea-formaldehyde resins and applied to bare steel,
it was previously reported that corrosion-induced
de-adhesion involves saponification of ester link-
ages by cathodically-generated hydroxide. For this
coating applied over a zinc phosphate conversion
coating, it is now found that there is again evidence
of paint resin degradation by ester saponification.
The surface composition of the conversion coating
also changes significantly, but the locus of adhe-
sion loss is evidently in the organic phase very near
the organic-inorganic interface.

INTRODUCTION

Loss of paint adhesion adjacent to sites of corrosion on
painted steel is known to involve disruption of the paint-
metal interface by corrosion-generated hydroxide ions.'™
X-ray photoelectron spectroscopy (XPS) has been used

Presented by Dr. Holubka at the 58th Annual Meeting of the Federation of Societies for
Coatings Technology in Atlanta, GA, October 29, 1980.

Portions of this paper appeared in the Sept. 1979 Preprint booklet of the Organic Coatings
and Plastic Chemistry Div. of the American Chemical Society and are reprinted by permission
of the ACS, the copyright owner.

* Engineering and Research Staff, P.O. Box 2053, Dearborn, M1 48121.
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to study the interfacial chemistry of corrosion-induced
adhesion loss, and in a previous paper,’ results have been
presented on an epoxy ester coating applied to bare steel.
In that work, it was concluded that a significant pathway
for adhesion loss was saponification of the coating resin
adjacent to the coating steel interface. In this paper,
results on additional paint resin systems and preliminary
data on the epoxy ester coating applied to a conversion
coated substrate are presented.

EXPERIMENTAL

Materials

Three hydroxy-functional coating resins were pre-
pared based on epichlorohydrin-bisphenol A epoxies:
the first was a conventional tall oil epoxy ester; the sec-
ond, a urethane oligomer prepared from a diol-extended
epoxy and toluene diisocyanate; and the third, an epoxy-
alkanol amine resin. Each of these resins was formulated
as a conventional solvent-based coating with either a
butylated melamine-formaldehyde crosslinker or a mix-
ture of butylated melamine-formaldehyde and urea
formaldehyde crosslinkers, as is later noted. No pig-
ments, surfactants, or other additives were employed. In
the following discussion, these coatings are referred to as
epoxy-ester, epoxy-urethane, and epoxy-amine coat-
ings, respectively.

Unpolished bare SAE 1010 cold-rolled steel and
Bonderite® R40 phosphated test panels were used. The
bare steel panels were cleaned with xylene and acetone;
the phosphated panels were reconditioned by baking at
150°C for 15 min just prior to application of organic
coatings.

Bonderite is a registered trademark of Parker Rust Proof Co.
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Table 1—Elemental Intensity Ratios and Binding Energy Separations of Reference Compounds

Elemental
Binding Intensity Binding Energy
Compound Energles® Ratios Separations
NaCl (Na 1s) = 1072.5 eV (Nals)
(Cl 2p)=199.3 eV (Cl—2p) =091 (Na 1s) — (C12p) =873.2 eV
Na;CO (Nals) = 10723 eV (Nals)
o (C15:CO5) = 289.6 €V Cis - 17 {Nah)~(Cig=TeeTav
Nal
(O15)=5317 eV ((Oals;) =0.69 (Nals)— (O ls) = 540.6 eV
NaCO,CH Nals) = 1071.9 Nals i
el tc 15:CH,) = 285.0 ((c ls)) =038 (Nals) = (C1s:RCO3) = 783.5 eV
Nal
(C1s:RCO;) = 288.4 ((oa 1:)) =0.50 (Nals)— (Ols) = 5412 eV

(O1s) = 530.7

(a) Referenced to methylene - methyl C Is at 285.0 eV.

All organic coatings were applied by air atomized
spray and were crosslinked by baking at 140°C for 20
min, or, in the case of the epoxy-amine films, by baking
at 180°C for 20 min.

Corrosion Tests

Prior to exposure to the corrosion test, the edges and
back of the panel were masked with air dry lacquer. Two
lines in the form of an ‘X’ were scribed to bare metal on
the front panel surface. Two essentially equivalent corro-
sion test methods were used. In the first procedure, devel-
oped by Wiggle, etal.® and used in a previous study on the
epoxy-ester coating applied to bare steel,” the test panel
was coupled to a zinc electrode and immersed in oxygen
saturated 5% aqueous NaCl. The test panel was thus
maintained at a potential of about - 1050 mv(vs. SCE);
the anodic corrosion reaction was suppressed at the
painted test panel, thereby allowing the influence of ca-
thodically generated hydroxide to be determined indepen-

dently of the anodic dissolution of iron. For the epoxy-
ester-based coating applied to bare steel, extensive
failure occurred within a few hours. With some of the
new coatings which are reported on in this paper, sub-
stantially longer test times are required to achieve an
equivalent degree of adhesion loss. To avoid possible
problems from contamination of the bath by zinc ions,
the test was performed using a platinum counter elec-
trode and a potentiostat; the potential was maintained
at about - 1070 mv (vs. SCE).

X-Ray Photoelectron Spectroscopy

The surface analysis methods were the same as re-
ported previously.” The application of XPS to corrosion-
induced coating adhesion loss has been discussed, and
references to general reviews of XPS and its applications
have been given.

Following completion of the corrosion test, the test
panel was removed from the salt solution, rinsed with

Table 2—Surface Composition-Epoxy-Urethane
Coating on Bare Steel

Table 3—Surface Composition-Epoxy-Amine
Coating on Bare Steel

(atomic %) (atomic %)

Sample c o N Na Fe Cl Sample Cc o N Na Fe Cl
Calculated 802 127 1.1 — — — Calculated 782 167 51 — — —
Before Testing Before Testing

coating surface 779 135 86 - — — coating surface 713 105 182 — — —
After Testing After Testing
interfacial coating surface interfacial coating surface
before water wash ~ 66.9 23.1 4.3 49 05 03 before water wash  66.2 224 1.7 80 — 17
after water wash 852 121 21 05 — 0.1

after water wash 77.6 16‘6"1 6.7 03 08 —

interfacial substrate surface
before water wash  51.0 376 16 69 24 05
after water wash 478 402 19 — 9.8 0.5

interfacial substrate surface
before water wash ~ 35.5 407 06 17.1 3.1 30
after water wash 640 24.1 20 08 87 04
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Table 4—Surface Composition-Epoxy-Ester Coating on Zinc Phosphate Conversion Coated Steel

(atomic %)
Sample Cc o N P Zn Fe Na Cl
Before Testing
COALING SULTALR) sivjsiovinivsiwsass sopmnsinwramsisioinisiacaisisis oivipsateinios o 86.9 10.6 25 — — - - —
After Testing
interfacial coating surface 19.8 — — 0.1 — 44 06
interfacial substrate surface 347 — 04 1.7 0.6 10.1 09

distilled water, and quickly wiped dry. The coating film
adjacent to the scribed lines exhibited reduced adhesion
to the underlying metal surface, and was removed with
adhesive tape. The interfacial surface of the primer film
was examined in the spectrometer without further treat-
ment. A portion of the metal substrate was also cut and
mounted for analysis.

X-ray photoelectron spectra were obtained using a
Vacuum Generators ESCA 3 electron spectrometer inter-
faced to a Vacuum Generators 3040 data system. An
aluminum anode x-ray source (1486.6 eV) was used to
obtain the spectra. The instrument was operated with a
resolution of 1.25 eV FWHM (full width at half maxi-
mum peak height) on the Au 4f 7/2 line. The binding
energies for the spectra were referenced to the hydro-
carbon contamination (present on all of the samples
tested) and alkane carbon line at 285.0 eV. Elemental
intensities were calculated using Scofield photoioniza-
tion cross sections’ and the formalism of Wagner.' Rela-
tive error in measurement of spectral intensity from the
de-adhesion samples was estimated at 10%; the elemental
intensities thus provided a semi-quantitative analysis of
surface chemistry.

Molecular identification of compounds was based on
comparison of elemental intensity ratios and absolute
binding energy values with values obtained on standard
compounds. Uniform sample charging (allowing use of
the methyl hydrocarbon Cls line as an internal standard
at 285.0 eV) can be assumed for most of the work re-
ported here. In some cases, differential charging (a phe-
nomenon in which different chemical phases adopt
different surface potentials) precludes the use of a single
internal binding energy standard. In these cases, molecu-
lar identification is based on comparison of binding
energy separation values for pairs of elements of a given
compound. Binding energy separation and relative in-
tensities are summarized in Table 1 for three reference
compounds.

RESULTS AND DISCUSSION

Epoxy-Ester Coating on Bare Steel

In the previous work on the corrosion-induced adhe-
sion failure of an epoxy-ester based coating on bare
steel, a significant surface layer of organic material was
found on the interfacial metal surface in the region of
corrosion-induced adhesion failure. The carbon, oxygen,
and sodium spectra of the interfacial metal and polymer
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surfaces were indicative of polymer degradation products
on both surfaces. The presence of carboxylate residues on
the interfacial polymer surface was confirmed by deriva-
tization with aqueous AgNO; to form silver carboxylate.
It was concluded that cathodically generated hydroxide
degraded the polymer near the interface by saponifica-
tion of the epoxy ester, and that the locus of apparent
adhesion failure was in the saponification weakened
polymer near the metal-polymer interface.

Epoxy-Urethane Coating on Bare Steel

Melamine-formaldehyde resin crosslinked epoxy-
urethane films tested under cathodic polarization condi-
tions were slightly more resistant to corrosion-induced
de-adhesion than similarly formulated epoxy-ester coat-
ings: about four hours’ exposure were required to achieve
the same extent of de-adhesion (ca. 4 mm) observed with
the epoxy ester in two to three hours.

Elemental surface compositions of the untested epoxy-
urethane coating and of the interfacial coating and sub-
strate surfaces following testing are given in Table 2.
Experimental values for surface composition were in
excellent agreement with calculated values, indicating
that neither surface contamination nor surface segrega-
tion effects were in evidence for these samples. The inter-
facial coating surface showed several interesting differ-
ences relative to the untested surface: the oxygen con-
centration was higher, and the nitrogen concentration
was lower; nearly 5 atomic % sodium was incorporated
which could not be accounted for by the low level of
chlorine (0.3 atomic %) present. There was also a trace of
iron. Upon washing the interfacial coating surface with
water, the sodium residue was largely removed and the
oxygen concentration was substantially reduced. Evi-
dently, there was a water-soluble sodium salt on the
interfacial coating surface. A water-soluble sodium salt
was also found on the interfacial substrate surface; re-
moval of this salt resulted in an increase in relative iron
concentration. There was a nitrogen-containing residue
on the interfacial substrate surface both before and after
water wash.

The water-soluble sodium salt was confirmed to be
sodium carbonate by examination of high resolution
spectra, as discussed in detail elsewhere,'' and by com-
parison of binding energy differences with standard com-
pounds. Thus, the sodium-carbon binding energy dif-
ference on the coating interfacial surface was 782.8 eV,
in good agreement with the value for Na,CO; given in
Table 1.
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Figure 1—XPS C 1s spectra for epoxy-ester-based coating
before corrosion test (solid line, top and bottom); interfacial
polymer surface from corrosion tests on epoxy-ester-based
coating applied to bare steel (long dashes, top) and to conver-
sion coated steel (short dashes, top); interfacial metal surface
from corrosion tests on epoxy-ester-based coating applied to
bare steel (long dashes, bottom) and to conversion coated steel
(short dashes, bottom). Spectral components A, B, C, and D
correspond, respectively, to alkane contamination, ether, car-
boxylate, and carbonate
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The low nitrogen concentration on the interfacial coat-
ing surface both before and after water wash (N/O was
0.64 for the untested surface compared with 0.19 or 0.40
for the unwashed and washed polymer surfaces, respec-
tively) was consistent with a degradation of polymer with
loss of nitrogen-containing species during corrosion. The
presence of a nitrogen-containing residue on the inter-
facial metal surface was, on the other hand, evidence for
a polymer residue on that side of the interface.

The presence of sodium carbonate on the interfacial
surfaces after cathodic polarization testing can be ration-
alized in terms of a degradation of the urethane linkages
of the coating by cathodically generated hydroxide:

o
I H,0 1
R—NH—C—OR’ + OH"——R—NH—C—0" + R’OH
H,O —
RNH; + HCO;——CO;3

The low nitrogen content of the two surfaces can also be
rationalized in terms of this degradation mechanism,
since the low molecular weight diamine formed by
hydrolysis of adjacent urethane linkages was likely
washed away or volatilized from the surface after
cathodic polarization testing.

Epoxy-Amine Coating on Bare Steel

The epoxy-amine resin formulated with melamine-
formaldehyde and urea-formaldehyde crosslinkers af-
forded coatings with substantially more resistance to
cathodically generated hydroxide than either the epoxy-
ester or epoxy-urethane resins. About 240 hr exposure
to cathodic polarization test conditions were required to
achieve the same degree of adhesion loss observed in four
hours or less with the ester and urethane resins. Table 3
presents surface elemental compositions for the epoxy-
amine coating before and after testing; calculated values
for the bulk polymer composition are also included.

The untested coating surface showed an unexpectedly
high nitrogen concentration, most likely reflecting sur-
face segregation of one of the nitrogen-rich crosslinking
resins. After cathodic polarization testing, the coating
interfacial surface showed higher oxygen and lower
nitrogen content than expected from either calculated
bulk composition or observed untested surface compo-
sition. Also present was a significant sodium residue not
explainable in terms of residual sodium chloride. As on
the epoxy-urethane interfacial surface, most of the
sodium salt residue was water-soluble, and, again, as on
the epoxy-urethane surface, the residue was identified as
sodium carbonate both by examination of high resolu-
tion spectra'' and by comparison of binding energy
values with standard compounds. In this case, the bind-
ing energy separation between sodium and carbon was
782.6 eV compared with 782.7 eV for Na,CO; and 782.8
eV for the residue on the epoxy-urethane surface.

