




HowModaflow
keeps American industry
lookinggood.

Customers will take only seconds to judge your product. To pass the
test, its surface must be just right. To make sure it is, more chemists rely
on Modaflow® resin modifier than any other flow aid.

Modaflow has been leveling flow problems for more than twenty
years. There's no better way to eliminate pinholes, craters or dimples.
Modaflow even reduces microscopic surface imperfections.

And Modaflow can give your product a protective beauty that lasts.
Because Modaflow protects against rust and corrosion, it's used in drilling
rigs, tank linings, even gas pipelines. That's why paints and coatings with
the longest warranties often get their durability from Modaflow.

If the success of your product depends on good looks, reach for
Modaflow. Because a lot of happy endings start with a brilliant finish.
For more information about Modaflow, mail coupon to: Monsanto, ' Monsanto Company 1981 MDF-1-101
Dept. BIND, 800 N. Lindbergh Blvd., St. Louis, MO 63167.

My application is JCT

Name Phone (

Address _

City & state Zip _
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R. T Vanderbilt's new VANTALCTM 6H is a highly efficient enamel dulling agent. It allows
you to control the gloss of industrial paints and coatings without altering their color or
performance.

VANTALC 6H is a super fine magnesium silicate. Its extremely high purity and brightness
assure your coatings of excellent clarity. Bright whites and clean tints.

Because of its exceptional oil absorption, only a small amount of VANTALC 6H is needed
to provide significant gloss reduction. This helps enamels maintain their flexibility and
durability without becoming brittle.

The ultra fine grade of VANTALC 6H (6 on the Hegman
test) gives enamels a smooth, even film. And its platy
texture keeps it in suspension indefinitely.

VANTALC 6H .. a bright, new way to make your
coatings dull.

For technical information and samples, contact the
Paint Department, R. T Vanderbilt Company, Inc.,
30 Winfield St., Norwalk, CT 06855 (203) 853-1400
West Coast 6279 E. Slauson Avenue, Los Angeles, CA
90040 (213) 723-5208

100 120 140 160 180
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EVEN IN
OXYGENATED SOLVENTS,

GOOD TEAMWORK
CAN GET YOUR SHOW

ON THE ROAD.

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

In the same wa~ if you use
oxygen~edsolvenffi,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 requiremenffi 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
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network of distribution and
sale~ facilities across the
count~ we can provide you
with a proper balance of
newest developmenffi in
solvent technolo~ as well as
a dependable source of supply
for proven producffi.

To leam 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,
Danbu~ CT 06817.

Together, we could be the
greatest show on earth.

•SOLVENTS & INTERMEDIATES
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A Good Idea, Stan

Stanley LeSota, of the Philadelphia Society and Founding Father of the Federa
tion's Paint/ Coatings Dictionary, has come up with another good idea.

With all the evening Adult Education Courses being offered in our high schools
today, why not one in "Household Paints& Painting,."taught by Federation members.

The objectives of the program would be to:
(I) Make the consumer aware that the cost of paint is only a small part of the

painting job.
(2) Spread the benefits of using quality paints.
(3) Teach painting techniques.
(4) Demonstrate that a lot of sophisticated technology goes into a can of paint.
(5) Sell more paint.

Stan has even offered a curriculum: Important Role of Paints in Our World; How
to Identify Quality Paints; Anatomy of a Paint; Choosing the Right Paint for a
Specific Job; Preparation Before Painting; Methods and Techniques of Application;
Cleanup and Equipment Maintenance; Paint Problems, etc. Visual aids would
be used.

The Federation has already opened up a dialogue with the consumer with its recent
Consumer Guide to Trade Paint Quality. So why not go one step further and meet
face-to-face with our buying public in the classroom.

Here's a project for the Technical/ Educational Committees of our Societies to
consider.

If anyone out there in Federationland has any ideas or experience along these lines,
let us hear from you. We'll try to get something going.

Thanks, Stan. This one won't take 13 years.

Frank J. Borrelle,
Executive Vice-President
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PHILADELPHIA, PA. 19105

RDHMa
~HAAS~

Our Chemistry Begins with You
We developed these additives in response to needs you expressed. Let us show you
how our innovations can work for you ... and how you can save through
combination shipments with our RHOPLEX® acrylic vehicles. For information,
literature, and samples, contact your Rohm and Haas technical representative or write
to our Marketing Services Dept., Independence Mall West, Philadelphia, PA 19105.

SKANE® M-B mildewcide for paints
Proven mildew protection through many
years of commercial use in all areas of
the U.S.-in millions of gallons of paint.
Easy-to-handle liquid; no dusting
problem. Does not promote chalking,
bleaching, fading, or color change.
Excellent overall balance of properties.
Exceptional cost!performance.

