


SAO rust preventives:
the best protection,

test aftertest aftertest.
One thousand hours salt fog. Pipes after three-year burial test. Six-month atmospheric test. 83'3

As these tests show, SACI®
rust preventive provides better
protection against corrosion.

That's because it has a unique
structure of highly-polar, over­
lapping microscopic platelets that
keeps moisture out.

Versatile protection.
There are five SACI rust

preventives. You can dilute or use
them alone.

Or you can formulate them
with asphalts, aliphatic and
aromatic solvents, hydrocarbon
resins or polymers, waxes, petro­
tatums and oils.

SACI can be pigmented for use
on bridges, storage tanks, signal

towers, guard rails and pipes.
Its tough, long-lasting protec­

tion makes it ideal for marine uses,
such as barges and offshore rigs.

Easy application.
SAC! is easy to apply. SAC!

coatings have strong bonding
power, so you don't need extensive
surface preparation. In fact, SACI
will even adhere to rust without
prelimina'ry sandblasting.

It's thixotropic, so it adheres
on corners and sharp edges. And
it's thermally stable. so it won't
crack or peel.

SACI rust preventives save.
For the Si\me C0~t you're

paying now you. ';uuld he getting

"iteo·

longer protection with SACI rust
preventives.

Ofcourse, the thicker the
SACI coating, the better your
results. But our salt fog tests have
shown that even a 0.5 mil layer will
protect for at least 1,300 hours.

If you want a formulation that
works better, is easy to apply and
gives a better cost/performance
ratio, talk to us about SACI rust
preventives.

Sonneborn Division.
For more details, write to:

Sonneborn Division, Witco
Chemical Corporation, Dept. Z31,
520 Madison Ave., New York, NY
10022. Or call 212-605-3916.



You asked for an easier-to-use BENTONE~
Here it is.

RHEOLOGICAL ADDITIVE

BENTONE·
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We introduce BENTONE 50-1 super-dispersible rheplogical additive. . / ,\e;:,~'e;:,"':,..)~~'ll\:) <,~.$"
The easiest-to-use rheological additive ever produced for COi\!'ings containing //<oo~;t' .!;;o,,,,~'" ",~~<f
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elBA-GEIGY
•epoxy resins

vs. tile toughest
applications

around
Aggressive chemicals and

organic solvents are tough on
storage tank linings. Formulating a
coating that resists them is not an
easy job if you don't have the right
components. Now, three new
products from elBA-GEIGY can
help·you change that.

Coatings based on XU-252.
Our new high performance

novolac epoxy resin can take on
many aggressive chemicals­
including chlorinated solvents,
ethanol, methanol, aromatic
amines, acids, caustic and
ammonia- under a variety of
seNice temperatures.

XU·252 based coating

Chemical exposure cell proves
outstanding performance.

One of the most realistic tests
for chemical resistance, the
chemical exposure cell, is
designed to simulate seNice
conditions as closely as possible.
A coated panel is attached to the
end of a cylinder so that the
chemical being tested makes
direct contact with only the coated
surface.

As you can see in the panels, an
XU-252 based coating showed no
sign of failure even against a
solvent like methylene chloride,
while one formulated with a
standard bisphenol-A based
epoxy resin softened and
blistered.



Chemical and solvent resistance of XU·252 based coatings

Bisphenol-A based coating.

We also tested XU-252 based
coatings for resistance against a
range of other chemicals. The
chart shows some of the toughest

ones In all cases these coatings
exhibited excellent resistance to
continuous exposure for a
minimum of eight months.

Two new hardeners increase
chemical resistance.

H'?943 and H'?2969 when
formulated with XU-252 provide a
variety of new properties.

H'?943 produces solvent-free
and high solid coatings with
excellent alcohol and chlorinated
solvent resistance.

H'?2969 produces solvent-free
systems resistant to acids and
aromatic solvents even as tough
as benzene.

Tell us about your toughest
applications.

Storage tank linings are only
one of the tough applications
CIBA-GEIGY epoxy resins and
hardeners can handle. They're
also ideal for such applications as
pickling lines, hot waste disposal
and nuclear containment areas,
pollution control equipment, and
flooring in pulp and paper mills.

If you have a tough application
that demands a durable, long
lasting coating, tell us about it and
we'll tell you how our epoxy resins
and hardeners can help you
formulate one. Write CIBA-GEIGY
Corporation, Resins Department,
3 Skyline Drive, Hawthorne, New
York 10532, or call 800-431-1900
In New York 914-347-4700.

Reagents

Acetic acid (10%)

HCI(36%)

NHoOH(3O%)

Acetone

Methylene chloride

Methanol

Months to date/test duration 8 months

2 3 4 5 6 7

elBA-GEIGY
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T. A. Kocis,
Contributing Editor

More About Our Roots
Mention was made on this page a year ago of the newly formed Ad Hoc

Committee on Paint History, whose object is to trace our venerable industry's
lineage and compile in-depth historical data for publication of a definitive work
on the subject.

The project is noteworthy because it evolved as a voluntary commitment by a
group of interested members who believe the paint industry's intriguing and
fascinating past has been too long a well-kept secret. And news of the
Committee's work has generated offers of assistance from a number of readers
in various parts of the world, reflecting a wide-ranging interest in the
undertaking.

Work is currently focused on the Ancient World (circa 4,000 BC to 400 AD),
and the Committee is seeking input on several areas, namely, Greco-Roman and
Byzantine Art, Bituminous Coatings, and Egyptian Tempera and Decorations.

Further down the road, assistance would be welcomed from anyone who has
acquaintance with, or is interested in, early musical instrument manufacturers,
early U.S. paint ingredients, and historical data on paint making machinery.

Those wishing to help with any of the above (or any other aspect of the
project) are invited to contact Joe Boatwright, 6412 Mills Creek Lane, North
Ridgeville, Ohio 44039 (216) 327-7700.

Help if you can, and be a part of history in the making!

Vol. 55. No. 698. March 1983
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NDUSTRYABIG ACRYLIC FAVOR
Offer Roof Mastics
Based on New
RHOPlEX™ EC Technology
Introducing RHOPLEX® EC-1895 emulsion for
superior resistance to water ponding conditions
and RHOPLEX EC-1791 emulsion for superior
adhesion to polyurethane foam. Acrylics from
RHOPLEX EC technology are well known for:

• Long term durability

• Long lasting flexibility even at low
temperatures

• Superior dirt pick-up resistance and
reflectivity

RHOPLEX EC-1685 acrylic is the standard. when
water ponding and adhesion are not problems.

For flat roofs with potential water ponding
problems. the new RHOPLEX EC-1895 acrylic
helps to keep bulk water from passing through
the protective coating. Acrylics are known as
breathers. not water vapor barriers. They
transmit low levels of water vapor through the
coating and thereby resist the formation of
vapor traps in the building.

Another new roof mastic polymer, RHOPLEX
EC-1791 provides elastomeric.coatings with
superior wet and dry adhesion to low and high
density polyurethane foam.

Do your roofing contractors the favor
of providing a seamless coating based on
RHOPLEX EC technology. It goes on faster than
sheets. eliminates hot tars. and reduces
customer call backs. This saves time and
money.

All you need to do to profit from this business
opportunity is to combine your paint formu­
lating know-how with RHOPLEX EC technology.
Find out more about the product-line of acrylic
polymers designed specifically for roof mastics.
Write to Rohm and Haas Company, Marketing
Services Department. Independence Mall
West. Philadelphia. PA 19105.

RDHMD
iHAAS~
PHILADELPHIA, PA. 19105
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UST PHONE OUR NEAREST
ISTRIBUTOR

"When do you need it? ... It's on its way!"
That's the response customers get when they
call a Pfizer distributor with a less-than­
truckload order. Our distributors have the
stocks and the delivery capability to service
their customers when "time is of the essence." _

With its complete line of pigment products,
Pfizer supports each member of its nation-wide
distributor network. Further, Pfizer is always

ready to provide high-technology counsel on
the most effective uses of the Prizer products
they sell.

Pfizer's LTL distributor network is another key
aspect of our total distribution system which
also includes direct sales force coverage in
major U.S. cities, and manufacturing facilities in
Pennsylvania, Illinois, and California.

NEW ENGLAND
N.E. Resins & Pigments· Boston, MA (617) 935-8910

MID ATLANTIC
Seegott· Buffalo, NY (216) 247-2440

• Pittsburgh. PA (216) 247-2440
Whittaker, Clark & Daniels· Metro NY (200561-6100

SOUTH ATLANTIC
Burks, Inc.• Atlanta, GA (404) 691-7640

·High Point, N.C. (919)885-8188
• Tampa, Fla. (813)876-4271

Leidy Chemical· Baltimore, MD (301) 685-2200

EAST-NORTH CENTRAL
C.L. Zimmerman • Cincinnati, OH (513) 559-1180
Jensen-Souders .Chicago, IL (312) 773-1830
Matteson-Ridolfi. Detroit, Mi (313) 479-4500
Seegott • Cleveland, OH (216) 247-2440

EAST-SOUTH CENTRAL
C.L. Zimmerman. Louisville, KY (513) 559-1180
Walsh & Associates. Memphis, TN (314) 781-2520

WES~NORTHCENTRAL

Walsh & Associates. St. Louis, MO (314) 781-2520
• Kansas City, MO (816) 842-3014

WEST-SOUTH CENTRAL
Cron Chemical. New Orleans, LA (504) 254-0865

• Houston, TX (713) 644-7561
• Dallas, TX (214) 631-6670

MOUNTAIN
EI Rey Stucco .Aibuquerque, NM (505)873-1180
Walsh & Associates. Denver, CO (303) 825-0835

PACIFIC
Harrison & Crossfield. Seattle, WA (206) 682-4425

• Portland, OR (503) 222-1301
Pfizer. Los Angeles, CA (213) 268-8331

MINERALS
PIGMENTS
& METALS
DIVISION

Dept. 2C-9 - 235 E. 42nd Street
New Yorl<, New York 10017



EFFECT OF THE PIGMENT-VEHICLE INTERACTION
ON THE PROPERTIES OF MAGNETIC COATINGS­
Y. Isobe, K. Okuyama, A. Hosaka, and Y. Kubota

Journal of Coatings Technology, 55, No. 698, 23 (Mar. 1983)

Mechanical properties of coating films containing acicu­
lar y-Fe203 and Co (cobalt) -adsorbed y-Fe20 3 were
studied in comparison to Ti02. Dynamic viscoelasticity,
stress-strain properties and water absorption of the coat­
ing films were measured. The thickness of the pigment­
vehicle interfacial layer was estimated using the method
proposed by K.D. Ziegel and also by the amount of
polymer adsorbed on the pigment as measured by gel
permeation chromatography. It was concluded that the
interaction between Co-adsorbed y-Fe203 and the poly­
mer was stro.nger than that between y-Fe203 and the
polymer. The composition of the adsorbed polymer on
the pigment was determined by IR spectroscopy in order
to study the affinity between the pigment and the polymer.
Polyvinylchloride-vinyl acetate-vinylalcohol copolymer
was adsorbed more strongly on Co-adsorbed y-Fe203
than polyurethane elastomer, but the reverse was true
for y-Fe203'

CROSSLINKED-CORE LATEX BY RADIATION­
INDUCED EMULSION POLYMERIZATION­
K. Makuuchi, A. Katakai, and H. Nakayama

Journal of Coatings Technology, 55, No. 698, 29 (Mar. 1983)

Copolymer latexes of self-crosslinking N-(n-butoxy­
methyl) acrylamide (NBM) are prepared by radiation­
induced emulsion polymerization using Co-60 gamma­
rays. The latex, consisting of crosslinked polymers, is
superior in water resistance, solvent resistance, and
mechanical properties of films cured at 160·C for 30
minutes, but inferior in gloss of pigmented film to the
latex consisting of low molecular weight polymers. The
core-shell latex having a.core of crosslinked polymers
and a shell of low molecular weight copolymers of NBM
exhibits excellent final. properties. The weatherability of
the cured film increased with increasing degree of cross­
linking of core polymers. The effect of monomerfeed rate
and pre-emulsification of monomer on the final proper­
ties are investigated in connection with the formation of
microgel and water-soluble acid bearing oligomers.

USE OF AC IMPEDANCE IN THE STUDY OF THE
ANTICORROSIVE PROPERTIES OF CHLORINE­
CONTAINING VINYL ACRYLIC LATEX COPOLYMERS
-J.C. Padget and P.J. Moreland

Journal of Coatings Technology, 55, No. 698, 39 (Mar. 1983)

Resistance, capacitance, and impedance data obtained
from AC impedance measurements on coated test panels
were found to give a very sensitive and quantitative
assessment of both the permeation characteristics and

12

the deterioration of various latex and paint coatings. The
measurements showed that films cast from chlorine­
containing vinyl acrylic latex copolymers exhibited low
uptake of liquid water and ions when the degree of parti­
cle coalescence was high. The addition of ablock copoly­
mer surfactant, introduced to ensure the stability of
acidic paints based on such copolymers, was found to
greatly increase the rate of latex particle coalescence due
to a plasticization effect. AC impedance measurements
supplemented by salt spray and outdoor exposure results
showed a reiationship between the permeation charac­
teristics and the anticorrosive performance of latex films
and latex paints, and showed the advantages to be gained
by using a low permeability chlorine containing polymer.

CHARACTERIZATION OF PIGMENT VOLUME CON­
CENTRATION EFFECTS IN LATEX PAINTS-W.J.
Culhane, D.T. Smith, and C.P. Chiang

Journal of Coatings Technology, 55, No. 698, 53 (Mar. 1983)

The relationship of the pigment volume concentration to
the critical pigment volume concentration in latex paint
films is characterized by traditional and new methods.
Calculated and empirical critical pigment volume concen­
tration determinations are shown to yield consistent
results. Gloss, scrub resistance, staining and observed T9

of the films are correlated with scanning electron
microscope observations for samples formulated over an
extreme range of pigment volume concentrations. New
insights into the role of the pigment/latex ratio are
provided.

POPPING OF WATER-SOLUBLE ACRYLIC COAT­
INGS-B.C. Watson and Z.w. Wicks, Jr.

Journal of Coatings Technology, 55, No. 698, 59 (Mar. 1983)

The tendency of water-soluble industrial baking enamels
to show popping is a factor which significantly limits their
commercial use in some applications. A test to determine
the maximum film thickness of acrylic enamel which
could be applied and cured under standardized condi­
tions without popping was developed to compare
various coatings. Glass transition temperature of the
acrylic copolymer was found to correlate with popping.
Critical film thickness decreased as glass transition
temperature increased. The same trends were observed in
solvent-reduced and water-reduced coatings. The critical
film thickness was much thinner for water-reduced
coatings. It was found that after initial losses, rate of
volatile loss in a TGA furnace at 150·C decreased as T9
increased and was slower from water-reduced coatings
than from 2-butoxyethanol-reduced coatings. Rate of
temperature increase of the TGA samples from water­
reduced coatings was slower than with 2-butoxyethanol­
reduced coatings. The greater heat requirement to
evaporate water may be a factor in the greater sensitivity
to popping of the water-reduced coatings. Other factors
which may affect popping are also discussed.

Journal of Coatings Technology



ALTOWHITE@) TE is a new, unmatched, calcined aluminum
silicate pigment extender. ALTOWHITE TE features high bright­
ness and superior hiding efficiency over a wide range of PVC
and Ti02 levels. Its outstanding brightness and opacifying
power make ALTOWHITE TE the logical choice as an extender
for Ti02 .

For more information contact Georgia Kaolin Company or
your GK distributor.

The Mark of a Great Clay

GEORGIA KAOLIN
Post Office Box 277
433 North Broad Street
Elizabeth, New Jersey 07207
201 352-9800 TX 13-8314

A Subsidiary of ..~ COMBUSTION
........ ENGINEERING
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EVEN IN
OXYGENATED SOLVENTS,

GOOD TEAMWORK
CAN GET YOUR SHOW

ON THE ROAD.

Barnumhadthebrilliance,
Baileyhad the transport. When
the two got together, they
launched one of America's
most successful institutions.

In the same way, if you use
oxygenaredsclvenlli,wecan
team up with you and help
you make all the right moves
in the years ahead.

We can help you over
environmental hurdles. Leap
to help you meet upcoming
volume requirements right
through the '80s. Even bend
over backwards to give you
technical assistance.

What's more, our Sales
and Service, Research and
Development people have
been working closely with
solvents and solvent users for
more than fifty years. So we
can pitch in whenever you
need help. And with our

network of distribution and
sales facilities across the
country, we can provide you
with a proper balance of
newest developmenlli in
solvent technology, as well as
a dependable source of supply
for proven produclli.

To learn how our capa­
bilities can amaze and astound
you, call your Union Carbide
Sales Representative or
contact one of the many
Union Carbide distributors
located throughout the nation.
Or write to us at Dept. K4436,
Old Ridgebury Road,
Danbury, CT 06817.

Togethe~ we could be the
greatest show on earth.

•SOLVENTS & INTERMEDIATES



federation news

FSCT Seminar to Focus on Efficient Use of Laboratories
"The Efficient Operation of an Up-to­

Date Paint and Coatings Laboratory,"
will be the topic of the first seminar
sponsored by the Federation, to be held
at the Hilton Plaza Inn, Kansas City,
MO, on April 26-27.

The I y, day event is designed to help
paint and coatings manufacturers re­
evaluate the efficiency of their laboratory
procedures. Well-known paint scientists
will explain how they plan an R&D
budget, how they develop cooperation
with raw material suppliers, how they
evaluate the effectiveness of their per­
sonnel, and how they communicate with
the sales department and top manage­
ment. Each session will conclude with an
open-discussion period.

Moderated by Federation Past-Presi­
dent Howard Jerome, of Spatz Paint
Industries, the seminar is designed for
research and development, quality con­
trol, and management personnel from
coatings manufacturing firms, and tech­
nical people from raw material suppliers
and coatings users.

The following program is planned for
presentation:

TUESDAY, APRIL 26

Keynote Address-"Designing the
Laboratory to Fit the Business"-Dr.
Orville H. Bullitt, Jr., Technical Man­
ager-Finishes Div., E. I. du Pont de
Nemours & Co., Inc., Wilmington, DE.

Because of the complex and sophisti­
cated nature of present and emerging
coatings technology. it is generally not
economically practical to develop and
market all types of products; hence, the
R&D effort must be geared to producing
those which will fulfill marketing goals.

"Planning the R&D Budget"-Warren
O. Manley, Director of Research and
Quality Assurance, Cook Paint and
Varnish Co., Kansas City, MO.

Budget planning must include answering
the question. "Will increased spending
produce profitable results?"Among items
to be considered are market ing goals.
technical talent available, and emerging
technology expected.

"Optimizing the Organization of an
Industrial Coatings Laboratory"-Mil­
ton A Glaser, Consultant, Glencoe, IL
(Formerly Vice-President and Research
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Director, Midland Div., Dexter Corp.,
Waukegan, ILl.

Organizing technical foundations for
laboratories is important. and human
aspects may be equally vital. Presentation
will include discussion of technical re­
quirements and critical interfaces with
other departments.

"Approach to Formulation-Archi­
tectural and Maintenance Paints"­
John C. Ballard, Vice-President and
Technical Director, Kutfees Coatings,
Inc., Louisville, KY.

Formulation of trade sales paint prod­
ucts demands a solid knowledge of
pigments. vehicles. solvents. and addi­
tives by the paint chemist. Universal
acceptability to do-it-yourselfers, as well
as to professionals. is essential, as is
unlimited shelfstability.

"Laboratoty Instrumentation and
Equipment"-Dr. Darlene Brezinski,
Manager, Analytical and Computer Ap­
plication Research, DeSoto, Inc., Des
Plaines, IL.

Instrumentation and equipment for an­
alytical and quality control workJor the
smaller laboratory. as well as the larger,
more sophisticated facility. will be ex­
plored. relative to meeting current prod­
uct and governmental standards. A dis­
cussion of instrument and equipment
cost. staffing cost. return on invest­
ment of larger, more expensive instru­
mentation. and operating expenses will
be included.

·Use of Computers in Research and
Development"-Dr. Mark E. Koehler,
Polymer Research and Computer Scien­
tist, Glidden Coatings and Resins Div.,
SCM Corp., Strongsville, OH.

R&D computer applications in the areas
ofinstrument automation, sample track­
ing, data base management. personal
computing, and process monitoring and
control are discussed, in terms of both
hardware and software implications.

Open Forum-Speakers will assemble
as a panel for discussion period.

WEDNESDAY, APRIL 27

"Designing and Building a New Labo­
ratory"-Dr. C. Malcolm Hendry, Gen­
eral Manager-Laboratory, Hempel Tech­
nology, Inc., Houston, TX.

The design and construction of a new
laboratory involves myriad considera­
tions. Space. equipment. and personnel
needs. along with worker safety and
health concerns. plus economic limita­
tions. all require careful study. The crea­
tion ofa recent(y built coatings laboratory
is discussed.

"Quality Control/Quality Assurance"
-Harold M. Werner, Consultant, Olm­
sled Twp., OH (Formerly Manager of
Quality Assurance, Glidden Coatings
and Resins Div., SCM Corp., Strongs­
ville,OH).

Quality assurance begins with selling
standards of excellence. Key factors are
people. communication, formulations.
materials specifications, process control.
documentation and monitorillg of com­
pliance.

"Developing Cooperation with Your
Raw Material Supplier"-John J. Oates,
Manager of Technical Sales, Troy Chem­
ical Corp., Newark, NJ.

The technical people and marketing
specialists employed by raw material
companies constitute a rich resource
which is available to support coatings
chemists in their work. Ideas and case
histories will be presented which will
indicate how this dialogue can be ex­
panded and more effectively utilized.

"The Anatomy of Synthetic Resins"­
James A. Hoeck, Laboratory Manager
of Resin Development, Reliance Uni­
versal, Inc., Louisville, KY.

Resin and polymer technology continues
to advance. Presentarioll will discuss
resins currently used in the coatings
industry, including their processing re­
quirements and end uses, plus a look at
furure development objectives in this
field.

"Color Matching: Personnel, Instru­
ment, Discipline Requirements"­
Charles J. Sherman, Director, Color
and Standards Laboratory, The Sherwin­
Williams Co., Chicago, IL.

Proficient color matching begins with
people who have a good working knowl­
edge of color technology. Computers
offer the most efficient method to match

(Please turn to page 19)
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Two New Pigments with High Fastness Properties

HEUCOTRON®Red 23
HEUCOTRON®Yeliow 5

o Higher industrial hygienic protection
o Increased S02-resistance
o Increased Hiding Power
o Increased brilliancy and colour depth

HEUCOTRON-Yellow 5 and HEUCOTRON-Red 23 were com
pared with high performance pigments from the highly sta·
bilized series.

Two New Pigments with High Fastness Properties

HEUCOTRON-Yellow 5 and HEUCOTRON-Red 23 have ex·
cellent fastness to light, weathering and 502, and possess
more brilliant colour shades than other comparable pig·
ments.

N. Y.lCentral·Northem N.J.:
Jesse $. Young Co., Inc.
520 Westfield Avenue,
Elizabeth, New Jersey 072J3
Teleph., 201·351·0140

IL./WI./IN.lIA. ,
George C. Brandl. Inc.
, 010 Jone Boulevard, SUitt' 30~

Oak Brook. illinOIS 60521
Teleph.' 312/323·7228

ME.lNH.lVT.lMA.lRJ.lC1.,
Lovezzo/a· Ward Co.. Inc.
415 Boslon Turnpike - RH- 9
Shrewsburry. Mass, 0154~
Telex: 951828
Teleph.: 617/842·4345

MUOH.,
Seegort Inc.
190 East Washll1glon Sire,,·
Chagrin Falls. OhiO 4402,
Teleph, 216·247·2440

Western P.A.lN.Y.lWestlla.:
Alan C. Zoller Co
One Thousand RIDC PlaZd
PIHsburgh. PA 15238
Teleph _-112-963-6606

Eastern P.A.lOel.lMd.:
S. E. F,resfone ASSOCiates
101 Surrey Road
Philadelohla. PA 19126
Tel.' 215·635·1366

Michael D. Wright
28 Sylvia
Naperville, III. 80540
Telex: 0283463 ehhcor npvl
Teleph., 312·4202466

Md.lVa.lN. C.lDeI.lP. A.lSoulhern N. J.'
The A.B. Kohl Sales Co
8765 Mylander Lane.
Towson, Maryland 21204
Telex: 8-7483
Teleph.: 301/828·1900

Ariz./Cal.lColo./lda./Mont.lNev./N.M./

Ore.lUt./Wash.lWyo.lTx.:
The S,etJor Corporation
Central Federal Bldg .. SUite 304
10850 RiverSIde Drive
Norlh Hollvwood. C<llil 91602
Telex. 4720280 sieflor
Teleph .. 213·980·5596

Our Representatives:
Canada:
Ternachem Inc.
505 Consumers Ad., SUite 403
Willowdale, Onlano M2J 4V8
Telex: 06~986685
Teleph.: 4 16·492·8606

S02-Test
To test for durability panels were coated with an alkyd·
melamine resin varnish containing 20% for HEUCOTRON·
Yellow 5 and 15 % for HEUCOTRON-Red 23, then tested '"
accordance with DIN 50018 with 2 litres 502 in a Kestermch
apparatus.

The Kesternich test has shown that HEUCOTRON-Yellow 5
and HEUCOTRON-Red 23 possess significantly better resls,
tance to 502 than other pigments.

Because of this as well as the excellent fastness to light.
weathering and heat HEUCOTRON-Yellow 5 and HEUCO·
TRON-Red 23 are particularly suitable for use in high quail"
paint systems.

Industrial Hygienic Security
The spezial merit ot HEUCOTRON-Yellow 5 is the low aCid
soluble lead content of less fhan 1% and HEUCOTRON·R~

of less than 2 % according to DIN 55975 (pigment/hydrochl
acid = 1/1.000).

This considerable reduction of the acid soluble lead conll
in both pigments results in a corresponding increase 01
industrial hygienic security and furthermore these pigmen
do not have to be marked with the 51. And rews Cross.

10 cycles Kesternich

10 cycles Kesternich

Reference sample

Reference sam pie



FSC T Seminar to Focus on Efficient Use of Laboratories
colors, provided the discipline required
to minimize random error is followed.

Open Forum-Speakers will assemble
as a panel for discussion period.

"Relationship of the Laboratory to
Sales and Management"-Robert S.
Bailey, Vice-President and Director of
Marketing, Lilly Industrial Coatings,
Inc., Indianapolis, IN.

The laboratory plays an important role
in the succes.' of a pailll and coatings
manufacturer. The greatesl success ;s
achieved with a high level o(cooperation

PRI Programs
Supported by 1982
Contributors

The list of Federation Societies and
Corporations which made financial con­
tributions to the Federation's Paint Re­
search Institute in 1982 (in addition to the
annual grant from the Federation and the
continuing Leo Roon Endowment Fund)
is as follows:

1982 Contributors to PRI

Federation Societies

among management, sales, and tech­
nical personnel. A speaker experienced
in all o( these areas tells how.

"Technical Service-Communication
with Your Customers"-Dr. Thomas J.
Miranda, Staff Scientist, Research and
Engineering Center, Whirlpool Corp.,
Benton Harbor, M I.

When providing technical service, the
coatings supplier must be aCUle(1' aware
0.( the customer's needs. Developing this
awareness can involve a maze of com­
munications problems. Examples of
communications among research cen­
ters, engineering groups, and division
users will be discussed

"Training Programs for New Chem­
ists and Technicians"-John A. Gordon,
Jr., Adjunct Professor, Chemistry
Dept., University of Missouri- Rolla,
Rolla, MO.

A solid academic foundation in chem­
istry and/or che~lical engineering is

important to a successful career in
coatings development. The learning pro­
cess, however, must continue at a high
level once the graduate enters the in­
dustriallaboratory.

Open Forum-Speakers will assemble
as a panel for discussion period.

REGISTRATION

Registration fee is $80 for Federation
members; $90 for non-members; and
$100 for all after April I. Included in
registration is continental breakfast,
luncheon, coffee breaks, and copies of
the talks, as well as bus transportation
to the airport at the conclusion of the
seminar.

Housing requests for the Hilton Plaza
Inn should be made through the Federa­
tion office.

For additional information, or to
register, please contact the Federation
office, 1315 Walnut St., Suite 832,
Philadelphia, PA 19107; or call (215)
545-1506.

Golden Gate; Houston; Kansas City:
Los Angeles; Louisville; New York;
Pacific Northwest; and Southern.

Industries

M.F. Cachat Co.; Canada Colors &
Chemicals Ltd.; Canadian General Elec­
tric Ltd.; ChemcentraljCleveland;
Celanese Canada, Inc.; C-I-L Inc.; Cook
Paint & Varnish Co.; Danicl Products
Co.; Dar-Tech, Inc.; Dominion Colour
Co. Ltd.; Drew Chemical Co.; Dow
Chemical Co.; Ferro Corp.; Jamestown
Paint & Varnish Co.; Kalcor Coatings
Co.; Dj L Laboratories, Inc.; Midland
Div., Dexter Corp.; Mooney Chemicals,
Inc.; Benjamin Moore & Co. Ltd.;
Nakan Products Ltd.; NL Industries,
Inc.; Q-Panel Co.; Reichhold Chemicals,
Inc.; Rohm and Haas Co.; SCM Corp.;
Seegotl, Inc.; Shell Corp.; Sherwin­
Williams Co.; Silberline Mfg. Co., Inc.;
Donald McKay Smith, Inc.; Tioxide
Canada, Inc.; Union Carbide Corp.; and
Whirlpool Corp.

Industries Comprising
The Mildew Consortium

Cosan Chemical Corp.; PPG Indus­
tries, Inc.; Rohm and Haas Co.; and
SCM Corp., Glidden C&R Div.
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Federation Publishes Southern Society's
'Consumer Guide to Trade Paint Quality'

A Consumer Guide to Trade Paint Quality, produced to help promote
an appreciation of paint quality features and an understanding of paint
application, has been published by the Federation of Societies for
Coatings Technology.

The guide, entitled "Know Paint Quality Before You Buy," focuses
on latex interior flat paint and depicts the performance characteristics
of low, average, and high-quality prOducts.

Written and developed by the Southern Society for Coatings Tech­
nology, the pamphlet is designed for point-of-purchase use to help the
consumer understand what to look for in paints. Full-color reproduc­
tions illustrate the effects of paint quality features on staining and
washability-durability, as well as spreading rate, application, and wet
& dry hiding.

Cooperating with the Federation in the distribution of the guide will
be the National Decorating Products Association and its member paint
store dealers.

The price of the guide is 10¢each, minimum orderof 100copies. Order
from the Federation of Societies for Coatings Technology, 1315 Walnut
SI. Philadelphia, PA 19107.
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Proposed Amendments to Federation By-Laws and Standing Rules

TO BE PRESENTED FOR FIRST READING

The following amendment to the By-Laws will be
presented for first reading at the May 20, 1983 Board of
Directors meeting.

Re: Equal Voting and Office-Holding Privileges

WHEREAS the Pittsburgh Society has proposed that the
existing Federation By-Laws and Standing Rules be
amended to extend equal voting and office-holding priv­
ileges to all Federation Active and Associate members while
still maintaining the existing classes of membership, and

WHEREAS the Federation Ad Hoc Committee on Federa­
tion Voting and Office-Holding Privileges studied this
proposal and recommended to the Board of Directors that
an orderly course of change be enacted, beginning with the
right of each Constituent Society to determine the rights and
privileges of its own members in the affairs of the
Constituent Society, be it

RESOLVED that Article II, Section B, MANAGEMENT
OF INTERNAL AFFAIRS, be amended to read as follows:

"(I) Subject to these By-Laws and the Standing Rules of
the Federation, each Constituent Society shall have entire
control of its own internal affairs.

"(2) The term Voting Member as used in these By-Laws
and the Standing Rules of the Federation shall be construed
to mean Active Member unless defined otherwise by the
Constitution and/or By-Laws of the Constituent Society.

"(3) Each Constituent Society shall operate in ac­
cordance ... violate these laws.

"(4) It shall be the duty ... discussions held."

BE IT FU RTHER RESOLVED that the By-Laws and
Standing Rules of the Federation be amended as follows
[deletions in parentheses, 0, additions in italics):

"IV A. (2) ... Nominations for any elective office may
also be made from the floor by any Society Representative at
the Spring meeting, or by a petition signed by 25 (Active)
Voting Members and forwarded to the Federation Execu­
tiveVice-President in time for publication in the August ...

"IV B. (I) The (Active) Voting Members of each Con­
stituent Society shall elect one Society Representative every
third year who shall be an Active Member of said
Society ...

"XI A. ORIGINATION

Proposals to amend these By-Laws may be originated by:

"(6) The petition of ten or more (Active) Voting
Members, each of two or more Constituent Societies being
represented by at least five (Active) Voting Members in the
petitioning group.