The interfacial substrate surface showed a similar
water-soluble residue also identified as Na,CO;. In
addition, the interfacial substrate surface showed a sig-
nificant nitrogen containing residue characteristic of
coating resin.
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These observations are consistent with degradation of
the urea crosslinker of the coating by cathodically gen-
erated hydroxide:

0
W (“: N+ on =22\ g o +H—N
/ N 7 \
N
N" + CO
arr
\ 2

/N—}{ + H CO;

Degradation of the condensed urea structure charac-
teristic of the crosslinking resin would likely yield water-
soluble or volatile compounds, consistent with the ob-
served low surface. nitrogen content. (The observed
surface segregation of melamine crosslinker also may
contribute to the lower interfacial nitrogen concentra-
tion, but the relative contribution of the two effects
cannot be assessed readily).

Corrosion-induced de-adhesion of the epoxy-amine
based coating was slower than for either the epoxy-ester
or epoxy-urethane coatings, both because the urea link-
age was inherently more resistant to hydrolysis than ester
and urethane linkages and because the concentration of
saponifiable groups was substantially lower. The epoxy-
amine resin contained no saponifiable groups, in con-
trast to the epoxy-ester and epoxy-urethane resins; thus,
the only source of saponifiable groups in this formulation
was the relatively small proportion of urea-formaldehyde
crosslinker. Thus, it is concluded that although the time
scale was different, the mechanism of de-adhesion in
each case probably involved polymer degradation by
corrosion-generated hydroxide. The polymer degrada-
tion products were ionic species, and it seems likely that
one consequence of the degradation was more facile
swelling of the coating adjacent to the interface by water
and electrolyte, thus extending the corrosion cell as well
as weakening the coating-substrate bond.

Epoxy-Ester Coating
On Conversion Coated Steel

Inorganic conversion coatings can substantially in-
crease the time required for a given degree of de-adhesion
under cathodic polarization conditions. For the epoxy-
ester coating applied to a commercial zinc phosphate
coating, the time to achieve 4-5 mm de-adhesion from
the scribe is increased from 2-3 hr to about 48 hr.

Elemental compositions of the surfaces are compared
in Table 4. There was again, as observed for this coating
over bare steel as well as for the epoxy-urethane and
epoxy-amine coatings, a substantial nonchloride ionic
residue on both the interfacial coating surface and the
interfacial substrate surface. In addition, surface oxygen
concentration was higher and observed nitrogen concen-
tration was lower than for the untested coating surface.
It is of particular interest that there was almost no trace
of the conversion coating on the interfacial film surface,
while there was substantial organic residue on the inter-
facial substrate surface.

XPS carbon (C 1s) and oxygen (O 1s) spectra are com-
pared in Figures 1 and 2 for the epoxy-ester formulation
applied over bare and conversion-coated substrates. A
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Figure 2—XPS O 1s spectra for epoxy-ester-based coating
before corrosion test (solid line, top and bottom); interfacial
polymer surface from corrosion tests on epoxy-ester-based
coating applied to bare steel (long dashes, top) and to conver-
sion coated steel (short dashes, top); interfacial metal surface
from corrosion tests on epoxy-ester-based coating applied to
bare steel (long dashes, bottom), and to conversion coated steel
(short dashes, bottom). Spectral components, A, B, C, and D
correspond, respectively, to iron oxide, carbonate-carboxylate,
untested polymer, and water
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Table 5—Elemental Intensity Ratios—
Conversion Coated Surfaces

Sample Fe/P Zn/P Fe/Zn
Before Testing
conversion coated surface ......... 0.7 03 24
After Testing
interfacial substrate surface ........ 1.7 44 04

curve resolution for the epoxy-ester/bare steel oxygen
spectra has been previously discussed in detail.” Four
components were identified: iron (IIT) oxide at 530.3 eV;
carboxylate at 531.9 eV; a broad but featureless com-
bined ether-carbonyl band characteristic of the original
coating at 533.3 eV; and absorbed water at 536.4eV. Iron
hydroxides should have been evident at about 532.1 eV,
but were obscured by other spectral components. Car-
bonates are not readily distinguishable from carboxylates
and they appear at 531.7 eV. For the interfacial polymer
surface of the epoxy ester applied to conversion coated
steel, the O Is spectrum was similar in structure to its bare
steel counterpart. There was a somewhat smaller contri-
bution of undegraded polymer, indicating that the layer
of degradation products may have been thicker. The C 1s
spectrum indicates the presence of carboxylate and, pos-
sibly, a trace of carbonate. Thus, probably the interfacial
polymer surface was rich in sodium carboxylate, indica-
tive of ester saponification, and was similar to the inter-
facial polymer surface encountered in results with this
formulation applied to bare steel.

For the interfacial metal surface, inspection of the O 1s
spectrum revealed little sign of residual undegraded poly-
mer. The C Is spectrum indicated a substantial concen-
tration of carbonate. The presence of carbonate may

68

have been due to degradation of urea crosslinker in the
longer test period required for the epoxy ester when
applied over a conversion coating. Alternatively, it could
reflect CO; absorption by residual OH" in the conver-
sion coating.

Relatively little zinc, iron, or phosphorous were ob-
served on the substrate surface due to the substantial
carbonate overlayer. Nevertheless, the surface of the con-
version coating was affected in some way by the corrosion
test: the elemental ratios of iron and zinc to phosphorous
were significantly larger than initial values characteristic
of the conversion coating itself (cf. Table5). These results
indicate that, although corrosion-induced de-adhesion of
the epoxy-ester coating over the zinc phosphate con-
version coating involved degradation of the polymer
at or near the organic inorganic interface, it was accom-
panied by changes in coating surface composition. The
locus of de-adhesion was evidently near the interface,
but in the organic phase.
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Committee Activities

Technical Computer Applications
In the Coatings Industry
A Bibliography—1967-79

By the FSCT Technical Information Systems Committee
(In cooperation with the International Coordinating Committee)

This bibliography had its beginning at a meeting of the
International Coordinating Committee (ICC) on October
4, 1979, during the Federation’s Annual Meeting in St.
Louis.

The ICC, which was formally established on June 23,
1979, in Paris, is composed of the President and one other
representative from the following coatings industry
organizations:

FSCT—Federation of Societies for Coatings Tech-
nology
FATIPEC—Federation of the Associations of Tech-
nicians in the Paint, Varnish, Lacquer,
and Printing Ink Industries of Continental
Europe

OCCA-UK—Oil and Colour Chemists’ Association of
the United Kingdom

OCCA-AU—Oil and Colour Chemists’ Association of
Australia

JSCM—Japan Society of Colour Material
SLF—Scandinavian Federation of Paint and Varnish
Technologists

At the St. Louis meeting, it was decided by the ICC that
the preparation of such a bibliography would be a worth-
while initial project for the new international organization.
The FSCT volunteered to undertake the work and
assigned the search to its Technical Information Systems
Committee, Helen Skowronska, Chairperson.

Jacques Roire, a Past-President of FATIPEC, also sub-
mitted 63 references to the bibliography, as a contribu-
tion from the French Association of FATIPEC.

The Federation expresses its gratitude to Ms. Skow-
ronska and the Technical Information Systems Commit-
tee, for doing such a fine job in compiling this bibliog-
raphy. We also acknowledge, with thanks, the special
assistance of The Sherwin-Williams Co., Glidden Coat-
ings & Resins Div. of SCM Corp., PPG Industries, Inc., and
Mr. Roire.

INTRODUCTION

The references included in this bibliography are arranged
under ten broad headings, or sections, listed below:

AG: Applications—General

AM: Analytical Methods

CO: Color and Optical Properties

EP: Evaluation; Performance

FR: Formulation

MP: Manufacturing and Plant
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PA: Pretreatment; Application; Finishing
PI: Printing Inks

PR: Polymers/Resins

TS: Testing

Each reference is listed only under one heading. The
arrangement within a given section is alphabetical by the
author’s surname.

As is customary, each reference or citation consists of
the following information: author(s) name(s), title of
article, paper, or book, name of periodical or journal in
which the paper was published, and any other pertinent
information in the abstracting/indexing publication. The
abbreviations shown for the titles of the periodicals are
those used by the abstracting/indexing publication.

Since most of the references were located by searching
the Subject Indexes of CHEMICAL ABSTRACTS and/or
REevVIEW OF CURRENT LITERATURE/ WORLD SURFACE COAT-
INGSABSTRACTS, the pertinent reference to abstracting/
indexing publication appears in parentheses after the
standard citation details. The following abbreviations are
used to designate abstracting/indexing publications:

CAS—Chemical Abstracts
RCL—Review of Current Literature (now
WSCA)
WSCA—World Surface Coatings Abstracts.
In order to find references on a given subject, it is
advisable to scan one or more of the broad headings
rather than just the most obvious one.

TECHNICAL INFORMATION SYSTEMS COMMITTEE

Helen Skowronska (Chairman) ............... Consultant
Bernard Appleman ...... Federal Highway Administration
Alex Chasan ............ General Services Administration
STEVBICTOUBE 10145 5 niosuseswsn iasszarary siasssain oo loi o5 Kwal Paints
Raymond C. Hyde .......... Midland Div., Dexter Corp.
Helen Lamrey ...... e PPG Industries, Inc.
Hans K. Raaschou Nielsen ................ Scandinavian
Paint & Printing Ink

Antonio Pina Arce ........... Cia. Mexicana de Pinturas
International

JOycelyn:Stephens ..aves sivservsnpomse s DeSoto, Inc.
Clifford Tierney .::sswcs sovsposssesses Whirlpool Corp.
John Vandeberg ..........ocovvininiiannnn DeSoto, Inc.
Dr. John C. Weaver .... Case Western Reserve University
Joanne L, Witiak ....ocooanvninences Rohm & Haas Co.
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TECHNICAL INFORMATION SYSTEMS

SECTION AG:
Applications—General

(AG-1) ADCOCK, G.—“Computerising the paint industry”;
Mod. Paint Coatings 1978, Vol. 68, No. 5, 28-30,
(WSCA 1979/2062).

(AG-2) BAX,J.—“Useful formulas for statistical analysis (in
paint technology)”; Paint Manuf. 1975, Vol. 45,
No. 5, 27-8, 31. (WSCA 1976/0139).

(AG-3) BELL, S.H.—“Computers, colour and industry”;
Paint Manuf. 1968, Vol. 38, No. 8, 22-3; Paint
Tech. 1968, Vol. 32, No. 9, 42-3. (RCL 1969/172;).

(AG-4) BOXALL, J. and von Fraunhofer, J.A.—“Mathe-
matics for the paint technologist”; Paint Manuf.
1978, Vol. 48, No. 9, 26-7 (WSCA 1979/2063);
Paint Manuf. 1978, Vol. 48, No. 10, 14-15 (WSCA
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(MP-11) GEBAUER, D.L. and Wiborg, J.N.—“Computer
simulation to optimize paint packaging”; J. Coat-
ings Tech. 1976, Vol. 48, No. 622, 71-79.

(MP-12) GRAHAM, M. and Mathewson, S.C.—“Computer
simulation of paint manufacture”; Paint Manuf.
1971, Vol. 41, No. 1, 18-21. (WSCA 1971/628;).

(MP-13) GUSEYV, V.A,, Svidler, Yu. R., Manusov, E.B., and
Svetlakov, N.V.—“Batch loading control system in
varnish resin production”; Mekh. Autom. Proizvod.
1975, No. 4, 17-19 (in Russian). (CAS Vol. 83,
No. 14, 117067 g).

(MP-14) KHRENNIKOVA, E.N., Ermolenko, B.V. and
Kafarov, V.V.—“Mathematical method for opti-
misation of production of individual items from a
wide range”; Lakokras. Mat. 1978, No. 1, 75-8 (in
Russian); Continent. Paint Resin News 1978, Vol.
16, No. 5, 98. (WSCA 1978/7386).

(MP-15) LATHAM, V.—“Microprocessors and their appli-
cation”; Polymer Paint Col. J. 1979, Vol. 169,
No. 4006, 777 (5 pp.). (WSCA 1980/0269).

(MP-16) LYUBLINSKII, R.N., Oskorbin, N.M., Shtefan,
I.A., and Kartashov, V.Ya.—“Study of problems
in predicting course of the technological process
of paint and varnish production™; Sb. Annot.
Nauchno-Issbd. Rab.-Tomsk, Politekh. Inst. 1975,
Vol. 6, 128-9 (in Russian). (CAS Vol. 85, No. 26,
194120 n).

(MP-17) MANUSOV,E.B.—“Control and regulation of tech-
nological processes in the manufacture of paints”;
Moscow, Edition Chimie, 1977 (in Russian).

(MP-18) OSBORNE, J.R.—“Batch ticket writing, produc-
tion scheduling and raw material control”; ACS,
Div. of ORPL, Papers 1978, Vol. 38, No. 1, 141-6.
WSCA 1978/7078).

(MP-19) OVERTURF, B.W., Reklaitis, G.V., and Woods,
J.M.—“Simulation of batch/semi-continuous op-
erations; single train process”; Ind. Eng. Chem.,
Proc. Des. Development 1978, Vol. 17, No. 2,
161-5. (WSCA 1979/0285).
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(MP-20) THEDENS, R.H.—“Programme package solves
problem of product marking”; Farbe und Lack
1978, Vol. 84, No. 2, 113 (in German). (WSCA
1978/5108).

(MP-21) WATSON, D.—“Computer control of grinding
mill”; Chem. Process Eng. 1970, Vol. 51, No. 1,
45-48. (WSCA 1970/888,).

SECTION PA:
Pretreatment, Application, Finishing
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L.A.—“Comparative evaluation of methods for
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painting of car bodies”; Fachberichte fur Ober-
flachentechnik 1974, Vol. 12, No. 10, 2024 (in
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(PA-7) HUANG, C. and Leeson, E.J.—“Optimisation of cure
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ings”; ACS, Div. of ORPL, 1978, Vol. 39, 14-9.
(WSCA 1979/5223).