KATHON® LX microbicide
Preservative for bulk storage of polymer
latices. Broad spectrum activity against
fungi and bacteria. Effective at low
concentrations; substantial biocide cost
reductions possible. Mild odor. High
resistance to inactivation by organic
matter. Good compatibility with
surfactants and emulsifiers.

attractive cost!performance. high solids.
reactive-pigment stability. low foam,
minimal effect on water sensitivity!
adhesion. plus optimum gloss. color
acceptance, and hiding.

Thickener CPE-15
Alkali-soluble acrylic emulsion polymer.
Offers outstanding cost-efficiency versus
low- and medium-molecular-weight HEC
thickeners. Provides good spatter
resistance. Easy to incorporate. High
salt tolerance. Exceptional resistance to
microbial growth. Helps reduce raw
material cost ... through lower biocide
levels and high thickening efficiency.

TAMOL® dispersants
The best selection of pigment
dispersants available ... including
latest-technology products offering:

ACRYSOL® rheology modifiers
ACRYSOL acrylic alkali-soluble polymers
help to develop the full performance
capability of your gloss and flat latex
paints by improving flow, leveling, film
build, gloss, hiding, spatter resistance
... on an attractive cost/performance
basis. Dried paint films have rich.
smooth appearance-with less roller
texture. fewer lap marks.

ROHM AND HAAS
ADDITIVES PROVIDE THE
PERFORMANCE IMPROVEMENTS
YOUR PAINT NEEDS.





ThInks to our Icrylic resins,
typewriter .Inuficturers an get
oul of the lalking lausiness.
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So can manufacturers of snowmo·
biles. Or garden tractors. Or automo·
biles. Or motor homes. BecausE
urethane coatings based on OUI
acrylic resin systems cure at room
temperature. Or they can be brought
to "handling" hardness at as little as
l5CJ'F for 10 minutes and finish curing
outside the oven.

That makes them a great problem
solver for coating products that can't
take heat. And a great energy-saver
even for products that can.

And Henkel acrylic resin based
coatings offer other advantages as
well. They provide twice the coating
lite of alkyds. They match or surpass
the adhesion and performance of
other leading urethanes. But they cost
less than a polyester/isocyanate sys
tem, because they take less of the
high cost isocyanate component.

Henkel offers a line of acrylic sys
tems based on three primary acrylic
resins. G-CURE 867 acrylic resin pro
vides unsurpassed gloss retention
and excellent chemical resistance.
G-CURE 868 acrylic resin is softer,
more flexible, and can be used with
harder isocyanates or melamines. G
CURE 869 acrylic resin based coat
ings are fast drying, making them
particularly effective for factory ap
plications and wood finishes.

If coatings based on Henkel acrylic
resins can do so much for manu1ac
turers of typewriters, garden tractors,
snowmobiles, automobiles and mo
tor homes, imagine what they can do
toryour customers' coating problems.
For more inlormation about Henkel
resin capabilities, write Resins Divi
sion, Henkel Corporation, 4620 West
77th St.. Dept. JeT 62, Minneapolis, MN
55437.

Resins Division
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FACILE METHODS FOR MEASURING THE SURFACE
QUALITY OF ST~L SUBSTRATES AND ZINC PHOS
PHATE CONVERSION COATINGS-K.R. Buser

Journal of Coatings Technology, 54, No. 689, 29 (June 1982)

Wetting tension of cold rolled steel correlates with corro
sion resistance of painted products. This correlation
provides a simple, useful gUide to the corrosion resis
tance potential of steel. Using this technique, the quality
of steel substrates has been monitored and the effect of
surface contaminants, cleaning methods, and aging
effects on overall corrosion performance of painted
products has been determined.

Results show that steel wetting tension should be high:
> 80 dynes/cm. Surface contamination leads to poor
performance. Extremely good cleaning (better than is
normally done commercially) is necessary to insure good
zinc phosphate quality and subsequent good salt spray
resistance when painted. Wet abrasion makes bad steel
into good steel. Wetting tension decreas!ls rapidly on
aging and the steel must be phosphated immedia.tely for
good corrosion protection.

A facile, nondestructive, dry, colorimetric method for
estimating the quality of zinc phosphate coatings is also
described. It should be adaptable as a line quality control
test.

SYNTHESIS AND CHARACTERIZATION OF WATER
REDUCIBLE GRAFT EPOXY COPOLYMERS-J.T.K.
Woo, et al.