"SR II C. (I) An applicant for Active Membership must
be proposed by (an Active) a Voting Member and be
endorsed by another (Active) Voting Member ... Election
to membership shall be by a two-thirds favorable vote of the
(Active) Voting Members present and voting at a regular
Society meeting ...

"(2) An applicant for Associate Membership must be
proposed by (an Active) a Voting Member and be endorsed
by another (Active) Voting Member. The application shall
be processed in the same manner as an application for Active
Membership.

"(3) An applicant for Educator and Student Membership
must be proposed by (an Active) a Voting Member and be
endorsed by another (Active) Voting Member. The applica-
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tion shall be processed in the same manner asan application
for Active Membership.

"(4) An applicant for Retired Membership ... subject to
election to membership by two-thirds vote of the (Active)
Voting Members present and voting at any regular meeting
of the Society. The application shall be processed in the same
manner as an application for Active Membership.

"SR II D. Nominations for Honorary Membership may
originate with any Constituent Society and shall require a 90
per cent favorable vote of all (Active) Voting Members
present ..."

Comment: The By-Laws Committee recommends adoption.

• • • • •
Note: The Executive Committee has approved a dues

increase for 1985. The following amendments will be
presented on May 20, 1983 if the Board of Directors
approves this Executive Committee action.

TO BE PRESENTED FOR FIRST READING

Article VIII

DUES

WHEREAS the Federation Board of Directors has ap­
proved a dues increase from $15.00 to $20.00, beginning in
1985 (1984-85 Fiscal Year), for Active, Associate, and
Society Honorary Members, be it

RESOLVED that By-Laws Article VIII, Sections A and C.
be amended as follows:

"A. Active, Associate, and Society Honorary Members

Each Constituent Society shall pay to the Federation
office annual dues in the amount set by the Board of
directors for each Active, Associate, and Society Honorary
Member of the Constituent Society."

"c. Educator and Student Members

The dues of Educator and Student Members shall be
determined by the Board of Directors."

BE IT FURTHER RESOLVED that the By-Laws and
Standing Rules of the Federation be amended as follows:

By-Laws - Article III

Article III, Section B, Paragraph (I)

"The duties of the Board of Directors shall be to:

o. Establish the annual Federation dues for Active,
Associate, Society Honorary, and Educator and Student
Members."

Standing Rules - Articles VIII and IX

Standing Rule Article SR VIII be renumbered as SR IX.

New Standing Rule Article SR VIII be added as follows:

"A. Active, Associate, and Society Honorary Dues

Annual Federation dues for each Active, Associate, and
Society Honorary Member is $20.00 in U.S. Funds.

"B. Educator and Student Members

Annual Federation dues for each Educator and Student
Member is $10.00 in U.S. Funds."

Comment: The By-Laws Committee recommends adoption.
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THIS GUIDE TELLS YOU
HOW TO USE GE SILICONES

GE silicone fluids, emulsions,
solutions, resins, compounds,
adhesives and lubricants have
been formulated for a wide range
of industrial uses. They are avail­
able by the small lot or drum from
your local Union Chemical UC/DC
Distribution Center.

Primary applications and the GE
Silicone products of choice, rang­
ing from paints and coatings to
chemical specialties, antifoams,
insulating varnishes and adhe­
sives, rubber and plastic and metal
mold release agents, greases
and compounds and fluids for
dozens of industrial uses are in­
dicated in the useful "SILICONES
Selector Chart" available from
Union Chemicals Division. Re­
quest a copy. You can call your
local Union Chemical UC/DC for
supply. Let us help you put the
proper GE Silicone product to
work for the job at hand.

8SILKONES
Think about it. If it's a GE Silicone
prOduct, or any chemical, and you
need a drum the Union Chemical
UC/DC network probably has it.

\
\
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---_....... ".- -
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Opens up to
25" x 19V2"
for wall hanging
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SELECTOR GUIDE

UC/DC T
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UNION CHEMICALS
DISTRIBUTION CENTERS

Atlanta, GA
Baltimore, MD
Birmingham, Al
Carteret, NJ
Charlotte, NC
Chicago,ll
Cincinnati, OH
Cleveland, OH
Dallas, TX
Denver, CO
Houston, TX
Kansas City, MO

404/934-0343
301/355-2737
205/436-3623
201/574-9890
704/588-2633
312/885-5200
513/489-4406
216/871-9010
214/298-8233
303/629-6667
713/643-3517
816/231-7600

los Angeles, CA 213/537-3400
Memphis, TN 901/948-4487
Miami, Fl 305/633-9943
Mobile, Al 205/438-9771
Nashville, TN 615/320-5474
Oakland, CA 415/533-2373
Philadelphia, PA 215/753-1903
Providence, RI 401/438-7240
SI. Paul, MN 6121227-8020
Tampa, Fl 813/877-0506
Vancouver, WA 206/696-1654
Wichita, KS 316/838-3335

.~;~c~!I~~S
Petrochemical Group
Union Oil Company of California
Schaumburg, IL 60195



Magnetic Dispersions
Faster And With

More Control
Whether you make magnetic media for audio, video or computer
applications, Netzsch Bead Mills will do the job faster and with
greater control over temperature, quality and consistency than
other Mills.
Netzsch Mills process magnetic media in two single passes, each
with a residence time of four to eight minutes. The temperature of
the process is closely controlled by cooling both the agitator shaft
and the grinding chamber wall. Because we can custom tailor the
Mill's grinding method and grinding media specifically to your par­
ticular needs, you achieve higher quality, consistency and control.

When compared with competitive Grinding Mills, Netzsch's effi­
cient media separator and long-lasting mechanical seals means
longer and more efficient machine life.

For more information on how you can increase the speed and con­
trol of manufacturing magnetic media, circle the number below on
the readers service card, write or call today.

Other applications include: Agricultural Chemicals, Inks, Pharma­
ceuticals, Ceramics, Food, Coal, Minerals, Paints and Pigments
and a wide range of other specialty applications.



Effect of the Pigment-Vehicle Interaction
On the Properties of Magnetic Coatings

Yukihiro Isobe, Kiyotake Okuyama, Akihiko Hosaka, and Yuichi Kubota
TDK Electronics Company, Limited·

Mechanical properties of coating films containing
acicular y-Fe203 and Co (cobalt)-adsorbed y-Fe203
were studied in comparison to Ti02. Dynamic visco­
elasticity, stress-strain properties and water
absorption of the coating films were measured. The
thickness of the pigment-vehicle interfacial layer
was estimated using the method proposed by
K.D. liege!' and also by the amount of polymer
adsorbed on the pigment as measured by gel per­
meation chromatography. It was concluded that the
interaction between Co-adsorbed y-Fe20 3 and the
polymer was stronger than that between y-Fe203
and the polymer. The composition of the adsorbed
polymer on the pigment was determined by IR
spectroscopy in order to study the affinity between
the pigment and the polymer. Polyvinylchloride­
vinyl acetate-vinylalcohol copolymer was adsorbed
more strongly on Co-adsorbed y-Fe20 3 than poly­
urethane elastomer, but the reverse was true for
y-Fe203'

INTRODUCTION

Plastics are often mixed with fillers to improve their
mechanical properties and reduce their cost. The inter­
action between filler and polymer matrix is complicated
and has been discussed by many workers in the field.2-4
Magnetic recording tape consists of a coating layer filled
with a magnetic pigment and a base film which supports

Prc~cnlcd al thc 51)Ih Annual Mccling of Ihc Federation UfSUCIClics for Coaling~ 'lcch­
nolog} in Detroit, Ml, on Ocwhcr 21), 19K!.

• M<l~nClic RccnrJing Products R&D Dept.. I D ~cnci. Saku shi, l'\ag<lllO JK5. Japan.
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the layer. In this case the pigment differs from other
commercial ones, such as Ti02 and carbon black, from
the standpoint of its acicular shape and magnetic proper­
ties. It is very important to investigate the interaction
between the magnetic pigment and the polymer because
it greatly affects the mechanical properties of the coat­
ing layer being stressed by the magnetic head during use.

Co-adsorbed y-Fe203 has lately come into wide use
for magnetic recording tape, because a tape coating filled
with Co-adsorbed y-Fe 203 has higher recording capa­
bility than that filled with y-Fe203.

In this paper, the influence of magnetic pigment such
as y-Fe203 and Co-adsorbed y-Fe203 upon the mechan­
ical properties of the coating is discussed.

EXPERIMENTAL

The properties of the pigments used in this studX are
listed in Table I. The Co-adsorbed y-Fe203 has Co + ion
adsorbed on the surface of y-Fe203.5 A mixture of 80%
polyvinylchloride-vinyl acetate-vinylalcohol copolymer.
and 20% polyurethane elastomer was used for the poly­
mer matrix. The polymers used in this study were:
polyvinylchloride-vinylacetate-vinylalcohol copolymer:
VAGH (Union Carbide Corp.); polyurethane: Estane®
5715 (H.F. Goodrich Chemical).

The sample films were prepared as follows: (I) Each
pigment was blended with the solution of the polymer
in methyl ethyl ketone and toluene by "Red Devil Mill"
for two hours. The media used were glass beads having
diameter of I mm; (2) The paint was coated on glass
plates and dried at room temperature for two days;
(3) The coated panels were then placed in a vacuum and
the coatings pressed by a press machine.

The dynamic viscoelasticity was measured with a
"Visco Elastic Spectrometer" (Iwamoto Seisakusho Co.,
Ltd.) at 10 Hz from 20° to I IO°e. It was a direct reading
type of apparatus, using a forced oscillation method .
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Table 1-Properlies of Pigment

Specific
Particle Surface Density Surface

Pigment Size (pm) Area (m'/g)' (g/cm') Treatment

The specimens used were 2.0 cm in length, 0.5 cm in
width, and about 50 /Lm in thickness. The stress-strain
curves were obtained by "Tensilon UTM III" (Toyo
Baldwin Co., Ltd.) with an extension speed of5 mmj min.
The specimens used were I cm in width and 5 cm in
length.

The water absorption of the films was measured by the
following method: The films containing each pigment
were immersed in distilled water for 24 hours and then
were weighed (W). They were dried at 110°C for two

y.Fe,O, , 0.45
Co-adsorbed

y·Fe,O, 0.45
Tio, 0.23

(a) Musured by BET method.

19.7

18.3
14.6

5.0

5.0
4.2

none

Co 6%
A13%

hours and weighed again (W0)' The water absorption was
calculated by equation (I).

Q = 100 (W - W")/CW,,
where Q: Water absorption (I)

C: Polymer content (WI)

The polymer solutions were separated from the paints
by a centrifugal method at 16,000 rpm. The solutions
were injected into a GPC model LC-2 (Shimazu
Seisakusho Ltd.). The analytical conditions were as
follows: Gel: HSG-60,40,20; Temperature: 50°C; Flow
Rate: 0.98 mLj min; and Detector: Rl.

The polymer concentration of the solution was calcu­
lated from the art~a of the chromatogram obtained. The
amount of the adsorbed polymer was determined by the
difference of the calculated concentration of the solution
between before and after milling.

The separated pigment was diluted with MEK and
then a supersonic wave was passed through the solution
to separate the polymer adsorbed firmly on the surface.
The supernatant liquid after sedimentation was analyzed
by lR spectrophotometer model lR-430 (Shimazu
Seisakusho Ltd.).
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Figure 1-Dynamic viscoelasticity of coating films filled with
y-Fe203 (10 Hz)
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Tempera ture ( 0 C)

Figure 2-Dynamlc viscoelasticity of coating films filled with
Co-adsorbed y-Fe203 (10Hz)
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MAGNETIC COATINGS

RESULTS AND DISCUSSION

Dynamic Viscoelasticity

The temperature dependence of the dynamic visco­
elasticity of the coating films for y-Fe 20J is shown in
Figure I. In this graph, the storage modulus (E') increases
with the percentage of pigment volume concentration
(PVC) in the film. The temperature of the maximum
of the loss modulus (En) shifts to a higher temperature
with increasing PVC up to 21%, thereafter, remaining
almost constant for the films of which PVC are high.
The same relationship for Co-adsorbed y-Fe 20J is
shown in Figure 2.

For Ti02, in Figure 3, the storage modulus increases
with increasing PVC, but the temperature of E" maxi­
mum does not shift higher with PVC until 27%.

The relationship between the glass transition tempera­
ture (T,) of the films and PVC is shown in Figure 4. The
T, was defined as the point of the maximum of En. T of
the unpigmented film was 52° C. For the films cont~ining
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where E;;: Loss modulus of matrix

E~: Loss modulus of composite
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the magnetic pigment, Tg increases somewhat in the low
PVC range and then rises markedly at the higher pigment
content. On the other hand, Tg of the coating films con­
taining Ti02 is nearly constant to 27% PVC and then
rises suddenly at the higher percentage PVc. It is thought
that the interaction between filler and polymer reduces
the molecular mobility and flexibility of the polymer.J

However, C.A. Kumins and J. Roteman6 have reported
that the Tg of polyvinylchloride-vinylacetate containing
Ti02 decreased at low PVC's. J. Seto? also reported that
the Tg of polyvinylchloride-vinylacetate filled with
y-Fe20J decreased at a certain PVc. They interpreted
that the hydrogen bonding in the polymer was decreased
by the.interaction between Ti02 and the acetate group.
But the T, did not decrease in this study. The copolymer
havmg vmylalcohol can adhere tightly to the pigment
because of its hydrophilic group and its mobility is
diminished considerably. This is thought to be the reason
why the Tg of the films in this study does not decrease
with increasin~ PVc.

K.D. Zlegel showed the following relation assuming
that the adsorbed polymer on the pigment formed the
immobilized layer and did not contribute to energy loss.
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Figure 3-Dynamic viscoelasticity of coating films tilled with
TiO, (10 Hz)
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Figure 4-T. of films as a function of PVC (from Figures 1-3)
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0< The stress-strain curves of the films containing y-Fe,03,
Co-adsorbed y-Fe,03, and TiO, are shown in Figure
6 (a)(b)(c), respectively. In this graph, the curves become
steeper for the samples of high PVc. It shows that the
film modulus increases with increasing PVc. The rela­
tionship between tensile strength and PVC are shown in
Figure 7. The tensile strength has its maximum from to
to 15% PVC for y-Fe,03 and Co-adsorbed y-Fe,03 and
the maximum value of Co-adsorbed y-Fe,03 is larger
than that of y-Fe,03. This value is interpreted to be
CPVC (critical pigment volume concentration) for ten­
sile strength. Beyond this point, the pigments contact
directly and the coating becomes brittle. Tubota, et al."
reported that the amount of the adsorbed polymer
affected the mechanical properties of the coatings. It is
considered that the difference of two curves depends on
the difference of the amount of the adsorbed polymer
indicated in Figure 5. However, the tensile strength for
TiO, shows a plateau a nd its value is constant in the range
of PVC from 5 to 37%. This result suggests the coating
filled with TiO, has less air caused by aggregates.

• l-FezD3
o Co-adsorbed

l-FezD3
A TiOZ

5

oL--L__--'- '---__...l.-..-J

10 15 20

PVC (%)

500
.....
o
III
III
(J)
C

...:
u

..-I

.c
E-<

,... 1500---------------,
Cl
>,
III
r-i

r-i
III

..-i

~ 1000....,...
m
.<J
c

..-i

Figure 5-Calculated thickness of Interfacial layer vs PVC

The thickness of the interfacial polymer layer, IlR, on
the pigment was estimated by equation (3).'

Stress-Strain Properties

Generally, rigid pigment in polymer increases the
Young's Modulus of the system. Guth's' or Kerner's'o
equation on the modulus reinforcement is well known.

Figure 5 shows the relationship between IlR and PVC
obtained by the calculation of the dynamic viscoelas­
ticity. In this graph, IlR decreases with increasing PVC,
because parameter Bapproaches I with increasing PVc.
The thickness of the interfacial layer on Co-adsorbed
y-Fe,03 was larger than that on y-Fe,03.

Water Absorption of the Film

The water absorption of the coating film is thought to
be related to the interaction between the pigment and
the vehicle. W. Funke" explained that the water absorp­
tion increased with increasing PVC when the water
permeated into the empty interstices of the pigment
aggregates or flocculates.

Figure 8 shows the relationship between water absorp­
tion and PVc. The water absorption for y-Fe,03 and
Co-adsorbed y-Fe,03 increases at high PVC, but that
for TiO, maintains almost the same value. This figure
indicates that there is a lack of adhesion between the
magnetic pigment and the polymer. It is thought that a
great deal of aggregates occur because of the magnetic
pigment's acicular shape and magnetic properties in the
magnetic coating.

GPC Measurement

Table 2 shows the thickness of the adsorbed polymer
layer on that pigment calculated from the chromatogram

(3)B =1+pSLl.R
where p :Density of filler

S. Specific surface area
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Figure 7-Tensile strength of films ys PVC Figure 8-Water absorption oflilms ys PVC

of G Pc. The concentration of the polymer solution was
determined from the calibration curve.

(4)

where A: Thickness of adsorbed layer
M' Weight of adsorbed polymer solution
d: Density of adsorbed polymer solution
S: Specific surface area of pigment

y-Fe,O) is 3.3. This means that the polyurethane elas­
tomer is adsorbed more than the copolymer including
polyvinylchloride on y-Fe,O). On the other hand, the
ratio for Co-adsorbed y-Fe,O) is 1.6 which suggests the
opposite for this case. For TiO" the ratio is similar to the
original one.

The thickness of the adsorbed layer on Co-adsorbed
y-Fe,O, is 1.5 times larger than that on y-Fe,Oj. This
is in accordance with the results in Figure 5.

IR Spectroscopy

Table 3 shows the result of IR analysis of the adsorbed
polymer on the pigment. The proportion of the polymer,
polyurethane, and polyvinylchloride-vinylacetate-vinyl­
alcohol, is defined as the ratio of 1520 cm-, /612 cm-'.
Here, the adsorption of 1520 cm-' and 612 cm-' are
assigned to amide group in polyurethane and C-Cl bond
in polyvinylchloride, respectively.

It is clear from Table 3 that the ratio of the original
polymer matrix is 2.0 but that of adsorbed polymer on

CONCLUSIONS

The results may be summarized as follows:
(I) The thickness of the adsorbed layer on Co­

adsorbed y-Fe,O) is 1.5 times larger than that on
y-Fe,O). Therefore, the interaction between Co­
adsorbed y-Fe,O) and the vehicle is larger than that
between y-Fe,O) and the vehicle.

(2) Each of films containing Co-adsorbed y-Fe,O)
and y-Fe,O) show the strongest tensile strength in the
PVC range from 10 to 15%.

(3) Polyvinylchloride-vinylacetate-vinylalcohol co­
polymer is adsorbed to a greater extent on the surface
of Co-adsorbed y-Fe,OJ than polyurethane elastomer.
The opposite tendency is obtained for y-Fe,O).

Table 2-Calculated Thickness
Of Interfacial Polymer Layer Adsorbed on Pigment

Table 3-Result of IR Analysis
Of Adsorbed Polymer on Pigment

Pigment Thickness (A)

Ratio of Absorbance
1520 em-' /612 em-'

230
290

y-Fe,O, 150
Co-adsorbed

y-Fe,O, .

TiO,

Original ... . • . . . . . . . . . . . . .. 2.0
y-Fe,O, .......•........ ,... 3.3
Co-adsorbed

y-Fe,OJ 1.6
TiO, 2.2

where the absorption of 1520 cm- l and 612 cm-' are assigned to
amide group and C-Cl bond. respectively.
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Crosslinked-Core Latex
By Radiation-Induced

Emulsion Polymerization

Keizo Makuuchi and Akio Katakai
Japan Atomic Energy Research Institute'

and

Hiroyuki Nakayama
Kansai Paint Company, Limitedt

Copolymer latexes of self-crosslin king N-(n-butox­
ymethyl) acrylamide (NBM) are prepared by radia­
tion-induced emulsion polymerization using Co-60
gamma-rays. The latex, consisting of crosslinked
polymers, is superior in water resistance, solvent
resistance, and mechanical properties of films
cured at 160°C for 30 minutes, but inferior in gloss
of pigmented film to the latex consisting of low
molecular weight polymers. The core-shell latex
having a core of crosslinked polymers and a shell of
low molecular weight copolymers of NBM exhibits
excellent final properties. The weatherability of the
cured film increased with increasing degree of
crosslin king of core polymers. The effect of mono­
mer feed rate and pre-emulsification of monomer
on the final properties are investigated in connec­
tion with the formation of microgel and water­
soluble acid bearing oligomers.

INTRODUCTION

The annual usage of paint in Japan has increased to
1.6 X 10' tons. About 6.5 X 10' tons of organic solvents
were used in the paint industry, with almost all solvents
being discharged into the atmosphere causing air pollu­
tion. Therefore, to prevent air pollution and to save oil

Pre~entcd at the Third Intcrnationlll Meeting on Radiation Processing in Tokyo, Japan.
October 1980.

·Takasaki Radiation Chemistry Research ESlahlishmenl, Watanuki-machi. Takasaki,
Gunma-ken 370-12, Japan

+ Technical Oivision. Hiralsuka. Kanagawa 254. Japan.
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resources, the development of water-borne paints is a
major priority, especially in the field of industrial
coatings.

In previous papers,'-J the features of radiation-induced
emulsion polymerization were studied to use the formed
latex as vehicles for water-borne paints. Such features
are, for instance, the absence of impurities derived from
chemical initiators, the suppression of side reactions,
such as hydrolysis of monomers, and formed polymers
during polymerization because of low temperature poly­
merization. These features suggest the possibility of
radiation processing for the preparation of latex suitable
for thermosetting water-borne paints.

In a previous paper: it was also shown that a latex
consisting of crosslinked polymers results in high water
resistant films. The crosslinked latex, however, causes
low surface gloss of pigmented films.

In this paper, core-shell latexes which had a core of
crosslinked polymers and a shell of low molecular weight
polymers were developed by a two-stage semicontinuous
batch process' with Co-60 gamma-rays.

In addition, a new self-crosslin king monomer,
N-(n-butoxymethyl)acrylamide(NBM),' was used as a
functional monomer to facilitate thermosetting reaction
products like N-(iso-butoxymethyl)acrylamide(IBMA).'

EXPERIMENTAL

Polymerization Procedure

The four kinds of monomer compositions used are
listed in Table I. Monomers used are n-butyl methacry­
late (n-BMA), styrene (St), 2-hydroxyethyl methacrylate
(H EMA), N-(n-butoxymethyl) acrylamide (NBM),
acrylic acid (AAc), and 1,6-hexandiol dimethacrylate

29
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Table 1-Monomer Composition (wl%) lor Semicontinuous
Batch Emulsion Polymerization

H N Hs N.

n-Butyl methacrylate (n-BMA) ........... 88 78 78 68
N-(n-butoxymethyl)acrylamide (NBM) .... 0 II 0 II
2-Hydroxyethyl methacrylate (HEMA) .... 10 9 10 9
Styrene (St) ....... " .... , .. , ........... 0 0 10 10
Acrylic acid (AAc) ..................... 2 2 2 2

(16HD); n-octylmercaptan (n-OMP) was used as a chain
transfer agent. Polymerizations were carried out by
semicontinuous batch process in the presence of a single
anionic emulsifier, either sodium laurylsulfate (SLS) or
sodium[nonylphenylpolyoxyethylene (p = 2)3-(sulfo),
2-(hydroxy) propylether] (H-E). These emulsifiers were
supplied by Daiichi Kogyo Seiyaku Co. Ltd., Japan.
Ammonium acetate (AcAm) was chosen to control the
latex viscosity. All chemicals were used as received.

Figure I shows the schematic diagram of a polymeri­
zation system, Emulsion polymerizations were carried
out by radiation in the following manner. Into a one-litre
stainless steel (SUS 316) flask, 450g of deionized water,
3g of emulsifier (I wt% based on total monomer), O,7g
of AcAm(20mM in water), and 30g of monomer mix
(10 wt% of total monomer) were added. After mixing
under nitrogen flow for 30 minutes at 40°C, the solution
was irradiated with gamma-rays from 80kCi of Co-60
at a dose rate of 6.8 X 104 radl hr. Polymerization tem­
perature was kept at 40 ± 2°C. The initiation of poly­
merization was observed from the outside of irradiation
room by measuring the temperature in the flask with a
thermocouple, The maximum rising of temperature was
about 2°C, observed within 30 minutes. The remaining
monomer mix was added continuously from the outside
of irradiation room with a micro metering pump at a
constant flow rate of 2mLI min (0.66% of total mono­
mer/min). After adding the remainder of the monomer
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Figure 1-Schematic diagram of radiation-induced emulsion
polymerization: A: monomer reservoir; B: magnetic stirrer;
C: nitrogen gas bomb; 0: micro metering pump; E: stirrer;
F: thermocouple; G: water inlet; H: water outlet; I: Co-50 sources;

J: shielding concrete
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Table 2-Polymerlzatlon Recipe lor Batch Process
To Study Eflects 01 Ammonium Acetate on Viscosity 01 latex

Water , , ' 210.0 (g)
n-Butyl methacrylate (n-BMA) ,........... 70.2
N-(n-butoxymethyl)acrylamide (NBM) ,.,., .. ,..... 9.0
2-Hydroxyethyl methacrylate (HEMA) , ,........ 9.0
Acrylic acid (AAc), . . . . . . . . . . . . . . . . . . . . . . . ... . .. 1.8
n-Octylmercaptan (n-OM P) ,............ 0.45
Emulsifier H-E , ,,'." , 0.90
Ammonium acetate (AcAm) ,,' .•.............. 0.07-0.42

mix, polymerization was completed by irradiating for
one hour.

Core-shell latex was prepared by two-stage emulsion
polymerization. After complete polymerization of core
monomer, which was observed by the temperature in
the flask, shell monomer was added, Weight ratio ofcore
to shell was 6 to 4, unless otherwise noted.

The effect of AcAm on the latex viscosity was studied
by batch process. All ingredients listed in Table 2 were
added to the flask before irradiation.

Characterization of Latex

The particle size of latex was determined by a photon
correlation spectroscopy using a Coulter Nano-sizer.8

The viscosity of the latex was measured with a rota­
tional viscometer model EM D, of Tokyo Keiki Co. Ltd.,
at a shear rate of 76.8 sec-, at 30°C.

Distribution of acid groups in the latex was determined
by conductometric titration of diluted latex before and
after purification with ion-exchange resins. Acid groups
originating from the acrylic acid are divided into ihree
classes; these are: surface-bound, free, and buried acid
groups, meaning chemically bound acid groups on the
particle surface, acid-bearing water-soluble oligomers,
and acid groups buried within the particle, respectively.
The amount of surface-bound acid groups was deter­
mined by the titration of the latex purified with ion­
exchange resins. The amount of free acid groups was
found by subtracting the amount of surface-bound acid
groups from the total amount of acid groups determined
by the titration of the latex before the purification on
the assumption that the purification procedure removes
completely free acid groups and AcAm from the latex
and that all acrylic acids added are completely
polymerized .

Gel permeation chromatography (GPC) was used to
find the molecular weight of polymers. A 5 g amounl of
latex was mixed with 50mL of tetrahydrofuran (THF),
then centrifuged at 16,000 rpm for several hours at 5°C.
The supernatant THF solution was used as a sample for
G PC analysis. The amount ofTH F-soluble products was
determined from the solid content of the supernatant.
A standard GPC instrument (Toyo Soda) with four
columns (G2500-H8. G3000-H8, G6000-H6, and GM-H6)
was used with a RI detector. The operating temperature
was 40°C as solvent TH F was applied. Figure 2 shows
the calibration curve obtained by using standard mono­
dispersed polystyrene.

Journal of Coatings Technology



CROSSLINKED-CORE LATEX

Accelerated weathering test was conducted on the clear
films using a Q-U-V tester, of Q-Panel Co. The test
specimen prepared from the clear blend contained a
45/35/20 ratio of latex polymer, water-soluble acrylic
polymer, and melamine resin. The tester was operated on
the following schedule: (I) UV irradiation at 60°C for
four hours, and (2) water condensation at 50°C for four
hours.

Elution Volume(ml)

Figure 2-GPC calibration curve
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Determination of Film Properties

For film preparation and curing, the latex was neutral­
ized with a 30% aqueous solution of dimethylethanol­
amine amounting to 60% of the total acrylic acid used.
It was then mixed with 25 phr of butylcarbitol which
was used as a coalescent solvent to obtain a uniform film.
This mix is described as latex blend. The latex blend
contained a melamine resin Cymel® 350 (American
Cyanamid) and a water-soluble acrylic polymer of which
the monomer composition was n-BMA/ St/ H EMA/
AAc = 69/10/15/6. The weight ratio of latex polymer,
melamine resin, and water-soluble acrylic polymer, was
85/5/10. This mix is described as clear blend.

The latex blend and clear blend were cast with a draw­
down bar on glass plates and steel plates. The cast plates
were allowed to air-dry for 30 minutes at 40°C before
being baked at 160° C for 30 minutes. The cured films
from latex blend and clear blend are described as latex
film and clear film, respectively.

To test for water resistance, the film on a glass plate
was immersed in water at 80°C for four hours and
checked for whitening and blistering. The water resis­
tance was rated as 10 if whitening and blistering were
not 0 bserved.

For testing solvent resistance, the film was rubbed
with a cloth soaked with xylene. The solvent resistance
was rated as 10 if it withstands 20 double rubs without
mar.

The films were peeled from the plates after immersion
in water at 70° C for two hours, dried at 100°C for 16
hours, and tested for water absorption, gel fraction, and
mechanical properties. Water absorption of the film was
measured from the increase of weight after immersion
for 24 hours in water at 80°C. Gel fraction of the film
was measured from the decrease of weight after extrac­
tion for 24 hours in boiling xylene. The tensile strength
and elongation at break of the film were measured with
a Instron model 1130 tester.

To test the gloss of the pigmented film, the latex was
formulated into paint by a conventional manner using
anatase titanium dioxide and latex blend at the following
solid weight ratio; TiO,/latex polymer/water-soluble
acrylic polymer/ melamine resin = 36/34/22/8. The
gloss of the pigmented film, cured at 160°C for 30
minutes, was measured with a 60-<legree gloss meter.

Table 3-Effect of Ammonium Acetate on Properties of Latex

Viscosity (cP)

Emulsifier
Ammonium Acetate

In Water (mM)
Amount of Coagulum

Ofa of Total Monomer
Particle Size

(nm) Polymerized Neutralized

SLS None
H-E None
H-E 10
H-E 20
H-E 30
H-E 40
H-E 60

1.8
2.7
2.7
2.0
5.0

11.0
24.0

82
96
97

105
123
X·
X·

650
9.0
4.2
3.3
2.3

X·
X·

Very high
463
130
60

X·
X·
X·

la) x: nOt measured due 10 excess coagulum.
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RESULTS AND DISCUSSION

Figure 3-Design of particles: (-): low molecular weight poly­
mers, (+): crosslinked polymers

Viscosity Control with Ammonium Acetate

The viscosity of the latex prepared by radiation­
induced emulsion polymerization depends on the emul­
sifier used, but generally it is higher than that of prepared
by conventional chemical initiator methodY The high
viscosity is due to the lower concentration of electrolytes
in the latex. The high viscosity, especially after neutrali­
zation to stabilize the latex, is a serious disadvantage
from a practical viewpoint.

The viscosity could be reduced by addition of electro­
lytes into the initially charged water before irradiation.
However, it must be taken into account that the water
resistance of the latex film may be decreased by the
presence of electrolytes in the film.

In this work, AcAm was selected as an electrolyte to
reduce the viscosity without decreasing the water resis­
tance of the film, because at 117° C, AcAm decomposes
to ammonia and acetic acid and does not remain in the
film after it is baked at 160°C. As an emulsifier, H-E
was selected because the viscosity of the latex was lowest
when several kinds of emulsifier were compared for
radiation-induced emulsion polymerization.'

Table 3 shows the comparison ofSLS and H-E and the
effect of AcAm concentration on the polymerization
stability, particle size, and the viscosities before and after

L

LC

C

CL

Table 4-Ellect of Particle Structure on Properties
Of Latex and Cured Film

latex No.

Structure of latex ........... L C LC CL
Molecular weight modifier:

Core' .................... n-OMP 16HD n-OMP 16HD
Shell' ................... n-OMP 16HD 16HD n-OMP

Latex Viscosity (cP):
Polymerized ...........•.. 24 18 22 21
Neutralized ...........••.. 143 SS 112 69

Latex film:
Water resistance .......... 4 8 8 9
Solvent resistance ......... 8 9 7 9
Tensile strength (kg/em') .. 306 314 311 348
Elongation at break (%) ... 10 16 13 II

Clear film:
Tensile strength (kg/em') .. 349 344 339 3S0
Elongation at break (%) ... 8 8 10 6

Pigmented film:
60-Deg. gloss ........•.... 88 79 86 86

(a) H type monomer with 2 or modifier. emulsifier: H-E.

neutralization. It is clear that the viscosity of the latex is
lower when prepared with H-E than with SLS. However,
the viscosity of the latex with H-E increased significantly
after neutralization. The addition of AcAm was effective
in reducing the viscosity of latex after neutralization. The
amount of coagulum increased by increasing the amount
of AcAm. This means that the polymerization stability
decreased when the concentration of electrolyte was
increased, as demonstrated by the increase of particle
size. Adding electrolytes to the latex causes thinning of
the electric double layer on the particles, which results
in a decrease of viscosity and the stability of the latex.
When the stability of the latex decreases, the particle size
is increased to reduce the surface area to stabilize with a
definite amount of emulsifer. The optimum concentra­
tion of AcAm was determined as 20 mM in initially
charged water (Table 3).