(PA-8) MANUSOV, E.B,, Karyakina, M.I., Davydova, E.V.,
Lobareva, L.I., and Malysheva, L.P.—*“Calculat-
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puters”; Lakokrasoch. Mater. Ikh Primen. 1972.
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(PA-11) TICKNER, M.E.—“Techniques of in-line paint
blending”; Polymer Paint Col. J. 1978, Vol. 168,
Nos. 3981-2, 729 (2 pp.). (WSCA 1979/0957).
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(PA-12) WOLLER, G.L., Stahl, R.E., and Paolini, A., Jr.—
“Application of the theory of heat transfer to the
curing of organic coatings”; ACS Div. Org. Coat.
Plast. Chem., Papers 1974, Vol. 34, No. 1, 29-38.
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(PA-13) CARBONETTI, E.J., Jr. and Conover, L.—“Auto-
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Dyers Col. 1969, Vol. 85, No. 8, 400. (WSCA
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(P1I-7) MUNDEN, W.H., Boulton, D., and Slater, B.J.—
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Gr. Arts Mon. 1978, Vol. 50, No. 9, 28 (4 pp.);
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1979/3728).
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Brit. Ink Maker 1969, Vol. 11, No. 3, 149, 152-3.
(WSCA 1970/546.).

(PI-9) POPSON, S.J., Walker, D.F., and Malthouse, D.D.—
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11, 20-2, 60. (WSCA 1973/447,).

(PI-10) WELD, K.—“Four-minute colour match is here”; Am.
Inkmaker 1976, Vol. 54, No. 2, 43-4, 103-5.
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(PR-5) CHAN, R.K.S. and Meyer, V.E.—“Computer calcu-
lations of binary and tertiary copolymerisation
behavior”; J. Polymer Sci. C 1968, No. 25, 11-21.
(RCL 1969/297:) (CAS Vol. 69, No. 22, 87502 m).
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(PR-19) KAMIDE, K., Ogawa, T., Sanada, M., and Matsu-
moto, M.—“Simulation of successive precipita-
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(PR-22) McCRACKIN, F.L.—“Weighting methods for
Monte Carlo calculation of polymer configurations”;
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(WSCA 1977/7179).

(PR-27) MOLAU, G.E.—“Computer programme for calcu-
lations and automatic data plotting in binary co-
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(PR-32) PITTMAN, C.U,, Jr. and Rounsefell, T.D.—“Fort-
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No. 1, 183-90 (CAS Vol. 66, 105210 j); J. Polymer
Sci., C 1967, No. 25, 3-10 (CAS Vol. 70, 4626 b).
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(PR-35) RUDIN, A, Ableson, W.R., Chiang, S.S.M., and
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1974, Vol. 64, No. 6, 21-4. (WSCA 1974/ 1109;).

(PR-39) YAJINIK, M., Witeczek, J., and Heller, W.—“Appli-
cation of computer facilities for the determination
of size distribution in polymer latices”™; ACS Div.
of Polymer Chem., Préprints Miami Beach 1967,
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Org. Citgs. Plastics Chem., Papers 1968, Vol. 28,
No. 2, 39-45. (RCL 1969/377:).
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(TS-3) DANIELS, D.A. and Opp, D.A.—“Sensor-based com-

puters applied to the laboratory”; Mat. Res. &
Stand. 1971, Vol. 11, No. 2, I2-18. (WSCA
1971/898.).

(TS-4) LADSTAEDTER, E. and Staritzbichler, W.—“Evalu-
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ation of the mechanical behavior of synthetic
lacquer resins using the micro indentation appa-
ratus. Observations, thoughts and suggestions.
(Computer simulation)”; Farbe und Lack 1977,
Vol. 83, No. 7, 589-94 (in German). (CAS Vol. 87,
No. 10, 69793 z).

(TS-5) MARTIN, J.F., Topper, T.H., and Sinclair, G.M.—
“Computer-based simulation of cyclic stress-strain
behaviour, with application to fatigue”; Mat. Res.
& Stand. 1971, Vol. 11, No. 2, 23-28, 50. (WSCA
1971/8986).

(TS-6) RICHARDS, F.D. and Wetzel, R.M.—*“Mechanical
testing of materials using an analogue computer”,
Mat. Res. & Stand. 1971, Vol. 11, No. 2, 19-22, 51.
(WSCA 1971/899;).

(TS-7) SKOE, R.E. and Matson, G.L.—*“Controlling mate-
rials test by computer”; Mat. Res. & Stand. 1971,
Vol. 11, No. 2, 8-11. (WSCA 1971/899;s).

United wiiigdom Orders of FSCT Educational
~Literature

[

Mr. Ray Tennant, of the Birmingham Society, will act as a source of
Federation educational literature (Color-matching Aptitude Test Set; In-
frared Spectroscopy; Paint/Coatings Dictionary) for United Kingdom cus-
tomers. Anyone interested in receiving these items is urged to contact Mr.
Tennant. His address is: Carrs Paints Limited, Westminster Works, Al-
vechurch Road, Birmingham B31 3PG, England.
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Society Meetings

Dallas Sept. 11

Von Pederson, of Tioxide of Canada,
spoke on “THE INFLUENCE OF TITANIUM
DIOXIDE ON THE FLOW AND LEVELING
OF GLOSS LATEX PAINTS.”

Mr. Pedersen introduced his presenta-
tion with an explanation of the hiding
power of titanium dioxide. Several
graphs were displayed to show different
aspects of pigmentation. Purity in
titanium dioxide pigment is important in
that 100 ppm iron will impart a yellow
color, he said. Mr. Pedersen maintained
that a pigment concentration best for
good milling in a ball mill is 40% or
better. He exhibited a diagram showing
the most useful PVC ranges for a high
speed impeller mill.

WILLIAM A. WENTWORTH, Secretary

Golden Gate Sept. 15

A moment of silence was observed in
memory of Jim Spratt, Al Luebkeman,
Travis Rankin and Jack Heymes, who
died recently.

Bob Cole presented the Tenneco Gavel
to President Sharon Vadnais, of E.T.
Horn Co.

A Past-President’s pin was then
presented' to outgoing President Ted
Favata.

In addition, Alfred Apfel Memorial
Scholarships were presented to Kenneth
Adkins, Melanie Shaw, and Tracie
Waldron in recognition of their out-
standing scholarship achievements.

Al Heitkamp, of Cargill, Inc., spoke on
“HIGH SOLIDS COATINGS, A SMORGAS-
BORD APPROACH.”

Mr. Heitkamp’s presentation covered
the performance characteristics of four
polyester high solids white baking
enamels: conventional, high solids high
performance, high solids general pur-
pose, and very high solids. The four
enamels contained the same levels of
titanium dioxide and each enamel was
incorporated with an amine-blocked acid
catalyst to insure proper cure, he said.

Mr. Heitkamp explained that the
enamels were then examined for similar-
ities and differences in physical applica-
tion and performance properties. As a
result of this investigation, it was found
that baking high solids coatings can be
formulated at up to 90% volume solids,
with film properties similar to those
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conventional solids coatings. Inaddition,
the coatings formulator has a choice of
VOC range to meet specific state and user
requirements. According to the speaker,
high solids coatings are generally easier
to formulate than water-borne and
powder coatings. He ended his presenta-
tion by stating that the extra operational
costs of applying high solids coatings can
in many cases be offset by reduced
materials and shipping costs.

W. WAYNE COCHRAN, JR., Secretary

Kansas City Sept. 11

A moment of silence was observed in
the memory of Harold Kicker, Society
Honorary Member, who died recently.

The Tenneco Gavel was presented to
President Dick Warren by Ted Terherst.

Karl King, of Valspar Corp. was
nominated for, and elected Vice-
President of the Society.

Lee Raden, of Fabricated Metals,
spoke on “SEMI-BULK HANDLING Sys-
TEMS FOR PAINT AND RAW MA-
TERIALS.”

MIKE BAUER, Secretary

Los Angeles Sept. 10

A moment of silence was observed in
memory of E.J. Murphy, of Old Colony
Paint; D. Copenhaver, of Calsol, Inc.;
R.S. Haley, of Emery Industries; and G.
Halverson, of Pacific Coast Chemicals,
who died recently.

The following officers of the 1980-81
year were introduced: President—
Donald 1. Jordan, of Cargill, Inc.; Vice-
President—Jan P. Van Zelm, of Byk
Mallinckrodt; Treasurer—Romer E.
Johnson, of Dorsett & Jackson;
Secretary—L. Lloyd Haanstra, of
Ameritone Paint Corp.; and Council
Representative—Gerald L. West, of
Devoe & Raynolds Co.

Robert Gutknecht, of Tenneco Corp.,
presented President Jordan with the
Nuodex Gavel.

President Jordan then presented Al
Seneker with the Past-Presidents pin.

Al Heitkamp, of Cargill, Inc., spoke on
“HIGH SOLIDS COATINGS, A SMORGAS-
BORD APPROACH.”

Aided by a slide presentation, Mr.
Heitkamp discussed many aspects of
industrial high solids coatings, including
formulations, viscosity, pattern, pig-
mentation, stability, performance, and

Los Angeles Society Officers for 1980-81. (Left to right): President—Donald I. Jordon,

Cargill, Inc.; Vice-President—Jan Van Zelm, Byk-Mallinckrodt; Treasurer—Romer E.

Johnson, Dorsett & Jacl Inc.;and$S

tary—Lloyd Haanstra, Ameritone Paint Corp.
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cost. He revealed that, as solids are
raised, cost effectiveness is gained and
solvent emissions are lowered. However,
some performance properties are lost.

Mr. Heitkamp discussed the “bubble
concept,” the allowance of credit for
solvent recovery or incineration which
leads to variable allowable solvent
emissions by industrial coatings
operations, which is now adopted in
State Implementation Plans. He showed
how this concept can be applied to the
high solids approach by offsetting the
emission of one production line versus
another.

L. LLoYD HAANSTRA, Secretary

Louisville Sept. 17

J. Kirk Menefee, of Hy-Klas Paint
Co., was presented with the traditional
gavel upon his installation as Society
President.

The Executive Committee voted to
present the Paint Research Institute and
the University of Louisville with checks
for $500 each.

Don Collier, of Porter Paint Co.,
spoke on “EXTENDER PIGMENTS IN LA-
TEX WALL PAINTS.”

Mr. Collier discussed the importance
of choosing the correct extender pig-
ments. He recommended selecting those
extenders which will achieve the best
balance of properties.

JOHN A. LANNING, Secretary

New England Sept. 18

The following officers were introduced
for the year 1980-1981: President—Dan
Toobs, of Lukens Chemical Co.; Vice-
President—Bob Modrak, of Benjamin
Moore & Co., Inc.; Treasurer—John
Fitzwater, of Polyvinyl Chemical Indus-
tries; and Secretary—Fran Koebert, of
Kyanize Paints, Inc.

The Tenneco Gavel was presented to
President Toobs by Don Aikman, of
D.H. Litter Co., Inc.

Sam Belletiere, of Tenneco, spoke on
“DRIERS FOR WATER-BORNE COAT-
INGS.”

Mr. Belletiere reviewed some of the
basic aspects of drier technology. Metal
soaps (driers) have been used for many
years in oleoresinous and alkyd vehicles
to aid in the “drying” process, i.e.,
crosslinking of unsaturated groups in the
oil, he explained. Metal soaps are differ-
entiated by metal type and acid carrier,
and are grouped as either “active” or
“auxiliary” driers.

Mr. Belletiere concluded with an ex-
planation of the three major classes of
water-borne systems: alkyd modification
of a latex paint; water-dispensible alkyds
and urethanes; and water-soluble alkyds.

FRAN KOEBERT, Secretary

New York Sept. 9

A moment of silence was observed in
memory of David H. Litter, Founder of
D.H. Litter Co., who died recently.

T~ .

Executive Committee of the Toronto Society for the year 1980-81. Seated (left to right):

e

= -n

Membership Chairman—Ted Stevenson; Program Chairman—Gord Major; Publicity
Chairman—Larry Ham; Presideni—Jan Grodzinski; President-Elect—Paul Cooper.
Standing (left to right): Past-President—Helmet Zapfe; Secretary—Albert Suk; Tech-
nical Chairman—Peter Hiscocks; Education Chairman—Radi Narancic; By-Laws and
Specifications Chairman—Frank Reckless; and Manufacturing Chairman—Ray Rey-
nolds. Not present are: Treasurer—Frank LaRoche; FSCT Board Representative—A.
Clarke Boyce; Environment Chairman—Steve Balmer; Membership Chairman—
Hans Wittman; Entertainment Chairman—Jim Provan; and Metric Chairman—Ernie
Humburger.
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Marvin J. Schnall, of Troy Chemical
Corp., was presented the Nuodex Gavel
upon his installation as Society President
for 1980-1981.

Other Society officers installed were:
Vice-President—Donald E. Brody, of
Skeist Laboratories, Inc.; Secretary—
Ted Young of Jesse S. Young & Co.;
Treasurer—Herb Ellis, of D.H. Litter
Co., Inc.; and Society Representative—
S. Leonard Davidson, of NL Chemical/
NL Industries, Inc.

Sidney J. Rubin, of Empire State
Varnish Co. was presented with the Past-
President’s pin.

The President’s Service Award was
given to Joseph Cantor, of Fyn Paint &
Lacquer Co., Inc., in recognition of his
years of service to the Society.

John J. Oates, of Troy Chemical
Corp., spoke on “THE PLACE OF ADDI-
TIVES IN MODERN COATING SYSTEMS.”

Mr. Oates defined an additive as a
chemical or a surfactant that, when
added to paints in small amounts, has a
significant effect on appearance,
durability, or stability of the system. He
discussed different ways of formulating
with or without additives, citing the
examples of medium oil alkyds and their
molecular weights. According to Mr.
Oates, additives are necessary, but they
must be tested for all properties.