Journal of Coatings Technology, 54, No. 689, 41 (June 1982)

The synthesis and characterization of an epoxy-acrylic
graft copolymer is described. The grafting of acrylic
monomers onto epoxy resin occurs in the presence of
free radical initiator. The grafting is believed to be of a
"grafting from" process. The graft copolymer when
neutralized with base forms an excellent and stable
dispersion in water. The stability of the dispersion is due
to the absence of ester linkages in the polymer system
which are susceptable to hydrolysis in water.

Characterization of the graft copolymer by solvent
extraction indicated that the graft copolymer consisted
of the following: (1) 47% of the epoxy resin is ungrafted;
(2) 61% of the acrylic monomer polymerizes to form
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acrylic copolymer; and (3) 39% of the acrylic monomer
is grafted orito 53% of the epoxy resin.

From IJC nuclear magnetic resonance spectroscopy,
grafting appears to take place at the aliphatic backbone
carbon atoms of the epoxy resin.

CONDUCTIVITY CONTROL OF CATHODIC ELECTRO
COATING-W. S. Springer, G. C. Strosberg, and J. E.
Anderson

Journal of Coatings Technology, 54, No. 689, 57'(June 1982)

The conductivity of an automotive cathodic electrocoat
bath was controlled by purging concentrate from a
reverse osmosis (RO) unit. The RO unit separated
ultrafiltrate into concentrate, whiCh was segregated for
waste treatment, and permeate, which was returned to the
electrocoat system. This process reduced the volume
requiring waste treatment by approximately 60%. Proce
dures were developed to reduce membrane fOUling with its
consequent decrease in permeate output. These included
periodic chemical cleaning of the RO membranes and
continuous pH control of the ultrafiltrate feed. Through
the use of these procedures, the RO unit provided
satisfactory performance during a year of operation.

BIS CYCLIC UREA COMPOUNDS AS MASKED
ALIPHATIC ISOCYANATE CURING AGENTS FOR
BAKING ENAMELS-PW. Sherwood

Journal of Coatings Technology, 54, No. 689, 61 (June 1982)

Bis cyclic urea compounds dissociate upon heating
without the release of volatile by-products to produce
aliphatic diisocyanates. The use of these compounds as
curing agents for baking enamels formulated from
hydroxy-functional coating resins is currently being
evaluated. Sprayable solution coatings have been formu
lated using N,N'-azelaoyl bis(trimethylene urea) ["aze
laoyl BCU") in combination with commercially available
acrylic~X>Xresins. The properties ofcoatings cured
with aielaoyl BCl) are presented. The effects of catalysts,
cure time, cure temperature, and urea concentration on
coating properties are presented and discussed.

Journal of Coatings Technology



NOWl Lead-Free Implement Enamel
Pigment Formulations by Pfizer

• Meet Stringent OSHA Regulations
• Involve No Known Health Hazards
• For Solvent and Aqueous Systems

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

• Close Color Matches to Standards
• Excellent Weathering Properties
• Attractive Cost Comparisons

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

SPECIFIC EXAMPLES-RECENT PRICE LEVELS

GREEN-SOLVENT & AQUEOUS SYSTEMS
Pfizer Yellow (YLO-2288D) Pigment Level ..... 50.0 Ib.ll00 gal.

.......34.7 lb. Pigment Cost/Gallon $1.45
Phthalo Green. . .. 14.3Ib. Med. Chrome Green Control
TiO, . ... ....•..... . .1.0 lb. . .. $1.30

RED A-SOLVENT
SYSTEMS ONLY

Pfizer Yellow (YLO-2288D)
. .30.5 lb.

Scarlet Red 21.0 lb.
T,O, . . 1.5 lb.
Pigment Level 53.0 Ib.ll00 gal.
Pigment Cost/Gallon .....$1.55
Molyorange,BON Control $1.50
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RED B-SOLVENT
& AQUEOUS

Pfizer Red (R-1599D) ..27.3 lb.
Permanent Red 16.4 lb.
TiO, . . 9.7 lb.
Pigment Level 53.4 Ib.ll00 gal.
Pigment Cost/Gallon .....$1.80
Molyorange/Per Red Control

..................$1.86

-MINERALS, PIGMENTS
a METALS DIVISION

Dept. OC-2 • 235 E. 42nd Street
New York, N.Y. 10017

For Information by Phone Call 215-253-6261, Ext. 307

r~:;----------------l

I 0 Send me tech data on your implement enamel formulae. I
I 0 Have a Pfizer representative phone for an appointment. I
I I
I Name & Title I
I Company I
I Address I
I I
I City State Zip __ I

I Phone Best Time__ IL J
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'Tentative Program Schedule Announced
For 1982 Federation Annual Meeting

Three full days of te.chnical sessions
. keyed to the theme, "Quality Designed/
Confidence Renewed," await registrants
at the 1982 Federation Annual Meeting,
November 3-5, at the Sheraton Washing
ton, Washington, D. C, according to
Program Committee Chairman John C
Ballard, of Kurfees Coatings, Inc., Louis
ville, KY, who has announced a tentative
schedule of presentations.