Effect of Particle Structure
On Viscosity of Latex

Four kinds of structurally different latexes were
designed as shown in Figure 3. Latexes Land C consist
of low molecular weight polymers and crosslinked poly­
mers, respectively. To lower the molecular weight,
n-OMP was used, and to crosslink, 16HD was used. The
latexes LC and CL have core-shell structure. The latex
LC consists of a core of low molecular weight polymers
and a shell of crosslinked polymers. On the other hand,
the latex CL has a crosslinked core and low molecular
weight shell.

As shown in Table 4, the particle sizes and viscosities
of the latexes prior to neutralization were in similar
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Table 5-Eflect of Styrene

CROSSLINKED-CORE LATEX

Table 6-Eflect of location of NBM

Later: No.

12

Structure of latex CL

Monomer mix:
Core& ...........•...•...•...•...•...•....... N
Shell' N

Latex viscosity (cP):
Polymerized. . . . . . . . . . . . . . . . . . . . .. • . . . . . . . . .. 22
Neutralized 40

Latex film:
Water resistance .
Solvent resistance. . . . . . . . . . . . .. . . . . . . . . . .. 7
Tensile strength (kg/cm') .....•.......•....... 302
Elongation at break (%) 14

Clear film:
Water absorption (%). . . . . . . . . • . . •• . . •• . . . . . .. 4
Gel fraction (%) .................•...•....... 14
Tensile strength (kg/cm') 303
Elongation at break (%) II

Pigmented film:
60-Deg. gloss. . . . • . . . . . ..•. ..• . . .• . . .• . . . . . . 84

13

CL

Ns
Ns

20
251

3
7

348
13

4
13

350
9

88

14

Structure of latex CL

Monomer mix:
Corel ....................•...•...•.......... H
Shell' Ns

Latex viscosity (cP):
Polymerized.. . .. .. .. .. .. . .. . . .. . . .. . .. • .. 81
Neutralized 184

Latex film:
Water"resistance ..............••..••...•..... 8
Solvent resistance. . . . . . . . . . . . . . . . . . . . . . • . . . . . 9
Tensile strength (kg/cm') ...............•..... 288
Elongation at break (%) 27

Clear film:
Water absorption (%) ..........•...•...••.....
Gel fraction (%) ..............••..••...•..... 80
Tensile strength (kg! em ') ...........•..••..... 294
Elongation at break (%) .......•........•..... 15

Pigmented film:
60-Deg. gloss ............•...•...••...•...... 89

Latex No.

15

CL

Ns
H

132
168

4
8

173
2

8
70

251
9

87

la) containing 2% of 16HD.
(b) containing 2% of n-OM P.
Emulsifier: H·E.

range. The viscosity after neutralization, however,
depended strongly on the molecular weight of polymers.
The highest viscosity was observed in latex L. On the
contrary, latex C showed the lowest viscosity. The vis­
cosity of latex LC after neutralization is high compared
with latex CL. The high viscosity of latex LC suggests
that n-OMP remained after polymerization of core and
resulted in essentially no crosslin king in the shell. This
assumption was confirmed by the fact that latex LC
completely dissolved in excess acetone, meaning that the
LC-type latex cannot be prepared by this process as long
as chain transfer agent and crosslinking monomer are
used for the core and shell parts, respectively.

Effect of Particle Structure
On Properties of Cured Film

The particle structure also affects the properties of
cured film, as shown in Table 4. By comparing Land C
it is clear that the crosslinked particles are superior in
resistance to water and solvent, and are inferior in gloss
retention. One advantage of latex L was high value of
gloss. Core-shell latex CL exhibited excellent properties
in water resistance, solvent resistance, and mechanical
properties, as well as gloss as a result of adeq uate combi­
nation of Land C. On the other hand, the film properties
of latex LC were not good compared with latex CL,
suggesting the failure of preparation of LC-type latex.
It was concluded from these results that type CL latex
is suitable for water-borne paints.

Vol. 55, No. 698, March 1983

Emulsifier: SLS
(a) containing 2% of 16HD
(b) containing 2% of n·OMP

Effect of Monomer Composition

Styrene (St) is often incorporated in emulsion copoly­
mers to improve the mechanical properties and surface
gloss. The effect of St is shown in Table 5. When 10% of
n-BMA is substituted with St, increases were found in
the tensile strength (Tb) of latex film, from 303 kg/cm 2

to 350 kg/cm 2
, and gloss of pigmented film, from 83 to

88, as expected. The addition ofSt increased the viscosity
of the latex after neutralization, while the degree of
thermal curing did not change as judged by water
absorption and gel fraction. The mechanical properties
of latex film and clear film were nearly identical which
was due to the self-erosslinking capability of NBM.

As suggested by Bassett, et al./ it is reasonable to think
that a self-crosslin king monomer is not necessary in the
core part. To confirm this assumption two latexes were
compared, No. 14, containing NBM only in the shell part,
and No. 15, containing NBM only in the core part. These
latexes were prepared using SLS asan emulsifier because
the preparation of a latex having a core of H type mono­
mer with H-E emulsifier was impossible. The stability
of the latex was so low that it totally coagulated when
H-E was used without NBM to prepare the core part.
The reason for this phenomenon is not clear, but it seems
that the copolymers of NBM have a stabilizing effect on
the latex. As a result of using SLS, the viscosity of the
latexes became high as discussed previously.

Water and solvent resistances and tensile strength of
No. 15 are inferior to No. 14. From these data, it can be
concluded that NBM moieties located near the particle
surface facilitate crosslinking (See Table 6). Also, these
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16HD Content( %) in Core Monomer

Monomer Feed Rate( %/min)

Figure 5-Ellect of monomer leed rate on mechanical properties
01 cured llIm

Figure 4-Ellect 01 concenlratlon 01 crossllnklng monomer on
mechanical properties ot cured 11Im

results suggest that the core-shell structure is successfully
prepared in the case of crosslinked core-low molecular
weight shell. Another fact showing the success of core­
shell was obtained by measuring the particle size before
and after polymerization of the shell monomer mix. For
instance, when the particle size of the core was 78 nm
and the weight ratio of monomer for core to shell was 6

Table 7-Ellect 01 Crossllnklng Monomer

Latex No.

16 18 20

Structure of latex ................... CL CL CL
Weight ratio of core/shell ... , ........ 6/4 6{4 7/3
16HD In core monomer (%) .......... 4 2 2

Latex viscosity (eP):
Polymerized ...... ................ 93 93 96
Neutralized .......... ........... ..294 239 309

Latex film:
Water resistance .................. 10 10 9
Solvent resistance .......... , ...... 9 8 7
Tensile strength (kg/em') .......... 367 365 361
Elongation at break (%) ........... 8 9 25

Clear film:
Water absorption (%) .............. 4 3 4
Gel fraction (%) ............ , , , .... 83 82 78
Tensile strength (kg/ em ') .......... 379 370 382
Elongation at break (%) ........... 8 9 10

Pigmented film:
60-Deg. gloss ..................... 91 90 89

to 4, the final size of the core-shell particle must be
92.5 nm if monomer for the shell polymerized only at
the surface of the core. The observed size of the core-shell
particles was 92 nm.

The effect of the concentration of crosslinking mono­
mer, 16HD, in the core on the mechanical properties is
shown in Figure 4. The tensile strength does not largely
depend on the concentration of 16HD. The elongation
at break, however, decreased with increasing of 16HD.
Therefore, it seems that the tensile strength depends on
the inter-particle crosslinking, whereas the elongation
at break depends on the intra-particle crosslinking.

The effect of 16 HD on the other properties of cured
film is shown in Table 7. The film's water and solvent
resistance increased with increasing concentration of
16HD, The gloss of pigmented film was independent of
the concentration of 16HD.

Table 8-Ellect 01 Crosslinked Core on Weatherability
01 Clear Film Cured at 160·C tor 30 Minutes

Testing Time (hours)

0 400 1,200 2,400 3,000

60-Deg. gloss:
No. 16 98 97 93 80 57
No. 18 99 97 93 68 53
No. 20 98 97 95 70 29

Appearance:
No. 16 EX' EX EX EX CK
No. 18 EX EX EX SC CK
No. 20 EX EX EX SC CK

Monomer mix: Hs for core and Ns with 2% of n-OMP for shell, emulsifier: Sl.S. (a) EX; excellent: SC: slight checking; CK: checking withoul hlushing.
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Weathering Properties of Core-Shell Latex

The latex having crosslinked core and reactive groups
near the particle surface was expected to exhibit a high
degree of weathering resistance which is essential in its
evaluation as an automobile finish. Thus, the clear films
were tested using an accelerated weathering tester. With
the exception of No. 20, all latexes tested were previ­
ously described. The ratio of core to shell in latex No. 20
was 7 to 3. Latex No. 18 was selected as a control to
evaluate the effects of (I) amount of crosslinking mono­
mer, and (2) weight ratio of core to shell. The results
are shown in Table 8. After 2,400 hours, No. 16, con­
taining 4% of 16HD, showed no deterioration in appear­
ance, whereas, No. 18, containing 2% of 16HD, showed
checking. Also, gloss of No. 16 after 3,000 hours was
higher than that of No. 18. Latex No. 20, containing a
thicker shell than No. 18, showed lower gloss after 3,000
hours. These results indicated that the crosslinked core
is considerably effective in increasing the weatherability
of film.

Effect of Polymerization Process

In the above, polymerization monomer mix was added
at a constant feed rate (0.66% of total monomer/min,
2mL/min) and all amounts of emulsifier were dissolved
in initially charged water. It is well known that the
properties of both the latex and the cured film from the
latex depend largely on polymerization process factors,

Emulsifier %in Monomer

Figure 6-Ellect 01 distributiOn 01 emulsifier In monomer on
mechanical properties 01 cured film

such as monomer feed rate; and the distribution of
emulsifier between water in reactor and monomer to be
added even though the actual compositions are identical. '0

Table 9-Effect 01 Monomer Feed Rate
On Properties 01 Latex and Cured Film

Table 10-Ellect 01 Pre-emulslflcatlon 01 Monomer
On Properties 01 Latex and Cured Film

Lolex No. Lltex No.

25 18 22

Monomer Feed Rate (mL/min) ... 2

Latex properties:
Particle size (nm): .......•.... 89 93 94

At pH 6.0 ................. 90 94 96
At pH 10.5 ................ 93 96 102

Viscosity (cP)
Polymerized ............... 100 93 81
Neutralized ................ 117 239 very high

Acid groups (lO"mol/g-solid)
Surface-bound 1.42 1.27 1.19
Water-soluble ............. 0.26 0.43 0.63

Latex film:
Water resistance ............. 9 10 8
Solvent resistance ............ 8 8 8
Tensile strength (kg/em') ..... 370 365 340
Elongation at break (%) ...... 12 9 6

Clear film:
Water absorption (%) .•....... 3 5
Gel fraction (%) ............. 80 82 79
Tensile strength (kg/em') ..... 329 370 332
Elongation at break (%) ...... 12 9 13

Pigmented film
6O-Deg. gloss ................ 90 90 90

18

Distribution of SLS
in initial ehar~e (%) tOO

Particle size (nm) 94

Viscosity (cP):
Polymerized. . . . . . . . . .. . . .. . . 93
Neutralized 239

Acid groups (IO-'mol/g-solid):
Surface-bound. . . . . . . . . . . . . . . 1.27
Water-soluble 0.43

Latex film:
Water resistance 10
Solvent resistance.. . . . . . . . . . . . . . 8
Tensile strength (kg/em') 365
Elongation at break (%) 9

Clear film:
Water absorption (%). . .. . . . . . . .. 4
Gel fraction (%) 83
Tensile strength (kg/em') 370
Elongation at break (%) 9

Pigmented film:
6O-Deg. gloss. . . . . . . . . . . . . • . . . .. 90

23 24

SO 0

104 123

35 20
127 189

1.33 1.33
0.35 0.35

9 9
9 9

342 317
35 54

3 4
80 79

346 331
23 9

88 89

Mono~r mix: Hs forcorc:and Nsforshell;2%of 16HDincore monomer and 2%ofn·OMP
in shdl monomer. emulsifier: SlS.

Latex: CL type with Hs monomer for core: and Ns monomer for shell: 2% of 16HD and
n-oMP. respectively.
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Water-soluble Acid! 10-4mol/g-solid)

Figure a-Relationship befween amount of wafer-soluble acid
groups on viscosity of neutralized latex
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Figure 7-Relallonship between amount of surface-bound acid
groups on viscosity of neutralized lalex

100

Figure 5 shows the effect of the monomer feed rate
on the mechanical properties of cured latex film. The
tensile strength and the elongation at break decreased
with increasing monomer feed rate. This effect on
mechanical properties is due to the nonuniform distribu­
tion of acrylic acid component in latex. It is well known
that the thermal curing of N-(iso-butoxymethyl) acryl­
amide copolymer latex is promoted by the presence of
copolymerized carboxyl groups.' When the monomer
feed rate is high, a large part of the acrylic acid tends to
remain until the final stage of polymerization because the
rate of polymerization of acrylic acid is lower than that
of other monomers, such as n-BMA, HEMA, and St.'

Table 9 shows the acid distribution in latex. The water­
soluble acid groups increased with increasing monomer
feed rate. This result indicates that to be effective and to
promote thermal curing acid groups must be buried and
surface-bound.

Figure 6 shows the effect of emulsification of mono­
mers on the mechanical properties of cured film. In these
experiments, monomers were pre-emulsified with a defi­
nite amount of emulsifier and water. The distribution
ratios of a constant amount of SLS between water in
reactor and the monomer emulsion were 100/0,50/50,
and 0/ 100. The tensile strength decreased with increasing
amounts of SLS in the monomer emulsion. On the other
hand, elongation at break increased remarkably.

The striking effect of pre-emulsification of monomers
was observed in the particle size, as shown in Table 10.
The particle size increased with increasing amounts of
SLS in the monomer emulsion. This is in accordance

with the results of Snuparek. lo This is due to the decrease
of the number of micelles to initiate polymerization.
Therefore, it seems reasonable to take into account the
effect of particle size on the mechanical properties of
cured film, but there is no evidence to support this
concept.

The viscosity of the neutralized latex depended, to a
great extent, on the monomer feed rate and did not
depend on the pre-emulsification of monomer, as shown
in Tables 9 and 10. The increase of viscosity by neutrali­
zation has been correlated to alkali-swelling and /or
dissolving behavior,5,11,12 However, particle size deter­
mined at high pH indicated that particle expansion by
neutralization is not high and independent of the mono­
mer feed rate, as shown in Table 9.

Figure 7 shows the relation between the amount of
surface-bound acid groups and the viscosity of neutral­
ized latex. It is clear that the viscosity decreased with
increasing amounts ofsurface-bound acid groups. On the
other hand, as Figure 8 shows, the viscosity increased
with increasing amounts of water-soluble acid groups.
It can be concluded, therefore, that the water-soluble
acid groups consisting of low molecular weight copoly­
mers of acrylic acid are responsible for the increase in
viscosity of neutralized latex.

The molecular weight of latex polymers is an impor­
tant parameter in final properties. However, the whole
molecular weight of the latex polymers prepared in this
section could not be determined because the polymers in
core part were crosslinked. Therefore, GPC measure­
ments were carried out for the THF-soluble products
of the latex isolated by means of centrifugation.
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Figure 9-GPC curves 01 THF-soluble products isolated Irom
latexes No. 25, 18, and 22

Figure 9 shows G PC curves of TH F-soluble products
of latex No. 25,18, and 22, prepared with various mono­
mer feed rates. As can be seen, the TH F-soluble products
of No. 22 consisted of low, middle, and high molecular
weight components. The amount of low molecular weight
component decreased with increasing monomer feed
rate. The average molecular weight of this component
was about I X 10 3

• Thus, it is reasonable to attribute this
component to water-soluble acid-bearing oligomers
described above. The molecular weight of middle-weight
components coincide with that of polymers of shell
monomers polymerized in the presence of chain transfer
agent, n-O M P. The molecular weight of this component
did not change with the monomer feed rate because the
concentration of n-OMP in shell monomer was the same
for these three latexes.

The amount of high molecular weight component
increased with decreasing monomer feed rate. The
average molecular weight was about 2 X 106

• This com­
ponent can be attributed to "microgel", i.e., the cross­
linked fine particles. The particle size of the microgel
calculated from the molecular weight was about 20 nm.
The centrifugation of these fine particles is not easy at
16,000 rpm. Since the number of micelles initiating the
polymerization decreased with decreasing monomer feed
rate, fine particles tend to form when the monomer feed
rate is small. As shown in Figure 5, the tensile strength
increased with decreasing monomer feed rate. These
results indicate that the microgel is very effective in pro­
moting the thermal curing of polymers, as reported by
Bobalek, et al. J3 and Funke14

The pre-emulsification of monomer did not affect the

Elution Volume( ml)

(I) Makuuchi, K.. Kalakai. A., Ito, H., Takagi, T., and Araki, K.,
Shikizai Kyokaishi, 53, 387 (1980).

(2) Egusa, S. and Makuuchi, K., J. Colloid Interface Sci.. 79, 350
(1981).

(3) Egusa, S. and Makuuchi, K., J. Polymer Sci. Polymer Chem. Ed..
20, 863 (1982).

(4) Makuuchi, K., Hagiwara, M., Araki, K., Takagi, T., and
Nakayama, H., ACS Organic Coatings and Plastics Chemistry
Preprints, 40, 915 (1979).

(5) Hoy, K.L., JOURNAL OF COATINGS TECHNOLOGY, 51, No. 651, 27
( 1979).

(6) Kanzaki. Y.. Nippon Selchaku Kyokaishi, 12,210 (1976).
(7) Bassett, D.R., Sherwin, M.A., and Hager, S.L., JOURNAL OF

CoATINGS TECHNOLOGY, 5/, No. 657, 65 (1979).
(8) Lines, R.W. and Miller, B.V., Powder Technol., 24, 91 (1979).
(9) Snuparek Jr., J. and Krska, F., J. Appl. Polymer Sci., 20, 1753

(1976).
(10) Snuparek Jr., J., J. Appl. Polymer Sci., 24, 909 (1979).
(II) Muroi, S., J. Appl. Polymer Sci., 10,713 (1966).
(12) Nishida, S., EI-Aasser, M.S., Klein, A.. and Vanderhoff, J. W.,

"Emulsion Polymers and Emulsion Polymerization," A CS Sym­
posium Series 165, p 291 (1981).

(13) Boba1ek, E.G., Moore, E.R., Levy, S.S., and Lee, e.e., J. Appl.
Polymer Sci.. 8, 625 (1964).

(14) Funke, W., J. Oil. & Colour Chem. Assoc., 60, 438 (1977).

References

ACKNOWLEDGMENT

The authors wish to thank Mr. Takagi for his assis­
tance with the experiments.

CONCLUSION

In this investigation, the feasibility of radiation­
induced emulsion polymerization was demonstrated in
studies of the preparation of highly reactive self­
crosslinking NBM latex. It was found that the cross­
linked particle latex is superior in water resistance,
solvent resistance, and mechanical properties of films
cured at 160°C for 30 minutes, but inferior in the surface
gloss of pigmented films to the low molecular weight
latex. New latex consisting of a core of crosslinked poly­
mers and a shell of low molecular weight NBM copoly­
mers was developed by coating the crosslinked particles
with the low molecular weight polymers by a two-stage
semicontinuous batch process. The obtained core-shell
latex exhibits excellent final properties.

Polymerization process factors such as monomer feed
rate and pre-emulsification of monomer were also inves­
tigated. It was found that the formation of the microgel
and water-soluble acid-bearing oligomers depended
largely on the monomer feed rate. The mechanical prop­
erties of cured film increased with decreasing monomer
feed rate. This is attributed to the formation of the
microgel. The water-soluble acid-bearing oligomers
brought about the increase in viscosity of neutralized
latex which was formed when the monomer feed rate
was large compared with that of polymerization of
acrylic acid.

The formulation of the latex into a thermosettable
coatings and the performance results will be reported
elsewhere.

formation of the microge1 and water-soluble acid-bearing
oligomers.
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Use of AC Impedance
In the Study of the Anticorrosive Properties

Of Chlorine-Containing Vinyl Acrylic
Latex Copolymers

John C. Padget and Peter J. Moreland
Imperial Chemical Industries PLC·

Resistance, capacitance, and impedance data ob­
tained from AC impedance measurements on
coated test panels were found to give a very sensi­
tive and quantitative assessment of both the per­
meation characteristics and the deterioration of
various latex and paint coatings. The measurements
showed that films cast from chlorine-containing
vinyl acrylic latex copolymers exhibited low uptake
of liquid water and ions when the degree of particle
coalescence was high. The addition of a block
copolymer surfactant, introduced to ensure the
stability of acidic paints based on such copolymers,
was found to greatly increase the rate of latex
particle coalescence due to a plasticization effect.
AC impedance measurements supplemented by
salt spray and outdoor exposure results showed a
relationship between the permeation characteris­
tics and the anticorrosive performance of latex films
and latex paints, and showed the advantages to be
gained by using a low permeability chlorine con­
taining polymer.

INTRODUCTION

In recent years, latex-based trade sales paints have
steadily replaced oil- and solvent-based products for a
variety of well documented reasons. However, in anti­
corrosive primer paints a similar move to latex-based
systems has been slower to occur, despite the advantages
of such systems in terms of low flammability, solvent
costs, and legislation on pollution and toxicity. The low
penetration of latex-based paints into the anticorrosive
market has been largely due to a number of recognized

Mond Oi",., Technical Dept.. T~ Huth. Runcorn, England. Corrcspondcnct may be
addrcSSC'd to leI Americas Inc., P.O. Box 751, Wilmington, DE 19897.
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limitations in the present generation of acrylic-rich
copolymers commercialized for this duty, notably poor
performance in accelerated tests and flash rusting.

Some of the binder polymers, such as chlorinated
rubber, used for the preparation of accepted high per­
formance solvent-borne anticorrosive primers, are
notable in that they exhibit good water barrier proper­
ties. On the other hand, the current classes of latex copol­
ymers sold as water-borne anticorrosive paint binders
generally contain, as at least one of the principal comon­
omers, an ester of acrylic acid, and in consequence, the
polymers are highly water permeable. This paper de­
scribes a study of the anticorrosive performance of highly
water-impermeable chlorine-containing vinyl acrylic la­
tex copolymers, and of an air drying primer paint based
on one such latex copolymer. Particular attention was
focused on: (I) the effect of the intrinsic permeability
characteristics of the polymeric binder on the anticor­
rosive characteristics of latex and paint coatings; and,
(2) the effect of one particular surfactant on coating
permeability and on the latex particle coalescence
process. Conventional tests of anticorrosive performance
were used to supplement an AC impedance technique
which gave information relating to coating permeability
and to the deterioration of various coatings.

REQUIREMENTS FOR THE
PROTECTION OF STEEL

To be effective, an anticorrosive coating system must
possess a range of attributes such as good mechanical
properties, good adhesion under exposure conditions,
and good weathering properties. Most important, how­
ever, must be its ability to prevent corrosion of the metal
substrate. Corrosion is a consequence of anodic and
cathodic reactions, both of which take place at the metal
surface. In principle, corrosion can be prevented by
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Figure 1-Equipment used for AC Impedance measurements

suppressing either the anodic or cathodic reactions, or
by hindering the passage of electrons or ions between
the anodic and cathodic sites through the electrolyte. It
must be the aim, therefore, to achieve at least one of these
effects in the design of an anticorrosive coating system.
When the metal surface is steel, the principal anodic and
cathodic reactions are: Anodic-(\) Fe -7 Fe2+ + 2e-;
and (2) Fe2+ -7 Fe 3

+ + e- in the presence of oxygen.
The cathodic reaction depends upon pH: 2H20 + 02 +
4e- -7 40H-, in neutral or basic solutions; or, 2H+ +
2e- -7 H2 in acidic solutions.

A protective coating can in principle influence corro­
sion by: (a) limiting the access of oxygen and hence,
polarizing, i.e., retarding the cathodic reaction which
occurs at neutral or basic pHs; (b) impeding ionic
transport between anodic and cathodic sites through the
electrolyte/coating system; (c) limiting the access of water
through the film and hence, polarizing the cathodic
reaction; and, (d) providing anticorrosive species capable
of polarizing either the anodic or cathodic reaction;
anti-corrosive pigments are generally assumed to func­
tion in this manner.

In practice, the reduction in water permeability is
particularly important because, even when water per­
meation cannot be reduced to the extent that the
cathodic reaction is directly prevented, the conductivity
and resistance of the coating is highly dependent upon
the water content of the coating because the latter quan­
tity strongly influences solubilization of ions and the
ionic diffusion characteristics of the film. Moreover,
Funke l has pointed out that the adhesion of many paint
films decreases significantly on prolonged exposure to
high humidity. If, as one might expect, this is due to
water displacing the film from the substrate, corrosion
should then be able to occur readily. The rate determin­
ing step for any such loss of adhesion will be related to
the water permeability of the coating. This contributary
mechanism for the corrosion process provides another
reason for attempting to reduce the water permeability
of an anticorrosion coating.

The achievement of water impermeable films from
aqueous latex polymers presents an additional problem
not encountered in solvent-borne polymer systems. Not
only must the polymer itself exhibit low permeability
to water, but the film forming process of latex particle
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Figure 2-Clrcult for AC measurements

coalescence must occur to a high degree of completion
so that well integrated films are obtained. Failure to
obtain such well integrated films gives rise to a situation
in which water penetration can occur even when the
polymer itself exhibits an intrinsically low water per­
meability. One purpose of the paper is to describe certain
aspects of the development and performance of a system
which satisfies these two requirements of low permea­
bility and good coalescence.

A further consideration for a low permeability coating
system is that the permeability to water and the penetra­
tion of water should be low when coated on to the sub­
strate to be protected. In this situation, additional factors
not present when considering detached films become
important, notably the osmotic driving force for the
diffusion of water through the film arising from the pres­
ence of ionic impurities on the metal surface. It was,
therefore, important to establish whether the chlorine­
containing vinyl acrylic copolymer latex and derived
paints, developed in our laboratories, exhibited good
barrier and protective properties when coated on to a
metal substrate.

USE OF AC IMPEDANCE

Although the salt spray test is the most common accel­
erated technique for the evaluation of the performance
of organic coatings to chloride related environments, it
suffers both from its qualitative appraisal as well as its
long test duration and uncertain relevance. To overcome
these features, electrical and electrochemical type mea­
surements such as resistance, capacitance, polarization
resistance, potential, and ~otentiodynamicresponse have
been utilized. Leidheiser has reviewed many of these
techniques. However, the traditional DC methods have
long suffered from the inclusion of undesirable 'IR'
voltage drops across the films, as well as polarization
produced at the metal/film interface. AC bridge tech­
niques for impedance measurements offered some solu­
tions to these problems as early as the 1940's. However,
the complexity of the instrumentation of the AC bridge
technique together with tedious data analysis limited its
application in this area. More recent electronic instru­
mentation, in the form of frequency response analysers
using digital correlation techniques, has, however, over-
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Figure 3-Randles Equivalent Circuit

come such problems and the technique is seeing vigorous
application to this area.'A One strength is seen to be in
the small perturbation signal required, i.e., 10-100 mY
and the fast data analysis. Moreover, the analysis over a
wide frequency range allows a broad range of electro­
chemical rate processes for activation, diffusion, and
adsorption/ desorption of species to be examined. The
technique is sensitive and capable of giving a quantitive
assessment of a paint film as well as being admirably
suited to automation and the use of a modeling approach.

CHLORINE-CONTAINING VINYL ACRYLIC
LATEX COPOLYMERS AND PAINTS

A very effective method of reducing the water vapor
permeability of a polymer is to incorporate a high pro­
portion of chemically bound chlorine. 5 For example,
the low water vapor permeability of chlorinated rubber6

and the excellent anticorrosive properties of the derived
solvent-borne paints are well documented. 7

The design ofchlorine-containing vinyl acrylic copoly­
mer latexes has been recently disclosed 8

-
lo Water vapor

permeability measurements on solvent cast films showed
a very low permeability which decreased with increasing
chlorine content. The chlorine-containing vinyl acrylic
latex copolymers were based on vinyl chloride and vinyl i­
dene chloride as the principal comonomers, and a pro­
portion of an acrylic comonomer introduced in order to
exercise fine control over film formation and to split up
VDC sequences in the polymer chain.

The latex was prepared by emulsion polymerization
in the absence of colloid, which can impair film coales­
cence, and in the presence of an extremely low concen­
tration of surfactant. Colloid stability of the latex was
provided in part by charged polymer end groups arising
from the polymerization initiator system.

However, for a variety of reasons, it was necessary
to introduce surfactants and dispersants when formulat­
ing the latex into a practical paint. In view of the tendency
of such chlorine-containing latex copolymers to dehy­
drochlorinate at alkaline pHs, the paint was formulated
at an acidic pH of 5; at this pH (and below) the rate of
dehydrochlorination was shown to be negligibly small.
It was found that certain ethoxylate based nonionic
surfactants, when used as latex stabilizer and pigment
dispersant, were capable of giving storage stable acidic
paints which maintained their state of pigment dispersion
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Figure 4-Determlnatlon of film reslstance R from Nyquist
Impedance diagram

during storage. One very effective class of surfactant was
found to be the ethylene oxide / propylene oxide/ ethylene
oxide block copolymer type such as Pluronic F87 or
Synperonic PE 39/70 which was capable of stabilizing
the latex, and dispersing and stabilizing the pigment. The
anticorrosive pigment was zinc phosphate because of its
particular effectiveness at acidic pHs and its nontoxi'c
nature. A typical paint formulation is given in the
Appendix.

The acidic pH of 5 is an important feature of the paint
formulation since it was found that at acidic pHs, the
tendency to give flash rusting was surprisingly very much
reduced. I I In formulating such an acid paint, it was found
that the nature and purity of the pigments utilized should
be chosen with care so that the optimum paint pH of 4-5
was obtained; basic pigments or pigments containing
basic impurities were found to cause the paint pH to rise
above 5, with a consequent increase in the tendency to
give flash rusting.

The effect of the block copolymer surfactant, intro­
duced to ensure stability of the acid paint, is clearly of
importance. The effect of this surfactant on the latex
particle coalescence process and on film permeability
was studied as an important part of this work.

EXPERIMENTAL

Electron Microscopy

Latex films were cast on to clean mica sheets using a
Sheen film applicator. The films were allowed to dry for
the stated period of time in a dust proof cabinet at 25°C.
The films were then shadowed at an angle of 45° with a
gold/palladium heated wire in an Edwards El2 evapo­
ration unit. The shadowed film was then replicated by
carbon deposition in the evaporation unit at 10-4_10- 5

torr to give a carbon coating of 400-5ooA. The pre­
shadowed and carbon coated film was placed in a petri
dish containing THF to dissolve the polymer, allowing
the carbon raft to float to the surface. After several TH F
washings to completely remove the polymer, the carbon
replicas were mounted on specimen grids and examined
by transmission electron microscopy.
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Figure 5-Transmission electron micrographs of preshadowed
replicas showing the effect of drying time of chlorine-containing
vinyl acrylic latex films: (al 4 hours, (bl 6 days, and (cl 9 days

Water Vapor Permeability

Films were cast on glass at 25° C from latex containing
0.6% methyl vinyl ether/maleic anhydride copolymer
as a thickener. Measurements were made on detached
films at 38°C/90% RH according to BS 3177.
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Panel Preparation

Latex and paint films were cast on to 6" X 4" degreased
mild steel Pyrene test panels using an applicator bar.
The films were dried for 24 hours at 25°C and 50% RH
between coats and for a further seven days after appli­
cation of the final coat. Particular attention was given
to preparing pinhole free films since this is critical to AC
impedance measurements. The preferred technique was
to apply four coats to minimize the risk of pinholing.
Total dry film thickness was measured using an Elcom­
eter eddy current thickness meter.

AC Impedance Technique

After coating the test panel, a 1.6 mm diameter copper
wire was soft soldered to a bare patch provided on the
top of the panel to serve as an electrical connection. Both
faces of the panel were then heavily waxed with the
exception ofa selected area of 5cm 2 or 25 cm 2 ofthe paint
film. The waxed panel was then immersed in a large
screened tank containing 3% NaCI at room temperature.
The panel was mounted parallel to a standard bare mild
steel panel (separation 2") which served as a counterelec­
trode in the two electrode cell. The much larger area of
the bare mild steel panel ensured that the measured
impedance of the cell was virtually that of the high impe­
dance paint panel.