TED YOUNG, Secretary

Northwestern Sept. 9

Gerland Sprinkle, Jr., of Eastman
Chemical Products, Inc., spoke on
“SOLVENTS—THEIR RELATIONSHIP TO
HIGH SOLIDS COATING PARAMETERS.”

Five parameters of solvents and their
effect on high solids were discussed:
density of solvent, solvent activity,
electrical properties, surface tension, and
boiling point and evaporation rate.

To emphasize the importance of
density of solvent in high solids,
Mr. Sprinkle considered the volatile
organic compound (VOC) restrictions
being proposed for various end-users. He
stated that solvents range from light to
heavy in the following approximate
order: aliphatic hydrocarbons, lower
molecular weight alcohols, lower
molecular weight ketones, aromatics,
glycol ethers, and glycol ether esters.

Mr. Sprinkle pointed out that ketones
are among the most active solvents
known for organic film formers, since
they have relatively low density and high
solvency.

DoN EMCH, Secretary
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Philadelphia Sept. 18

A moment of silence was observed in
memory of Roger Garland, of New
Jersey Zinc Co., who died recently.

Honored guests in attendance included
Federation Executive Vice-President,
Frank J. Borrelle, and Director of Com-
munications, Thomas A. Kocis.

The following officers for 1980-1981
were installed: President— Barry Oppen-
heim, of McCloskey Varnish Co.; Presi-
dent-Elect—Ellis C. Moore, of Neville
Chemical Co.; Secretary—Wayne A.
Kraus, of The Lawrence-McFadden Co.;
and Treasurer—Willis A. Johnston, of
Atlantic Richfield Co.

Bill Meadows, of Cyprus Industrial
Minerals Co., spoke on “TALC—AN OLD
MINERAL WITH NEW USES.”

Mr. Meadows described an ultrafine
platey magnesium alumino-silicate pig-
ment which is processed from the mineral
chlorite and which combines the desir-
able properties of kaolin clay and talc in
a single extender. He related the results
of a series of tests which compared mag-
nesium alumino-silicate with calcined
and delaminated clays in typical vinyl
acrylic interior latex formulations at
PVCs ranging from 30 to 80%. Among
the advantages of the magnesium alu-
mino-silicate he cited were: equal or
superior opacity when compared with
clays; superior holdout and stain resis-
tance when compared with calcined clay;
superior scrub resistance when compared
with delaminated clay; and excellent
low sheen characteristics. When tested
against acidic clays, the basic magnesium
alumino-silicate displayed higher pH in
latex paints. Also observed were out-
standing sheen, color uniformity, and
dispersibility in water with minimum
surfactant requirements, he concluded.

WAYNE A. KRAUS, Secretary

Piedmont Sept. 17

The following officers for 1980-1981
were introduced: President—William J.
Cunane, of Sherwin-Williams Co.; Vice-
President—James N. Albright, Jr., of
The Lilly Co.; Secretary—Sara M.
Robinson, of Union Oil Co. of Cali-
fornia; and Treasurer—James Husted, of
Mobil Chemical Co.

The Tenneco Gavel was presented to
President Cunane by Bill Bell, of
Tenneco.

Dr. Emil Sagovac, of Carolina
Coatings, was presented with a 25-Year
pin, commemorating his years of service
to the Federation.

Daniel Adrien, of Burgess Pigment
Co., spoke on “EFFICIENT FORMULAT-
ING TECHNIQUES FOR THE 80’s.”

In his presentation, Mr. Adrien dealt
with the use of clays in trade sale
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formulations and in industrial coatings.
He discussed how crude clay is further
refined into calcined clays. Through the
use of slides, the speaker demonstrated
the structure of a calcined clay particle, as
well as the economics of using calcined
clays as extenders with titanium dioxide.
Mr. Adrien showed the improved
characteristics of coating films using
comparative “draw-downs.” In trade sale
paints, Mr. Adrien pointed out that
savings of ten to eighteen cents per gallon
could be realized without sacrificing stain
resistance and scrub and burnish
resistance. In the industrial coatings
market, clays have been gaining com-
mercial acceptance during the last two
years, he stated. One area of particular
interest is water-based electrodeposi-
tion coatings. According to Mr. Adrien,
film strength and cold check will not be
adversely affected when clays are used to
reduce the amounts of titanium dioxide

normally required.
SARA M. ROBINSON, Secretary

Pittsburgh Sept. 8

The following officers were installed
for the year 1980-1981: President—
Raymond C. Uhlig, of Technical

Coatings Co.; Vice-President—Richard
Trudel, of Mobil Chemical Co.; Secre-
tary—William Cibulas, of Mobay
Chemical Co.; and Treasurer—Michael
Gillen, of Van Horn Metz & Co.

Alex Siegel, of Silberline Manufactur-
ing Co., spoke on “THE USE AND MISUSE
OF ALUMINUM PIGMENTS IN SURFACE
COATINGS.”

Tracing the history of aluminum
pigments, Mr. Siegel stated that they date
back approximately 80 years and were
rarely used in coatings at the time. He
defined the terminology of leafing and
nonleafing. In the treatment of alumi-
num, stearic acid is used for leafing and
oleic acid for nonleafing, he explained.
Leafing aluminums were introduced
around 1930.

Aluminum is a reactive metallic flake
which is processed in a liquid paste form
to prevent possible explosion, Mr. Siegel
continued. Gas formation can occur
when in contact with moisture. Because
of this, 0.15% is the maximum amount of
moisture allowed in preparation. Mr.
Siegel recommended the use of cobalt
and zirco driers as catalysts, since others
can cause deleafing. Because of seeding
of the aluminum paste, he cautioned
against using polar solvent, high acid
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) 00 |

FREE
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value vehicles, high speed dissolves and
cuno falters. Mr. Siegel concluded his
presentation with a discussion of the
problem of stability in the use of water-
dispersed aluminum paste over a period
of time.

WILLIAM CIBULAS, Secretary

Rocky Mountain Sept. 8

Al Heitkamp, of Cargill, Inc., spoke on
“HIGH SOLIDS COATINGS, A SMORGAS-
BORD APPROACH.”

DONALD R. BAGGE, Secretary

St. Louis Sept. 16

Incoming President Floyd Thomas,
Jr., of Thomas & English, Inc., presented
Herbert S. Rosenblatt with the Past-
President’s pin and Frank Wagner, of
Mozel, presented President Thomas with
the Tenneco Gavel.

Alex Elbrechter, of Degussa Corp.,
spoke on “CARBON BLACKS.”

Describing the production of carbon
blacks within his company, Mr.
Elbrechter explained the three processes
used: furnace, lamp and channel. Chan-
nel black is no longer produced in the
U.S. because the small particle size of the
black makes it a pollutant, he said. A
channel black has been made, however,
which meets European EPA standards.

According to Mr. Elbrechter, channel
blacks are the strongest of the three types
and they have a blue undertone in
masstone. By complexing or reacting
these with oxygen, a series of channel
blacks have been produced with stability
in the vehicle, ease of dispersion, im-
proved rheology, and very jet black
masstone color.

Q. Does the oxygen complexing of
channel black interfere with surface area
measurements?

A. Only the external surface of the
carbon particle is important in formula-
tionswork. The interior of the particle
doe¢'not absorb any of the vehicle.

JOSEPH J. WROBEL, JR., Secretary

Southern Society—
Memphis Section

Hugh M. Smith, of Sun Chemical Co.,
spoke on “GOVERNMENT AND ENVIRON-
MENTAL GROUP PRESSURE IN THE
COATINGS INDUSTRY.”

BRIAN L. BUDZIEN, Secretary

Sept. 9
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Future Society Meetings

Baltimore

(Jan. 15)—FSCT SLIDE PRESENTA-
TION—Federation Officers.

(Feb. 13)—LADIES' NIGHT.

(Mar. 12)—Manufacturing Commit-
tee program.

(Mar. 13)—MINITRADE SHOW. Pikes-
ville Hilton.

(Apr. 16)—Education Committee pro-
gram.

(May 21)—Technical Steering Com-
mittee program on PAINT APPLICATION
METHODS.

Chicago

(Jan. 5)—“SOLVENT ALKYD RE-
PLACEMENT”—Dr. Andrew Mercurio,
Rohm and Haas Co.; “ENZYMATIC RES-
INS”—Edward Glass, North Dakota
State Univ.

(Feb. 2)—“LATEX PARTICLE INTER-
ACTIONS”—C.T. Havens, Sherwin-
Williams Co.; “NEW WATER -REDUCIBLE
POLYMERS”—Henry Kasprzak, Spencer
Kellogg Div.

(Mar. 2)—“HARD LATEX POLYMER
MODIFICATION OF WATER-SOLUBLE
ALKYDS”—Nick Roman, Rohm and
Haas Co., “FSCT CORRESPONDENCE
COURSE”—John Gordon, Univ. of
Missouri—Rolla.

(Apr. 6)—FSCT SLIDE SHOW —Fed-
eration Officers; “MULTI-FUNCTIONAL
EPOXIDES” —M. Gaschke, CIBA-
GEIGY Corp.

(May 9)—AWARDS NIGHT. Installa-
tion of 1981-82 Officers.

C-D-I-C

(Jan. 12)—“FORMULATION & APPLI-
CATION OF INDUSTRIAL LOW SOLVENT
FOR THE 80’s”—Jim Larson, Cargill, Inc.

(Feb. 9)—“WASH SOLVENT RECLA-
MATION”—Larry Durr, DCI Corp.

(Mar. 9)—FSCT SLIDE SHOW, Fed-
eration Officers.

(Apr. 13)—PLANT TOUR of Battelle
Memorial Institute.

(May 11)—“PIGMENT DISPERSION
AND MILLING IN THE PAINT AND Re-
LATED INDUSTRIES"—Edward Carter,
Morehouse Industries, Inc.

Houston

(Dec. 10)—“THE DIFFICULT AND RE-
WARDING ASPECTS OF SELLING FROM A
SALESPERSON’S VIEW”—Sandra Collins,
Hilton Davis Chemical Co.
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(Jan. 14)—Education Committee
Symposium.

(Mar. 11)—PAST-PRESIDENTS’ NIGHT

(Apr. 8)—“CHLORITE: A NEW FAM-
ILY OF PAINT EXTENDERS”—William
Meadows, Cyprus Industrial Minerals.

Los Angeles

(Jan. 14)—“EXTENDERS, THE INOR-
GANIC BACKBONE OF FLATS AND PRIM-
ERS"—Thomas G. Brown, Engelhard
Minerals & Chemical Corp.

(Mar. 11)—“SHORT TIME EVALUA-
TION TECHNIQUE FOR LIQUID AND PAR-
TICLE BEHAVIOR IN COATINGS SYSTEMS”
—Frank Zurlo, Byk Mallinckrodt, Chem
Prod. GmbH.

(Apr. 8)—“POLYMERIC ORGANIC Dis-
PERSANTS FOR PIGMENTS: PRINCIPLES
AND PRACTICES”—Robert D. Athey, Jr.,
Swedlow, Inc.

(May 12)—“PLANT DESIGN: BUILD
NEW—REDESIGN OLD”—Jim White,
Hockmeyer Equipment Corp.

Montreal

(Dec. 3)—“INDUSTRIAL WASTES"—
speaker from Eco Research Ltd.

(Jan. 7)—“OBSERVATIONS ON THE
EXPERIMENTAL DETERMINATION OF
CPVC”—Peter Hiscocks, CIL Paints Inc.

(Feb. 4)—Manufacturing Committee
program.

(Mar. 4)—“SELLING TECHNIQUES"—
Graham Oliver, McGill Univ.

(May 7)—PAST-PRESIDENTS' NIGHT

(May 9)—50TH ANNIVERSARY BALL.
Ritz Carlton Hotel.

New England

(Jan. 15)—JOINT MEETING with New
England PCA; “EFFECTIVE R&D MAN-
AGEMENT/PRODUCT EVALUATION”—E.
Bruce Euchner, Glidden Coatings &
Resins.

(Feb. 19)—“AMINO CROSSLINKERS:
RELATIONSHIP OF STRUCTURE TO COAT-
INGS PROPERTIES AND PERFORMANCE”
—Dennis E. Erickson, Monsanto Plas-
tics & Resins; “THE USE OF TITANATE
COUPLING AGENTS IN COATINGS”—
David Busker, Kenrich Petrochemicals.

(Mar. 19)—JOINT INDUSTRY MEET-
ING.

(Mar. 24)—JOINT MEETING with So-
ciety of Plastic Engineers; “MICRO-
BIOLOGICAL DETERIORATION OF PLAS-
TICS AND COATINGS”—Susan Tambo-
rini, Ventron.

New York

(Jan. 13)—“VENTILATION IN A PAINT
PLANT”—Gabe Malkin, Jesse S. Young
Co.

(Feb. 5)—“LEGISLATIVE UPDATE”;
JOINT MEETING with New York PCA.

(Mar. 10)— MINIWORKSHOPS.

(Apr. 14)—*“DISPERSION EQUIPMENT”
—Panel Discussion.

(May 12)—PAVAC AWARD NIGHT.

Philadelphia
Technical Committee Meetings

(Dec. 4)—*“USE OF HYDROGEN BOND-
ING SOLVENTS FOR SUSPENSION OF UN-
TREATED SILICA FLATTING PIGMENTS
IN PAINT"—Hubert Golden, PPG In-
dustries, Inc.

(Jan. 15)—“CEMENTITIOUS COAT-
INGS”—Dr. Joseph Lavelle, Rohm and
Haas Co.

(Feb. 5)—“CONVERSION ENAMELS-
ENERGY SAVERS”—Paul W. McCurdy,
Reichhold Chemicals, Inc.

(Mar. 5)—“NEW GENERATION COAT-
INGS—APPLICATION WORKSHOP; PART
I—WATER-BORNE AND HIGH SOLIDS”
—speakers from Cargill Chemical Prod-
ucts Div. and Nordson Corp.