The Opening Session will be held on
Thursday morning, November 3, fol
lowed by the Keynote Address by Jules
Bergman, Science Editor of ABC Net
work News. Two afternoon sessions will
be held concurrently. One will be a
symposium on "Insuring Quality Man
agement and Technology Through Com
puter Utilization," the other will offer
papers addressing various aspects of the
theme topic.

On Thursday, morning and afternoon
concurrent sessions will include a sym
posium on "Designing Quality Through
Use of Scientific Instrumentation," a
seminar on computer applications in the
production area, PRI session honoring
Research Director Dr. Raymond R.
Myers, TlSCO session on information
retrieval, and Society and Roon Awards
competition papers.

On Friday morning, concurrent ses
sions will feature an Education Commit
tee presentation on developing a program
to promote and publicize career. oppor
tunities in the coatings industry, along
with papers from overseas organizations.
These will be followed by the Joseph J.
Mattiello Lecture by Dr. Shelby F.
Thames, Vice-President for Administra
tion and Regional Campuses at the
University of Southern Mississippi, who
will speak on "Bunte Salts as Crosslink
ing Agents in Thermosetting Water
Borne Polymers." The program will
conclude with an afternoon session on
"Performance of Non-Lead, Non
Chrome Pigments in Aqueous and Sol
vent-Based Coatings."

Paint Industries' Show

To be held in conjunction with the
Annual Meeting, the Paint Show is the
only national exhibit of raw materials
and equipment used in the formulation,
testing, and manufacture of coatings. A
total of 157 supplier firms will occupy all
available exhibit space in the Show.

Top technical representatives from

participating supplier companies will be
manning booths to discuss developments
with personnel of the coatings manu
facturing industry from around the world.

Show hours will be Noon to 5:30 p.m.
on Wednesday, November 3; 9:30 a.m. to
5:00 p.m. on Thursday, November 4; and
9:30 a.m. to 4:00 p.m. on Friday, No
vember 5.

Headquarters Hotel

The Sheraton Washington will serve as
headquarters hotel. Other hotels with
blocks of rooms set aside for the Annual
Meeting are the Shoreham, Washington
Hilton, and the DuPont Plaza.

Room Reservations

All requests for rooms and suites must
be sent to the Federation office on the
official housing form which has been
mailed to all members and is included in
this issue (see pages 20-21). Additional
housing forms are available from the
Federation headquarters office.

NPCA Meets Same Week

The National Paint & Coatings As
sociation will hold its annual meeting on
November 1-3 at the Washington Hilton.

The back-to-back scheduling of As
sociation and Federation events provides
coatings industry personnel with a full
week of programming.

Registration Fees

Regular "on-site" registration fees will
be $50 for Federation members and $65
for non-members. Advance registration
will be available for $40 for members and
$55 for non-members. Fee for spouses'
activities will be $35 on-site and $25 in
advance.

Once again there will be a special
registration fee of $20 each for retired
members and their spouses. This applies
to advance registration only.

In Washington, the registration hours
will be: Tuesday, 1:00 p.m. to 5:00 p.m.;
Wednesday, 8:00 a.m. to 5:30 p.m.;
Thursday, 8:00 a.m. to 5:00 p.m.; and
Friday, 8:00 a.m. to 4:00 p.m.

Registration form has been mailed
to all members and is included in this
issue (see pages 22-23).

Spouses' Activities

Included in the spouses' registration
fee will be a "get acquainted" wine and
cheese social on Wednesday afternoon;
continental breakfast on Thursday and
Friday at the Sheraton Washington; and
a guided tour of Annapolis (with lunch)
on Thursday.

Federation Luncheon

The Annual Federation Luncheon will
be held on Friday at the Sheraton
Washington.

Presentations will be made to the
recipients of the George Baugh Heckel
Award (outstanding individual who has
contributed to the advancement of the
Federation) and the Flynn Awards (firms
judged to have the best exhibit booths in
the 1982 Paint Industries' Show).

Featured speaker will be Mark Russell,
well-known political satirist, who stars in
his own show on the PBS network and is
regularly featured on NBC's "Real
People."