AC impedance measurements were made using the set
up shown in Figure I using a Frequency Responses
Analyser (FRA), Solartron Model 1174. The FRA was
used with a sinusoidal output of between 10 to 100 mV
(rms) and a frequency sweep between 10 KHz to 100
mHz. The logarithmic frequency sweep was initiated
at 10 KHz. This ensured that the shorter duration higher
frequency measurements were not influenced by mass
transfer processes associated with the longer duration
lower frequency measurements. The electrical circuit
for the measurements on the two electrode cell is shown
in Figure 2. The cell was coupled in series to a decade
resistance box Rs which acted as a multiplier on the
measured impedance !'CI which can be expressed in
terms of a real (a) and an imaginary (bj) component using
standard complex number notation. These components
were given directly by the FRA. The data was obtained
in the form of a, bj, Irl, log 2:, cf>, and log f, where cf> is
phase angle and f the frequency. Software allowed the
data to be analyzed and plotted in the form of Nyquist
(a vs bj) or Bode (log f vs log r) diagrams; or to be
modeled in terms of a Randles l2 equivalent circuit, i.e.,
parallel resistance R, series resistance Ro, parallel capaci­
tance Cp, and Warburg Impedance W (Figure 3).

The AC impedance data was used in three different
forms to assess and compare the performance of the
coatings:

(I) Nyquist impedance diagrams, i.e., plots of a vs bj
over the frequency range 10 KHz to 100 mHz.

(2) The film resistance R. For Nyquist impedance
diagrams of a semicircular nature and responding like a
parallel RC circuit with time constant <3.2 sec, the film
resistance R value was readily determined from extrapo­
lation of the impedance diagram to the value on the real
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(a) axis at low frequencies (Figure 4). For impedance
diagrams showing limited circular behavior, i.e., high
resistance film (R > 108 ohm/cm2

) typical of films upon
initial exposure, the films were modeled using in-house
prepared software based upon a Randles type equivalent
circuit in order to determine the film resistance R.

(3) Capacitance C was calculated from the imaginary
component (bj) of the cell impedance at I KHz. For an
RC circuit it can be shown that:

b : -,-----:W"'C'i-R~2...--.
l+w'R'C'

where ClI = 21Tf. The value of b approaches w'c as f

approaches I KHz, allowing the capacitance C to be
calculated.

RESULTS AND DISCUSSION

Effect of Block Copolymer Surfactant
On Latex Coalescence

The nonionic block copolymer surfactant was intro­
duced to ensure stability of the acidic paint. Its effect
on the film forming properties of a chlorine-containing
vinyl acrylic latex was studied by electron microscopy,
AC impedance, and a distilled water soak technique. In
all cases, 0.2% of hydroxy propyl methyl cellulose was
added to the latex to ensure good application properties.
Figure 5 shows the very gradual coalescence of the latex
at room temperature over a period of time. Even after
nine days the coalescence of the latex can be seen to be
incomplete since the identity of the separate latex parti­
cles can still be distinguished. Vanderhoff!J described
this process as "further gradual coalescence." Figure 6
illustrates a far greater extent of coalescence after nine
days when I% block copolymer surfactant was added to
the latex before the film was cast. The effect of the addi­
tion of the surfactant on film coalescence is even more
dramatically revealed in Figure 7 which shows the con­
dition of the film after only four hours drying. At a con­
centration of 3% nonionic surfactant, the coalescence
appears to be essentially complete after four hours (Fig­
ure 7c). Close inspection of the micrograph ofthe sample
containing 5% nonionic surfactants (Figure 7d) shows the
appearance of surface exudatiQns similar to those previ­
ously reported by Vanderhoff'J who attributed the effect
to exudation of the surfactant to the film surface. Evi­
dence was obtained to support this explanation by
measuring the adsorption isotherm of nonionic surfactant
on to the latex particle surface (Figure 8) which clearly
shows that at total surfactant concentrations of <3% there
was little surfactant present in the aqueous phase (i.e.,
mainly adsorbed on to the particle surface). Whereas,
when the surfactant concentration was increased to 4%,
all the additional surfactant was present in the aqueous
phase of the latex. For the sample containing 3% surfac­
tant (Figure 7c), exudations on the surface of the film can
just be discerned, which is consistent with the small
proportion of surfactant present in the aqueous phase

Vol. 55, No. 698, March 1983

USE OF AC IMPEDANCE

Figure 6-Transmission electron micrograph 01 preshadowed
replica 01 chlorlne-contalnlng vinyl acrylic latex 11Im containing

1% block copolymer surfactant and dried lor 9 days

of the latex (Figure 8). The results therefore suggest that
it was only that surfactant which was present in the
aqueous phase of the latex which was exuded to the
surface of the final film during the four-hour drying
period. Whereas, surfactant which was adsorbed on to
the latex particles was not exuded to the surface of the

Figure 7-Transmission electron micrographs 01 preshadowed
replicas 01 latex IIIms showing the elleet 01 the block copolymer
surfactant concentration alter lour hours drying: la) 0%, (b) 1%,

lc) 3%, and (d) 5%
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Figure 8-Adsorptlon of block copolymer surfactant on to the
chlorine containing vinyl acrylic latex. The figure In parenthesis
Is the total weight of added surfactant expressed as a weight

percentage ot the total latex solid weight

film over this same time scale. The most important of the
results was the pronounced increase in the rate of coales­
cence with increasing nonionic surfactant concentration.

Latex samples containing different proportions of
added nonionic surfactant were cast on to mild steel test
panels in two coats to give a total dry film thickness of
60 jtm, dried for eight days at 25°C/50% relative
humidity, immersed in distilled water for seven days, and
then inspected. It was observed that the surfactant-free
film exhibited water blushing, i.e., a white haze was
present in the film which was presumed to be due to the
effects of water penetration. This water blushing effect
was found to decrease progressively as the surfactant
concentration was increased progressively in the range
0-3%; in the latter case (i.e., 3%) blushing was virtually
absent. A further increase in surfactant concentrations
to 4% reintroduced the water blushing effect, although
to a much smaller extent than was obtained in the
surfactant-free film. These results are consistent with the
finding of improved coalescence with increasing surfac­
tant concentrations given by electron microscopy
(Figure 7).

AC impedance measurements were performed on simi­
lar coated mild steel test panels to those used for the water
blushing work. The coated panels (dry film thickness =
60 jtm, exposed area = 25 cm') were immersed in 3%
sodium chloride solution. It was found that in all four
cases the capacitance increased with increasing immer­
sion time. Such an increase in capacitance has been
reported by other workers who have attributed the
capacitance increase to the presence of water in the film,
with a consequent increase in dielectric constant. Brasher
and Kingsburyl4 derived an expression for calculating
the water uptake ofcoatings from capacitance data. Their
expression involved the assumption that the water within
the coatin~ is both random and uniform, although as
Leidheiser points out, water penetration into a coating
will take place by some form of diffusion process. Hence,
this assumption is unlikely to be strictly valid. However,
Brasher and Nurse 1s found reasonable agreement be­
tween water uptake calculated from capacitance mea­
surements and determined gravimetrically, provided
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Figure 9-Notional water uptake as a function of percentage
added block copolymer surfactant for a chlorine-containing

vinyl acrylic latex film

that the water uptake was small. Therefore, Brasher and
Kingsbury's expression was used to calculate what we
term the "notional water uptake" as a function of
immersion time.

The notional water uptake during immersion calcu­
lated from capacitance data (Figure 9) was found to
decrease dramatically as the surfactant concentration
was increased in the range 0-3%. Thus, the water uptake
results followed exactly the same pattern as the water
blushing observations, and confirmed the increase in
the rate of coalescence of the latex particles caused by
the introduction of the block copolymer surfactant. At
a concentration of 3% surfactant the film properties
were at optimum. At the higher concentration of 4%
surfactant both capacitance measurements and water
blushing observations showed that there was a deteriora­
tion from the optimum. This deterioration corresponded
to the presence of surfactant in the aqueous phase of the
latex. The electron micrographs suggest at least a pro­
portion of this excess surfactant was exuded to the film
surface. The capacitance and water blushing results sug­
gested a proportion of the excess surfactant was also
retained within the well coalesced film, where it gave rise
to an increase in water penetration.

Even when the electron micrograph of the latex film
indicated good coalescence, as for example in Figure 6
which shows the film containing I% surfactant after
nine days drying, the coalescence process could be far
from complete. This is evidenced by the finding that for
films dried for approximately the same period of time
a further increase in surfactant concentration gave a
significantly lower capacitance change (Figure 9) and
smaller extent of water blushing. Thus, the AC impe­
dance derived measurement of the capacitance of im­
mersed films represented a more sensitive indication of
the extent of the later stages of film coalescence than did
electron microscopy. One contributory reason for this
situation is probably that the electron microscopy tech­
nique reflected only the extent of coalescence at the
surface of the film, while coalescence in the interior of
the film may have been less complete.

The addition of the surfactant was, of course, not
essential for the achievement of a high degree of particle
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Table 1-Eflect of Surfactant on the Tensile Properties
Of Dry Films 01 Chlorine-Containing Vinyl Acrylic latex Films

Ultlmale
Tensll. YI.ld Tensile Extensl-

II Add.d Modulul Sir.... stre.. bility MFT
Surfectant- kg/em' kgfcm 2 kg/em' 'I. 'C

0 3.6 13 33 710 15 ± 2
1 2.6 16.5 19 1250 16 ± 2
2.5 1.7 4 II 1400 16 ± 2
4 1.6 3 6 >1500 16 ± 2

(a) Expressed as a prrccntage of the latex solids.

coalescence since introduction of coalescing solvent or
increasing the drying time or drying temperature had
a similar effect. The main significance of the results
was that the presence of the surfactant accelerated
coalescence and, provided its concentration did not
exceed surface coverage of the latex particles, did not
have a deleterious effect on the rate and extent of water
uptake. This conclusion is supported by earlier work in
our laboratorl which showed that the water vapor per­
meability of a detached film, obtained by casting latex
containing 3% added block copolymer surfactant, was
very close to that of the corresponding solvent cast,
surfactant-free polymer film.

The large increase in the rate of coalescence of the latex
polymer caused by the post addition of the nonionic
surfactant is thought to be attributable to a plasticization
of the polymer by the surfactant. Tensile measurements
on dry latex films which had been dried for seven days
after casting (Table I) showed a pronounced physical
softening, as manifested by an increase in extension to
break, and a decrease in modulus, yield stress, and ulti­
mate tensile stress.

Interestingly, the block copolymer surfactant did not
significantly affect the minimum film forming tempera­
tures (MIT) of the latex. Although the surfactant was
strongly plasticizing in the dry polymer film and during
the late stages of latex coalescence when water is essen­
tially absent, it was not plasticizing during the early
coalescence period of the M FT measurement when water
is present. It is postulated here that the reason for this
observation is that in the aqueous latex the polyethyl­
ene oxide chain in the nonionic surfactant was strongly
hydrated and hence was unlikely to be polymer com­
patible, explaining the unchanged MFT. On the other
hand, in the dry polymer film, the polyethylene oxide will
lose its water of hydration, and, hence, change its poly­
mer compatibility characteristics, the evidence being
that, from glass transition temperature measurements
on solvent cast systems, the surfactant became polymer
compatible in the absence of water. Evidence that it was
the polyethylene oxide component of the nonionic sur­
factant which was polymer compatible was provided by
the observation that pure polyethylene oxide was also
capable of plasticizing the dry polymer.
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Table 2-Comparlson 01 latex Types and latex Properties

Wlt.r
Vlpor

P.rmol- Film R....lance (ohm/S em')
bility

Hard Soil g/2Sp/ 14
Monomer Monomer m'/day Inilial 1 hour 1 d.y days

Methyl Butyl 1270 5X 10' 8X 10' 2X 10'
meth- acrylate
acrylate

Acrylo- Butyl 1290 >10' 7X 10'
nitrile acrylate

Vinyl Vinylidene II > 10' > 10' > 10' > 10'
chloride chloride

+acrylate

(a) Film resistance had fallen to < 10" ohm/S em l with visible corrosion of the panel.

Comparison 01 Latex Types
Virtually all latex polymers currently sold as anti­

corrosive paint binders contain as at least one of the
principal comonomers an ester of acrylic or methacrylic
acid. Examples of two of the currently available latex
types are listed in Table 2 along with that of a chlorine­
containing vinyl acrylic copolymer which contained
vinylidene chloride and vinyl chloride.

It can be seen that the water vapor permeability (WVP)
of the chlorine-containing vinyl acrylic latex was approx­
imately loo-fold lower than that of the acrylate ester
based latexes. Since the WVP measurement was per­
formed at 38°C, (i.e., about 200 e above the MIT of the
latexes involved) it was presumed that in all cases the
films were well coalesced.

The AC impedance technique was used to establish
whether there was a similar difference in water uptake
when the films were applied to a mild steel substrate and
immersed in 3% brine. In view of the results given in the
previous section, the chlorine-containing vinyl acrylic
latex was stabilized with block polymer surfactant (3%
on latex solids) to ensure good coalescence after the
seven-day drying period. The other latexes were tested
in the already surfactant stabilized form in which they
are sold for the preparation of air drying paints. In all
cases, 0.2% hydroxy propyl methyl cellulose (on latex
solids) was added to the latex to ensure good application
properties. The film was applied in four coats to reduce
the risk of pinholes with a No.7 Mayer bar to give a total
dry film thickness of 115 Ilm. The total area exposed by
the waxing process was 5 em'.

In this case, the equation of Brasher and Kingsbury l4

was not used to calculate water uptake from capacitance
measurements because the assumption of random and
uniform water uptake was considered to be invalid for
the large extent of water uptake obtained for the acrylic
latexes. Thus, the results were expressed as capacitance
vs time plots (Figure 10); these plots being used as a
nonquantitative measure of water uptake. It can be seen
from Figure 10 that the rate and extent of capacitance
increase was considerably less for the chlorine-containing
vinyl acrylic latex film than for the acrylic-based latexes,
as had been anticipated from the water vapor permeabil-
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ity measurements (Table 2). The far greater capacitance
increase for the acrylonitrile-butyl acrylate latex than for
the methyl methacrylate-butyl acrylate latex, despite
their very similar water vapor permeabilities, was pre­
sumably due to failure of the former latex to coalesce
perfectly under the .drying conditions employed during
the panel coating operation (250 C), despite the presence
of surfactant. On the other hand, the temperature at
which the water vapor permeability was measured (38 0 C)
would ensure coalescence in all cases.

The influence of the chlorine content of the polymer is
demonstrated in Figure I I which shows a lower rate and
extent of capacitance increase during immersion for the
copolymer having the higher chlorine content. This result
is consistent with the water vapor permeability measure­
ments previously reported 8 which showed a progressive
decrease in water vapor permeability with increasing
chlorine content for a set of detached films which had
been cast from solvent.

The variation in resistance with time for the various
latex films is included in Table 2. The results show a rapid
loss of resistance for the two acrylate ester based films
from an initially high resistance. The fall of resistance was
the precursor to the onset of corrosion ofthe panel which
could be readily seen through the clear film. On the other
hand, the chlorine-containing vinyl acrylic copolymer
retained a very high resistance (> I09 ohm) with no
detectable decrease throughout the period of the test
(14 days) and with no visible change in the condition of
the substrate. A similar conclusion regarding the superior
protective properties of high resistance coatings has been
reported in a number of previous pUblications. '6-I8

By way of comparison with a more conventional accel­
erated test method, duplicate metal panels similar to
those used in the AC impedance tests were subjected to
1000 hours of continuous salt spray performed under the
conditions laid down in BS 3900 Part F4: 1968. Since the
films were transparent the condition of the substrate
could be readily seen. The acrylic ester based latex films
were seriously blistered and the underlying panels were
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extensively corroded, whereas the chlorine-containing
vinyl acrylic latex film was found to be remarkably intact
with very little underfilm corrosion (Figure 12).

It is interesting to note that the capacitance, resistance,
and salt spray measurements used to compare the pro­
tective properties of the various latex films were in agree­
ment in showing the chlorine-containing vinyl acrylic
copolymer to be substantially more effective than the
acrylic-based copolymers. The capacitance measure­
ments, which indicate water uptake by the film, and the
resistance measurements, which indicate ion ingress into
the film, had the advantage that they detected at an
earlier stage the deterioration which was eventually
observed over longer time scales in the salt spray test.
This early indication of deterioration by AC impedance
measurements is an important advantage of this
technique.

Performance of Paints

The results obtained for latex films showed that well
coalesced chlorine-containing vinyl acrylic latex films
gave highly water-impermeable films which were capable
of giving remarkably good protection of steel. However,
it has been reported that one effect for formulating latex
into paint is to change its water and oxygen permea­
bility." It was therefore necessary to establish whether
the good performance of the latex films could be trans­
lated into corresponding advantages in a practical paint.
The results given in previous sections showed that the
block copolymer surfactant, introduced in order to
ensure colloid stability of the latex and pigment compo­
nents of the acidic chlorine-containing vinyl acrylic latex
paint, would ensure a high degree of latex particle
coalescence in the paint after the seven-day drying
period employed in this work, especially as the paint
formulation (Appendix) also contained a small propor­
tion of coalescing solvent.

In each case, the formulation used was a proprietary
air drying anticorrosive primer formulation for the
polymer in question.

To minimize the risk of pinholes, the paints were each
tested as a four coat system of total dry film thickness
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Figure 12-1000 hour aalt apray reaulta on almplethlckened latex
coatlnga: (a) chlorine-containing vinyl acrylic latex; (b) methyl
methacrylate-butyl acrylate latex; and (c) acrylonitrile-butyl

acrylate latex

140 J.lm using an exposed area of 5 cm'. The Nyquist
impedance behavior was measured periodically (Fig­
ure 13). The measurements on the chlorinated rubber
and the chlorine-containing vinyl acrylic based paints
indicated these two systems to be the most protective of
those tested. The Nyquist impedance diagram for the
chlorinated rubber system showed little change over
three days exposure and exhibited behavior consistent
with a highly protective film, i.e., large values for a and b
relating to an equivalent RC circuit with a large film
resistance (R) value> 109 ohms. The chlorine-containing
vinyl acrylic paint film showed slightly more curvature
and only slightly decreased film resistance of the order
of 6 X 108 ohm after three days of immersion.

In comparison to these two films which maintained a
high value of resistance after three days of immersion,
the alkyd paint, although having an initially high
resistance (R > 109 ohm), underwent a fall off in perfor­
mance after only one hour of immersion as depicted by
the small semi-circular behavior from which a film
resistance R value of 2.5 X 108 ohm was derived. After
one day of exposure the resistance had fallen to 4 X 106

ohm. After three days, the Nyquist impedance diagram
developed a "tail" at low frequencies, indicating Warburg
impedance or the existence of a diffusion process within
the film as major ingress of ions occurred. Small blisters
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Table 3-Summary 01 Primer Palnta Tested

PVC
System Point Typo Polymer Type pH '"

Latex Chlorine-containing vinyl 20
acrylic

2 Latex Methyl methacrylate!butyl 20
acrylate

Latex Methyl methacrylate! butyl 9 30
acrylate

4 Latex Methyl methacrylate! butyl 40
acrylate

5 Solvent-borne Chlorinated rubber 35
6 Solvent-borne Alkyd 40

were also observed at this stage. In contrast, the chlori­
nated rubber and chlorine-containing vinyl acrylic based
coatings showed no visible signs of deterioration or
significant change in impedance properties after 10 days.

The two paint coatings based on the methyl meth­
acrylate/butyl acrylate copolymer, and having PVCs of
20% and 30%, behaved very similarly to each other, and
deteriorated more quickly than the systems described
above (Figure 13). Within one hour the resistance of the
films was <2 X 10' ohms. A substantial Warburg "tail"
was present after three days, by which time the resistance
had decreased to a value of the order of 104 ohms. Micro
blistering was observed after three days, although the
impedance data had changed significantly after the
earlier time of one day.

Paint system 4, also based on a copolymer of methyl
methacrylate and butyl acrylate, proved to be interesting
in that it demonstrated the AC impedance behavior of
a very poor protective coating (Figure 13), presumably
due to its high PVC of40%. It was consistently found that
even after a very early period of approximately 10 minutes
of immersion the values of a and b were extremely low
(~IO) ohms), with a linear Nyquist plot of approxi­
mately 45° slope. Thus, in effect, the diffusion tail domi­
nated the behavior of the system, with no part of the
semi-circle being within the test frequency range. This
behavior is consistent with a high ingress of ions into
the coating.

The Nyquist impedance behavior described above
differentiated clearly between the performance of the
various paint formulations. The capacitance behavior
of the painted panels during immersion is shown in
Figure 14. It can be seen that all the paint films had a
similar initial value of capacitance in the region of
300-500 pF. However, the capacitance increase during
immersion differentiated between the systems and gave
an identical order of performance to that discussed above
from the Nyquist plots, with the rate of capacitance
increase being in the order acrylic copolymer (systems
2, 3, 4) > alkyd (system 6) > chlorine-containing vinyl
acrylic (system I) > chlorinated rubber (system 5).

Outdoor exposure results have recently been pub­
lished 8 for paint systems I, 2, 3, and 6. For this outdoor
exposure testing, panel preparation differed slightly from
that used for AC impedance measurements in that the
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Polyl1Mtf Type Initial 1 Hour 1 DaV 3 Days

Paint 3
(methyl methacryl·
ate butyl acrylate
latex 30% PVC)

Figure 13-Nyqulst Impedance dia­
grams for paint films on mild steel after
various periods of exposure In 3%
NaCI. a and bj values are expressed In
ohms for exposed area of Scmz
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primer paints listed in Table 3 were brush applied to blast
cleaned steel in two coats, each giving a dry film thick­
ness of 30 !Lm. For each system, the primer was over­
coated with a corresponding white top-coat based on the
same latex polymer utilized in the preparation of the
primer, the top-coat being applied by brush in two coats,
each giving a dry film thickness of 30 !Lm. Thus, the total
dry film thickness of 120 !Lm was very similar to that used
in the AC impedance tests. At each of the three exposure
sites (coastal, industrial, and rural) the two paints based
on a conventional acrylic latex copolymer (paints 2 and 3)
had deteriorated significantly. Neither paint I (chlorine­
containing vinyl acrylic) nor paint 6 (alkyd) had deterio­
rated after the period of exposure of 1.5 years, although
the prediction from the AC impedance results wa's that
the latter system would deteriorate more rapidly than
the former over longer time scales.

Identical panels to those used for the AC impedance
measurements were scored with a cross cut and subjected
to a standard salt spray test conducted according to
ASTM BI17-75. The panels were examined after 500
hours immersion and rated according to ASTM 0714-56.
Results are shown in Table 4.

The salt spray results on the various systems can be
seen to rank the paints in the same order of performance
as the AC impedance Nyquist plots and capacitance data.
Taking together the outdoor exposure, AC impedance,
and salt spray results, it can be concluded that when the

chlorine-containing polymers were formulated into
optimized paint systems the low permeability character­
istics of this class of polymeric binder were highly
advantageous in terms of corrosion protection. The rate
of uptake of water and ions was considerably lower than
was the case for comparable paint systems based on more
permeable polymeric binders, and the coatings retained
their protective properties for considerably longer
periods of time.

From the AC impedance data on the various coatings
studied, it is clear that the shape and magnitude of the
Nyquist impedance plots allow the changing perfor­
mance of paint films to be examined. The deterioration
of a paint film falls clearly into five characteristic Nyquist
impedance diagrams, as illustrated in Figure 16. Stage I
is an impedance diagram of little curvature with large
impedance values (> 109 ohm) which changes toacurved
plot in Stage II as ions ingress the film and R falls to
109 ohm. Further deterioration (Stage III) yields a
reasonably shaped semi-circle with R now of the order
of 107 ohm. In Stage IV, the impedance plot develops a
"tail" due to the presence of Warburg impedances through
the operation of rate controlling diffusion processes in
the film with R values now of the order of 106 ohm.
Finally, in Stage V the impedance diagram has low
impedance values « 10' ohm) and is often linear with
a slope of 45° relating to complete control by diffusion
(Warburg) related processes. Physical defects in the film
can often be observed at this stage.
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Table 4-Sall Spray Performance 01 Paints

Paint Paint Paint Blister
System Polymer Type Type PVC Rating Comments

Chlorine-containing Latex 20 None
vinyl acrylic

Methyl methacrylate I Latex 20 4D No rusting

butyl acrylate from blisters

Methyl methacrylate Latex 30 2D No rusting

butyl acrylate from blisters

Methyl methacrylate! Latex 40 2D Severe rusting
butyl acrylate from blisters

Chlorinated rubber Solvent 35 None

Alkyd Solvent 40 None Severe lifting
of film

Paint 5 (chlorinated rubber)
4001L_--~-----
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1200C1I
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Figure 14-Capacilance VI exposure lime in 3% NaCllorvarious
paint systems. Exposed area = Scm'

It was found that the observance of these characteristic
curves is highly dependent upon the absence of insidious
pinholes-'o Even very small fractional areas of bare metal
due to such features can produce completely overriding
results because of their much smaller RC characteristics.
This will be discussed in a future paper. An inadequately
prepared film (i.e., pinholed) immediately exhibited a
Stage V impedance diagram, whereas a well prepared
nonpinholed film exhibited a Stage I or Stage II behavior
immediately on immersion. Thus, in practice, it was
always clear whether panel preparation for the AC impe­
dance measurements was satisfactory.

Comparison of Latex and Paint

Figure 15 compares the capacitance behavior of a
15% PVC paint based on the chlorine-containing vinyl
acrylic latex and the corresponding well integrated film
cast from the latex itself. The results show a greater rate
and extent of capacitance increase during immersion
for the paint when compared to the corresponding latex,
presumably reflecting the influence of the pigments in
the paint.

From the impedance measurements on latex and
paints, it would be anticipated that the chlorine­
containing vinyl acrylic latex would exhibit even better
anticorrosive performance as an unpigmented latex film
than as a paint film. The salt spray results supported the
excellent performance of unpigmented latex films, while
a range of tests demonstrated the good anticorrosive
properties of a derived paint. It was anticipated that there
could be applications for which the performance of
unpigmented clear films could be usefully exploited,
but, in general, it was considered that a carefully formu­
lated paint, such as that described in the Appendix, is
to be preferred. The reason not least being because its
better mechanical properties provide superior protection
from corrosion arising from mechanical damage, better

hiding power, superior film build, and a surprisingly low
tendency to flash rust.

It is likely that the mechanism of protection in the
unpigmented latex film differs somewhat from that in
the corresponding paint. Despite the exceptionally low
water vapor permeability of the chlorine-containing vinyl
acrylic copolymer film, it is considered unlikely that the
mechanism of protection is one of directly polarizing
the cathodic reaction by limiting access of water to the
cathodic sites on the steel surface. This conclusion is
based on a simple comparison between the measured
water vapor permeability of the unpigmented polymer
film (Table 2) and data quoted by Corti and Fernandez­
Prins 21 on water consumption during corrosion of steel
in various environments. This comparison shows that
the film cannot act as a sufficiently effective barrier to
water permeation to prevent corrosion. It is far more
likely that the protective properties of the unpigmented
latex film were attributable to the high value of film
resistance maintained during exposure which would limit
corrosion by providing a high resistance between anodic
and cathodic sites on the steel surface. This high resis­
tance was in turn attributable to the low penetration of
water and ions into the film.

The impedance measurements showed that the paint
based on the chlorine-containing vinyl acrylic latex was
more susceptible to the penetration of water and ions
than the latex itself, although the paint was still remark­
ably resistant to ingress by these species when compared
to the other paint systems tested. It is likely that in the
case of the paint coating, protection was provided only
in part by the high film resistance mechanism, with a
further contribution from the presence of the anticor­
rosive pigment.

SUMMARY

Chlorine-containing vinyl acrylic latex polymers based
on vinylidene chloride and vinyl chloride as the principal
monomers were shown to exhibit a low water vapor
permeability. AC impedance measurements showed such
polymers to exhibit low water uptake when cast on to a
mild steel substrate. As expected, both water vapor
permeability and water uptake decreased with increasing
chlorine content of the polymer.
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Figure 15-Capacltance as a function of exposure time In 3%
NaCI. x-chlorine-containing vinyl acrylic latex film + 3% block
copolymer surfactant; +-palnt based on chlorine-containing

vinyl acrylic latex. Exposed area = 25cm'

It was found that latex films which exhibited such low
water uptake were only obtained when the degree of par­
ticle coalescence was high. Both the AC impedance
technique and electron microscopy showed that the
addition of a block copolymer surfactant of the ethylene
oxide-propylene oxide-ethylene oxide type significantly
increased the rate and extent of particle coalescence of
a chlorine-containing vinyl acrylic latex film and
decreased the water uptake of films dried for seven days
at 25° C in the absence of coalescing solvent. This increase
in coalescence was shown to be due to plasticization of
the latex polymer by the surfactant in the absence, but not
in the presence, of water. The AC impedance measure­
ment of the capacitance change proved to give a more
sensitive indication of the degree of coalescence during
the later stages of coalescence than did electron
microscopy.

The increase in rate of particle coalescence with in­
creasing surfactant concentration and the corresponding
decrease in water uptake was only observed at surfactant
concentrations up to surface coverage of the latex parti­
cles. At higher surfactant concentrations, the excess
surfactant present in the latex aqueous phase caused both
an increase in water uptake and an exudation of surfac­
tant to the coating surface. The addition of the block
copolymer surfactant, however, was not essential for
obtaining a high degree of coalescence, since addition
of coalescing solvent or increasing the drying time/
temperature has a similar effect. The significant point is
that the addition of surfactant, provided that it was not
present at a concentration exceeding surface coverage
and provided that it was compatible with the latex poly­
mer, ensured good coalescence and gave a film with good
permeability characteristics and low water uptake.

Typical acrylic ester based latex copolymers of the type
currently used for the preparation of anticorrosive paints
gave films with a IOO-fold greater water vapor permea-
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bility than a chlorine-containing vinyl acrylic latex.
When coated on to a mild steel substrate, these copoly­
mers showed a far greater rate of water and ion penetra­
tion as assessed by AC impedance tests, and a far lower
degree of protection as assessed by AC impedance, salt
spray, and water immersion tests.

A chlorine-containing vinyl acrylic latex was formu­
lated into a primer at a pH of 5 to eliminate dehydro­
chlorination reactions which take place at a more alka­
line pH. The presence of both block copolymer surfac­
tant and coalescing solvent in the paint ensured good
coalescence of the latex particles. AC impedance and
salt spray tests were conducted on mild steel panels
coated with this acidic paint. The system was compared
to more conventional acrylic ester based anticorrosive
latex paints and to two selected solvent-borne paints.
Formulation of the chlorine-containing vinyl acrylic
latex into a paint significantly increased the rate and
extent of water penetration into the coating as assessed
from the capacitance change during immersion. Never­
theless, paints based both on the chlorine-containing
latex and on chlorinated rubber showed both an appre­
ciably lower rate of capacitance increase and a lower rate
of resistance decrease during immersion in 3% sodium
chloride solution than did an alkyd paint and a number
of conventional acrylic ester based anticorrosion latex
paints. Corresponding salt spray tests confirmed the
much higher lever of protection afforded by the paints
based on the two chlorine-containing polymers, while
outdoor exposure results demonstrated the superior
performance of the chlorine-containing vinyl acrylic
latex paint compared to paints based on conventional
acrylic latexes.

The Nyquist plots obtained from AC impedance mea­
surements during immersion of test panels gave a rapid
and very sensitive indication of the deterioration of the
various paint systems, and provided a quantitative tool
for assessing and ranking the performance of coatings
on a metal surface. The deterioration of the coatings
were found to pass through a series of stages each char­
acterized by its own distinctive Nyquist plot. For exam­
ple, in the first stage the impedance diagram had little
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curvature and corresponded to a high impedence value.
The plot then became curved due to the ingress of ions
into the coating; film resistance fell progressively until
rate controlling diffusion processes were apparent and
the film had a very low impedance.

The assessment from the AC impedance studies was
generally in line with more traditional performance tests
such as outdoor exposure and salt spray. The assessment
by AC impedance, however, could be made sooner and
gave a much clearer quantitative picture.

It should be emphasized, however, that AC impedance
cannot replace practical exposure testing. The informa­
tion given by AC impedance can complement exposure
testing by rapidly giving information which allows the
deterioration processes to be better understood and,
hence, serve as an aid to formulation design.