(Apr. 2)—“NEW GENERATION COAT-
INGS—APPLICATION WORKSHOP: PART
II—TWO COMPONENT AND POWDER”—
speakers from Mobay Chemical, Poly-
mer Corp., and Nordson Corp.

(May)—Society Technical Committee
Seminar on “INTERFACES REVISITED.”

Pittsburgh

(Dec. 1)—“BACTERIAL PROBLEMS IN
MANUFACTURING AND HANDLING LA-
TEX EMULSIONS”—Jack Cherry, Rohm
and Haas Co.

(Jan. 5)—JOINT MEETING with Pitts-
burgh PCA.

(Feb. 2)—“INDUSTRIAL HYGIENE AND
URETHANE COATINGS”—Paul D. Zieg-
ler, Mobay Chemical.

(Mar. 2)—“PIGMENT DISPERSION —
WHAT DOES IT MEAN?"—James D.
Easton, Harshaw Chemical Co.

(Apr. 6)—“KNOW YOUR ENEMY—
THE WEATHER”—George W. Grossman,
The Q-Panel Co.

(June 1)—“ART AND ALCHEMY”—
John C. Pavlik, Fisher Scientific Co.
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Technical Articles in Other Publications

Compiled by the Technical information Systems Committee—H. Skowronska, Chairman

Farbe und Lack

(in German)

Published by Curt R. Vincentz Verlag, Schiffgraben 41-43,
3000 Hannover 1, Postfach 6247.

Vol. 86 No. 7 July 1980

Grau, C.A.—“The Situation in the Paints and Pigments Industry”; 587.

Potente, H. and Kruger, R.—“Mechanical Properties of Coated
Amorphous Thermoplastics. Some Aspects of How the Mechanical
Properties are Influenced Using a Scratch Resistant Finish Based
on PMMA as an Example”™; 588-591.

Reichert, K.-H.W. and Donnebrink, G.—“Modified Form of Thermo-
mechanical Analysis for M ing the Temp Depend
Properties of Coating Films”; 591-594.

Hoffman, K.—“Digital Data Recording with the Elrepho Colour

Measuring Apparatus”; 595-597.
Heinze, P.—“Requirements of Solvent-Free Coatings”; 597.
Brushwell, W.—“Improvements in the Product Quality of Alkyd
Resins”; 598-602.

Kolar, O.—“Are Bonding Agents which are Poor in Solvents Abso-

lutely Necessary in the Production of Industrial Lacquers?”;603-606.

Vol. 86 No. 8 August 1980

Vincentz, K.W.—“Formula 80—A New Start in Exhibitions for the
Lacquer Industry?”; 685.

Wolski, W. and Wolniewicz, A.—“Physical-Chemical Processes
Occurring During Processing of Ferrite Yellow for Magnetic Tape”;
686-689.

Mleziva, J.—“New Developments in Unsaturated Polyester Resins”™;
689-696.

Marquardt, W. and Gempeler, H.—“Outdoor Durability of Powder
Paints Based on Oil-Free Polyesters Containing Carboxyl Groups
and Triglycidyl Isocyanurate”; 696-698.

Besold, R. “Metal Pigments for Automobile Finishes—From Manu-
facture to Application”; 699-701.

John, W.—“From Separating Sieve to Stroke Separator”; 702-705.

Brushwell, W.—*“Applications and Modification of Acrylate Resins”;
706-710.

Organic Coatings and Plastics Chemistry Preprints

Preprints of papers presented before ACS Division of Organic Coatings
and Plastics Chemistry at ACS 180th National Meeting,
Las Vegas, Nevada

Vol. 43 August 1980

New Concepts in Applied Polymer Science—Polymer Blends
(7 papers)

Nonpolluting Paint Technology (13 papers)

Recent Aspects of Polymer Flammability (18 papers)

Review and Preview of Polymer Science—Salute to H.F. Mark
(9 papers)

Emulsion Polymerization (49 papers)

Polymer Materials for Electronic Application (24 papers)

Polymers and Coal
Depolymerization of coal (6 papers)
Structure of coal (5 papers)

Advances in Coating Metals for Corrosion Protection (12 papers)

Conductive Polymers (24 papers)

New Concepts in Applied Polymer Science (15 papers)

Macromolecular Secretariat Symposium on Polyurethanes (21 papers)

For information regarding the price and availability of this publication,

please contact Dr. John Lupinski Research & Development Center,
Bldg. K 1, General Electric Co., P.O. Box 8, Schenectady, N.Y. 12301.
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Paint Manufacture

Published by Wheatland Journals Ltd., 157 Hagden Lane, Watford
WDI 8LW, UK.

Vol. 50 No. 2 March 1980

Anon.—"More Legislation for the Paint Industry™ 16-18.
Anon.—"Plastic Pails for Paint™; 14-15, 25.

Vol. 50 No. 3 April 1980

Krishnamurti, N.—"Accelerated Corrosion Tests and their Reli-
ability™; 20-23.

Ellinger, M.L.—“Anticorrosion and Marine Paints" (Literature re-
view); 45-46.

Vol. 50 No. 4
Lower, E.S.—*“Laurate Metal Soaps™; 22,24,26-27.

May 1980

Polymer Preprints

Preprints of papers presented before ACS Division of Polymer
Chemistry at ACS 180th National Meeting, Las Vegas, Nevada

Vol. 21 No. 2 August 1980

Nonequilibrium Behavior of Polymeric Glasses (22 papers)
Mitchell Shen Memorial Symposium
Viscoelasticity and Structure (7 papers)
Plasma Polymerization, Fluorescence and ORD (7 papers)
Siloxanes, I s, Degradation and Bi dical (7 papers)

Polymeric Separation Media
Transport in Polymeric Media (6 papers)
Functionalized Polymers as Separation Media (6 papers)
Polymeric Membranes as Separation Media (6 papers)
Novel Polymeric Separation Media, Structure and Properties
(7 papers)

Nonurethane Polymers from Isocyanates (7 papers)
Emulsion Polymerization (48 papers—abstracts only)

Macromolecular Secretariat— Urethane Chemistry and Applications
(7 papers out of 50 listed)
Special Topics Poster Session (76 papers)

For information regarding the price and availability of this publication,
please contact Stanley Israel, Chemistry Dept., University of Lowell,
Lowell, Mass. 01854.

Progress in Organic Coatings
(In French, German or English)

Published by Elsevier Sequoia S.A., P.O. Box 851,
Lausanne, Switzerland

Vol. 8 No. 2 1980

Ramsbotham, J.—“Solvent Formulation for Surface Coatings”™; p. 113.

Sato, K.—*"Internal Stress of Coating Films”; p. 143.

Hill, L.W. and Wicks, Z.W., Jr.—“Amine Solubilizers for Water-
Soluble Acrylic Baking Enamels™; p. 161.

Perera, D.Y.—“Hygric Aspects of Coated Porous Building Materials”;
p. 183.
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Meetings/Education

Color Symposium to Feature Paper Presentations,
Workshops, and Equipment Displays

A symposium on instrumentation for
measuring color and appearance will be
held March 24-26, 1981 at the Executive
West, Louisville, Ky., under the joint
sponsorship of the Federation of
Societies for Coatings Technology,
Manufacturers Council on Color and
Appearance, and Inter-Society Color
Council.

The program will be divided between
general paper presentations and “hands-
on” workshop sessions.

Among the featured speakers will be
Dr. David Wright, of England, who will
talk about the experimental origins of the
1931 CIE system of colorimetry.

Other paper presentations will focus
on such topics as: color communication;
industrial metamerism; colorant formu-
lation; measurement of appearance;
goniospectrophotometry; on-line color
control; tinting strength assessment;
color difference assessment; sample
preparation; and education in the instru-
mental measurement of color and
appearance.

There will be four workshops: three
will feature equipment displays for color
formulation, color measurement, and
gloss and other appearance measure-
ment; the fourth is a sample-preparation-
and-presentation tutorial.

Baltimore Society Forms
“Virginia Section”

To meet the needs of local companies
manufacturing paints, lacquers, printing
inks, adhesives and related raw materials,
the Baltimore Society has formed a
“Virginia Section” which conducts its
own meetings and technical presenta-
tions. Members of this group are
included within the Federation of
Societies for Coatings Technology.

The Virginia Section held its first
meeting on October 15 in Richmond.
Officers of the Baltimore Society
presided and honored guests in atten-
dance included Federation Executive
Vice-President, Frank J. Borrelle and
Director of Communications and Field
Services, Thomas Kocis. Future meet-
ings will be held every other month in
various parts of the state.

For additional information on the
group, contact C. Herbert Pund, III,
Acting Secretary, Haskell Chemical Co.,
P.O. Box 9515, Richmond, VA 23228.
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The workshop format is designed to
offer a “working meeting” environment,
and registrants are invited to bring
samples with them.

Attendance will be limited so that reg-
istrarits will have maximum opportunity
for discussions.

General program sessions are under
the direction of Dennis Osmer, of CIBA-
GEIGY Corp., Ardsley, N.Y., who chairs
the Federation’s Inter-Society Color
Council Committee. Arrangements for
the workshops and instrument displays
are being handled by Charles Leete,
Executive Director of the Manufacturers
Council on Color and Appearance.

To obtain complete program and
registration information, contact Fed-
eration of Societies for Coatings Tech-
nology, 1315 Walnut St., Suite 832,
Philadelphia, PA 19107 (215) 545-1506.

Macbeth Color Seminars
Are Scheduled for 1981

Macbeth, a Div. of Kollmorgen Corp.,
Newburgh, NY, will again hold its semi-
nar, “The ABC’s of Color,” at eight
locations across the United States during
the first six months of 1981. Held for the
third straight year, the seminar will be
divided into two one-day sessions.

The first day is devoted to lectures and
practical demonstrations. The fee for the
first day is $125 and includes reference
materials, workbooks, and lunch. The
second day, for which there is no fee, isan
informal session of hands-on use of
visual standards, lighting control, and
instrumentation.

The locations and dates of the 1981
schedule are: Detroit, Jan. 22-23; Cherry
Hill, NJ, Feb. 19-20; Columbus, OH,
Mar. 19-20; Cambridge, MA, April 20-
21; Chicago, Apr. 23-24; Denver, May
18-19; Los Angeles, May 21-22; and
Portland, OR, June 11-12.

Participants at the 50th annual FOCUS Symposium of the Detroit Soclety. (Top row, left

toright): Co-chairman G.M. Sastry; Soclety President Walter C. Stuecken;ModeratorK.A.
Kinzler; and Co-chairman Stephen Peng. (Second row): Elaine M. Sloan; T. John Young;
Donald R. Hays; Michael A. Tersillo; and Richard L. Dalton. (Bottom row): R. Henry;
Gary K. Hulburt; J. David Nordstrom; R.J. Calola; George E.F. Brewer; and S.P. Levine

87



University of Minnesota Short Course to Focus on Colloids

A short course on “Colloids and
Surface Science” will be held May 18-
22, 1981, at the University of Minnesota
Minneapolis campus. The course is de-
signed for those working with grinding,
adhesives, sealants, wetting agents, emul-
sions and films, pigments, powders,
printing inks, and soils and clays. Lec-
tures, laboratory demonstrations, and

problem solving groups will be utilized to
cover such topics as methods of measur-
ing surface tension, flocculation of col-

. loids, electrophoresis, colloid size, and

the rheology of colloids.

Chairman of the course is Dr. D.
Fennel Evans and Assisting Instructor is
Dr. H.T. Davis. Both are staff members
of the Department of Chemical En-

Silberline Cares

About Aluminum
Pigmented

Coatings Quality

Ever stop to think how fairly simple and uncomplicated the
role of aluminum pigments is in relation to glamour metallic
coatings? Indeed, to justify its very existence, this type of
pigment must enhance the eye appeal of the metallic finish
and impart an excitingly fresh dimension of radiance and
brilliance. Otherwise, why bother with aluminum at all?

So for glamour coatings, you choose an aluminum pigment to
attain a certain esthetic effect. It surely makes good business
sense, then, to choose one that delivers esthetic superiority.

For instance, our Sparkle Silver® 3666 aluminum pigment
provides a mighty measure of “flash” and lustre for mere
pennies per gallon. Paint formulations are introduced to a
bright new world of glistening splendor.

If eye appeal is the desired measure of quality, then it
certainly pays to get the aluminum pigment that delivers the
very best effect.

See Us at the Paint Industries’ Show, Atlanta
October 29-31. Booths 309-311

Specialists in Aluminum Pigments

—-SILBERLINE
MANUFACTURING CO., INC.

Lansford, Pennsylvania 18232
Phone (717) 645-3161
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gineering and Materials Science, Insti-
tute of Technology of the university.
For further information, contact John
Vollum, Program Director, Department
of Conferences, 210 Nolte Center, 315
Pillsbury Drive S.E., University of Min-
nesota, Minneapolis, MN 55455.

Organic Coatings to be Subject
of XVith FATIPEC Congress

The XVIth Congress of the Federation
of the Associations of Technicians in the
Paint, Varnish, Lacquer and Printing
Ink Industries of Continental Europe
(FATIPEC) will be held from May 9 to
14, in Liege, Belgium. President of
FATIPEC, A. Toussaint, has announced
that the theme of the Congress will be
“Evaluation and Foresight of Film Prop-
erties of Organic Coatings Through the
Use of Modern Analytical Methods.”

An exhibition of raw materials, fin-
ished products and materials, named
FATIPEXPO, will also be featured at
the Congress. This exhibit is designed to
allow attendants to both learn about new
developments and to establish direct
contact with specialists and representa-
tives concerning specific problems, as
well as general information.

Calif. Rule 1113
Exemptions Delayed

A six-month extension of the deadline
on California’s Rule 1113 exemptions
was voted by the South Coast Air Quality
Management District’s Board at its Sep-
tember 5 meeting.

The delay until March 2, 1981 will
provide paint industry representatives
and the South Coast District staff with
more time to assess recent scientific in-
formation.