Notwithstanding the increase in water penetration
found on formulating a polymer into a practical paint,
the results obtained in this work clearly show that highly
water impermeable chlorine-containing polymers,
whether they be solvent-borne or water-borne, were
excellent binders for the preparation of anticorrosive
paints with good performance in various tests. More
permeable polymeric binders were found to give paints
with inferior protective properties. The paints based on
the chlorine-containing polymer binders exhibited a
smaller change in capacitance and resistance during
exposure than the other coatings tested, and it is likely
that they owe their excellent protective properties to a
lower rate of ingress of water and ions into the coating.
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APPENDIX
PRIMER FORMULATION BASED ON

CHLORINE-CONTAINING VINYL ACRYLIC LATEX

Chlorine-containing vinyl acrylic latex' 59.7
Synperonic PE39/70 (30% w/w solution)b ....•. , 3.1
Methocel JI2MS' 0.2
Zinc phosphate PZ40' 5.8
Micronized barytes , 15.6
Micronized red iron oxide. . . . . . . . . . . . . . • . . . . . . . . . .. 2.6
'Bevaloid' 642' .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0.2
Butyl Ethoxol I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2.0
Water .....................•........ , ..•.......... 10.8

PVC 20%
Volume solids 44%
pH 5
Viscosity 2 poise (180s' I)

Ingredient %w/w

(a) Chlorine-containing vinyl
acrylic binder (60% solids)-Haloflex 202

(b) Synperonic PE39/70 stabilizer/dispersant
(c) Methocel Jl2MS-lhickener
(d) Zinc phosphate PZ40
(e) Bevaloid 642-defoamer
(f) Butyl Elhoxol-coalescing solvent

-ICI UK
-ICI UK
-Dow Corning, USA
-Societe Des Colours Zincique. France
-Bevaloid Ltd. UK
-ICI UK
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Characterization
Of Pigment Volume Concentration

Effects in Latex Paints

W.J. Culhane, D.T. Smith, and C.P. Chiang
The Sherwin-Williams Company·

The relationship of the pigment volume concentra­
tion to the critical pigment volume concentration in
latex paint films is characterized by traditional and
new methods. Calculated and empirical critical
pigment volume concentration determinations are
shown to yield consistent results. Gloss, scrub
resistance, staining and observed T9 of the films are
correlated with scanning electron microscope ob­
servations for samples formulated over an extreme
range of pigment volume concentrations. New
insights into the role of the pigment/latex ratio are
provided.

INTRODUCTION

The importance of the pigment volume concentration
(PVC) on a paint's properties was first shown by
Calbeck' over a half century ago. Since then PVC has
provided a basis for explaining a wide range of optical,
mechanical, and physical test results. The introduction of
the critical pigment volume concentration (CPVC)
concept2 greatly enhanced the usefulness of these models.
Several a priori empirical methods of determining CPVC
have been reported.3

-
5

The PVC at which the void volume of the packed
pigment is just filled with the polymer vehicle is defined as
the CPVc. Bierwagen, et al:-8 developed a method for
calculating a theoretical CPVC from a paint's pigment
composition. In that method, particle size distribution of
the pigments and extenders (including oil adsorption) is
considered and the void volume at closest random
packing of these ingredients is calculated. It is convenient
to characterize paints by the ratio between PVC and the
theoretical CPVC, 1\.. Many basic properties of paints
can be correlated to these I\. values.

Presented by Mr. Culhane at the 60th Annual Meeting of the Federation of Societies for
Coatings Technology in Washington. D.C.. November 3. 1982.

• Research Center. 10909 S. Cottage Groye Ave .. Chicago. IL 60628.
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One of the objectives of the present paper is to provide
a systematic picture on how the experimental gloss, scrub
resistance, and paint porosity data depend on I\. values,
so that the empirical and calculated CPVC determinations
can be compellingly tied together.

Another objective of this paper is to complement the
customary experimental methodology of studying the
effects of PVC and CPVC, that is 1\.. Dynamic
mechanical analysis (DMA) data show that the observed
glass transition temperature (T,) of the polymer present
in the paint film is shifted due to interactions with
pigments. The magnitude of this effect is studied below
and above I\. = I.

The experimentally observed variation of physical
measurements with increasing I\. can be mechanistically
explained from studying the microstructure of the paint
films by scanning electron microscopy (SEM). An
additional objective of this paper is to go beyond the
previous studies which have used SEM9

-
11 to examine the

effects of PVC and to correlate the physical property
variations to the microstructure of the films.

EXPERIMENTAL

Eight latex paints were prepared with calculated I\.
values ranging from zero to 1.54. The I\. calculations were
carried out in a manner similar to that described by
Bierwagen and co-workers.6

-
8 Table I shows the compo­

sitions of two premixes, each having 37% volume solids,
which were used for blending the paints described in
Table 2. These vinyl acrylic latex paints have composi­
tions simulating commercial flat latex paints.

The paints were applied with an automatic drawdown
machine and dried for at least one week under ambient
conditions. Since the volume fraction solids of the
samples were alike, the differences between the total film
thickness and void thickness was constant. For gloss and
scrub resistance smooth black Mylar® substrates were
used. All drawdowns were applied with a 5 mil bar. No
pigment flocculation was evident in any of the resulting
films. The excellent dispersion can be seen in the SEM
photomicrographs of Figure 2.

53



W.J CULHANE, D.T. SMITH, and CP. CHIANG

Table 1-Composlllon 01 Premixes Tabla 2-Lalell Palnl Compolllloni

Lite. Preml. Weight (grlml) sample Pigment MI. (g) lete. MI. (g) Cllcullted A

1931, 2° observer, illuminant c) was measured and the
drop in reflectance (DIR) percentage was calculated.

A DuPont Model 981 dynamic mechanical analyzer
(DMA) was used to study viscoelastic properties. The
principle and operation ofDMA is described elsewhere. 12

An aluminum coupon with a thickness of seven mil was
used as a sample support. The aluminum (0.5" X 0.75")
with the dried latex paint film was clamped in a
configuration perpendicular to the top of the furnace.
The instrument was operated at an A/Z gain (voltage
stability) of 40% and an oscillation amplitude of 0.2
millimeters. The experiment was run with a temperature
range of -120° C to 100° C in a nitrogen atmosphere.
Resonance frequency and damping versus temperature
were automatically recorded by a DuPont 1090 Thermal
Analyzer. The onset of frequency is used for the
determination of the glass transition temperature of the
latex paints.

The SEM examination was done with a Cambridge
Stereoscan 250. Both the surface and liquid nitrogen
fractured cross-sections were sputter coated with gold.
Details of sample preparation and the operation of the
SEM as a~plied to paint films can be found in the
literature.' ,14 The areas chosen for illustrations were
selected only after extensive scanning of the samples to
ensure that representative data was obtained.

Wallpol40-136'" VA Latex (Reichhold) 2000
Texanol'" (Eastman) 108
Natrosol<!l H4BR HEC (Hercules) 10
2315 Defoamer (Nalco) 6
Water 915

Pigment Premi.

TiPure R-94O'" TiO, Slurry (DuPont) ......•......... 1090
Optiwhite-P'" Clay (Burgess) ..............•...•...... 500
Emtalc'" 41 Talc (Englehard) 450
Silica 1240 (Illinois Mineral) 450
Natrosol<!l H4BR HEC (Hercules) 20
AMP-95@ (Commercial Solvent) 18
Trinton N-57'" (Rohm and Haas) 18
Ammonium Hydroxide. Reagent Grade (Fisher

Scientific) 13
Ethylene Glycol, Industrial Grade (Union Carbide) 5
2315 Defoamer (Nalco) 5
Proxeel GLX@ Biocide (ICI America) 2.5
Water '. .. . . . . . . . . . . . . .. 1040

The 60° gloss values were measured with a Hunter
D48D Glossmeter and the values reported are an average
of four individual readings. The range of the individual
readings was 0.2 units for each sample except sample I.
For sample I the range was 0.5 units. The scrub resistance
was measured by a slight modification of ASTM test
D2486-74a (tap water was used to presoak the brush, not
a I% detergent solution). This test is not meaningfully
applicable to the unpigmented sample due to difficulty in
determining the end point.

Forthe Gilsonite stain test a coated panel was placed in
a near vertical position and a 5% solution of Gilsonite
stain in naphtha was brushed over the paint on the white
section of a Morest chart. The stain was left for 10
seconds and then rinsed off with naphtha applied from a
squirt bottle. After drying for one hour the Y value (CIE,

1 0
2 240
3 350
4 400
5 400
6 500
7 500
8 500

500
292
266
242
191
148
83
50

0.00
0.60
0.80
0.90
1.00
1.20
1.40
1.54

600Gloss

0.00 74.5

3.5 0.60 3.6

II) 0.80 2.7
II)

0 0.90 2.1

Cl 1.00 2.3

0
1.20 2.5

Figure 1-Ellecl 01 A on 60· gloss 01 later
(g 1.40 2.1 paints

... 1.54 2.1

2.5 ...
...

...
20.6 B.7 0.8 0.9 I I.l 1.2 L3 1.4 1.5

A
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RESULTS AND DISCUSSION

Gloss

Variations of gloss with pigment concentration is a
classical method of determining CPVc. 2 The advantages
of this test include ease of measurement and the relative
sharp definition of the critical point. The gloss of films
pigmented exclusively with small particles (less than one
micron in diameter) have been shown by several
researchers to pass through a minimum near their
CPVCI5

-
17 while films pigmented with large particles

(greater than one micron in diameter) have been
described as reaching a minimum at the CPVC and
remaining approximately constant at A;;' 1.17

,19 Studies
of systems pigmented exclusively with TiD2 have shown
some deviation from this behavior near the CPVC but the
anomolies have been ascribed to the high refractive index
of the pigment.2o

-
23

Zorll,24 discussing high gloss paints, has stated the
following: "The pigment-free layer features a smooth
surface and therefore a very high gloss. A slight degree of
pigmentation will then produce some distortion of the
surface, owing to some pigment particles just beneath it.
The result is a decrease in gloss. When the pigmentation is
increased further, the number of scattering sites becomes
much greater, but their effective size diminishes dras­
tically. This is the reason for the observed stronger
scattering at shorter wavelengths. If the scattering sites
become so closely crowded that their size is much smaller
than the wavelength, the effect to be observed visually is
comparatively small, and an increase in ~Ioss can again
occur." In a later paper, Funke and Zorll 5 proposed the
existence of a thin layer of binder covering the pigment
tops in high A paints, although no evidence of this layer
was seen in their electron photomicrographs of paint film
cross-sections.

Samples 2-8 are representative of most commercial
flat paints in that they contain both small (TiD2 ) and
large (clay, talc) particles. An explanation similar to

PIGMENT VOLUME CONCENTRATION EFFECTS

Figure 2-SEM photomicrographs 01 paint surfaces

Zorl!'s could be used to describe their gloss behavior. The
gloss reaches a minimum at A = 0.90 (Figure I), a fact
which can be explained be viewing the films' surfaces with
the SEM. Paints with a A ~ 0.80 exhibit a continuous
layer oflatex which covers all the pigment and provides a
relatively smooth surface (Figures 2a and 2b). A smooth
surface allows for maximum reflection at the specular
angle, hence gloss. Paints near the CPVC do not possess a
smooth surface (Figures 2c and 2d). The change from a
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Figure 4-SEM photomicrographs 01 paint surlaces belore and
aller scrubbing

smooth to a rough surface is dramatic enough that
Colling, et al./6 in studying acrylic and alkyd systems
below the CPVC, were able to use a spectrogoniometer to
actually measure the increase in surface peak height as
the PVC was increased in their samples.

Paints with a A;;:" 1.2 (Figures 2e and 2f) lack sufficient
latex to engulf the pigment particles or even bind the
particles together in craggy chunks and produce films
consisting of individual particles "gluded together" by the

latex. An uneven surface exists but the magnitude of the
peaks and valleys caused by the single particles is often
too small to reduce specular reflection at visible
wavelengths of light. Instead, an effectively smooth
surface results and the films have a higher gloss than
those formulated at the CPVc.

Scrub Resistance

Though individual scrub ratings are subject to some
error/7 the plot of scrub resistance versus PVC has been
shown to change slope in the region of A= 1. 17

,18 This test
has been used to determine CPVC. Figure 3 shows the
scrub resistance of samples 2-8 versus calculated A
values and, indeed, there is a change in slope at A = 1.
Figure 3 thus goes beyond the present literature in that it
proves that the slope change is at the predicted A = I.

The literature does not give a mechanistic interpreta­
tion ofthe observed trends. Comparison ofSEM pictures
of paint surfaces before and after scrubbing, shown in
Figure 4, may give some new insights. In paints with A
below I the scrubbing action seems to pluck pigment
particles from the exposed layer, leaving behind a smooth
surface of latex to withstand the next pass of the brush.
This phenomena can be seen in Figures 4a and 4b. In
higher A paints the mechanism for film removal is quite
different. Without a matrix of latex to protect and
cement it in place, the particles can be uprooted at a rapid
rate allowing the abrading bristles to progress rapidly
through the film. This can be seen in Figures 4e and 4f.
Not surprisingly, a paint with a calculated A of I. exhibits
a hybrid of these two mechanisms as shown in Figures 4c
and 4d.

This result was surprising since it could have been
expected that the pigment would playa more active role
in low A paints, providing some protection for the latex.
The predominant role of the latex helps to explain the
general experience of this laboratory that in architectural
paints the use of an abrasion resistant latex is usually more
effective in improving wet scrub resistance than pigment
substitution.

Figure 5-Ellecl 01 A on percent drop In
reflectance caused by staining
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PIGMENT VOLUME CONCENTRATION EFFECTS

Figure 6-SEM photomicrographs 01 paint Iractures cross­
sections

application.30 A polymer's Tg is the temperature above
which its segments are relatively free to move about in a
manner analogous to single molecules in a liquid. Below
Tg the segments are "frozen in", much like a glass, with
minimal vibrational amplitude. Sorption of polymer
segments at a rigid surface changes the Tgif enough
sorbed segments are present so that the ratio of attached
to unattached segments is high. J I A recent reviewJ2 lists
several papers which have shown that the PVC of a

Stain Test

Gilsonite stain tests provide a simple measure of film
porosity. Results similar to those in Figure 5 have been
reported in the literature17

,18,28 as a means of identifying
CPVc. Figure 5shows the soundness of the experimental
procedure in that it shows a well-defined inflection point
near the calculated A of I. By examining a fracture of the
films with the SEM one can see the reason for this. Low A
paints (Figures 6a and 6b) show an absence of pores thus
preventing the penetration ofthe stain medium. Without
the pores the observed drop in reflectance after staining is
very small. The appearance of a few voids at a A of 0.9
(Figure 6c) corresponds to the first significant stain
retention. The presence of voids at this A is not a
shortcoming of the calculations but a natural result of the
film formation process in latex coatings. 29 The calculated
CPVC is based upon the minimum amount of binder
needed to fill the interstitial voids left by the closest
random packing of the pigment. The likelihood that
every latex particle would happen to fall in its optimum
location is infinitesimally small, especially when one
considers the force at work during film formation. The
A = 1.00 sample(Figure 6d) shows a considerably higher
pore density and a larger stain retention.

The films of high A paints (Figures 6e and 6f) are a
virtual maze of pores. The preponderance of voids in
these high A paints is even greater than one might first
realize since the sample fracture splits many voids and
masks their original size. These pores provide ready
passages which permit penetration of the stain and result
in the sizeable drop in reflectance which is observed. At
A ;:;:, 1.2 there are so many passages available that the
system is nearly saturated with stain and a shift toward
higher PVC's has little effect on the test results.

Glass Transition Temperature

The glass transition temperature (Tg ) is one of the most
important parameters in polymer characterization and
often determines the suitability of a vehicle for a given

tie, ,\= 1.2U 2, 6f. ~:c 1.54 1,
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coating can affect its Tg. Others have suggested the
observed behavior is due to physical bonding,33 or a
combination of physical and chemical bonds. J4 The
literature contains no information on the Tg shift in latex
paint films at PVC values above CPVC.

The data of Figure 7 show how the observed Tg is
modified by the pigment loading. The slope of observed
Tg versus PVC is greater for paints below a A of I than for
paints above a A of 1. Although the overall increase in
observed Tg with PVC was expected in view of the
previous references, the change in slope was not. There is
no obvious explanation for this transition though
viewing the SEM photomicrographs gives some qualita­
tive insights. In low A samples (Figures 6a and 6b)
sorption ofthe latex polymer on the pigment can account
for the change in observed Tg • Since the surface area of
the pigment available for sorption increases propor­
tionally with PVC, a linear relationship is observed. At
about aA of I (Figures6cand 6d) the incorporation ofair
voids into the film begins to mitigate the sorption effect.
It is unknown whether the change in rate of observed Tg

shift with PVC is due to an increased polymer/air
interface area or if it is an anomolie of the testing
procedure resulting from the discontinuity of the film
caused by air voids. A third concept that would explain
the mechanical behavior is to think of the air voids as a
flexible filler. Modulus, Tg, and strength are functions of
the matrix and fillers. Since air is "soft", it will mitigate
the hardening effects of adsorption of the matrix material
onto the pigment fillers. This is the essence of impact
modification (though greatly over-simplified] and foam
strength of brittle polymers (e.g., styrofoam). 5 For all of
these theories it is clear, however, that in high A paints the
quantity of air involved in the film increases (Figures 6e
and 6f) and the modification of the observed Tg effect is
maintained.

SUMMARY

A series of latex paints with varying pigment volume
concentrations (PVC) are evaluated. The theoretical
critical pigment volume concentration (CPVC) is calcu­
lated from first principles, based on close packing of the
pigments and fillers whose particle size distribution is
known. The calculated values are presented in terms of
the ratio, A = PVC/CPVC. The variation of physical
properties (gloss, scrub resistance, paint porosity by the
Gilsonite test and shift of observed glass transition
temperature of the polymer with increasing A) is shown
to have a different pattern below and above calculated
A = I. This proves that the concept of CPVC based on
conventional intuitive interpretation of the dependence
of the experimentally determined properties on PVC has
sound theoretical basis. Conversely, these results prove
the validity of calculations of CPVC based on first
principles. Additionally, new insights are provided on
how PVC affects the properties of paint films. The shift in
observed glass transition temperature shows how pig­
ments and air voids change the physical structure of the
polymer in the paint film at the molecular level. Scanning
electron photomicrographs provide evidence as to the
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changes in the morphology of the paint films when the
pigment loading is increased.
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Popping of Water-Soluble
Acrylic Coatings

Ben C. Watsan t and Zena W. Wicks, Jr.
North Dakota State University'

The tendency of water-soluble industrial baking
enamels to show popping is a factor which signifi­
cantly limits their commercial use in some applica­
tions. A test to determine the maximum film
thickness of acrylic enamel which could be applied
and cured under standardized conditions without
popping was developed to compare various coat­
ings. Glass transition temperature of the acrylic
copolymer was found to correlate with popping.
Critical film thickness decreased as glass transition
temperature increased. The same trends were
observed in solvent-reduced and water-reduced
coatings. The critical film thickness was much
thinner for water-reduced coatings. It was found
that after initial losses, rate of volatile loss in a TGA
furnace at t50° C decreased asTg increased and was
slower from water-reduced coatings than from
2-butoxyethanol-reduced coatings. Rate of tem­
perature increase of the TGA samples from
water-reduced coatings was slower than with
2-butoxyethanol-reduced coatings. The greater
heat requirement to evaporate water may be a factor
in the greater sensitivity to popping of the
water-reduced coatings. Other factors which may
affect popping are also discussed.

INTRODUCTION

While use of water-soluble baking enamels for industrial
coatings has grown, popping has been identified as a
problem which significantly limits this growth. I

,2 Use of
water-soluble topcoats for some applications is reported
to have required adaptation of application conditions to
minimize popping. Problems are generally most severe
when relatively high film thicknesses are required on lines
where flash-off time is limited. For example, for

Presented b~ Dr. wicks a~ the 60th A.llllual Meeting of the Federation of Socie\i~ fOT
Coatings Technology in Washington, D.C.. November 4, 1982.

-Dept. of Polymers and Coatings, Fargo. NO 58105.
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automotive topcoats the changes included: humidity
control of spray booths, longer spray booths with an
increase in the number of spray applications, and longer
ovens with lower temperature in the initial zones.)
Popping results from formation of bubbles within a
drying film which expand with heat to form blisters
retained by a partially rigid surface layer. Sometimes the
blisters rupture leaving imperfections on the film surface.
It has been stated that popping is more severe in
water-soluble coatings than in solvent-borne coatings:

The principal resins in water-soluble enamels are
acrylic or polyester resins with an acid number in the
range of 35-100 and with free hydroxyl groups. The
polymer solutions in a cosolvent are partially neutralized
with an amine and melamine-formaldehyde resins are
used as cross linkers. Pigment is dispersed into the vehicle
system. The coating is diluted with water to application
viscosity. At this stage, the coatings contain on the order
of 20-25% polymer and 250-380 grams of volatile
organic compounds per liter of coating excluding water.
It has been established that the water-soluble polymers
are not really soluble under these conditions but that
aggregates, which are swollen by cosolvent and water, are
formed. s

The greater severity of popping in water-soluble
coatings has been attributed to a wide variety of factors:
boilin~ of water in the film,3,6 high heat of vaporization of
water, ,8 entrapped air,·,6-8 and loss of amine from the
film surface' have been specifically cited. In addition to
the published work on popping, there have been many
unpublished trial and error studies in industriallabora­
tories to overcome or minimize the problem. However,
since substantial uncertainty about the causes of popping
remained, this work was undertaken to attempt to gain a
more basic understanding of the phenomenon.

EXPERIMENTAL

Copolymer Synthesis

Acrylic copolymers were prepared by free radical
polymerization in 2-butoxyethanol under N2 with 2,2'­
azobisisobutyronitrile (AIBN) as initiator. The poly-
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Table 1-Copolymer Composllions - Mole % (Wt %) Table 2-Copolymer Characteristics

1 81.6
2 79.5
3 78.6
4 73.5
5 62.3

Acid No. T.,'CCopolymer AA HEMA BA MMA

I ........ 12.4 (7.8) 8.8 (10.0) 54.8 (61.2) 24.0 (21.0)
2 ........ 12.1 (7.8) 8.6 (10.0) 45.1 (51.6) 34.2 (30.6)
3 ...... , . 11.8 (7.8) 8.4 (10.0) 34.7 (40.8) 45.1 (41.4)
4 ........ 11.5 (7.8) 8.2 (10.0) 25.3 (30.5) 55.0 (51.7)
5 ........ 11.3 (7.8) 8.0 (10.0) 18.1 (22.2) 62.6 (60.0)

Copolymer
Non-Volatile

WI. '10

15,600
14,200
14.000
15.100
16,800

51,800
108,300
64.600
73.100
61.100

53
52
55
55
54

-28
-13
- 8

14
32

merizations were carried out at 100°C in a four-neck
one-liter breakaway flask filled with agitator, thermom­
eter, condenser, gas inlet, and a dropping funnel. For
example, dropwise addition of a solution of acrylic acid
(AA) (23.4 g; 0.32 mole), hydroxyethyl methacrylate
(HEMA) (30.0 g; 0.23 mole), butyl acrylate (BA) (183.6 g;
1.43 mole), methyl methacrylate (MMA) (63.0 g; 0.63
mole) and AIBN (3.0 g; 0.018 mole) in 2-butoxyethanol
(33.67 g; 0.28 mole) was carried out over 1.5 hr while
maintaining the temperature at 100°C. The reflux
condenser was replaced with a distillation condenser
after the monomer addition and the temperature was
held at 100°C for an additional hour to complete the
polymerization and remove unreacted monomers.

This procedure was used to prepare a series of
copolymers shown in Table I.

Molecular weights were determined by gel permeation
chromatography (GPC) using Waters ALC/GPC 501
Styragel columns of lOS, 10" 10', and 500 A pore sizes
with THF at a flow rate of 2 mL/min. Calibration was
done with polystyrene standards. Nonvolatile contents
were determined by weight loss of approximately one
gram samples in aluminum dishes at 105°C under a
vacuum of 67 Pa. Viscosities were determined with a
Wells-Brookfield RVT cone and plate viscometer at
25° ± 0.05° C. Glass transition temperatures were
determined using a du Pont 990 Thermal Analyzer with a
differential scanning calorimetry (DSC) Cell Base
Module II. Apparent T. values with heating rates of5, 10,
and 20° / min were determined as the extrapolated onset
of the transition and the data was extrapolated back to
0° C/ min heating rate. 10

Characteristics of the copolymers are given in Table 2.

Coatings Preparation

A typical formulation was as follows:

Acrylic resin solids 13.36
Cymel® 303 crosslinker 2.67
Tipure® R960 TiO, 14.32
Dimethylaminoethanol (DMAE) . . . . . . . .. 1.11
p-Toluene sulfonic acid (p-TSA) 0.03
2-Butoxyethanol . . . . . . . . . . . . . . . . . . . . . .. 8.68
Water .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 25.00

65.17

The pigment was dispersed in the acrylic resin using a

Cymel is a trademark American Cyanamid Co.
Tipure is a tr.l.demark E. I. duPonl de Nemours Co.
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Dispersator high speed disperser. The PVC was 20%.
Equal equivalents of DMAE and carboxylic acid were
used. The coatings were reduced to 33.3% nonvolatile by
volume (NVV) using 2-butoxyethanol or water. When
water was used for reduction, the resulting weight ratio of
water to 2-butoxyethanol was 74 to 26.

Popping Evaluation

Coatings were allowed to stand 24 hr without agitation
before application. Films were drawn down on untreated
cold rolled steel panels using wire-wound applicators.
After a five minute f1asJ'J-off time, the coated panels were
placed in a Blue M Convection Oven (OV-490A-2) for 20
min at 150°C. Many panels were prepared with each
coating with different dry film thicknesses from 5 J.lm to
120 J.lm. Film thicknesses were determined by General
Electric Film Thickness Gauge. Panels were selected at
5 ± I J.lm intervals. Baked panels were inspected for
popping. Popping increased as film thickness increased,
the maximum film thickness that did not result in
popping was recorded as the critical film thickness. All
determinations were done in triplicate.

Weight Loss Studies

A duPont 990 Thermal Analyzer with a duPont 950
Thermogravimetric Analyzer (TGA) was used for solvent
loss studies. A modified isothermal thermogravimetric
technique)) was used in which the TGA furnace was held
at 150°C. Approximately 9 J.lL (II mg) volumes of test
samples with the same NVV were introduced into a flat
bollom dish (diameter 0.6 cm) which was put in the
instrument boat suspended from the horizontal balance
beam. The sample and balance assembly were at 25°C
when inserted into the 150° C furnace and measurements
were started immediately. A nitrogen flow rate through
the unit of 100 mL/hr was maintained. Both weight loss
and temperature were recorded as a function of time.
Since the thermocouple was not actually in the sample,
the temperature readings could be somewhat higher than
the actual temperature of the sample. Samples were
inspected after the run. In a few cases, the coating had
flowed to the edges of the dish during drying exposing the
dish bollom. Data on these cases were discarded.

RESULTS AND DISCUSSION

Popping Test Method

In order to evaluate the effect of possible variables on
popping, it was felt that a reproducible test was needed to
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Viscosity (polseo)

Table 4-Appllcatlon Viscosities of CoatingsTable 3-Copolymer Characteristics

Viscosity (polseo)
Copolymer M. M. 50'10 Solutions To,oC

1 ........ 15,600 51,800 19.4 -28
2 .... " .. 14,200 108,300 52.9 -13
3 ........ 14,000 64,600 22.7 - 8
4 ........ 15,100 73,100 281.0 14
5" ...... 16,800 61,100 \,273.0 32

Copolymer Wlter

1 8.3
2 " 18.4
3 ".... 9.4
4 75.9
5 .. ",.",.",., .. 109.0

Solvent

1.6
6.0
1.8
8.3

17.3

give a basis for numerical comparisons. While air
entrapment has been shown to be a factor in popping, it
was felt that, at least initially, it would be best to minimize
this factor. Therefore, samples of coatings were not
agitated for 24 hours before application and wire-wound
draw-down bars were used to apply films. Applications
were made during times when relative humidity was in
the range of 48-52% and temperature was in the range of
22-25° C. After a five minute flash-off time, the coatings
were placed in a convection oven for 20 minutes at 150° C.
Panels with dry film thicknesses at intervals of 5± I/-Im
were selected for evaluation. All tests were run at least in
triplicate, The maximum film thickness where no panels
showed any popping was designated as being the "critical
film thickness." This film thickness was reproducible. At
the next higher film thickness, there were a relatively few
pops per unit area. As film thickness increased further,
the number of pops increased.

Catalyst concentration (p-toluene sulfonic acid, p­
TSA) was varied from 0.1 to 1.25% of total resin solids.
An increase in catalyst level resulted in increased film
wrinkling as reported by others. '2 Wrinkling prevents
accurate popping evaluation. The balance of the studies
was done with 0.2% p-TSA, since it was the maximum
concentration that gave no wrinkling within the film
thickness range of interest.

Effect of Variables on Popping

Initially, a wide range of variables were evaluated.
Popping increased as flash-off time was decreased.
Water-reduced coatings consistently showed more
popping than the same coatings reduced with 2­
butoxyethanol. No correlation was observed between
popping and application viscosity or nonvolatile volume
content of the coatings. Unpigmented samples showed
less popping than corresponding pigmented samples.
Preliminary results indicated an increase in popping with
a series of amines: triethanolamine< N,N-diethylamino­
ethanol< N,N-dimethylaminoethanol (DMAE). DMAE
was used in all other studies.

Effects of other variables over the ranges tested were
relatively small except for glass transition temperature of
the copolymer. A pair of acrylic copolymers with
comparable acid numbers and molecular weights but
with different T;s gave coatings in which the higher To
system showed a marked increase in popping. Since To
had not been previously reported as being a factor
influencing popping of water-soluble coatings, the
primary goal of this research became to test the
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hypothesis that copolymer To has a significant influence
on popping in this type of system,

A series of five copolymers having 7.8 wt % acrylic acid
(AA) and 10.0 wt % hydroxyethyl methacrylate
(HEMA) with different percentages of butyl acrylate
(BA) and methyl methacrylate (MMA) was made. The
weight percent BA was varied from 61,2 to 22,2 while the
weight percent of MMA was varied from 21.0 to 60.0
(composition of all copolymers is given in the experi­
mental section). All copolymers had acid numbers
between 52 and 55. The molecular weights (as determined
by GPC), viscosities of 50 wt % solutions in 2­
butoxyethanol determined at 25°C and a shear rate of
5 sec-I, and To of solvent free copolymer (as determined
by DSC) are given in Table 3.

In general, the viscosities of the copolymer solutions
increase as T, of the copolymers increase. This trend is in
line with other observations and predictions. 13

,l4 Co­
polymer 2 solution has a higher viscosity than copolymer
3 solution in spite of its lower To. Copolymer 2 is
significantly higher in weight average molecular weight
(Mw ) than the other copolymers. It has been reported that
the viscosity of polymer solutions vary more nearly with
Mw instead of number average molecular weight (M o)'

White coatings with and without water were formulated
with each of the copolymers. A highly methylated highly
methylolated melamine resin crosslinker was used at 20%
by weight of polymer solids and rutile Ti02 was dispersed
into the acrylic copolymer. p-TSA (0.2% of total resin
solids) was used as a catalyst and equal equivalents of
DMAE to carboxylic acid were added. The coatings were
diluted to 33.3% NVV with either 2-butoxyethanol or
water. The water-reduced coatings had a 26/74 weight
ratio of 2-butoxyethanolfwater. Table 4 shows the
viscosities of the coatings determined at 25° C and a shear
rate of 5 sec-I.

The critical film thicknesses for popping of the
coatings are shown in Table 5, As can be seen, the film
thickness which can be applied without having popping
under the standard conditions decreases substantially as
To of the copolymer increases. Also the film thickness
which can be applied without popping with anyone
copolymer is substantially less with water-reduced
systems than with solvent-reduced systems, (Film thick­
ness greater than 120 /-1m was not evaluated), Popping
might be expected to vary with viscosity. However, the
viscosities of the coatings made with copolymer 2 are
higher than the viscosities of the coatings made with
copolymer 3, yet the popping of the water-reduced
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Table 5-Crltlcal Film Thickness for Popping

Critical Dry Film
Thlcknell (pm)

Table 6-TGA Analyses of Initial Weight LOll
Of Coatings When Room Temperature Coatings

Are Put In 150' C TGA Furnace

(a) Did not show popping at 70~m but did pop at n~xt higher film Ihicknessapplied. 951J.m.

Volatile Loss

A possible reason for the relationship between
copolymer T, and popping is that T, could affect the rate
of solvent and water loss from the film. The relative rates
of evaporation of water-cosolvent mixtures have been
studied both in the absence and presence of polymers
with 25° C air flowing over the samples and during
spraying. '6- '9 We felt it would be desirable to study
volatile loss under conditions more nearly approaching
those encountered in baking a panel. The nearest
approach available to us was to use a TGA while
maintaining the furnace at a constant temperature of
150° C and constant nitrogen flow rate. As described in
the experimental section, the dish containing the coating
at 25° C was inserted into the furnace. Weight loss from
the sample and temperature near the dish were followed
with time. Such determinations were made with coatings
of all five copolymers reduced with water and reduced
with 2-butoxyethanol. As can be seen in Table 6, the
volatile loss (expressed as a weight %of the initial volatile

coatings of the higher T, copolymer 3 is greater than with
2. The difference, if any, between the two solvent coatings
from polymers 2and 3 was not detected since neither gave
popping at 70 J.!m and both gave popping at the next
greater film thickness tested, 95 J.!m.