Representing the industry at the hear-
ing were Al Aronow of the Sinclair Paint
Co. and Michael Campilongo of Na-
tional Paint and Coatings Association’s
legal staff.

The rule, which had been set to go into
effect for the Los Angeles region on Sep-
tember 2, would reduce the solvent con-
tent of interior surface coatings from 350
gram/ liter to 250 grams/ liter.

In a related development, NPCA is
moving forward with its application for
a class variance in the Bay Area Air
Quality Management District. It has
been necessary to seek temporary relief
similar to the kind provided in the South
Coast District by applying for a limited
variance from the Bay Area’s version of
the architectural surface coatings rule.
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People

NL Chemicals/NL Industries has
appointed George C. Dager to the
position of Advertising Manager for the
NL Chemicals operation. He recently
held a field sales position in the Chicago
area, marketing rheological additives
and TiO; to the paint, ink, sealant,
adhesive, polyester, and grease indus-
tries. Mr. Dager is a member of the St.
Louis Society.

Fred King has beenappointed Produc-
tion Manager for the Consumer
Products Div. of McCloskey Varnish Co.
of the West, based in Los Angeles. Mr.
King will be responsible for all process-
ing, manufacturing, packaging, and
distribution for the firm. He is a member
of the Los Angeles Society.

James C. Healy has been named
Director of Research and Development,
elastomers, latex and additives, and
specialty chemicals for B.F. Goodrich
Chemical Group in Cleveland. He had
served as Director of elastomers research
and development since 1975.

American Hoechst Corp., Somerville,
NJ, has named Peter Blum President of
its Industrial Chemicals Div. Mr. Blum
previously served as Director of the
Hoechst AG Corporate Marketing Dept.
in West Germany. He succeeds Dieter
Poetzsch, who has been elected President
of Hoechst Canada, Inc., in Montreal.

J. Barry Smith has joined Deeks &
Company, Cincinnati, as Vice-President,
Marketing. He previously served as
Marketing Manager for Reichard-
Coulston and as Marketing Director for
Guest Industrials Limited, Kent, En-
gland.

Buckman Laboratories, Inc., Mem-
phis, has appointed Thomas White Macy
to the position of Area Sales Representa-
tive. Responsible for distributor sales in
the northeastern U.S., Mr. Macy will be
based in Concord, MA. He is a member
of the New England Society.

Harland B. Kinzley has been ap-
pointed Product Manager of Coil Coat-
ings for Cook Paint and Varnish Co.,
Kansas City. He will bring to the position
more than 30 years of managerial experi-
ence in coil coating marketing and sales.
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Richard M. Podhajny has been ap-
pointed Technical Director of the Print-
ing Ink Div., of Borden Chemical, in
Cincinnati, OH. Dr. Podhajny will as-
sume responsibility in the research and
development areas for coatings and
printing inks.

Albert J. Moreau has been named
Vice-President of Western Region Sales
for Armstrong Containers, Inc. of West-
chester, IL. In addition to creating a
strong marketing base in the western
U.S., Mr. Moreau will continue to be
National Sales Manager for the firm.

Mark Stoops has joined Geocel Corp.,
Elkhart, IN, as Product Manager. In his
new position, he will be responsible for
new products and sales promotions on
established lines.

Lilly Industrial Coatings, Indianapolis,
IN, has appointed Daniel H. Monroe
Director of Corporate Purchases to serve
in a supervisory capacity of purchasing
for all the company’s plants. Mr. Monroe
is a Past-President of the Piedmont
Society.

In a series of appointments, Kerr-
McGee Chemical Corp., Oklahoma City,
has named E. C. O’Conner—Director of
Marketing; D.F. Schiesz—Director of
Manufacturing; and I.L. Denny—Man-
ager of New Products, Pigments Div.

R.M. Campbell, Jr., has been named
Executive Vice-President, Domestic
Operation, of Manchem Limited, which
has recently been formed as a separate
corporation to handle the marketing,
distribution, and production of the
products of Manchem and affiliated
companies. Mr. Campbell will be located
at the headquarters office in Princeton,
NJ.

- -
R.M. Podhajny

J.H. Owens

John H. Owens has been promoted to
General Manager, Color Operations, for
the Thermoplastics Div. of Ferro Corp.
in Cleveland, OH. In this position, Mr.
Owens will assume responsibility for the
manufacturing and marketing of the
division’s complete line of thermoplastic
colorants and color services.

The American Society for Testing and
Materials (ASTM) has named William
T. Cavanaugh President. He last served
as Managing Director and Chief Execu-
tive Officer for the Society.

Edward T. Baker has been appointed
Senior Sales Engineer for the Plating
Div. of M&T Chemicals, Inc. He will be
headquartered in the company’s Rahway
general offices and will handle the sale
of plating products in Connecticut and
Rhode Island.

William P. Shilleci has joined Engel-
hard Minerals & Chemicals Div. as Sales
Representative for sorbents and chemi-
cals in the Catalysts and Chemicals
Group. Based in Atlanta, Mr. Shilleci
will assume responsibility for established
trade relationships and for the develop-
ment of new accounts for the division’s
activated bauxite and attapulgite prod-
ucts.

Harmon Colors Corp., Hawthorne,
NJ, has appointed Brian Stott Sales
Representative for the Midwest region.
He will handle sales of the firm’s pig-
ments in the Michigan and northern
Ohio areas.

Peter W. Shidler has been named
National Accounts Manager for E Z
Paintr Corp. of Milwaukee. He previ-
ously served as Area Manager for the
Midwestern region.

S.L. Kopald, Jr. has been elected Cor-
porate Vice-President and General Man-
ager of Witco Chemical Corp.’s Humko
Chemical Div. In charge of Humko’s
operations prior to its recent acquisition
by Witco, Mr. Kopald will continue in
that capacity. He had served as President
of the division for the past seven years.
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Rafael G. Aviles and William A.
Harvey, II1, have joined Rohm and Haas
Co.’s Spring House (PA.) Laboratories.
They will be responsible for scientific
research in the industrial coatings field.

Dr. Roy T. Gottesman has been
promoted to Vice-President, Environ-
ment & Regulatory Affairs of Tenneco
Chemicals, Saddle Brook, NJ. Dr.
Gottesman most recently served as
Director of Chemical Development and
Director of Environment & Regulatory
Affairs for the company.

Spencer Kellogg Div. of Textron Inc.,
Buffalo, NY, has appointed Paul C.
Stievater to the position of Technical
Sales Manager. In this newly created
position, he will be responsible for
divisional technical training and all pro-
motional and advertising activities.

W.R. Grace & Co. has promoted Peter
I. Kiziuk to Western Regional Sales
Manager for the Organic Chemicals Div.
Previously, Mr. Kiziuk served as Senior
Chemical Salesman for the mid-Atlantic
states.

MIRASOL 202-A
[IHE

DEPENDABLE
RESIH

[FOR ALL
WRINKLE FINISHES

Outstanding in every respect MIRASOL
202-A is a must for every type of wrinkle
finish. Durable, protective wrinkle coatings of
extremely attractive appearance result when
formulated with MIRASOL 202-A.

Noted for its toughness and versatility . ..
extremely versatile, MIRASOL 202-A allows
foolproof formulation of wrinkle enamel fin-
ishes for all applications.

Send for sample today!

C. J. OSBORN CHEMICALS, Inc.

820 SHERMAN AVENUE, PENNSAUKEN, N. J. 08109

ESTABLISHED 1889
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Robert D. Athey, Jr. has joined Swed-
low, Inc. as Manager of New Programs in
the Research and Development depart-
ment. He is a member of the Pittsburgh
Society.

Lester P. Johnson has been promoted
to Research Chemist in the Packaging
Group of DeSoto, Inc., Des Plaines, IL.

Frank Rueter has been appointed to
the position of Vice-President, Market-
ing, for Zorelco Ltd., Cleveland, OH. In
this position, he will retain overall re-
sponsibility for sales and advertising and
will assume responsibility for the plan-
ning and development of world-wide dis-
tribution of the company’s measuring
and testing intrumentation.

Obituary

Jean P. Teas, Past-President of the
Federation, died in Cape Elizabeth,
Maine, Sept. 26, following an extended
cancer illness. He was 69 years old.

Retiring from
The Flood Co.,
Hudson, Ohio, as
Technical Direc-
tor in 1976, Mr.
Teas relocated to
Maine to live with
his son Scott, who
survives. Prior to
joining The Flood
Co. in 1956, he
worked in engi-
neering and administrative positions
with Union Carbide Corp. Olin-
Mathieson Corp., and Thompson,
Ramo, Woolridge, Inc.

Mr. Teas was a graduate of Cornell
University and did graduate work at Case
Institute and Kent State University.
During World War II he served with the
U.S. Army as a Captain in the Ordnance
Dept. and received the Legion of Merit
Citation for field testing and combat
instruction of special ordnance material.

Mr. Teas served as President of the
Federation in 1971-72, and was the first
chairman of the Federation’s Technical
Information Services Committee in 1967.
He was also a former trustee of the Paint
Research Institute and was an Honorary
Member of the Cleveland Society.

In addition to his son, heis survived by
a daughter, Mrs. Debbie Lass, of Grosse
Pointe, Mich. Mr. Teas’ wife, Mrs.
Hazel Scott Teas, died in 1973.
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Literature

Defoamer

A new technical bulletin features a
defoamer for water-reducible coating
systems. This product can be used in
amine-neutralized air or baking alkyd
systems, oil-free polyester, and epoxy
coatings. For additional information,
write Byk Mallinckrodt, 734 Walt Whit-
man Rd., Melville NY 11747.

Chromatography Newsletter

The newest issue in a continuing series
of Chromatography Newsletters is now
available. Included in the issue are ten
articles. Free copies may be obtained by
requesting Order No. CHN-16, from the
Perkin-Elmer Corp., Instrument Div.,
Main Ave., Mail Station 12, Norwalk,
CT 06856.

Methyl Cellulose

A newly developed brand of methyl
cellulose ethers has been introduced in
literature. These ethers offer a broad
range of applications requiring organic
solubility, film forming, or controlled
viscosity. Further information concern-
ing Culminal ® methyl cellulose may be
obtained from the Water Soluble Poly-
mers Div., Henkel Corp., 4620 West 77th
St., Minneapolis, MN 55435.

Powder Coating Resins

Specifications for powder coating
resins and additives that offer energy
savings are now available in a newly
published leaflet. These resins and
additives areintended for use with paints,
varnishes, enamels, lacquers, industrial
primers, sealing compounds, and
printing inks. For further information,
contact American Hoechst Corp.,
Industrial Chemicals Div., Wax, Resins
& Coatings Dept., P.O. Box 2500,
Somerville, NJ 08876.

Batch Correction

A batch correction system which is
based on Kubelka-Munk relationship of
absorption and scattering to compute the
rate of change of each product color with
changes in concentration of each colorant
is the topic of a new product brochure.
Additional information on this colori-
meter-based microprocessor-controlled
system is available from Hunter Associ-
ates Laboratory, Inc., 11495 Sunset Hills
Rd., Reston, VA 22090.
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Flatting Agents

New information on silica flatting
agents is available in a recently published
brochure. In addition to a discussion of
recent developments for improved low
gloss coatings, applications and specific
silica grade recommendations are pro-
vided. For a copy of PA-40, write
Industrial Chemicals Dept., W.R. Grace
& Co., Davison Chemical Div., P.O.
Box 2117, Baltimore, MD 21203.

Specialty Asphalts

Specialty asphalts suited to a range of
design uses are described in a recently
published four-page color brochure.
Among the properties discussed are
resistance to corrosion, moisture, ex-
treme heat or cold, adhesion and low
cost. Copies of “Witco Specialty
Asphalts: A Design Material with Hun-
dreds of Uses” may be obtained from
Witco Chemical Corp., Pioneer Div., 802
Ash St., Lawrenceville, IL 62439.

Urethane Resins

Information has been released which
details three new water-reducible urethane
resins developed for use in sealers, clear
varnishes, and stains for wood floors and
furniture. Designed for rapid drying,
high gloss finish, and hardness/abrasion
resistance, each resin features distinct
performance characteristics. Additional
information may be obtained by writing
Spencer Kellogg, Div. of Textron, Inc.,
P.O. Box 807, Buffalo, NY 14240.

Low Viscosity Adapter

A redesigned accessory for measure-
ment of ultra-low viscosity materials is
the subject of technical literature. This
adapter consists of a precision cylindrical
spindle rotating inside an accurately
machined tube. More information can be
obtained from Brookfield Engineering
Laboratories, Inc., Dept. NR 34, 240
Cushing St., Stoughton, MA 02072.

Netzsch Grinding Mills
have greater Throughput
per chamber volume
than any other mills...
and we will PROVE IT

to you.

Throughput, at the quality of grind you desire, is
the true measure of a grinding mills efficiency.
Netzsch grinding mills have been engineered to give
you the industries highest throughputs per chamber
volume, while maintaining the highest quality grind.
Whether you are grinding low viscosity, low solids
materials or very high viscosity, very high solids
materials, Netzsch mills can do the job. To prove it,
we invite you to test your material in our test lab.

For more information on Netzsch Grinding mills,
or to set up a test grind call or write Netzsch Today!

NETZSCH INCORPORATED

Pickering Creek Industrial Park
Lionville, PA 19353
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Urethane Latex

A light-stable urethane latex that can
be frothed into a foam or employed asan
energy-efficient saturant or binder has
been introduced. This water-based
product is suited for frothing foam used
as an interlayer or coating for textiles,
paper and nonwovens, as well as
urethane, vinyl, and other flexible plastic
materials. Further information on
Witcobond W-290H may be obtained
from Witco Chemical Corp., Organics
Div., 400 N. Michigan Ave., Chicago, IL
60611.

Tristimulus Colorimeter

Newly published literature highlights
the applications and features of a tristim-
ulus colorimeter system. Features in-
clude 40 product standard memory loca-
tions, instantaneous calibration, and
automatic zero compensation. For addi-
tional information, contact Gardner
Laboratory Div., Pacific Scientific P.O.
Box 5728, 5521 Landy Lane, Bethesda,
MD 20014.