Air entrapment has been proposed as an important
factor in popping.4,6-'"s The results shown in Table 5
were obtained with draw-downs of samples which had
not been agitated for 24 hr. When the coatings were
stirred immediately before application, the amount of
popping at any given dry film thickness increased but
popping was still a function of T,. Air could also be
entrapped during spray application. Therefore, the
water-reduced coatings made with copolymers I and 3
were also applied by spray after each was further reduced
with water to 2.2 poises at 5 sec.-I These reduced
coatings were also applied by draw-down. At a given dry
film thickness, the spray applied coatings contained more
pops per unit area than the corresponding draw-downs.
However, the coating based on the higher T, copolymer
had a lower critical film thickness regardless of the
application technique. Thus, air entrapment increased
popping but popping remained a function ofT,. It should
be noted that the difference in popping persisted despite
the adjustment to equal application viscosity.

1 -28
2 -13
3 - 8
4............... 14
5 ......•........ 32

3
6
4
6
1
6
3
4
3
6

30

o
I
o
I
o
I
o
I
o
I

15

Volatile LOll,
Weight .~ Time, laC

Copolymer
Tg'C

IS' -28
IW' -28
2S -13
2W -13
3S - 8
3W , - 8
4S 14
4W 14
5S 32
5W 32

(a) S indicates reduced with 2-buloxyethanol. W indicates reduced with water.

present) in the first 30 seconds is independent of T, and
consistently greater from the water-reduced coatings
than from the solvent-reduced coatings.

In the first stage of drying of a coating, solvent loss is
independent of fo0lymer and controlled by boundary
layer resistance. 0,21 T" thus, should not affect initial
solvent loss. The more rapid weight loss from the water
system is in accord with evaporation rates of water,
2-butoxyethanol and 2-butoxyethanol-water mixtures
reported by McEwan. 16

As weight loss continues, however, loss becomes less
for water-reduced systems than for solvent-reduced
systems and less for higher T, polymer systems than for
lower T, polymer systems. The effects are shown
graphically in Figures I and 2 for water-reduced and
solvent-reduced coatings. (For clarity only data for
coatings from copolymers 1,3, and 5 are shown. Data for
coatings from copolymers 2 and 4 were intermediate).
Hansen, among others, has shown in many studies of
solvent evaporation from films at room temperature that
in the second stage of drying the rate controlling step
becomes the rate of diffusion through the film rather than
boundary layer resistance as in the first stage.20

,21 It is
clear that in these systems, similar changes occur. As T, of
the polymer increases, volatile retention at the transition
from first stage to second stage drying increases.
Similarly with any given T, copolymer, water-reduced
systems reach this transition with greater amounts of
volatiles retained within the films. That is, diffusion
control of solvent loss becomes rate controlling earlier as
copolymer T, increases and in water systems as
compared with solvent systems.

While conditions in the TGA technique are not
identical to those encountered when panels are baked in
ovens, there is a clear correlation between the amount of
volatiles retained in the film when second stage drying is
reached in the TGA and popping of panels in the oven.
Popping apparently does not occur during the early
stages when volatile loss is boundary layer controlled and
there is not a volatile gradient within the film. It
apparently occurs in the second stage (or transition

Coating

Solvent

~120

~ 70 < 95'
~ 70 < 95'

55
25

50
30
20
10
5

WaterCopolymar T9C' C)Copolymar
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POPPING OF WATER-SOLUBLE ACRYLIC COATINGS
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Figure 1-Welghl lOll exprelled al per­
cenlage of 10181 volalllellnilially presenlfrom
waler-reduced coatlngl al a function of lime.
Sample18125° C were pullnlo a TGA furnace

prehealed a1150°C

650;-----7-~---:---7--:----'5:---~6----':----'---.l------.J10
TIME - MINUTES

between first and second stage), which is a condition
where the top layer of the film contains essentially no
volatiles, while volatiles are still present in the lower layers
of the film. 20 This top layer would be expected to have
rheological properties that could aid in bubble stabiliza­
tion as well as prevent rellow once a bubble has
ruptured.22 Since solvent loss during the diffusion stage
becomes dependent on the square of the film thickness,
the strong dependence of popping on film thickness is
also consistent with the relation between popping and
solvent retention at the transition to second stage of
drying.

The relation between T. of the copolymers and solvent
and water diffusion rates presumably is due to differences
in free volume. Free volume of polymers is related to
T-T., the larger the difference, the greater the free

volume.2J The diffusion rate would be related to the free
volume of the drying films at the temperature at which
popping occurs. Higher T. copolymers would be expected
to have lower free volumes at any given temperature
above T. and slower diffusion rates. The presence of
water, cosolvent, amine, crosslinking agent, the degree of
crosslinking reaction which has occurred, and pigment
would also affect free volume in the film.

While the data show that volatile retention during
second stage drying for any given T. system is higher with
water-cosolvent containing systems than cosolvent only
systems, they do not provide any information as to the
composition of the retained solvent.

One potential reason for increased volatile retention
in the presence of water is the fact that water can lead to
self condensation of the melamine resin.24 This might

100,-----------------------------,

IW

95

Figure 2-Welghl lOll exprelled al per­
cenlage of lolal volalilellnilially prelenlfrom
buloxyelhanol-reduced coatlngl al a func­
lion of lime. Samplel a125° C were pullnlo a

TGA furnace prehealed 10 150°C
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Time (Mlnutel)

Table 8-Temperature During Solvent
Evaporation In TGA at 150·C

B.C. WATSON and Z.w. WICKS, JR.

Table 7-Evaporatlon of Solvents In TGA
At 150·C Expressed as % Loss

Time (Mlnutel)

0.5 0.75 1.00 1.25 1.50 1.75 2.00 2.50

2-Butoxyethanol . 2 4 14 30 52 76 99
Water .......... 3 9 19 30 42 55 66 94'
26/74 Blend ..... 4 II 20 33 48 62 78 99

(a) 99% after 2.6 min.

0.75 1.0 1.25

2-Butoxyethano1 ....... 110 130 142
Water .. .. ............ 107 125 135
26/74 Blend ........... 102 122 135

1.5

150
140
142

result in greater crosslinking at the surface of the water
containing films leading to earlier formation of a barrier.
However, TGA analyses of corresponding systems not
containing melamine resin showed the same general
behavior as the complete coatings systems.

Another factor which may be important is the effect of
volatile loss on the rate of temperature increase. All
systems containing water increased in temperature more
slowly that those not containing water. Since the
thermocouple was not actually in the sample, the
temperature differentials could have been somewhat
greater than read. The heat capacity of water is higher
than the heat capacity of 2-butoxyethanol and more
importantly, the heat of vaporization of water is
2,260 J / g at its boiling point 16 and that of 2-butoxyeth­
anol is 373 J/g.2S To demonstrate the possible effect of
evaporative cooling, the same TGA conditions were used
with 2-butoxyethanol, water, and a 26/74 solution of
2-butoxyethanol in water. The weight loss data are
shown in Table 7. The water evaporates faster than
2-butoxyethanol at the early times and slower after 1.25
min. Also, initially the blend evaporates faster than
either of the components, as has been previously reported
at 25°C air temperature. 16 After 0.75 min some cooling
(that is slower heat rise) of the water and blend samples
was observed relative to 2-butoxyethanol as shown in
Table 8. As noted earlier, the thermocouple was not
actually in the samples so the differences might be larger
than recorded. Similar temperature differences were
observed between cosolvent diluted and water diluted
coatings systems. Thus, evaporative cooling appears to
be at least one difference between solvent and water
diluted systems.

Still another factor which may be related to slower
weight loss when water is present is the possibility that
water molecules may associate strongly with polar
groups such as the salt groups. Hill and Lu have shown
that water absorption by films from amine salts of similar
acrylic copolymers is substantially greater than in the
absence of salt groups.26 Obviously, the conditions are
drastically different from the conditions under which
popping occurs but do illustrate the potential importance
of this factor.

Consideration of the solvent loss behavior of these
sytems is made even more complex because, at least
initially, the polymer is aggregated. It has been shown in a
similar system that the aggregates are highly swollen by
cosolvent and water.' Furthermore, the cosolvent/water

64

ratio in the aggregates is higher than the average and in
the external phase it is lower than the average. It was also
demonstrated with a t-butanol/ H20 "solution" of an
acrylic of this type that the cosolvent/ water content of
vapor was in equilibrium with the external phase with its
lowert-butanol/ H20 ratio. Thus, early stages of evapora­
tion would be from a lower cosolvent content system as
compared to the total. Furthermore, as cosolvent/water
ratio changes during evaporation, degree of swelling of
aggregates and very possibly degree of aggregation
change. Brandenburger and Hill have studied this
phenomenon through the spraying and flash-off stage. J7

Imai and Tsubouchi followed loss of water and solvent in
baking systems but did not relate the results to
morphology.1 Morphology and changes in morphology
may be important factors affecting relative rate of
volatile loss in the water versus solvent-reduced systems
but no obvious technique is available to study these
effects. It should be pointed out that the changes in ratios
of BA to MMA, made to change T" may also change the
degree of aggregation of the polymer and the effect of
changes in cosolvent/water ratio on the degree of
aggregation and/ or swelling of the aggregates with
cosolvent and water.

Other Factors That May Affect T9 and Popping

The results of these experiments demonstrate that T, of
the copolymer is an important factor affecting popping.
While in this case, the variation was made by changing
the BA/ MMA ratio, the effect of other monomers should
also be investigated. There undoubtedly are limitations
as to how great a change in copolymer T, can be
practically made because T, is an important factor
affecting many other properties such as viscosity, curing
rate, hardness, flexibility, and permeability among
others.

A preliminary experiment demonstrated that blending
of compatible polymers with different T;s gives an
intermediate critical film thickness for popping. The data
are shown in Table 9.

As was noted earlier, pigmented films showed worse
popping than unpigmented films. Few studies of the
effect of pigmentation on T, of polymers have been
reported in the literature; increases, decreases, and no
effect have been reported. Ti02 has been shown to
increase the T, of poly(methyl methacrylate).2J T, 's of
these copolymers containing rutile Ti02 were deter­
mined. The data are given in Table 10. Pigmentation of
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Table 9-Popplng of Copolymers 1 and 3 And Their Blend

POPPING OF WATER-SOLUBLE ACRYLIC COATINGS

Table 1O-Effect of Pigmentation on T"s of Copolymers

I -28°C
2 -13
3 - 8
4 14
5 32

Copolymer T.

I -28°C
3 - 8
50%1-50%3

White COltlng.
Popping Crttlcel
Film Thlckne..

50 I'm
20
35

Copolymer Copolymer Pigmented Copolymer

-12°C
7

16
17
39

these copolymers does increase T•. This could further
affect the diffusion of volatiles out of the film. Also the
physical effect of having part of the volume of the film
occupied by pigment could be a factor in reducing
diffusion of volatiles.

SUMMARY

Copolymer glass transition temperature was found to
be a major factor affecting the popping tendency of
water-reduced and solvent-reduced water-soluble acrylic
enamel films. The water-reduced systems had a greater
popping tendency than solvent-reduced systems. It is
proposed that copolymer T. affects free volume in the
second stage of volatile evaporation. Free volume in turn
would be expected to affect the rate of diffusion of
volatiles out of the film.

Thermogravimetric analysis of the coatings showed
that initially weight loss was higher for water diluted than
solvent diluted systems and was independent ofT•. These
results fit in with predictions based on first stage solvent
loss from polymer films. However, as drying proceeded,
weight loss became dependent on copolymer T.: the
higher the T., the lower the weight loss. Also in
comparing water-reduced systems with solvent-reduced
systems with the same T. polymer, weight loss after the
initial stages was slower from the water-reduced systems.
These results parallel the results of critical film thickness
for popping. It was observed that the rate of temperature
increase measured when samples were put into the TGA
furnace at 150°C was slower for the water diluted than
for the 2-butoxyethanol diluted systems. Parallel results
as to both temperature and evaporation times were
obtained by following weight loss of water, 2-butoxyeth­
anol, and a blend of 2-butoxyethanol and water. Thus,
evaporative cooling may be a factor in slower weight loss
from water-reduced systems and in popping.

It was shown that blending two water-soluble
copolymers with different T;s gave an intermediate
degree of popping and that pigmentation with TiD,
increases both T. and popping tendency in this type of
system.

T. has been shown to be an important factor in
popping. Use of this concept may be useful in reducing
popping problems. Certainly other factors are also
important. Very obviously, film thickness and flash-off
time are critical as has been observed by many workers.
Evaporative cooling appears to be one factor affecting
volatile loss and hence popping. Other possible factors
affecting water loss are identified. Air entrapment did
increase popping but the T. still had a significant effect
even when air was entrapped in the coating.
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Society meetings

DEC.

NOV.GOLDEN GATE

An educational presentation was given
by Thomas Breed, of Schwartz Manes &
Ruby Co. He discussed recent tax
developments involving federal estate
taxes, gift taxes, and income taxes.

DAVID C. KINDER, Secretary

"DIgital Bafch Control"

Manufacturing Committee Chairman
Louie Sanguinetti reported on the com­
mittee's symposium entitled "Paint Man-

"Use and Abuse of Additives"

"SOME OBSERVATIONS ON THE USE
AND ABUSE OF ADDITIVES" was pre­
sented by Marvin J. Schnall, of Troy
Chemical Corp.

Mr. Schnall began by defining an
additive as a powerful chemical, which,
in small amounts, will substantially alter
the properties of a paint. The additive
should function as a part of the paint
system and may interact with any of the
other components. The additive may
even react to variations of the same
component such as a surface treated
pigment or a broad range molecular
weight vehicle. In order to avoid prob­
lems caused by unwanted interactions of
this kind, Mr. Schnall suggested that
additive suppliers should provide all
relevant technical data to the paint
chemist, point out all known possible
problem areas, and provide continuing
technical service to the customer. The
paint chemist, in turn, has the responsi­
bility to carefully study the data pro­
vided, thoroughly lab test the additive in
the paint systems to be used, and,
finally, make the decision of which
additive to use.

In conclusion, Mr. Schnall said for
best results in choosing an additive, one
must (I) know the problem; (2) know the
additive; (3) know the system; and (4)
check the additive's effect on the system.

Q. Is it a good practice to incorporate
waxes in systems needing exterior dur­
ability?

A. We have specialized in other fields
and lack the data to answer the question.

DON H. CLEMENT, Secretary

C-D-I-C

Q. Are there any storage problems
with these types of waxes?

A. We have no low temperature
figures. Figures are available at 30, 40,
and 50°C.

powder coatings, paints, and printing inks
were discussed.

Q. Is there any affect on clarity and
sanding times in two pack finishes?

A. There is no affect on clarity.
Amorphous amide type waxes are used
to avoid extending times to reach
sandibility.

Q. Can one prevent blocking in warm
coatings withoUl loss ofgloss?

A. Yes. 0.1% of a PEl PTFE wax
prevented blocking in a test while
reducing gloss from 96% to 95%.

Q. What wax:PTFEratio is needed 10

bring the mixture 10 the surface?
A. Not too high. A special process

prevents separation in the medium of a
90: 10 mixture.

Q. What is the maximum incorpora­
tion in solvent for a wax dispersion?

A. This depends on the solvents.
Langers' standard dispersions are 20%,
the absolute maximum is around 27­
30%.

Q. Does wax addition affect oxidation
in air drying systems?

A. This is negligible at the addition
levels needed.

Q. Does addition of wax affect
recoatability and in/ercoat adhesion?

A. This depends on the binder and the
level of addition, e.g., the addition of 1.5
- 2% wax to achieve 30-40% gloss will
give intercoat adhesion problems, but a
2: I silica:wax mixture will achieve the
result without problems. Ten to 20%
micronised wax on silica stops settle­
ment without affecting intercoat ad­
hesion.

Q. What is the affect or cure tempera­
ture on the migration of wax to the
surface?

A. This depends on wax type. For
waxes melting at 106-118°C, problems
will occur at cure temperatures greater
than 1800C. To achieve higher tempera­
ture one can use 140° or 186° C melting
point waxes, produced at 250° C.

DEC.

DEC.

BALTIMORE
VIRGINIA SECTION

"The Role of Palnf and Color
In Modern Design and Decorating"

"MIcronIzed Waxes and Wax
DIspersIons"

Past-President John Green presented
the MMA Award plaque and check to
Technical Committee Chairman John
Hitchin in recognition for the society's
production of the audio-visual program
entitled, "Introduction to the Paint
Industry."

Ralph Koehler, of G.M. Langer,
spoke on "MICRONIZED WAXES AND
WAX DISPERSIONS."

A short history was given by Mr.
Koehler describing the difficulties in
obtaining ultra-fine dispersions of the
hard waxes used in coatings.

The micronizing process was ex­
plained by Mr. Koehler. He listed the
general properties which are obtained
from micronized wax in coating systems:
high mar resistance and resistance to
metal marking; resistance to polishing
and unwanted gloss in matt and semi­
matt finishes; silky and soft feel; good
anti-blocking effect; improved slip and
anti-scuff properties; prevention of hard
sedimentation of silica gels; and high
matting efficiency. According to Mr.
Koehler, it is possible to produce these
properties in a stir-in grade of wax by
accurate control of particle size and size
distribution.

Examples of the use of micronized
waxes and wax dispersions as post
additives to coatings in a range of
applications including wood finishes,

BIRMINGHAM

Bonnie Seitz, of Larivey-Teichert, Inc.,
discussed "THE ROLE OF PAINT AND
COLOR IN MODERN DESIGN AND DEC­
ORATING."

Augmented by collage board represen­
tations of blending different design and
decorating materials such as carpet, paint,
fabric, and wallcoverings, the presenta­
tion focused on the main color schemes.
Ms. Seitz discussed the available tones
and shades of decorating materials and
pointed out their advantages and disad­
vantages in application uses.

MICHAEL J. BECKER, Secretary
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President Robb Holt presented a 25­
year pin to Roy Cohen, of the O'Brien
Corp.

ufacturing Methods Update" scheduled
for June 13. This all-day symposium will
include eight papers and a panel
discussion.

DEC.

OTTWIN SCHMIDT, Secretary

"Water-Borne Epoxy "'ater/a/."

Honored guests in attendance were
Federation Executive Vice-President

the control mechanisms, and control
enforcement.

The presentation was concluded with
a slide presentation on the EMCON D
system.

PHILADELPHIA

or DYNO·MILL®
Manufactured in Chicago with
U.S.A. and proprietary Swiss­
made components, it uses a hori­
zontal grinding chamber with any
spherical media for fine disper­
sion of difficult grinding pigments
into all systems including water
and solvent oil bases. It also
prOVides controlled reduction of
particle size. Minimal operator at­
tention lowers labor costs. Sealed
operation reduces cleanup and
pollution problems.

Red Head®

What's the best
small media mill for you?

Introduced in 1955, the "Red
Head" small media mill has be­
come the standard of the paint
and coatings industry for fine
dispersions of white and inor­
ganic pigments. Its advantages
include low initial investment...
excellent production rates, with
low cost media. The "Red Head"
is simple to maintain and op­
erate. Highly versatile with large
screen area, it can be used with
silica sand, glass beads, steel,
etc. Always adaptable to any
plant layout.

computerized controls becoming a part
of our daily lives, it is only natural that
the use of such a system for the
operation of our processing equipment
in the paint industry should be investi­
gated. Benefits of using computer con­
trols were lower operating costs, lower
hardware expense, greater throughput
with a higher degree of accuracy, and a
higher safety aspect.

Before installing a computerized sys­
tem, Mr. Nicholson advised that atten­
tion should be given to the projected
expectations, such as degree of accuracy
required, repeatability, complexity of

JAN.

"DIGITAL BATCH CONTROL-FRIEND
OR FoE" was presented by John E.
O'Meara of E.M.C. Controls, Inc.

Mr. O'Meara discussed the various as­
pects one should know when purchasing
and using process control computers,
especially in relation to the paint and
coatings industry. The steps for process
control computerization were given as:
system definition; vendor selection; sys­
tem specifications; communications
source; training; system checkout; instal­
lation; start-up; and maintenance.

Cost of computerization was discussed.
Mr. O'Meara stressed that automation is
not cheap, but it can be done in steps.
Always use equipment which can be ex­
panded, said Mr. O'Meara.

ROBERT MILLER, Secretary

"New "'ethod.ln Coating. Rheology"

Dr. Richard Eley, of Glidden Coatings
& Resins Div., SCM Corp., discussed
'NEW METHODS IN COATINGS RHE­
OLOGY."

All aspects of rheology and the various
measurement techniques which can be
used were explained. According to Dr.
Eley, the following rheological parame­
ters may have to be considered for any
given product or application: shear vis­
cosity; dynamic viscosity/elasticity; nor­
mal stress; elongational viscosity; and'
surface dilational modulas.

Dr. Eley classified coatings as new­
tonion. non·newtonion, or viscoelastic.

Dr. Eley advised against the use of
;ingle point instruments such as a flow
:up or Stormer. Flow cup results, for
:xample, said Dr. Eley, frequently do not
~ive a good indication of sag resistance. It
.s much better to use a more sophisticated
.nstrument such as one of the cone and
plate type, stressed Dr. Eley.

The flow-cure characteristics of two
:omponent coatings were also discussed.

M. M EGELAS, Secretary

MONTREAL

"Batch Computer Control"

John Nicholson, of EMC Controls,
Inc., spoke on the topic of "BATCH
=OMPUTER CONTROL-FRIE DOR FOE."

Mr. Nicholson stressed that with

flACIFIC NORTHWEST NOV. Write for literature on either or both of these outstanding small media mills.

CHICAGO BOILER COMPANY
Established 1891

1965 N. CLYBOURN AVE.. CHICAGO, ILLINOIS 60614
(312) 348-8250' TWX 910 2210329. CABLE: CHIBOCO
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1982-1983 Officers and Board Members of the Toronto Society. (Seated from lellto
right): Society Representative-Kurt Wertz; Secretary-Ted Stevenson; President­
Frank La Roche; Federation President-A. Clarke Boyce; and Vice-President-Peter
Hiscocks. (Standing left to right): Andrew Jones; Membership Chairman-Phil Read;
Educational Chairman-Roy Donnelly; Immediate Past-President-Paul Cooper; Frank
Krause; Larry Ham; Victor Langley; Manufacturing Chairman-Alun Morris; Frank
Reckless; John Pill; and Ernie Humberger. Not shown: Treasurer-Rob Kuhnen; Steve

Balmer; Gordon Major; and Technical Chairman-Stamatis Kambanis

"ORGANIC PIGMENTS: PAST, PHl'SI'N I,

ANI> fUTURE" was presented hy Dr.
H.M. Smith, of Sun Chemical Corp.

Dr. Smith divided the organic pig­
ment production period into three dis­
tinct phases. The first phase. 1856-1896.
involved mainly in synthesis of dye type
chemicals with the exception of the
introduction of para-red in 1885. The
second phase. 1900-pre World War II.
produced pigments such as the hansas
and the phthalo blues which are still
widely used today, said Dr. Smith. The
third phase encompassed the post World
War II era which largely introduced high
perfornlance pigments for the auto­
mobile industry. These are the quin­
acridones. the benzimida7010ne oranges.
and the perylene Reds.

Dr. Smith discussed five present day
trends in organic pigment technology:
(I) Synthesis of novel pigment struc­
tures, chromophors, or molecular rear­
rangements to impart intense color; (2)
Tacking on chemical groups to make
existing pigments more inert. insoluble,
heat resistant. and light fast; (3) Product
development to upgrade properties for
enhanced value in use; (4) Hybridization
of dye-stuffs and pigment technology to
achieve quality improvements such as
flocculation resistance and migration

resistance; and (5) Response to en·
vironmental pressures or compliance.

In the coming years. because of
TaSCA and PM . pre-manufacture
notification. Dr. Smith predicted that
fewer new pigments will be introduced.
However. he said that no shortages in
the supply of organic pigments were
predicted there is an ample supply of
petrochemicals which the organic pig­
ment industry is heavily dependant
upon. Due to the accelerated rate of
company mergers and purchases by
European organizations at the present. a
strong European influence will take
place. There will be a growing focus on
high solids and pigments that can be
packaged more efficiently for the end­
users. Process knowledge will be em­
phasized so that effective use and
control of by-products could be gained.
explained Dr. Smith.

Pfl I 1.11' WO:\(i. Secrelarl'

JAN.PITTSBURGH

"Factors Affecting Coatings
Performance On Metal Surfaces"

Bruno Perfetti, of U.S. Steel Researeh
Laboratories. presented a talk entitled.
"SOME FACTORS AFFECTING COATI:\GS
PERFORMANCE ON METAl. SURFACES."

Mr. Parfetti pointed out that a metallic
surface is dynamic rather than static. It
continuously undergoes chemical change
as it interacts with its environmenl. He
indicated the importance of understand­
ing the chemistry of the metal surface as
well as that of the coating. The best
approach considers the whole system. the
composite of substrate. and coating. If
the surface of the metal changes. then the
coating must be changed. the surface
modified. or both.

Mr. Perfetti then described the general
characteristics of steel surfaces which are
complex matrices of materials: adsorbed
water. mixed oxides, hydrated oxides.
metallic fines. etc. These surfaces are
normally cleaned. pretreated. and painted.
The most important property of the
substrate and the paint is paintability.
that is, the degree of paint adherence and
the corrosion resistance that the paint
imparts. Both of these are surface de­
penden!. Mr. Perfetti pointed out that
surface properties differ from the bulk
properties of a solid. and that this was
especially true of steel. One surface
property. cleanliness. was especially criti­
cal to adhesion and corrosion resistance
of coatings. Steel suffers from a lack of
cleanliness with a large number of con­
taminants, including surface carbon. var­
ious oils. lubes, metal fines. and other
extraneous materials. With most con·
taminants there will be little or no

DEC.

"Organic Pigments"

PIEDMONTFrank Borrelle and Field Services Di­
rector Thomas Kocis.

Jack Avery, of Celanese Plastics &
Specialities Co., presented a talk en­
titled, "Two COMPONENT WATER­
BORNE Epoxy MATERIAI.S FOR IN·
DUSTRIAL MAI:\TENANCE COATINGS
SYSTEMS."

Using slides, Mr. Avery discussed an
update on water-borne epoxy and in­
dustrial maintenance systems. He gave a
brief history of resins systems leading to
current technology. He also covered the
pros and cons of each resin system. The
various ways to convert resins and the
good and bad points of each system were
examined. A review of five typical
systems and a particular highlight of
each system was given. They are: liquid
epoxy / polyamide gives excellent solvent
resistance; liquid epoxy/amine adduct
gives versatility; great weathering is
found with liquid epoxy/acrylic/acid;
mmw epoxy/amune adduct gives very
fast dry and abrasion resistance; and
resistance properties are highlighted by
mmw epoxy/polyamide adduc!. The
right system has to be used, stressed Mr.
Avery.

According to Mr. Avery, water-borne
epoxies are preferred because of: en­
vironmental reasons; reduced fire ha7.­
ard; low odor; and cost and cost
stability.

WILLIAM GEOR(;OV, Secretary

68 Journal of Coatings Technology J



LUIS O. GARCIA, Secretary

C.J.

DEC.
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OSBORN

for
HIMMfRfD

IfIll
finishes

Yes ... you can im­
prove your ONE COAT
Baking Hammer Enamels
by formulating with MIR­
ASOL 501, an alkyd scien­
tifically designed to give
superlative hammered
metal finishes.

MIRASOL 501 is un·
surpassed for quality and
uniformity of product.

Send for sample today.'

CHEMICALS, Inc.
820 SHERMAN AVENUE,

PENNSAUKEN, N. J. 08109

"PAST-PRESIDENTS' NIGHT"

President Don Bagge called for self­
introductions by the past-presidents and
certificates of appreciation were pre­
sented to them by Vice-President Don
Shillingburg. Society Representative
James E. Peterson gave a brief history of
the society.

"THE USE AND ApPLICATION OF
SPECIALTY COATINGS ONWATER STOR­
AGE TANKS AND BRIDGES" was dis­
cussed by John Matouk, of Caliber
Coatings.

ROCKY MOUNTAIN

CLIFFORD SCHOFF, Secretary

Q. How do you measure surface
carbon?

A. Several techniques are available,
but I use a method of my own. A piece of
fiberglass filter paper is dipped in 50%
HCI, then rubbed across the surface. The
surface carbon that is removed is deter­
mined after the fiberglass filter is ashed in
a furnace.

propagate the zinc phosphate layer. The
result is nonuniform deposition with thin
spots surrounded by clumps of large
plate-like crystals.

Q. HoI\' does surface carbon interfere
.·;th the deposition of a zinc phosphate
pretreatment ?

A. Surface carbon isolates the area it
covers from interaction with the acidic
phosphate. It interferes with the oxida­
tion-reduction reactions necessary to

problem if the concentration is low
enough, said Mr. Perfetti. Oxidized oils
aod salts are objectionable at very low
levels, however.

Effective cleaning reduces or removes
contaminants, stressed Mr. Perfetti, but
that cleaning baths must be carefully
controlled to be effective. If the steel is
not coming out clean enough, then the
bath temperature and/ or dwell time must
be increased. Alkaline cleaners remove
oxidized oils, but surface carbon can only
be removed with pickling acids. Surface
carbon can be a serious problem. At or
above a level of I mgt ft ' it interferes with
deposition and development of zinc
phosphate conversion coatings. Surface
carbon originates from various sources, a
major one being decomposition of rolling
oils. High surface carbon leads to low salt
spray resistance of the painted surface.
Low surface carbon does not guaran­
tee good paintability, however, said
Mr. Perfetti.

Mr. Perfetti described the steps in
preparing metal for painting: clean!
rinse/ pretreatment/ rinse/ final rinse. He
pointed out that iron phosphate pretreat­
ments are used for general industrial,
coil, and some appliance applications,
whereas zinc phosphates are used on
automotive steel. Paint adherence to
pretreatments usually is quite good.

Paint appearance was then discussed.
Mr. Perfetti pointed out that the deter­
minants of appearance are substrate
roughness and the paint system itself.
The texture of steel sheet is a function of
the rolling process. A bumpy surface is
not a problem with appliance applica­
tions where orange peel and texture are
acceptable. Automotive steel, on the
other hand, must be very smooth because
the coated surface must have very high
gloss and reflectivity (distinctness of
image). The dominant factor in control­
ling distinctness of image (0.0.1.) is the
paint quality and thickness, but metal
topography also is important, stressed
Mr. Perfetti. The phosphate conversion
coating tends to telegraph the steel
surface, but increased thickness does
improve the 0.0.1.

Mr. Perfetti summarized his talk. He
emphasized that the metal surface had a
great influence on the appearance of a
finished article, and that the surface and
its chemistry must always be considered.
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Future Society meetings

Birmingham

(Apr. 14)-"TRANSPORT AS IT Ap­
PLIES TO THE PAINT INDUSTRY"- O.
Thomas, Freight Transport Assoc.

(May 5)-"USE OF ANTI-STATIC
DEVICES IN THE PAINT INDUSTRY"-G.
Wheatcroft, 3M Co.

Chicago

(Apr. 4)-"ACID RAIN TRENDS IN THE
U.S,"-Dr. Gary Stensland, University
of Illinois, "ASPECTS OF RHEOLOGY IN
COATlNGS"-Dr. J,E, Glass, North Da­
kota State University.

Cleveland

(Apr. 19)-"ATTRITOR GRINDI~G

AND DISPERSING EQUIPMENT"-Arno
Szegvari.

(May 17)-"A FUNNY THING HAP­
PENED ON THE WAY TO THE COATI~GS

TECHNICAL MEETING"-Frank Borrelle,
FSCT Executive Vice-President.

SILBERLINE

(Apr.)-"PAST PRESIDENT'S NIGHT."
(May II)-"IMPACT OF THE SUPER­

FUND LAW ON THE PAINT INDUSTRY"­
Tom Graves, NPCA Legal Staff.

Golden Gate

Los Angeles

(Apr. 13)-"CHLORINATED SOLVENTS
IN COMPLIANCE COATINGS"-Hank
George, Consultant.

Kansas City

(Apr. 14)-"HIGH SOLIDS COATINGS­
PAST, PRESENT, AND FUTURE"-Speaker
from Spencer Kellogg, Div. of Textron,
Inc.

(May 12)-FEDERATION OFFICERS'
VISIT. Update on Federation Activities;
Education Committee will present Sci­
ence Pioneer Awards; and Election of
Officers.