Infrared Spectrophotometer

A recently released applications bulle-
tin describes the use of an infrared
spectrophotometer for the measurement
of emission spectra obtained from sam-
ples at moderate temperatures. Results
are ratioed against those from a black
body to calculate emissivity by using
a newly developed data station. For a
copy of Order No. IRB-75, write the
Perkin-Elmer Corp., Main Ave., Mail
Station 12, Norwalk, CT 06856.

Block Polymers

Block polymers of ethylene oxide and
propylene oxide are the subject of a new
technical bulletin. Used as emulsifiers,
demulsifiers, dispersants, wetting agents,
and rinse aids, these polymers can be
applied in petroleum production, paints,
cleaning compounds, and textile process-
ing. For complete details, contact Hodag
Chemical Corp., 7247 N. Central Park
Ave., Skokie, IL 60076.

Latex Paint Thickener

A 24-page booklet on a nonionic,
water-soluble polymer for latex paint
thickening is now available. The booklet
includes a discussion of four high-range
viscosity grades of the polymer used for
paint thickening, a table showing
aqueous solution viscosities, and a thick-
ener selection guide. Copies of booklet
F-41612B are available from Union Car-
bide Corp., Coatings Materials Div.,
Dept. JLS, 270 Park Ave., New York,
NY 10017.
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Corrosion Engineer's Reference

The National Association of Corro-
sion Engineers (NACE) has published
“The NACE Corrosion Engineer’s Ref-
erence Book,” a compilation of re-
searched material, which gives the
physical, mechanical, chemical, and per-
formance properties of metals and
nonmetals used in certain environments
and industries. Subject areas include con-
version tables, physical and chemical
data, engineering data, metals and alloys,
and nonmetallic materials and coatings.
The cost of the book is $25 for NACE
members, $30 for nonmembers. For ad-
ditional details, contact Amy Montoni,
NACE, P.O. Box 218340, Houston, TX
77218.

Infrared Option

Newly published information describes
an infrared measurement option for a
color spectrophotometer. This option
extends the instrument’s standard range
of 380-700 nanometers to 380-1000 nan-
ometers. Complete details are available
from Mr. Dennis Tompkins, Color Prod-
ucts Marketing Manager, Diano Corp.,
P.O. Box 1005, 8 Commonwealth Ave.,
Woburn, MA 01801.

Urethane Dispersions

Two colloidal urethane dispersions
that can be formulated into highly pro-
tective finishes for difficult-to-adhere
substrates, such as vinyls, glass, metals,
and woods are discussed ina new product
bulletin. For details, write Witco Chemi-
cal Corp., 277 Park Ave., New York, NY
10017.

Epoxy Resin

A four-page technical bulletin detailsa
solid bisphenol A /epichlorohydrin epoxy
resin designed for thin-film functional
and decorative epoxy powder applica-
tions. Included are storage and handling
information, specifications, and proper-
ties data. For a copy of Technical
Bulletin SC: 235-80.202, write Shell
Chemical Co., Manager/ Chemical Com-
munications, One Shell Plaza, Houston,
TX 77002.

Textured Compliance Finish

Literature has been released describing
a water-borne, textured business machine
finish suitable for application to both
metal and plastic substrates, which meets
present EPA requirements. For addi-
tional information, contact Whittaker
Corp., Coatings & Chemicals Group,
10880 Wilshire Blvd., Los Angeles, CA
90024.

Blast Primers Standards

A report prepared by the Paint Re-
search Institute provides performance
standards for blast primers for both land
and marine applications. The work also
points the way to a code of practice for
the satisfactory use of blast primers and
to further improvement in these paints.
Copies may be obtained from Mrs.
Caroline Veitch, Publications Coordin-
ator, Paint Research Association, Wald-
egrave Rd., Teddington, Middlesex
England TW11 8LD.

Differential Scanning
Calorimeter

A new differential scanning calori-
meter designed for ease of operation and
based upon the patented DSC principle is
described in newly published literature.
The instrument offers true power com-
pensation for high accuracy, as well as
excellent baseline performance. For
further information, contact Perkin-El-
mer Corp., Main Ave., Mail Station 12,
Norwalk, CT 06856.

Diaphragms

Two additions to a line of air-operated
double diaphragm pumps have been
introduced. Available in three sizes, these
pumps have capacities from less than one
gallon per-minute to over 6000 gallons
per-hour. Additional information may
be obtained from Wilden Pump and En-
gineering, 22069 Yan Buren, Colton, CA
92324.

Batch Correction

Literature has been released which
describes a new system for automated
batch corrections. Designed for pigment
applications utilizing colorimeters for
color measurement, this system is com-
patible with X Y Z tristimulus measure-
ment data. For more information, contact
Applied Color Systems, Inc., P.O. Box
5800, U.S. Hwy. One, Princeton, NJ
08540.

Flexible Foam Intermediates

In a new, 68-page booklet, inter-
mediates for flexible urethane foam are
described. The range of products in-
cludes polyether polyols, polymer
polyols, silicone surfactants, blowing
agents, catalysts, and a group of specialty
materials. The brochure includes tables
of typical properties and charts that show
the effect of temperature on specific
gravity and viscosity. To obtain a copy of
booklet F-45581A, contact Union Car-
bide Corp., Silicones and Urethane
Intermediates Div., Dept. JSW, 19th F1.,
270 Park Ave., New York, NY 10017.
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Defoamer

A new 100% active, silicone oil-free
anti-foaming agent has been introduced
in recent literature. Designed for the
reduction or elimination of foam in the
production and application of water-
based coatings, this product is said to be
especially effective in vinyl acrylic and
acrylic emulsions. For further details,
contact Interstab Chemicals, Inc.,
Technical Service Dept., 500 Jersey Ave.,
P.O. Box 638, New Brunswick, NJ
08903.

Wet Film Thickness Gauge

A new instrument which measures the
wet film thickness of coatings or films
applied to various size and shape surfaces
is the subject of a recent brochure. For
information, contact Paul N. Gardner
Co., Inc., 218-D Commercial Blvd.
Lauderdale-by-the-Sea, FL 33308.

Copper and Zinc Naphthenate

Information is now available which
details the advantages of a new water-
dispersible copper and zinc naphthenate.
For complete details, write Jim Leopold,
Mooney Chemicals, Inc., 2301 Scranton
Rd., Cleveland, OH 44113.

Matting Agent

A newly published brochure has been
prepared which discusses a matting agent
for the varnish industry. For further
information, write American Hoechst
Corp., Industrial Chemicals Div., Wax,
Resins, & Coatings Dept., Route 202-206
North, Somerville, NJ 08876.

Colors

Six new colors in a line of industrial
spray coatings are the subject of recent
literature. These coatings are designed
for use on metal, wood, concrete, and
masonry surfaces. For Publication 7928,
contact Rust-Oleum Corp., 1 | Hawthorn
Pkwy., Vernon Hill, IL 60061.

Data Station

A new full-color brochure describes
data stations for “computer-aided chem-
istry.” These data stations are featured as
either stand-alone computers to speed
interpretation of instrument data, or as
terminals in a distributed processing
network for direct access to a host
system’s data base. For a copy of Order
No. L-650, write the Perkin-Elmer Corp.,
Main Ave., Mail Station 12, Norwalk,
CT 06856.

Corrosion Problems

The National Association of Corro-
sion Engineers (NACE) has published a
new book, “Proceedings: Materials and
Corrosion Problems in Energy Sources,”
which details corrosion problems in a
variety of energy sources industries in-
cluding petroleum, natural gas, coal,
solar, nuclear, geo-thermal, ocean-
thermal, and wind energy. This publica-
tion is a compilation of seventeen papers
presented at the NACE-sponsored “Ma-
terials and Corrosion Problems in
Energy Systems Symposia” held during
the February 1980 Energy Sources
Technology Conference. Cost of the
book is $30 and papers may be purchased
individually for $5. For information,
contact NACE, P.O. Box 218340,
Houston, TX 77218.

Antifoams

A technical bulletin provides complete
details on a basic group of antifoams for
use with almost any type of adhesive or
emulsion coating. Special-purpose form-
ulations are also given to overcome
specific foam problems. For a copy,
contact Hodag Chemical Corp., 7247 N.
Central Park Ave., Skokie, IL 60076.

Presentin
fine pigmen
at an

affordable
price.

Old solutions never die, technology just
takes more time to prove how good

they really are.

National Industrial Chemical Corp.
600 W. 52nd St., Chicago, IL 60609 (312) 924-3700

Zinc Chromate, Strontium Chromate, Chrome
Yellow, Basic Zinc Chromate, Magnesium
Chromate, Calcium Chromate-STILL THE MOST
EFFECTIVE corrosion resistant pigments for
producing high quality durable paints and primers.

We're National Industrial Chemical Co.
manufacturing superior pigments. And we market
them at a price worth consideration—even
against the most economical substitutes.

If you'd like to maintain superior quality and
durability in your paints and primers, and at a
price that satisfies the most scrutinous analyses,
call us. We're National Industrial Chemical Co.
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BookReview

MACROMOLECULES
An Introduction
To Polymer Science

Written by
Bovey and Winslow

Published by
Academic Press
1979 (540 pages) $29.50

Reviewed by

Dr. Henry K. Wren
Faribo Industries, Inc.
Faribault, Minnesota

Here is a very scholarly book on
polymer chemistry which I feel is second
only to Flory’s. While somewhat shorter
than that work, it does give an indepth
treatment of the subject, beginning with
an introduction to polymer science which
is coupled with a brief history of the
various types of polymers.

The second chapter deals with the
formation of macromolecules. The vari-
ous methods of polymerization utilized

in the formation of macromolecules are

thoroughly covered, along with mole-
cular weight, its distribution and control.
Polyfunctional monomers and gel points
are also covered in depth. The factors
involved in step-reaction polymeriza-
tions are enumerated. Some three-stage

reactions, particularly those relating to
formaldehyde in resin formation, are
given a brief but thorough treatment.

Spectroscopic conformation of macro-
molecules forms the beginning of the
next section. Various spectrophotometric
methods are explored. The areas of
stereochemical configurations and geo-
metrical isomerism are concisely cov-
ered, while ring openings, branches and
defect structures, chains, and chain
conformation are dealt with in detail.

Chapter 4 covers macromolecules in
solution, and a discussion of the Flory-
Huggins theory on solubility of macro-
molecules is given a good overview.
Molecular weight measurements are dis-
cussed quite extensively, as is viscosity as
a method of ascertaining molecular
weight. Information about polyelec-
trolytes, as well as gel permeation
chromatography and its relation to
molecular weight determinations, is
provided.

Chapters covering the crystalline or
solid state of macromolecules and the
physical behavior of macromolecules are
quite informative. The physical behavior
section includes three main areas of
consideration: the rubbery state, the
glassy or crystalline state, and transport.
Additional chapters include biopolymers
and reactions of macromolecules.

The book is well written and contains
numerous references. I sincerely recom-
mend this volume to all students and
practicing polymer chemists.

Letters to the Editor

Reader Objects to JCT Cover

To THE EDITOR:

Your cover on the July 1980 issue of
the JCT and the comments on page 7 of
the same issue suggest that the Federa-
tion is made up of Societies in the United
States.

I suggest that the Canadian member-
ship of around 600 people have been
slighted to say nothing of the Mexico and
Birmingham (England) Societies.

At the very least you could have said,
“Paint North America Beautiful.” But
then, why not “The World.”

I realize that it is the NPCA which has
launched this campaign but I think that a
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few comments by FJB which echo my
thoughts might have been in order.
RICHARD P. STEWART
President-Elect
Pacific Northwest Society
Burnaby, B.C., Canada

There was no intent to slight the
Federation’s valued members from the
Societies in Canada, the U.K., and Mex-
ico. Our objective was to lend a coopera-
tive hand to the NPCA inits promotional
effort to boost consumer use of the
industry’s products . . . wherever they
may be sold. Our apologies to Mr.
Stewart and the Pacific Northwest Soci-
ety.—FJB

CLASSIFIED
ADVERTISING

COATINGS CHEMIST

As a growing southeastern glass deco-
rating company, we have a challenging
opening for an individual to be responsi-
ble for coatings formulation and evalua-
tion.

The successful candidate will have a
B.S. degree and a minimum of three years
background in coatings design and de-
velopment.

Salary will be commensurate with expe-
rience and qualifications. Excellent fringe
benefits. Relocation expenses paid. All
replies confidential. Send resume, salary
history and requirements to:

Glass Unlimited

Attn: Keith Eichhorn, President
P. O. Box 528

High Point, N. C. 27261

ALTHOUGH
THE UNITED WAY
ISIN THE BUSINESS
OF GIVING AWAY
MONEY. WE DON'T
JUST GIVE ITAWAY.

Sometimes people think that
because United Way is in the
business of giving away money,
that's all we do.

But they're wrong. Because
before United Way gives away
money, a lot of things must
happen. Volunteers carefully
assess each organization
requesting assistance.

oes the organization
represent the best interest of
the community?

Will it provide an important
human service not provided
elsewhere?

Does it really deliver the
services to the people who need
them?

When, and only when, these
and other questions have
been answered does
United Way give
money.

Thanks to you, it
works. for all of us. United Way

A Public Servica of This Magazine & The Advertising Council
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Coming Events

FEDERATION MEETINGS

(Mar. 24-26)—"Symposium on Color and Appearance In-
strumentation.” Executive West, Louisville, KY. Jointly spon-
sored by Federation of Societies for Coatings Technology,
Manufacturers Council on Color and Appearance, and Inter-
Society Color Council. (FSCT, 1315 Walnut St., Suite 832,
Philadelphia, Pa. 19107).

(May 14-15)—Spring Meetings. Society Officers on 14th;
Board of Directors on 15th. Hilton Hotel, Denver, CO. (FSCT,
1315 Walnut St., Suite 832, Philadelphia, PA 19107).

(Oct. 28-30)—59th Annual Meeting and 46th Paint Indus-
tries’ Show. Cobo Hall, Detroit, MI. (FSCT, 1315 Walnut St.,
Suite 832, Philadelphia, PA 19107).

1982

(Apr. 29-30)—Spring Meetings. Society Officers on 29th;
Board of Directors on 30th. Boston, MA. (FSCT, 1315 Walnut St.,
Suite 832, Philadelphia, PA 19107).

(Nov. 3-5)—60th Annual Meeting and 47th Paint Industries’
Show. Sheraton Washington Hotel, Washington, D.C. (FSCT,
1315 Walnut St., Suite 832, Philadelphia, PA 19107).

PAINT RESEARCH INSTITUTE MEETING

(May 4-5)—Paint Research Institute Symposium on “Sta-
bility and Stabilization of Coatings Systems,” Battelle Memorial
Institute, Columbus, Ohio. (Dr. Raymond R. Myers, Chemistry
Dept., Kent State University, Kent, Ohio 44242).

SPECIAL SOCIETY MEETINGS

(Feb. 25-27)—Eighth Annual Water-Borne and Higher-
Solids Coatings Symposium. Hyatt Regency Hotel, New Orleans,
LA. Sponsored by Southern Society and University of Southern
Mississippi. (Dept. of Polymer Science, Univ. of Southern
Mississippi, Southern Station, Box 10076, Hattiesburg, MS
39401).

(Mar. 4—-6)—Western Coatings Societies Symposium and
Show. Disneyland Hotel, Anaheim, CA. (Richard C. Sutherland,
E.T. Horn, Co., 16141 Heron Ave., La Mirada, CA 90638.)

(Mar. 11=13)—Southern Society. 45th Annual Meeting.
Plaza South Hotel, Birmingham, AL (Peter F. Decker, Union
Carbide Corp., 17 Executive Park Drive, N.E. Atlanta, GA 30359).

(Mar. 24-25)—Cleveland Society 24th Annual Conference,
“Advances in Coatings Technology.” Baldwin-Wallace College,
Berea, OH. (George R. Pilcher, Sherwin-Williams Co., 601 Canal
Rd., Cleveland, OH 44113.)

(May 1-2)—Pacific Northwest Society. Annual Symposium.
Washington Plaza Hotel, Seattle, WA.

(May 9)—Montreal Society. Fiftieth Anniversary dinner-
dance, Montreal Que.

1982

(Mar. 10-12)—Southern Society Annual Meeting. Savan-
nah, Ga.

(Apr. 22-24)—Southwestern Paint Convention. Shamrock
Hilton Hotel, Houston, TX.

(May 6-8)—Pacific Northwest Society. Annual Symposium.
Vancouver, B.C.
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Designed

Specifically

for Short
Production
Runs
Rapid
Color

and Media
Changes

SCHOLD'S F-600 Shot Mill is a 4%z gal.,
sealed and pressurized, high-speed, con-
tinuous media mill ... for deagglomerat-
ing, dispersing and milling inks, paints,
dyestuffs, pharmaceuticals, fillers and simi-
lar liquids . .. makes short runs profitable
with rapid color and media changes ...
gives small plant operations the versatility
of handling batches from 50 to 500 gal/day
and up. Stainless or carbon steel; variable

speed drives. Write for engineering bulletin,

SCHOLD RESEARCH INSTITUTE welcomes your
product test on Schold equipment in Florida, or
special arrangements can be made for an “in
plant” test on your premises. Write for details.

5 MACHINE CO.

SOUTHERN DIV.: 387-105 Terrace NE, St. Petersburg, FL 33702

Telephones: 813/576-1147 or 576-1132
MIDWEST DIV.: 7201 W. 64th PL, Chicago, IL 60638
Telephones: 312/767-0487 or 458-3788
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OTHER ORGANIZATIONS

(Dec. 9-11)—Plant Engineering and Maintenance Show and
Conference/West. Convention Center, Anaheim, CA. (Clapp &
Poliak, Inc., 245 Park Ave., New York)

(Jan. 7-9)—“Thermoanalytical Methods” Short Course. The
Center for Professional Advancement, Central NJ. (The Center
for Professional Advancement, P.O. Box H, East Brunswick,
NJ 08816).

(Jan. 21)—ASTM Symposium, “Regiments for Predicting
Permanence of Decorative and Protective Surfaces.” Orlando,
FL. (Symposium Chairman Garmond Schurr, Sherwin-Williams
Co., 10909 S. Cottage Grove Ave., Chicago, IL 60628).

(Feb. 9-11)—Inter-Society Color Council. Williamsburg
Conference, Williamsburg, VA. (Dr. Fred W. Billmeyer, Secretary,
ISCC, Rensselaer Polytechnic Institute, Troy, NY 12181.)

(Mar. 2-4)—"Adhesion Science and Technology” Short
Course. The Center for Professional Advancement, Central NJ.
(The Center for Professional Advancement, P.O. Box H, East
Brunswick, NJ 08816).

(Apr. 6-10)—National Association of Corrosion Engineers
“Corrosion/81." Sheraton-Centre and Hotel Toronto, Toronto,
Ontario, Canada. (Conference Coordinator, NACE, P.O. Box
218340, Houston, TX 77218).

(Apr. 7-8)—NACE T6 Symposium on Underfilm Corrosion.
Sheraton Centre Hotel, Toronto, Canada. (National Association
of Corrosion Engineers, 1440 South Creek, Houston, TX 77084.)

(Apr. 27-28)—Inter-Society Color Council Annual Meeting.
Roosevelt Hotel, NY. (Dr. Fred W. Billmeyer, Secretary, ISCC,
Rensselaer Polytechnic Institute, Troy, NY 12181.)

(Apr. 28-30)—O0CCA-32. Oil and Colour Chemists’ Asso-
ciation 33rd Annual Technical Exhibition. Cunard International
Hotel, London, England. (The Director and Secretary, OCCA,
Priory House, 967 Harrow Rd., Wembley, Middlesex HAO 2SF,
England.)

(June 14-17)—Dry Color Manufacturers’ Association An-
nual Meeting. The Greenbriar, White Sulphur Springs, WV. (P.L.
Lehr, DCMA, Suite 100, 1117 North 18th St., Arlington, (Rosslyn)
VA 22209.) )

(June 17-20)—O0il and Colour Chemists’ Association Con-
ference, “Alternative Technologies in Coatings.” Beaufort Hotel,
Bath, England. (The Director and Secretary, OCCA, Priory
House, 967 Harrow Rd., Wembley, Middlesex HAO 2SF, England.)

(Sept. 13-16)—Canadian Paint Manufacturers Association.
Four Seasons Hotel, Vancouver, B.C. (Lydia Palazzi, Canadian
Paint Manufacturers Assn., 2050 Mansfield, Montreal, Que.,
Canada H3A 1Y9.)

(Sept. 20-25)—4th Congress of the Association Interna-
tionale de la Colueur, “COLOR 81." International Congress
Centre (ICC), Berlin (West), Germany. (Prof. Dr. Heinz Terstiege,
(AIC COLOR 81), Bundesanstalt fur Materialprufung (BAM),
Unter den Eichen 87, D-1000 Berlin 45, Federal Republic of
Germany).

(Oct. 13-15)—Association for Finishing Processes of the
Society of Manufacturing Engineers. “Finishing '81"” Conference
and Exposition, "Economics, Compliance, and Energy.” Cobo
Hall, Detroit, MI. (William J. Yeates, Executive Director AFP/
SME, One SME Dr., P.O. Box 930, Dearborn, M| 48128.)

(Dec. 9)—American Society for Testing and Materials Sym-
posium on Selection and Use of Wear Tests for Coatings.
Phoenix, AZ. (ASTM, 1916 Race St., Philadelphia, PA 19103.)

1982

(Feb. 7-10)—Inter-Society Color Council. Williamsburg
Conference, Williamsburg, VA.

(May 9-14)—XVIith Congress of FATIPEC, Brussels,
Belgium.

CATALYTIC
INCINERATION

Theory becomes
successful practice

By utilizing a unique fluidized bed catalyst, the patented
Econ-Abator® incineration system resolves all the opera-
tional problems inherent with conventional fixed bed
catalytic incineration.

The Econ-Abator® eliminates fumes
and odors, reduces fuel consumption
...and is designed for uninterrupted
operation. The low cost, disposable
moving bed minimizes catalyst coat-
ing deactivation and is uneffected
by many compounds that poison
conventional fixed bed systems.

Discover Econ-Abator® Its difference delivers many
practical performance and cost-saving advantages.

WRITE FOR LITERATURE

ARI International

A Division of Air Resources, Inc.
600 N. First Bank Dr. ® Palatine, Iil. 60067
Phone: (312) 359-7810 ¢ TWX: 910 693-1591

96

Advertisers Index

ALLIED CHEMICAL CORP. .......... TR A S SRR 18
ARI INTERNATIONAL DIV, AIR RESOURCES, INC. ...... 96
BUCKMAN LABORATORIES, INC. ........... Cover 4
BYK MALLINCKRODT CHEM. PROD.GMBH ............. 2
CABOY CORP. o oo onmis steswesias sien s Rvmeint 5o s 37
CHEMISCHE WERKEHULSAG ......................... 14
CIBA-GEIGY CORP. ..........ccoiiiiniiiiiiannnainnn, 8-9
COSAN CHEMICAL CORP. ............cciivvniininnnnnn 38
GEORGIAKAOLINCO. ..........cooviiiiiiiiiiinnnnnn, 47
HENKEL CORP.. ..ouoivus vomansmnmorsnmsanss s salegss 48
DR. HANS HEUBACH & CO. .............cc0ivvnnnn 19-20
HILTON DAVIS CHEMICAL CO.DIV. ................ 15-17
ILLINOIS MINERALS CO. ..........cciviiiiiiiniininnnns 84
NALCO CHEMICALS CO. .........ccovivvniiinninnnnnnn. 26
NATIONAL INDUSTRIAL CHEMICAL CORP. ............. 93
NETZEGH, INC. .ousi spi snisnnns saassme sos usnnamse o o 91
NL CHEMICALS/NL INDUSTRIES, INC. ............ Cover 2
C.J. OSBORN CHEMICALS, INC. ........................ 90
PENNSYLVANIA GLASS SAND CORP. .................. 21
PFIZER, INC., MINERALS, PIGMENTS

G METALSDIV., ..o vuivoinns vinvimainion e minisiose sisio svaie-sidisioss's 13
PPG INDUSTRIES, INC. ...ttt 25
REYNOLDS METAL CO. ......ccos0nsee mucsaasioson Cover 3
ROHM AND HAAS CO. .........cooiiiiiiiiiiiniinnnannns 1
SCHOLDMACHINECO. ...........ccocvvniiiniinninnnn. 95
SILBERLINE MANUFACTURING CO,,INC. .............. 88
TROY CHEMICALCORP. ..............cooiiiiininnnn. 24
UNION CARBIDECORP. ..................cc0ee. 4-5,10-11
VAN NOSTRAND REINHOLD .................c.oivnnnnn 23

Journal of Coatings Technology



Shining Examples:

Reynolds Aluminum Pigments put more glow
into your metallics.

If the new cars look especially rich in their
finishes, with a higher gloss and a softer-glowing color,
there’s a good reason. So many of them are finished in
metallics made with Reynolds Stain Resistant
Aluminum Pigments.

Reynolds has extremely rigid controls on par-
ticle size and uniformity for its non-
leafing pastes. And these controls give
you lower seed levels, better reflectivity
and brightness.

In effect, the Reynolds Pig-

REYNOLDS
ALUMINUM data, write to Reynolds Metals Com-
— PIGMENTS Pany Post Office Box 35030-PD,

For Quality Coatings

ments add depth and eye appeal by maintaining
maximum gloss in both straight metallic and poly-
chromatic coatings. They don’t mask the colors; they
enhance them. There's a big family of these Reynolds
Stain Resistant Pigments, including coarse, fine and
medium particle sizes. And any one of them might be
the answer to your more perfect finish.
For details and technical

Louisville, KY 40232.




Now really,

Busan’11-M1 does provide corro-
sion control, package pres-
ervation, mold resistance,
chalk resistance, tint reten-
tion and stain blocking to
coatings. And all very effec-
tively, we might add.

Busan"11-M1 is used
throughout the world in
consumer coatings, main-
tenance paints and indus-
trial finishes. It replaces the
need for multiple compo-
nents in a coating formula-
tion. :

Busan'11-M1, a mod-
ified barium metaborate
pigment, is registered with
the U.S. Environmental
Protection Agency (EPA
Reg. No. 1148-17-AA).

Your Buckman repre-
sentative will be glad to dis-
cuss your particular needs
and how Busan”11-M1 can

While not really a “cure-all,” =

Buckman Laboratories, Inc.

save you money. Call him. Or us. Or

those listed below.

Archway Chemical &
Supply, Inc., St. Louis,
Missouri/Beacon CMP
Corporation, Union, New
Jersey/Benlo Chemicals,
Inc., Milwaukee,
Wisconsin/George C.
Brandt, Inc., Kansas City,
Kansas/George C. Brandt,
Inc., St. Paul,
Minnesota/The Cary
Company, Addison,
Illinois/Cron Chemical
Corporation, Houston,

. Texas/Ideal Chemical &

~ Supply Co., Memphis,
Tennessee/Lukens Chemi-
cal Company, Cambridge,
Massachusetts/Maroon

" Chemical Group, Inc.,
Lakewood, Ohio/Van
Horn, Metz & Co., Inc.,
Conshohocken, Penn-
sylvania

Buckman Laboratories International, Inc.

1256 N. McLean/Memphis, Tenn. 38108 U.S.A./901-278-0330/Telex 5-3868/Cable Bulab
Buckman Laboratories also in: Australia, Belgium, Brazil, Canada, Japan, Mexico, South Africa.
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