(June 10-1 I)-JOINT MEETING of the
Kansas City I St. Louis Societies,

New England

(Mar. 17)-"FORMULATING WITH MI­
CROSPH ERES."

(Apr. 14)-ANNUAL WESTERN MEET­
ING. "REVIEW OF THE ALyeOL ETHER
SITUATION."

(May 20)-BIANNUAI. SYMPOSIUM OS
COATINGS TECHNOLOGY.

Houston

(Apr. 18)-"CHLORINATED SOLVENTS
IN COMPLIANCE COATINGS"-Hank
George, Consultant.

(May 16)-"BENEFITS OF COMPOSITE
DISPERSANTS IN eOA T1NGS AND COLOR­
ANTS"-Elio Cohen, Daniel Products
Co,

(June 13)-MANUFACTURING COM­
MITTEE'S SEMINAR.

4 We want you to know
• Silberline aluminum

pigments deliver the best
value for the money,
regardless of origin.

3 We are developing new
• aluminum pigments for all

applications to accelerate
Silberline's leadership in
global technology,

We are a reliable source
of supply over the long
term-our labor contract
extends through mid-1985,

We have held the line on
the price of our aluminum
pigments since 1981.

1.

2.

==,1====(11
easy***because:

Specialists In Aluminum Pigments

MAN UFACTURING CO" INC,

Lansford, Pennsylvania 18232
Phone (717) 645-3161 TWX No. 5106598508
Plants in Lansford; Decatur, Indiana; and Leven, Fife, Scotland

Silberline makes
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Northwestern

(Apr. 5)-"EDUCATION NIGHT"­
James Lawlor, Chairman.

(May 3)-"MANUFACTURING PRO­
GRAM"- Richard Mundinger, Chair­
man.

Philadelphia

(Apr. 15)-AWARDS NIGHT.
(May 12)-"NEWER TECHNOLOGICAL

AREAS OF WATER-BORNE RESINS"­
Don Hogan, Polyvinyl Chemical Corp.

Piedmont

(Mar. 16)-FEDFRATION OFFICER
VISIT.

(Apr. 20)-"PLANT SAFETY-HAr-;DI.ING
SOLYENT AND NITROCELLULOSE"­
Speaker from Hercules, Inc.

(May 18)-"SOLYFNTS FOR HIGH
SOLll.lS COATINGS"-R. Readshaw. Un­
ion Carbide Corp.

(June J5)-"FINISH ING POLYOLEFIN
PLASTICS"- T.E. Parsons. Easlman
Chemical Products. Inc.

Pittsburgh

(Apr. 4)-"CHLORINATE1.l SOLVENTS
-AI' ALTERNATIVE TECr-;OI.OGY IN
COATINGS"-Jed Fulkerson, Dow
Chemical Co.

(May 2)-"WHAT Is THE STRUC­
TURAl. STEEL PAINTING COUNClL""­
John Keane. Mellon Institute.

51. Louis

(Mar. 15)-"HIGH SOI.lDS COATINGS"
-Speaker from Freeman Chemical Co.

(Apr. 19)-"EDUCATION NIGHT,"
(May 17)-"MANUFACTlJRING NIGHT."

Advertise in The

JCT Classified Ads
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Constituent Society Meetings and Secretaries

BALTIMORE (Third Thursday-Eudowood Gardens, Towson, MD).

BIRMINGHAM (First Thursday-Westbourne Site, Ed~baston). D. H,
CLEMENT, Holden Surface Ctgs. Ltd .. Bordesley Green Rd .. Birmingham B94TQ,
England,

CHICAGO (First Monday-meeting sites in various suburban locations).
FRED FOOTE, U.S. Gypsum Co.. 700 N, Rte. 45, Libertyville. IL 60048.

C-D-I-C (Second Monday-Sept., Jan., Apr., June in Columbus; Oct..
Dec., Mar., May in Cincinnati; Nov.. Feb., in Dayton). ROBERT A. Bu RTZLAFF,
Potter Paint Co. of Ind .. P.O. Box 265, Cambridge City. IN 47327.

CLEVELAND (Third Tuesday-meeting sites vary), RAY POOLEWSKI.
Mansfield Painl Co., P.O. Box 998. Mansfield, OH 44901.

DALLAS (Thursday following second Wednesday-Steak & Ale Restaurant).
T. LEON EVERETT, Dan-Tex Paint & Ctg, Mfg., Inc.. P.O. Box 18045. Dallas, TX
75218.

DETROIT (Fourth Tue~day-meeting sites vary). PETER BURNETT. Wyan­
dotte Painl Products. Inc.. 650 Stephenson Hwy., Troy. MI 48084.

GOLDEN GATE (Monday before third Wednesday-Alternate between
Sabella's Restaurant on Fisherman's Wharf and the Sea Wolf at Jack London
Square. San Francisco), ROBERT MILLER. Frank W. Dunne Co., 1007 41st St.,
Oakland. CA 94608.

HOUSTON (Second Wednesday-Sonny Look's. Houston, TX) RICHARD
D. BATCHELOR, Valspar Corp.. 2503 W. 11th St .. Houston, TX 77008.

KANSAS CITY (Second Thursday-Cascone's Restaurant, Kansas City,
MO). GENE WAYENBERG. Tnemec Co., Inc., P.O. Box 1749, Kansas City, MO
64141.

• LOS ANGELES (Second Wednesday-Steven's Steak House, Commerce,
CAl. MICHAEL GII.DON, Guardsman Chemicals. 9845 Miller Way, Southgate, CA
90280.

LOUISVILLE (Third Wednesday-Howard Johnson·s. Louisville, KY).
W. JERRY MORRIS. Celanese Plastics & Specialties Co .. P.O. Box 99038. Jeffer­
sontown. KY 40299.

MEXICO (Fourth Thursday-meeting sites vary). GEORGE CARRINGTON,
Nuodex Mexicana, Mexico, D.F.• Mexico.

MONTREAL (First Wedne.<day-Bill Wong's Restaurant). M. MEGEl.AS.
International Paints Ltd .• P.O. Box 190, Outremont. Que., Can" H2V 4M9.

NEW ENGLAND (Third Thursday-Fantasia Restaurant, Cambridge).
CHARLES J. HOAR. Union Chemicals Div., 67 Walnut Ave.• Clark. NJ 07066.

NEW YORK (Second Tuesday-Landmark II, East Rutherford, NJ).
MI('HAEI. ISKOWITZ, Koppers Co., Inc" 480 Frelinghuysen Ave., Newark. NJ
07114.

NORTH WESTE RN (Tuesday after firS! Monday- Boulevard Cafe, Golden
Valley. MN). ROBERT MADY. George C. Brandt. Inc .. 2975 Long Lake Rd..
SI. Paul, MN 55113.

PACIFIC NORTHWEST (Portland Section-Tuesday following second
Wednesday; Seattle Section-the day after Portland; British Columbia Section­
the day after Seattle). WII.UAM SHACKELFORD, Gaco-Western, Inc.. P.O. Box
88698, Seattle, WA 98188.

PHILADELPHIA (Second Thursday-Valle's Steak House. WILLIAM
GEORGOV, J.M. Huber Corp.• P.O. Box 310, Havre de Grace, MD 21078.

PIEDMONT (Third Wednesday-Howard Johnson·s. Brentwood exit of
1-85, High Point, NC.) JAMES E. HUSTED, Mobil Chemical Co., P.O. Box 2438,
High Point, NC 27261.

PITTSBURGH (First Monday-Skibo Hall, Carnegie Mellon Univ,).
CUFFORD SCHOFF. PPG Industries, Inc .. R&D Center, P.O. Box 9. Allison
Park. PA 15101.

ROCK Y MOUNTAIN (Monday following first Wednesday-Gusthaus
Ridgeview. Lakewood. CO), LuIS O. GARCIA. Kelly-Moore Paint Co .. 3600 E.
45th Ave.. Denver. CO 80216,

ST. LOUIS (Third Tuesday-Salad Bowl Restaurant). WII.IIAM TRUSZ­
KOWSKI. Mozel Chemical Products Co.. 4003 Park Ave.. SI. Louis. MO 63110.

SOUTHERN (Gulf Coast Section-Various Dates; Central Florida Section
- Third Thursday after first Monday; Atlanta Section-Third Thursday;
Memphis Section-Second Tuesday: Miami Section-Tuesday prior to Central
Florida Section). S.G. SANFILIPPO. Reichhold Chemicals, Inc., Technical Services
Lab.. P.O. Box 1610. Tuscaloosa, LA 35401.

TORONTO (Second Monday-Cambridge Motor Hotel). R.H. STEVENSON.
Tenneco Chems., Canada Ltd .. 235 Orenda Rd .. Bramalea. Ont.. Can .. L6T IE6.

WESTERN NEW YORK (Third Tuesday-The Red Mill. Clarence. NYl.
DONAI.D M. KRESSIN. Spencer Kellogg Div.. Textron, Inc.. P.O. Box 210, Buffalo,
NY 14225.
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Elections

NEW ENGLAND

Active

KORETSKY, DIANA R.-Samuel Cabot, Inc"
Chelsea, MA.

Associate

BENING, P. Scon-Spencer Kellogg, Div.,
Textron, Inc" Malden, MA.

COSGROVE, THOMAS J.-BASF Systems,
Wakefield, MA,

PARESKY, PAUL S.-Cypress Color & Chem­
ical Inc., Westwood, MA.

NEW YORK

Active

ARESTY, RORERT J.-Solar Energy Corp..
Princeton. NJ.

BERMAN, STEVEN H.-Chromatic Paint Corp..
Garnerville, NY.

BRYTUS, VINcE-Ciba Geigy Corp" Ardsley,
NY,

CALBO, LEONARD J.-King Industries, Nor­
walk, CT.

FRANKI.IN, EUGENE-Kay-Fries. Inc.. Stony
Point, NY.

JOSHI, A.lAY-Hoboken Paints, Inc., Lodi,
NJ.

MARKOWITZ, JOEL-R & A Specialty Chem­
ical Co" Brooklyn. NY.

MENDOZA, CARLOS-Absolute Coatings, Inc..
Bronx, NY.

MILLER, MARTIN C.-R & A Specialty Chem­
ical Co., Brooklyn.

MINASSIAN, STEVEN S.-Benjamin Moore &
Co" Newark, NJ.

MORVAY, RUDOLF C.-Metal Film Co., Inc..
North Bergen. NJ.

NAUGHTON, FRANK C.-Caschem Inc., Bay­
onne, NJ,

PUGLISI, JOSEPH S.-CIBA-GEIGY Corp.,
Ardsley, NY,

TSUCHIYA, YOSH1NORI-Toyota MotorCorp.,
Secaucus. NJ.

YUSTER. JANE-Troy Chemical Co., Newark.

Associate

SUDMAN, THEODORE M.-Superior Materials.
Inc., Garden City, NY.

COLASURDO. CYNTHIA-Rhone Poulenc, Inc.,
Monmouth Junction, NJ,

CURTIS, CARL L.-ISIS Chemical, Somer­
ville, NJ.

Ft.YNN, JAMES B.-EM Chemicals, Haw­
thorne, NY.

FRUHMANN, JOHN F.-Pfizer, Inc., MPM
Div., Clifton, NJ.

GAN, BARRARA M.-Drew Chemical Corp.,
Boonton, NJ.

GIBBONS, THOMAS J.-Diamond Shamrock
Chemical Co.. Morristown. NJ.

GOLDEN, VICTOR J.-Shamrock Chemlcals
Corp.. Newark, NJ.
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HOLTZER, MITCHELL T,-Rohm and Haas
Co.. Piscataway, NJ,

JAFFE, HAROLD L.-Chemical Consultant,
Millburn, NJ.

JANICKI, DAVID E.-Spencer Kellogg Div ..
Textron, Inc., Newark.

KAFKA, STEVEN M.-Superior Materials. Inc.,
Garden City.

KARLSON, JAMEs-Caschem Inc., Bayonne.
LtGHT, DEBRA-Dow Chemical USA, Saddle

Brook, NJ,
LiTRUN, JAMES N,-Pfizer, Inc., MPM Oiv ..

Clifton,
MAGI.IOCCO, JOHN-Allied Chemical Corp.,

Morristown.
MINATO, ICHIRO-Takeda Chemical Ind.,

New York, NY.
NASSBERG, BERNARD-Kikuchi Color &

Chemical, Paterson, NJ,
PETERSON, W,LI.IAM M,-EG & G Princeton

Applied, Princeton.
ROHI.EDER, RICHARD P.-Pfizer, Inc., MPM

Div .. Clifton,
SCHIMMEl., BRUCE S,-Alcan Ingot & Pow­

ders, Elizabeth, NJ.
SHAFFER, J, ScoTr-Celanese Specialty Res­

ins. Madison. NJ.
STOWE, JAMES A,-Inland Leidy, Union, NJ.

Retired

TUROIV, ABRAHAM-Brooklyn, NY,

NORTHWESTERN

Active

FOSTER, ROSEMARY-Cargill, Inc., Minne­
apolis, MN,

HANCOX, SHARI L.-Cargill, Inc., Minne­
apolis.

TRIE', TAN DAO-Plastie Dip International,
Minneapolis.

Associate

JE'N"(;S, DAVID R,-Applied Color System.
WeSlmont, I L.

TROST. DOUGI.AS c., JR. Hercules Inc..
Naperville,lL.

PHILADELPHIA

Active

ADAMCHUK. MARK R.-Arco Chemical Co..
Newtown Square. PA,

ARMISTAD, WILI.IE L.-Air Products &
Chemicals. Inc., Allentown, PA.

CAMII.LETTI, ROBERT C.-RCA Corp.. Cam­
den, NJ.

CIIRISTHII.F, HAROLI1 H.- Witco Chemical

Corp.. Trailer, PA.
DE:-;I(.iAN. EDWARD P., JR.-Arco Chemical

Co" Philadelphia, PA.

DURANTE, JOSEPH P.-Gilbert Spruanee Co..
Philadelphia.

FRACK. STERl.lNG. JR.-Reichard-Coulston,
Inc.. Bethlehem, PA.

JUNKER, L. JOSEPH- McCloskey Varnish Co..
Philadelphia,

KLOTZ. JAMES M.-Coatings For Industry.
Souderton, PA.

KI.OTZ, WILI.IAM R.-Coatings For Industry,
Soudenon.

KRAus, WAYNE A.-Chemcoa[ Inc"
Montoursville, PA.

l.ANCAS I'ER, WILI.IAM-McCloskey Varnish
Co.. Philadelphia.

MAlllEN, NEIl. A,--Congoleum Corp ..
Marcus Hook, PA.

MAIR. JOH' c.--Coyne Chemical Co..
Philadelphia, PA,

MARINO, CHARLES P.-Markel Corp.,
Norrislown, PA.

MATHEWS, ROHERT H,- McCloskey Varnish
Co .. Philadelphia.

McMI\NUS, DANIEl.- Finnaren &Haley. Inc..
Conshohocken. PA.

NIFMCZllRA, PAUL W.- Witco Chemical
Corp.. Trainer.

OTO,"OR. BRIAN-McCloskey Varnish Co..
Philadelphia.

011 ER. JAMES W.- GuJr & Western Indus­
tries. Bethlehem.

PAITI, BA/.I)EN K.-Stulb Paint & Chemical
Co., Norristown. PA.

PRrSSLEY, HILlIr. JR.~Gilhcrt Spruance
Co.. Philadelphia.

RICH, RAMON D.-Stulb Paint & Chemical
Co., Norristown.

SIIAHI.IN. DONAI.[)~CongoleumCorp ..
Marcus Hook.

TlllHF I J S, KrNNFI H C. Finnarcn & Haley

Inc.. Conshohocken.

Educator and Student

GRAi"A I A. RIU1ARD D.-Lehigh Uninrslty.
Bethlehem.

VAND~IHIOFI" JO!l\ W.-Lehigh Universily.
Bethlehem.

PITTSBURGH

Active

CASEY, TOM-PPG Industries. Inc.. Spring­
dale, PA.

FEilEROFF, DO'NA L.-Mobay Chemical
Co., Pittsburgh. PA.

JOIINSON, WILLIAM C.-KTA-Tator, Inc ..
Pittsburgh.

KOSIOREK. RAYMOND S,- Drakenfeld Colors,
Washington, PA.

WII.I.IAMS. JOliN L.-Mobay Chemical Co..
Pittsburgh.

Associate

JIIIIIANO. JOSF!'H P.-Jewell Chemical Co..
Pittsburgh,

SHIE1.DS, Wll.I.IAMT.-Neville Chemical Co.,
Pittsburgh.
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meetings/Education

47th Annual Meeting To Be Held by Southern Society, March 23-25

The Southern Society for Coatings
Technology will host its 47th annual
meeting entitled. "From Laboratory to
Customer-Bridging the Gap Through
Creativity." on March 23-25 at the
Peabody Hotel. Memphis, TN.

Chairman William Early, of Piedmont
Paint Mfg. Co.. announccd thc following
program:

Thursday, March 24
SSCT Annual Business Mccting.
The Kcynote Address entitled, "It

Takes More than Thinking to Be Crea­
tive," will be prcscnted by Royal A.
Brown, Technical Advisor of the Federa­
tion of Societies for Coatings Tech­
nology.

'The Economics of Quality Tradc
Sales Paints"-Abel Banov, Co-Pub­
lisher Editorial. The American Pailll
Journal.

Panel: "Microcomputers-No Arcade
Games, Please"-Moderated by Stanley
Harshfield, Unitcd Paint Co.

"Ten Rules for Success"-Craig Lar­
son, Chemical Specialities.

"Word Processing and Report Analy­
sis"-Stanley Harshfield.

"Label Analysis and Inventory Con­
trol"-Joe Budash, Scott Paint Corp.

"Mini-Microcomputers"-Jim Stan­
ley, Rico Chemicals, Inc.

Friday, March 25
Panel: "Applications of Industrial

Coatings"-Moderated by Terry Walsh.
Kinsmen Corp.

"Coil Coating-Past, Prescnt, and Fu­
ture"-Bob Rodger, Whittaker Corp.

"Electrostatic Applications"-James
Wright. PPG Industries, Inc.

"Basic Concepts of Electrodeposi­
tion"-Joe Lucas. PPG Industries. Inc.

"Robotic Finishing"-Ken Close. De­
Velbiss Co.

"Gadget and Gimmick Contest"­
Moderated by Bob Link. R.T. Vander­
bilt Co,

"The Wings of Eagles" will be pre­
sented at the Soeiety's Annual Luncheon
by Noris L. Johnston. of The Warren
Rupp Co.

The afternoon session will feature
presentations given by students of the
University of Southern Mississippi.

Registration and housing information
is available from Terrence J. Walsh,
Kinsmen Corp .• 214 Permalume Place,
N.W,. Atlanta. GA 30318.

® 1030
A non-mercurial
fungiddeeffective
againsta broad
rangeof

• •mlcroorgamsms
including
Aureobasldlum pullulans, Alternaria sp.,
Oadosporium sp., Phoma sp.,
Pseudomonas sp., and Chlorella sp.

· Suitable for use in both
water and solvent systems.

· Effective for wood
protective coatings.

· Serves as its own package
preservative.

· Non-mercurial.

· Highly cost efficient.

~ CiliATIVITY ~
FOR

OUR CUSTOMERS

Buckman Laboratories. Inc. / Memphis.TN 38108/901/278-0330
Dtslnbulors Geo4'QeC &ancllinc IheCa,Company CfonChenllCaiCofllOlallOl'l CulICoaSIChemlCaI lukensChenucalCompany M..oonChemlcaJCrouo Inc SupefIOlMateflalS.lnc VanHorn.Metl&Co.lnc
Aletr",ayChermcat&Suooly Inc Denver CO l<ansaSClly KS Aocilson.ll HooSlon IX Dallas IX largo Fl Carntl'lO;Je MA lakewood.OH GilfdenClIY.N Y Consh:lhOCken.PA.
St lOOIS MO 51 Paul MN New Olleans LA Ballmore.MD. Pittstllf~ PA
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WPTG To Sponsor 23rd Annual Symposium in D.C.

HunterLab Announces Color Workshop, Apr. 6-8

Seven Sessions Announced for 'Radcure '83', May 9-11

"Coatings-On the Move" will be the
theme of the Washington Paint Techni­
cal Group's 23rd annual symposium to be
held at the Marriott Twin Bridges Motel
in Washington, D.C.. April II and 12.

Dr. Henry Leidheiser, Professor of
Chemistry and Director of the Center for
Surface and Coatings Research at Lehigh
University, Bethlehem, PA, will present
the keynote address, "A Better Under­
standing of the Metal-Coating Interface."

The program will also feature the
following topics and speakers:

"The Quality Assurance Approach"­
James V. Parish, The Sherwin-Wil­
liams Co.

"Maritime R&D in Coatings, Abra­
sives, and Surface Preparation"-John
W. Peart, Avondale Shipyards.

"Advantage of Developing Coatings
with Industrial Hygiene Considera­
tions"-Patrick J. Hurd, National Paint
& Coatings Association.

"Chlorinated Vinyl-Acrylic Latices for
Steel Protection"-Marvin L. Caine, ICI
Americas, Inc.

Call For Papers Issued
For World Coatings Conference
On Bridges, Steel Structures

Papers are currently being solicited for
the Third World Congress on Coatings
Systems for Bridges and Steel Structures
to be held November 2-3,at the Brecken­
ridge Concourse Hotel in St. Louis, MO.

The conference, presented by the Uni­
versity of Missouri-Rolla, the Federal
Highway Administration, and the Steel
Structures Painting Council, will bring
together new skills and technologies to
aid in the recovery, repair, and main­
tenance of bridges and steel structures.

Papers on the following topics will be
considered for presentation: surface
preparation methods, disposal of re­
moved materials to conform with en­
vironmental regulations, evaluation and
field experience of alternative pigments
and coatings, new specifying methods,
inspection and quality assurance.

Abstracts should be submitted to Dr.
Lloyd Smith, program chairman, Mate­
rials Technology and Chemistry Div.,
HNR-40, Federal Highway Administra­
tion, Washington, D.C. 20590. Authors
of selected papers will be required to
submit a complete manuscript by August
I so that it may be included in the
proceedings available at the conference.

For further information on the confer­
ence contact John A. Gordon, Jr., con­
ference director, or Norma R. Fleming,
conference coordinator Arts & Sciences
Continuing Education, UM-Rolla, Rolla,
MO 65401.
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"Optimizing Performance of Field Ap­
plied Industrial Coatings"-V. Scott
Pignolet, E.1. du Pont de Nemours &
Co., Inc.

"Hydrophobic Fumed Silica Control
of Epoxy Coatings Rheology"-Dennis
G. Miller, Cabot Corp.

"Improvements in Adhesion and Dur­
ability Testing"-Mary E. McKnight,
National Bureau of Standards.

"M icroprocessors in Pigment Disper­
sion Equipment"-Roland E. Swett,
Morehouse Industries, Inc.

"Water-Dispersible Crosslinking Ure­
thanes"-Peter Loewrigkeit, Witco
Chemical Co.

HunterLab, Reston, VA, will present a
2-Y, day workshop on "Colorimetry and
Other Aspects of Appearance Science,"
on April 6-8, at the Sheraton Interna­
tional Conference Center in Reston.

The workshop will provide appearance
technologists, and others interested in the
measurement of appearance, with a basic
knowledge of color and appearance
science. It is an introductory course for
those having little previous formal educa­
tion in the field. Emphasized will be the
practical aspects of measuring the ap-

The Association for Finishing Pro­
cesses of the Society of Manufacturing
Engineers (AFP/SME) has announced
that seven conference sessions have been
scheduled for "Radcure '83" to be held
May 9-11 at the Palais de Beaulieu,
Lausanne, Switzerland.

This first international conference on
radiation curing will be user-oriented and
will cover case histories, new applica­
tions, and research in a wide spectrum of
radiation curing technologies and
operations.

The scheduled conference sessions in­
clude: Radiation Curing Overview; Paper
and Film Converting; Wood and Build­
ing Materials; Printing and Varnishing in
Radiation Curing; Finishing of Metals
and Plastics; Advances in Technology;
and Electronics and Communications.
Plant tours to examine these technol­
ogies also are planned.

A spouse's program is scheduled dur­
ing the conference.

For registration and housing informa­
tion, contact Susan Buhr, AFP/SME

"New GSA Procedures for Procure­
ment of Paints"-Speaker from General
Services Administration.

"Replacement Solvents for Ethylene
Glycol Monoethyl Ether and Acetate"­
Richard L. Smith, Eastman Chemical
Products.

"Formulating UV CurableCoatings"­
Eli Levine, Celanese Chemical Co.

For further information, contact
Washington Paint Technical Group, P.O.
Box 12025, Washington, D.C. 20005, or
Hing Dear at (301) 279-4215 or Mildred
Post at (301) 530-1664.

pearance of products of industry. Topics
such as color theory, colorimetry, meta­
merism, and spectrophotometry will be
thoroughly explained. The effect of geo­
metric attributes such as gloss and haze
on the color and overall appearance of
the product will also be covered in detail.

The workshop fee of $295 includes
course material, a hard bound copy of
R.S. Hunter's book, "The Measurement
of Appearance," and lunches.

For additional information, contact
Dorothy C. Miner, HunterLab, 11495
Sunset Hills Rd., Reston, VA 22090.

Administrator, Technical Activities
Dept., SME, One SME Dr., P.O. Box
930, Dearborn, MI 48128.

KSU To Present
Spring Coatings Courses

Kent State University's Rheology and
Coatings Division of the Chemistry De­
partment will present three short courses
this spring. Designed for polymer and
coating specialists, these courses will
cover the subjects of diversion, adhesion,
and rheology.

The courses and dates are as follows:
(May 16-20)-"Dispersion of Pigments

and Resins in Fluid Media."
(June 6-10)-"Adhesion Principles and

Practice for Coatings and Polymer Sci­
entists. "

(June 20-24)-"Applied Rheology for
Industrial Chemists."

Information can be obtained from
Carl J. Knauss, Chemistry Dept., Kent
State University, Kent, OH 44242.
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People

Thibaut and Walker has announced
the appointment of Roberf C. Gasmanas
Technical Director/ Emulsion Polymers.

Roberf Lockwood has been appointed
Product/ Market Manager-Airless and
Coaters for the Finishing Equipment
Div. of Nordson Corp., Amherst, OH.

S.L. DavidsonR. Marderoslan

Barry Douglas has been appointed
Executive Vice-President of Red Devil
Paints & Chemicals, Mount Vernon, NY.

Jerry Hall, Director of the Chemical
Coatings Division of the National Paint
and Coatings Association for the past 25
years, has announced an early retirement
for the end of this year. Mr. Hall has been
the staff liaison to the NPCA's Chemical
Coatings Steering Committee and its
subgroups, the Chemical Coatings In­
dustry Committee, and the Furniture
Finishes Industry Committee. He has
been involved in the planning of many
conferences and in the development of
case studies used in committee-spon­
sored seminars. Mr. Hall joined the
NPCA staff in 1957, following three
years as a White House military aide
during the Eisenhower Administration.

S. Leonard Davidson retired March I
from NL Industries, Inc., Hightstown,
NJ, after a 40-year career in the coatings
industry. He served the company most
recently as Regulatory Affairs Specialist.
Mr. Davidson is a Past-President of the
Federation and has also served as
Chairman of the Environmental Control
Committee.

ODC Inc., a joint venture formed by
Oak Industries and Dow Corning, has
announced the following appointments.
Don Solar, formerly an Account Man­
ager at Dow Corning, was named Di­
rector of Marketing and Sales. Bernie
Van Wert was appointed Director of
Development. He previously served as a
Senior Technical Service and Develop­
ment Specialist for Dow Corning. Pro­
moted to the position of Director of
Engineering and Manufacturing is Lloyd
Rain, formerly Manager of Special
Products at Oak Industries. George
Levey, previously Controller of Mass
Laminates at Oak Industries, was named
Controller for the new venture.

K.A. McGuireJ. R. Kiefer, Jr.

Premier Coatings, Inc. has named
Michael Miskewitch Vice-President of
Manufacturing and Duane DeVoung
Technical Director. Both are members of
the Chicago Society.

Robert J. Zilli was promoted to the
position of Market Manager, Technical
Services, for Manville Products Corp.. a
subsidiary of Manville Corp.

Nuodex Inc., Piscataway, NJ, a newly
formed company headed by a group of
former Tenneco Chemicals, Inc. man­
agement employees, has announced the
following appointments. Frank X.
Dwyer, most recently Executive Vice­
President and General Manager of
Tenneco, was named President and Chief
Executive Officer. The Nuodex man­
agement group also includes Joseph
Fath, Dr. Lawrence A. Wigdor, and
Lawrence Okun.

Roherf Marderosian has been ap­
pointed to the position of Manager,
Equipment Sales, for Cypress Color and
Chemical, Inc., Westwood, MA. Mr.
Marderosian is a member of the New
England Society.

SCM Pigments has named John T,
Gallagher Senior Sales Representative
for its northern Illinois and southern
Wisconsin areas. Mr. Gallagher will be
based in Chicago, and is a member of the
Chicago Society.

Craig M. Davis, George Tipton, Jr.,
and Ronald Lee Vounts have been
appointed Senior Marketing Represen­
tatives by Eastman Chemical Products,
Inc. Mr. Davis will represent the Raleigh,
NC area, while Mr. Tipton will serve the
Western Michigan region. Based in the
Atlanta, GA area is Mr. Younts who is a
member of the Southern Society.

Kathleen A. McGuire has been ap­
pointed Product Marketing Manager of
trade paints for PPG Industries' Coat­
ings and Resins Div. Mrs. McGuire
joined PPG at the firm's Springdale, PA
research center in 1970 as a chemist in the
automotive coatings group. She has held
various research posts including senior
development chemist and project leader
for interior consumer coatings. In 1980,
she was named technical manager of
interior consumer products. Mrs. Mc­
Guire is a member of the Pittsburgh So­
ciety.

J. Richard Kiefer, Jr. has been named
Corporate Director-Environment, Safety
and Health at McCloskey Varnish Co .•
Philadelphia, PA. Mr. Kiefer will assume
responsibility for security, compliance
with governmental regulations, and the
establishment and maintenance of safety
and health preservation programs for
company employees. A past-president of
the Philadelphia Society, Mr. Kiefer
serves as Honorary Director and Hand­
book Editor. He has been awarded its
Liberty Bell and Technical Committee
awards, as well as a silver plate com­
memorating his completion of 19 con­
secutive years as an officer on the
executive committee and Board of
Directors.

Union Camp Corp., Wayne, NJ, has
announced the appointment of Susan R.
Voung as a Sales Representative for the
Inks, Adhesives, & Coatings Group,
Chemical Products Div. Ms. Young will
be headquartered in Des Plaines, IL.

Premier Mill Corp., New York, NY,
was recently purchased by its President,
Myron Segal, who has served the com­
pany for 18 years. Mr. Segal is a member
of the New York Society. Corporate
offices will be located at 220 E. 23rd St.,
New York, with manufacturing offices
based in Reading, PA.
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Lawrence B. Moss has been appointed
Product Manager for Urethane and
Acrylic Polymers for the Organics Div.
of Witco Chemical Corp.

Dr. William C. Spitzer has retired as
Research Director of PRA Laboratories.
Inc., a position he has held since 1966.
His duties will be assumed by Gerald K.
Delves. Dr. Spitzer, a member of the
Chicago Society, will continue to serve
the organization as a Technical
Consultant.

James C. Hendershot has retired as
Chairman and Chief Executive Officer of
Reliance Universal, Inc., a subsidiary of
Tyler Corp. He will continue as a
'member of the Tyler Board. Charles J.
Fisher has been named President of the
company, and assumed the position of
Chief Executive Officer upon Mr.
Hendershot's retirement.

Kenneth R. Lawson, Manager, Market
Development at DeSoto, Inc., Des
Plaines. IL, has been re-elected as Presi­
dent of the Association for Finishing
Processes of the Society of Manufac­
turing Engineers (AFP/SME). Also,
elected to the position of President- Elect
was George Paulus, Manager, Technical
Department, Acheson Colloids Co., Port
Huron, MI. Mr. Paulus is a member of
the Detroit Society.

The Minerals & Chemicals Div. of
Engelhard Corp., Menlo Park, NJ, has
appointed John C. Hirschman Product
Manager, Paint and Coatings Pigments,
in its Pigments & Extenders Group.

Negley Paint Co., San Antonio, TX.
has announced the a ppointment of Caryl
J. Swann to the position of Controller.

EM Chemicals, an EM Industries Co.,
Hawthorne, NY, has named Sigrid
Teaney Technical Chemist in Pigment
Applications for its Plastics & Coatings
Group.

Ralph J. Bellrose has been appointed
Product Sales Manager for Coatings
Solvents in the Solvents & Coatings
Materials Div. of Union Carbide Corp.,
Danbury, CT.

A. Blair Battistini has been named
National Sales Manager for the pigments
department of the Hilton-Davis Chemi­
cal Co., Cincinnati, OH.

Steve Inman has been appointed Ac­
count Supervisor for the Union Chemi­
cals Div., Union Oil Co. of California.
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Literature

Quinacridones

Literature has been published an­
nouncing the introduction of two new
Quinacridones, specifically developed for
different segments of the coatings indus­
try. Featured are No. 228-0594, a
Sunfast@ Quinacridone Red Y, devel­
oped for automotive and industrial
coatings, and Sunfast@ Quinacridone
Magenta, No. 228-0605, designed for
trade sales paint manufacturers and
aqueous dispersion manufacturers. For
further information, write Sun Chemical
Corp., Pigments Div., 411 Sun Ave.,
Cincinnati, OH 45232.

Lid Closer

Literature is available featuring a new
semi-automatic lid closer for plastic and
steel pails. Failsafe operator protection
and low PSI operation are described.
Additional data with photo call-outs
explains pail size adjustments, inter­
changeable crimper head, and general
construction features. Contact Beltron
Corp., P.O. Box 893, Red Bank, NJ
07701 for additional information.

Non-Residential Coalings

A recently completed study entitled
"High Performance Non-Residential
Coatings" has been published and is now
available. The study is a comprehensive
business report which covers both new
construction and maintenance segments,
both industrial and marine applications,
and both high performance and conven­
tional coatings. It analyzes and projects
critical market factors such as high
solids, preconstruction primers, guaran­
teed maintenance contracts, buying in­
fluences, painting contractors, and prices
per gallon. It employs finely tuned
market definitions and is current, using
1982 as a base year. with 1987 and 1992 as
projection years. One emphasis of the
study involves a ranking of the 14 high
performance markets by their growth
over the coming half-decade, allowing
subscribers to position themselves prop­
erly. Another emphasis centers on a grid
of end-users versus coating producers,
showing for 1982 the shares o[ the top 23
suppliers for each of 14 high performance
markets, allowing subscribers to know
their competition. The study is available
for $4,900 and can be obtained from
WEH Corp., P.O. Box 40066. San
Francisco, CA 94140.

Resins

Modified and unmodified ketone for­
maldehyde resins for the paint and ink
manufacturing industries, generally used
as supplementary resins for the specific
improvement of covering properties, are
the subject of new literature. The resins
are non-saponifiable and neutral with
market brightness and light-fastness and
are generally combined with binders and
increase the gloss. solids content, and
coloring capacity of paint systems. Prop­
erties and practical applications, such as
paints for wood and paper, flexographic
and photogravure printing inks, road
marking paints. ball-point pen pastes,
inks, or spray paints, are detailed. For a
copy o[ "Ketone Formaldehyde Resins
and Modifications,"contact Huels Corp..
750 Third Ave., New York. NY 10017.

Coating

Literature is available featuring Uni­
Prime cationic coating, a product which
is expected to become the preferred
coating for electrodeposition priming.
Discussed are the application uses of the
coating, which involves advanced chem­
istry that permits the application of a
thicker protective primer to the metal
bodies of new cars. Its benefits, such as
improved quality and versatility. and
better appearance and durability. are
listed. For information, contact PPG
Industries, Inc., One Gateway Center.
Pittsburgh. PA 15222.

Rheometer

The new Carri-Med controlled stress
rheometer is featured in recent literature.
Discussed is its wide range o[ applica­
tions, which include the paint and print­
ing ink industries, where it is required to
study deformation and flow properties of
thixotropic and other liquids, semi-solids.
emulsions. suspensions, and polymeric
systems. Its key features and benefits are
also detailed. Write Sheen Instruments
Ltd .. Nine Sheendale Rd., Richmond.
Surrey. TW9 2JL England for infor­
mation.

Optical Sensor

An optical sensor which is suitable [or
both transmission and reflection mea­
surements is the subject of recently pub­
lished literature. Its uses and measure­
ment capabilities are detailed. For
information. contact HunterLab. 11495
Sunset Hills Rd .. Reston. VA 22090.
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Viscosity Sampling System

Literature introducing a new. low-cost
sample chamber for the Viscosel Auto­
matic Viscosity Control System is now
available. Features and uses of the
chamber are described. For more infor­
malion, contact Brookfield Engineering
Laboratories, Inc., Dept. NR 41. 240
Cushing St .. Stoughton, MA 02072,

Measurement System

Literature is available featuring a new
Positioning Color-Eye® On-l.ine Color
Measurement System. Described arc the
instrument's ease of operation. standard
features. and measurement capabilities.
For information. write Color Communi­
cations. Macbeth. Div. of Kollmorgen
Corp .. P.O. Box 950. ewburgh. NY
12550.

Life Support Apparatus

A two-page brochure is available
which describes the recently introduced
five-minute escape hood. ELSA (Emer­
gency Life Support Apparatus). designed
for escape from smoke fumes and other
dangerous environments. Its unique fea­
tures arc detailed. Contact International
Safety Instruments, Inc .. P. O. Box 846,
Lawrenceville. GA 30246, for additional
information.

Industrial Cleaning

The National Association of Corro­
sion Engineers has announced the publi­
cation of Industrial CleaninK Manual.
Industrial cleaning is a n important factor
in both start-up and maintenance of
plants and equipment. Proper cleaning
schedules. techniques, and equipment
are critical to the efficient and safe oper­
ation of industrial equipment. This new
manual addresses chemical. manual. and
mechanical cleaning, as well as the safety
factors to be considered in all cleaning
operations. Among the chemical clean­
ing techniques considered in TPC Publi­
cation #8 are acid baths and acid slug­
ging. Types of acids used and their
compatibilities with materials of Con­
struction are covered in detail. Hydraulic
jetting. hand lancing, and mechanical
scraping are among the non-chemical
cleaning techniques covered in the
manual.

Offered in soft cover format, Industrial
Cleaning Manual has nine chapters in
42 pages with a foreword. introduction,
list of definitions, and a detailed index.
The manual is available for $5 for NACE
members and $7 for nonmembers from
:"ACE, P.O. Box 218340, Houston, TX
77218.
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APCA Proceedings

The Air Pollution Control Association
(APCA) has published the proceedings
of a specialty conference on "Emission
Inventories and Air Quality Manage­
ment" which was conducted by APCA
in April. 1982.

The illustrated. 390-page publication
contains 27 original technical presenta­
tions, and introductory and summary
remarks. The presentations address the
topic through five major areas of discus­
sions: emission inventory applications;
data adequacy. uncertainties and policy
implicalions: data base development and
management: inventories, models and
reality: and continuing activities and
development techniques.

The hard-bound publication contains
all graphs and charts submitted by the
authors as well as a complete subject
index.

Prices are: APCA Members, $24,00:
Nonmembers, $28.00. All orders should
be mailed to: Publications Dept., APCA,
P.O. Box 2861. Pittsburgh. PA 15230.

Resource Recovery Service

A resource recovery service designed
to capture by-product value from haz­
ardous wastes generated by the paint and
coatings industry has been introduced in
new literature as a cost-saving alternative
to several on-site and off-site disposal
techniques currently used. Discussed is
the service's objective and the means used
to accomplish this objective. Actual
implementation of the service is detailed
as are its results. For further information.
write Stauffer Chemical Co., Environ­
mental Venture Div., Westport, CT
06881.

CLASSIFIED
ADVERTISING

Formulation Software
Increase Your Productivity

Low cost, high performance systems for
the professional formulator, proven in use
at major firms by sales and technical
personnel. You can recall and modify
formulas rapidly. Do batch as well as
formula analysis. Custom versions avail­
able for plastics, coatings, inks and adhe­
sives. The software is available on por­
table and desktop systems.
Contact: Pocket Data Systems, Box 2303,
So. Hackensack, NJ 07606. Phone (201)
489-7972.

Only
Aquablak®
and
Codispersion®

carbon
black
dispersions
carry this
seal of
approval.

For maximum economy and
consistency of product,
specify Borden's Aquablak®
water-based or Codisper­
sion® solvent-based carbon
black dispersions. The Bor­
den name assures you of (I)
superior quality in both
aqueous and solvent dis­
persions; (2) a complete
range of dispersions to meet
your most demanding
specs; and (3) reliable tech·
nical support both before
and after the sale, For our
technical bulletin, write or

call
Warren Johnson

toll free

800-543-1670.
(In Ohio, ca1l800.S82-l62L)

Borden Chemical
Specialty Products Group

630 Glendale·Milford Road
Cincinnati, OH 4S2lS
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BookReview

Dynocoot Poly.".1'1 ot a 610nc.:

Middlesex, England
£ 100

~KAY-FRIES,INC. 10linkDrive
~""'l.M~IIqnaritIlobllI("'OU" Rockleigh. N.J. 07647

This book should be present and
available in every major paint company
library. It is especially valuable to those
that are engaged in international paint
production, sales, and licensing.

As the foreword indicates, this is a
compilation based entirely on published
sources of statistical information on the
paint industry. The book has done a good
job in assembling all these statistics in
one place. It would be very difficult to
independently arrive at such a worldwide
thorough compilation of data. Types of
products, markets, sales volumes, market
distribution and other pertinent statistics
are covered country by country_ The
names, business activities, principal mar­
kets, and types of products are given for
the paint companies in these various
countries. The acquisition and merger
history of organizations is also included.
Financial data and recent developments
in facilities, where available, are given.

A bibliography of the original sources
is also furnished for the reader who
wishes to secure still more details for
given situations. A large number of
publications have been consulted, in­
cluding many foreign language publica­
tions that are not easily accessible.

The book is not without some error.
For example. PPG Industries is listed as
having acquired Celanese's container
coating business. This is not true. There
are some discrepancies, for example,
both Kansai and Nippon are indicated to
have 600 people in an R&D capacity. but
the R&D expenditures are listed at $1800
million yen for Kansai and $410 million
yen for Nippon Paint. I would expect
that this is due to numbers reported in
two separate publications with somewhat
different definitions of R&D.

The work should be especially valuable
to those individuals concerned in inter­
national selling and exporting, licensing
agreements, or considering acquisitions.
One subject which receives some allen­
tion, but is not gone into thoroughly, is
the relationship of technical excellence to
the companies' businesses. This is, per­
haps, too much to ask for such a review,
but areas of specialization and technical
excellence very often have a great deal to
do with the success of the organization.

coil coaring and spray
Coatings.

Dynocoa' MS.rI.,
Oranched, saturated poly­
esters conraining hydroxyl
groups for baked on spray
coorings. high hordne~.

adhesion and elastiCity
in rhe coating of metal
substrates

Dynacoa' , 5.rI••
Thermoplasllc and ther­
mOSE't polyesrer resins for
u~e os binding ogenrs fOI
eleCtrOSTatic and fluidized
bed powder cooring for­
mulations. Thermal ~Tobil·
llY. chemical resiSTance,
weaTherability. elasticiTy
in rhe cooring of meral
subsrraTes

Reviewed by
R. M. Christenson
PPG Industries, Inc.

Dynocoo, LS.rI.,
High molecular weighr
~aturaredpolyesters of var­
ious elasriciry and viscosity
groups which offer excel­
lenr wearherabiliry and
chemical resisrance FDA
approved Used for food
packaging. bUilding ma­
terials. apphancf's. foil
laminating and printing
ink

DynaCOQf LH Sera••
Moddied linear, saturored
polyester~ COntaining hy­
droxyl groups. These prod­
uctS provide hard. elastiC
film COatings which exhibiT
high re~l~rance ro weorher
and also excellent odhe­
~ion to various sub~trares.

Ptlmaryapplicorions
include con coating.

Published by
Paint Research Association

Dynocoor polyester resins for indusrrial
coatings are available both os dry, free­
flowing granules and in solution. Exclusively
from Kay-Fries! So whether you need the con­
venience of liquid, or the easy sTorage of dry.
or some of each ... come ro Kay-Fries. For
years we've been a reliable source

MOST Kay-Fries Dynocoor resins Ofe FDA
approved under regularion 175: 300 for food
conroel. MOST important, our polyester resins
Ofe superior performers-unique DynacDo!
will even adhere to poorly prepared meral
subsrrores(olrhough we don', recommend iT).

They'll also resiST Qverboking in metal applico­
tions. Dynacoors Ofe highly elastiC, scrarch and
impacr resisronr, and do nor yellow with age.
Whar about stomping and deep draWing
under exrreme loads? Purely rourine for
Dynocoar\

And free-flowing dry Dynocoat. when dis­
solved in rhe proper solvenrs, can form rhe
bose for formulating high performance lac­
quers and specialry coorings thor comply
wirh EPA regulations.

Wherher your need is convenrional.
high-solids or powder coarings, KOY4Fries has
The answer: Dynacoar. To place your orders,
bull~ or drums, or for on informarive brochure,
call tol! free (80m 526-0JJ9. In New Jersey
call (2011784·0200.

THE WORLD PAINT
INDUSTRIES:
A REVIEW, 1980-81
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Coming Events

FEDERATION MEETINGS

(Apr. 26-27)-Federation Seminar on "The Efficient Opera­
tion of an Up-to-Date Paint and Coatings Laboratory." Hilton
Plaza Inn, Kansas City, MO. (FSCT, 1315 Walnut St., Suite 832,
Philadelphia, PA 19107).

(May 19-20)-Spring Meetings. Society Officers on 19th;
Board of Directors on 20th. Terrace Hilton Hotel, Cincinnati, OH.
(FSCT, 1315 Walnut St., Suite 832, Philadelphia, PA 19107).

(Oct. 12-14)-61st Annual Meeting and 48th Paint Indus­
tries' Show. Place Bonaventure, Montreal, Quebec, Canada.
(FSCT, 1315 Walnut St., Suite 832, Philadelphia, PA 19107).

1984

(May 17-18)-Spring Meetings. Society Officers on 17th;
Board of Directors on 18th. Galt House, Louisville, KY. (FSCT,
1315 Walnut St., Suite 832, Philadelphia, PA 19107).

(Oct. 24-26)-62nd Annual Meeting and 49th Paint
Industries' Show. Conrad Hilton Hotel, Chicago, IL. (FSCT, 1315
Walnut St., Suite 832, Philadelphia, PA 19107).

SPECIAL SOCIETY MEETINGS

(Mar. 16)-Louisville Society Spring Symposium on Coat­
ings Plant Safety. Marriott Inn, Clarkesville, IN. (Don Collier,
Porter Paint Co., 400 S. 13th St., Louisville, KY 40203).

(Mar. 23-26)-Southern Society Annual Meeting. Peabody
Hotel, Memphis, TN. (William G. Early, Piedmont Paint Mfg.Co.,
P.O. Box 6223, Stn. B, Greenville, SC 29606).

(Apr. 13-15)-Southwestern Paint Convention of the Dallas
and Houston Societies. Lowe's Anatole Hotel, Dallas, TX.

(Apr. 19-20)-Chicago Society for Coatings Technology
Symco '83-"E.T.-Emerging Technologies: A Closer Encoun­
ter." Knickers Restaurant, Des Plaines, IL. (Chairman Ross
Johnson, The Enterprise Companies, 1191 S. Wheeling Rd.,
Wheeling, IL 60090).

(Apr. 26-27)-"Advances in Coatings Technology." 26th
Annual Technical Conference of the Cleveland Society for
Coatings Technology. NASA-Lewis Research Center, Cleveland,
OH. (Dr. Richard R. Eley, Glidden Coatings & Resins, P.O. Box
8827, Strongsville, OH 44136).

(May 2)-Philadelphia Society for Coatings Technology.
"Substrate Technology" Seminar. Philadelphia College of Tex­
tiles and Science, Philadelphia, PA. (Robert Sonntag, Superior
Varnish & Drier Co., P.O. Box 1310, Merchantville, NJ 08109).

(May 4)-Detroit Society for Coatings Technology FOCUS
-"Corrosion Resistance." Michigan State University Education
Center. (Peter Burnett, Wyandotte Paint Products Co., 650
Stephenson Hwy., Troy, MI 48084).

(May 5-7)-Pacific Northwest Society Symposium. Thun­
derbird Inn, Portland, OR. (Chairman Gerry McKnight, Lilly
Industrial Ctgs. Inc., 619 SW. Wood St., Hillsboro, OR 97123).

(June 10-11)-Joint meeting of Kansas City and St. Louis
Societies. Holiday Inn, Lake of the Ozarks, MO.

(June 13)-Golden Gate Society for Coatings Technology.
Manufacturing Committee Symposium on "Paint Manufacturing
Methods Update." (Louie Sanguinetti, Jasco Chemical Co., P.O.
Drawer J. Mountain View, CA 94042).

1984

(Apr. 12-14)-Southwestern Paint Convention of Dallas and
Houston Societies. Shamrock Hilton Hotel, Houston, TX.
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OTHER ORGANIZATIONS

(Mar. 14-18)-"Composition of Coatings" Short Course.
University of Missouri-Rolla, Rolla, MO. (Norma Fleming, Arts &
Sciences, Continuing Education, G-6 H/SS, UMR, Rolla, MO
65401).

(Mar. 24-25) -"Fundamentals of Color" Seminar. Charlotte,
NC. (Jeanne M. Dolan, Macbeth, Div. of Kollmorgen Corp., Little
Britain Rd., P.O. Box 950, Newburgh, NY 12550).

(Mar. 26-27)-Western Decorating Products Show. Disney­
land Hotel, Anaheim, CA. (NDPA, 1050 N. Lindbergh Blvd., St.
Louis, MO 63132).

(Mar. 28-31)-"Cutting Costs with Computers and Auto­
mated Systems"-National Plant Engineering & Maintenance
Conference and Exhibition. McCormick Place, Chicago, IL.
(Clapp & Poliak, A Cahners Exposition Group Co., 708 Third
Ave., New York, NY 10017.)

(Apr. 4-8)-8th Annual Introductory Short Course on "Paint
Formulation." University of Missouri-Rolla, Rolla, MO. (Arts &
Sciences, Continuing Education, UMR, Rolla, MO 65401).

(Apr. 10-12)-lnter-Society Color Council Annual Meeting.
Louisville, KY. (Fred W. Billmeyer, Dept. of Chemistry, Rensse­
laer Polytechnic Institute, Troy, NY 12181).

(Apr. 11-12)-23rd Annual Symposium of the Washington
Paint Technical Group. Marriott Twin Bridges Motel, Washing­
ton, DC. (Mildred A. Post, Publicity Chairperson, WPTG, P.O.
Box 12025, Washington, DC 20005).

(Apr. 12-14)-ASTM Committee C-22 on Porcelain Enamel
and Related Ceramic-Metal Systems Meeting. ASTM/Philadel­
phia Centre, Philadelphia, PA. (Drew Azzara, ASTM, 1916 Race
St., Philadelphia, PA 19103).

(Apr. 14-15)-"Fundamentals of Color" Seminar. Seattle,
WA. (Jeanne M. Dolan, Macbeth, Div. of Kollmorgen Corp., Little
Britain Rd., P.O. Box 950, Newburgh, NY 12550).

Controlled Salt-Fog
Corrosion
Testing

Produces precise, uniform
spray mist for dependable reproducible results.
Meets latest ASTM salt-spray tests and all auto­
motive and government specifications. Backed by
the world-wide Atlas Service Organization.

CATTdA.S
rn:;I:L,rn:;©'TI'IRS.TI©
IQ)rn:;WTI©rn:;~

©@E:ilTID£~W

4114 N. Ravenswood Ave., Chicago, Illinois 60613 U.S.A.
Phone 1312327-4520 Telex 25-4328

80

(Apr. 17-20)-National Coil Coaters Association Annual
Meeting. Marriott's Marco Beach Hotel, Marco Island, Fl.
(NCAA, 1900 Arch St., Philadelphia, PA 19103).

(Apr. 18-21)-"Fundamentals of Chromatographic Analy­
sis." Kent State University, Kent, OH. (Dr. Carl J. Knauss,
Chemistry Dept., Kent State University, Kent, OH 44242).

(Apr. 18-22)-Corrosion/83 sponsored by the National
Association of Corrosion Engineers. Anaheim, CA. (NACE,
P.O. Box 218340, Houston, TX 77218).

(Apr. 19-21)-Chemical Coaters Association. "Surface
Coating 83." Milwaukee, WI. (Chemical Coaters Association, Box
241, Wheaton, Il 60187).

(Apr. 20-22)-ASTM Committee C-3 on Chemical Resistant
Nonmetallic Materials Meeting. Galt House, louisville, KY.
(Jim Dwyer, ASTM, 1916 Race St., Philadelphia, PA 19103).

(Apr. 24-28)-"Nuclear Quality-Assured Coatings Work"
Course. Pittsburgh, PA. (Carmen A. Rivera, IAT, P.O. Box 32331,
Washington, DC 20007).

(Apr. 28-29) -"Fundamentals of Color" Seminar. Don Mills,
Ont., Can. (Jeanne M. Dolan, Macbeth, Div. of Kollmorgen Corp.,
Little Britain Rd., P.O. Box 950, Newburgh, NY 12550).

(May 8-12)-74th Annual Meeting of the American Oil
Chemists' Society. Chicago Marriott Hotel, Chicago, Il.
(American Oil Chemists' Society, 508 S. Sixth St., Champaign,ll
61820).

(May 9-11)-RADCURE '83 Conference sponsored by
AFP/SME. Palais de Beaulieu, Switzerland. (Susan Buhr, Society
of Manufacturing Engineers, One SME Drive, P.O. Box 930,
Dearborn, MI 48128).

May 10-12)-Paint Research Association's Fifth interna­
tional Conference, "Technological Advances in the Coatings
Industry." London Penta Hotel, london, England. (PRA,
Waldegrave Rd., Teddington, Middlesex TW11 8lD, England).

(May 11-13)-23rd Annual Marine and Offshore Coatings
Conference. Hyatt Regency Hotel, Baltimore, MD. (National
Paint & Coatings Association, Inc., 1500 Rhode Island Ave., NW,
Washington, DC 20005).

(May 12-13)-"Fundamentals of Color" Seminar. Newton
Lower Falls, MA. (Jeanne M. Dolan, Macbeth, Div. of Kollmorgen
Corp., Little Britain Rd., P.O. Box 950, Newburgh, NY 12550).

(May 19-20) -"Fundamentals of Color" Seminar. Cherry
Hill, NJ. (Jeanne M. Dolan, Macbeth, Div. of Kollmorgen Corp.,
Little Britain Rd., P.O. Box 950, Newburgh, NY 12550).

(May 23-25)-ASTM 0-33 Coatings for Power Generation
Facilities Committee Meeting. Galt House, louisville, KY. (Phil
Lively, ASTM, 1916 Race St., Philadelphia, PA 19103).

(May 24-26)-8th Annual Powder and Bulk Solids Con­
ference/Exhibition. Georgia World Congress Center, Atlanta,
GA. (Cahners Exposition Group, Cahners Plaza, 1350 E. Touhy
Ave., Des Plaines, IL 60018).

(June 1-2)-"Color Technology for Management" Course.
Rochester Institute of Technology, Rochester, NY. (Val Johnson,
T&E Center Seminar Coordinator, Rochester Institute of
Technology, P.O. Box 9887, Rochester, NY 14623).

(June 6-10 & 13-17)-"Principles of Color Technology"
Course. Rochester Institute of Technology, Rochester, NY. (Val
Johnson, T&E Center Seminar Coordinator, Rochester Institute
of Technology, P.O. Box 9887, Rochester, NY 14623).

(June 2-3) -"Fundamentals of Color" Seminar. Rosemont,
IL. (Jeanne M. Dolan, Macbeth, Div. of Kollmorgen Corp., little
Britain Rd., P.O. Box 950, Newburgh, NY 12550).

(June 15-18)-Oil & Colour Chemists' Association Biennial
Conference on "The Efficient Use of Surface Coatings." Viking
Hotel, York, England. (R.H. Hamblin, Director and Secretary,
OCCA, Priory House, 967 Harrow Rd., Wembley. Middlesex,
HAD 2SF, Engiand).

(June 19-22)-Dry Color Manufacturers' Association
Annual Meeting. The Greenbrier, White Sulphur Springs, WV.
(P.J. lehr, DCMA, Suite 100, 117 N. 19th St., Arlington, VA 22209).

(June 2Q-24)-"Advances in Color Technology" Course.
Rochester Institute of Technology, Rochester, NY. (Val Johnson,
T&E Center Seminar Coordinator, Rochester Institute of
Technology, P.O. Box 9887, Rochester, NY 14623).
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(June 26-27)-ASTM Committee E-12 on Appearance of
Materials Meeting. Hyatt Regency Nashville, TN. (Bob Morgan.
ASTM, 1916 Race St.. Philadelphia, PA 19103).

(June 26-29)-ASTM Committee 0-1 on Paint and Related
Coatings and Materials Meeting. Hyatt Regency Nashville,
Nashville. TN. (Phil Lively, ASTM, 1916 Race St., Philadelphia,
PA 19103).

(Aug. 26-30)-lnternational Colour Association's Forsius
Symposium on Colour Systems. Kungalv. Sweden. (Fred W.
Billmeyer. Jr., Dept. of Chemistry. MRC 217. Rensselaer Poly­
technic Institute. Troy. NY 12181).

(Aug. 31-Sept. 8)-20th Commission Internationale de
l'Eclairage Congress. RAI Congress Center, Amsterdam. The
Netherlands. (U.S. National Committee. CIE, c/o National
Bureau of Standards, Washington. D.C. 20034).

(Sept. 27-28)-Pulp Chemicals Association's 11th
International Naval Stores Conference and Technical
Symposium. Westin Peachtree Plaza Hotel. Atlanta. GA. (Pulp
Chemicals Association, 60 E. 42nd St.. New York, NY 10165).

(Sept. 27-30)-National Coil Coaters Association Fall
Technical Meeting. Hyatt Regency O'Hare, Chicago. IL. (NCCA.
1900 Arch St., Philadelphia. PA 19103).

(Sept. 28-0ct. l)-Oil & Colour Chemists' Association's
Silver Jubilee Convention and Exhibition. Southern Cross Hotel,
Melbourne, Australia. (O.C.C.A.A., 1983 Pacific Coatings Con­
vention, C/- Tioxide Australis Pty. Ltd., Private Bag 13, Ascot
Vale. Victoria, 3032. Australia).

(Oct. 11-13)-"Finishing '83" sponsored by the Association
for Finishing Processes of the Society of Manufacturing
Engineers. Cincinnati Convention Center, Cincinnati. OH.
(Susan Buhr. AFP/SME Administrator. One SME Dr., P.O. Box
930. Dearborn, MI 48128).

Ball and pebble mills

""",;;.",J.'. .......:' ,:J_.'
L..~.. -- ~ -- l~....I..~11.Q-'""'

.'.....

"',

For last, eflicient grinding, mixing
and dispersion of wet or dry products

• Reduce particles to sub·micron fineness.
• No mechanical adjustments of any kind required.
• Design differences include tlolted or welded lifter bars.

chrome·manganese steel construction. easy to
replace gears, oversized solid steel trunnions with
grease seals... and more.

• Standard mills from 9 gallon to 3300 gallon capacity
availatlle.

• Jar mills. jar rolling mills and laboratory mills available
from stock.

Write or call for detailed catalog today. PaulO. Abtle
Inc.478 Center Ave.. Little Falls. NJ 07424 (201) 256·4242
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'cXum6ug' from Jell/man

Comments From Our (now) second Time
Conventioneer

How great it was to get back to the convention this
year-wiser, more experienced, and full of enthusi­
asm. I had decided to reserve my room early, register
in advance, and plan my agenda on a day-by-day
basis. I determined to limit my visits to only a few
hospitality suites, imbibe conservatively, and concen­
trate on the important lectures and Paint Show
exhibits. I confess a "dutch uncle" and "or else" talk
from my boss helped me reach that conclusion. The
results of my careful preparation were moderately
successful. At least my boss seemed somewhat
satisfied when I submitted a long, detailed report of
what I had learned at the convention. (Thank
goodness for the lecture abstracts and exhibit
descriptions in the program booklet).

I was much encouraged when the hotel check-in
and pre-registration went well giving assurance that
my long range planning had worked. However, my
wonderful intentions showed signs of slipping
seriously right after I pinned on my badge at the
registration desk.

A gentleman who seemed vaguely familiar was
giving my name tag the side long, casual glance that is
expertly done only with long experience. He then
greeted me with an outburst of enthusiasm. "Pete,
how great to see you again," he said. I tried to
maneuver my eyes toward his badge as discreetly as
possible. Without my glasses in place, I had to squint
a little but managed a confident-"Wonderful to see
you, too, er-er-Jim."

"John", he corrected.
Well, it turned out that he was the new assistant

district sales manager of our principal pigment
supplier and had just been transferred to our territory.
I guess we had met in the haze of the 1981 convention.
It felt good to have met a friend (friendships come
quickly and easily) so early in the convention and we
proceeded to the lobby bar which was filling up
rapidly. So were the standees who were clutching
glasses in one hand and juggling tiny cracker gold
fish in the other. Time passed rapidly as the happy talk
at the bar was carried along on the wings of those
flying cocktails. At least, we were all flying. I suddenly
noticed that John seemed to have disappeared. Well,
no matter because a number of my new friends were
comparing hospitality suites and making plans for a
series of visits. So "wot de hell". I decided to go along.

I got to my room several hours later and set my
travel alarm for 7 A.M. I had decided on putting no
more reliance on hotel wake-up calls after my
agonizing experience of last year.

It felt as though I had just put my head on the pillow
when the darn alarm went off. As a matter of fact my
aching head had not been resting very long. It
appeared that I had set the alarm for 5 A.M. No
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wonder it was dark as I was putting on my tie. Well, I
dozed and rested until about 10 o'clock and then
rushed down to a cup of coffee and the keynote
speaker. Bergman must have been great. I stayed
awake through the whole thing. The Wednesday
afternoon program was a problem when I was
arranging my agenda. It was difficult to decide
between "Computer Utilization" and the Formulation
Symposium. In reality it turned out to be agony. I had
decided to do both lectures even though they were in
conflict, by sitting in the rear on the rooms and
running back and forth between each discussion. In
my hung-over condition, by 5 o'clock I was in a state
of mental, physical, and emotional exhaustion.

I staggered back to my room in order to get some
rest before my 7 P.M. dinner appointment. The
appointment should have been set for 7 A.M. for that's
when I woke up.

(to be continued)

• • •

Frank Borrelle, in recognition perhaps of his
Federation reports, forwarded the following from
AEUNYNews:

"Short and Sweet is better then long gone
The Lord's Prayer-56 words
The Gettysburg Address-266 words
The Ten Commandments-297 words
The 23rd Psalm-118 words
The 1966 U.S. Gov't Order on Cabbage Prices­

26,911 words"

Sid Lauren and son David continue to be our most
dependable and valued contributors. This, from
father, Sid who chose it from some of Prof. Ross K.
Baker's gems:

"Finding what goes on in the C.I.A. is like performing
acupuncture on a rock."

"The confusion of a staff member is measured by
the length of his memos."

And from "Newscripts" in C&E News he sent­
"Applications (of an analytical method) include
analysis of pigments used in paintings. If chlorine
shows up in a supposed 16th century painting, it is
most likely a fraud because chlorine wasn't even
discovered until much later." (Max Saltzman - please
note.)

-Herb Hillman
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Color-matching Aptitude Test Set was created by the Inter-Society Color Council and sponsored by the
Federation. [t is in world-wide use as a means for estimating color-matching skill. The 1978 edition contains
minor refinements over the previous editions (1944, 1953, 1964), and these bring it closer to the original
[SCC plan, making it a still more successful tool for evaluating color-matching skill.

The basic aim of the Test is to provide an objective measure that will aid in determining an individual's
ability for performing color-matching tasks accurately. Changes in a person's color-matching skill may
occur over a period of time, improving due to training, experience, and motivation, or lessening when
removed from practice, or as a result of health disorders. Retesting at regular intervals will provide an
indication of any such changes in an individual's ability.

The Test is not designed to indicate or measure "color-blindness" (anomalous color vision). Special
tests designed for this purpose should be used.

The Color-matching Aptitude Test Set consists of a carrying case, an easel on which are mounted 48
color chips, a dispenser which holds 48 matching chips, score sheets, and a scoring key.

Brochure available upon request. Price: $400.
Orders must be prepaid. U.S. and Canada-Add $10.00 shipping. All others-Add $50.00 shipping.

Federation of Societies for Coatings Technology
1315 Walnut Street, Suite 830, Philadelphia, Pa. 19107 (215) 545-1506



INNOVATION IN POWDER TECHNOLOGY

SHAMROCK STIR-IN POWDERS:
mar/abrasion resistance
without sacrificing
intercoat adhesion
This small, but critical, ingredient may well be the most
important component used in your formulation. Shamrock
stir-in powders integrate mar and abrasion resistance,
lubricity, slip, flatting control, anti-blocking qualities,
gloss retention, recoatability, and intercoat adhesion. They
work in a wide range of systems for brush, spray, dip,
powder coating, curtain coating, roller coating and other
application techniques. Shamrock technical personnel
will work with you to determine your grind and solubility
requirements. Ask for literature and samples.
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