Program Committee

Assisting Chairman Ballard on the
Program Steering Committee are: Peter
Hiscocks (Vice-Chairman), of CIL
Paints, Inc., Toronto; Steven Crouse, of
Kwal Paints, Denver; Loren W. Hill, of
Monsanto Co., Indian Orchard, MA;
Gus W. Leep, of Seymour of Sycamore,
Sycamore, IL; Robert G. Modrak, of
Benjamin Moore & Co., Milford, MA;
Tom Ruland, of Cook Paint & Varnish
Co., Houston; and Gary Van de Streek,
of Wyandotte Paint Products Co., Troy,
MI.

Mr. Hiscocks will be Chairman of the
Program Committee for the October 12
14, 1983 Annual Meeting and Paint
Show in Montreal, Que., Canada.

Host Committee

Members of the Baltimore Society are
serving on the Host Committee under
General Chairman Gordon Allison, of
McCormick Paint Works. Assisting him
are: Mitchell Dudnikov, ofGenstar Stone
Products; James A. McCormick, of
Inland Leidy; Thomas Mitchell, of Ten
neco Chemicals, Inc.; and Joseph Giusto,
of Lenmar, Inc.

Mrs. Gordon (Margaret) Allison is
serving as Spouses' Program Chairman.
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Switch to DuPont DBE:.•get
major savings in solventcosts.

Coatings fonnulators
have saved up to 45%
with this readily
available solvent.

Try Du Pont's Dibasic Ester sol
vent in place of glycol ethers, glycol
ether acetates, and high-boiling
ketones and aromatics to develop
paint formulations that produce
high performance finishes ... formu
lations that can result in major
savings in solvent costs.

You'll discover that DBE is com
patible with most common resin
systems. Also, Dibasic Ester solvent
can give you higher solids formula
tions without adversely affecting
paint rheology. In fact, DBE has
been found to improve the rheology
of high solids coating systems by
reducing viscosity and improving
leveling properties. This makes
DBE suitable for a wide range of
industrial and automotive coatings.

Along with cost reduction and
versatility, DBE solvent is exempt
from Rule 442 (photochemically
nonreactive) and can be stored
indoors without restriction.

Get assistance in
your R&D evaluation.

Let us show you how you can
use Du Pont's DBE in your coating
application. We can help you
formulate a DBE blend tailored
to fit your existing paint system
or a new paint line. For further
information and samples, write:
DuPont Company, Room G39261,
Wilmington, DE 19898.

*Mixed dibasic esters of adipic, glutaric and
succinic acids.

c[(J POfn)
REG us PAT6TM Of'F

. '.. ' :. :~,.,'



,Committee Activities

Mildew Samples Sought for PRI Research Project
The Paint Research Institute Mildew Consortium is seeking

to identify the various species that contaminate paint films.
With the transition of formulations from predominantly
oleoresinous to latex, there are indications that the types of
micro-organisms causing film discoloration and disruption
have changed.

Studies point to certain of the Alternatia species as a cause
of film failure, and Dr. Paul F. Kiens, of Lock Haven State
College, has been assigned to undertake a study to determine
the extent of such involvement by Alternaria sp.

Readers of the JOURNAL OF COATINGS TECHNOLOGY are
invited to assist in this project by submitting mildew-supporting
paint chips (2 sq. in. of mildew sample, with substrate), along
with as much information as possible about the sample to assist
Dr. Kiens in his studies.

The form below can be used in reporting the information;
also, any suggestions for the project are welcome.

Address samples and correspondence to Dr. Paul F. Kiens.
Lock Haven State College. Lock Haven. PA 17745.

Mildew Sample Data Sheet
Submittor: Company _

Address: -'-- Phone: (

Type of Exposure:

Indoors Outdoors _

If indoors, conditions of exposure:

If outdoors, conditions of exposure:

Since outdoor exposure probably will be more common, please indicate the following:

Direction of exposure: _

Geographic area: _

Mean annual temperature: Temp. range _

Mean annual rainfall Average humidity _

For either indoor or outdoor exposure, please indicate:

Kind of substrate: Wood type ; Masonite _
Steel Aluminum Masonry _
Plaster Plaster board _
Plastic Asbestos Cement _
Other _

General description of film appearance

Please submit picture if possible.

Comments:
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State

Company

Name

Cit)'

TitJe

------1
o Send steel test coupons coated with primer based on I
HALOFLEX" 202 latex. and literature.
o Send sample of HALOFLEX 202 high-P'!rformance I
latex for formulating water-based primers. I
o Send sample of formulated primer for application
to steel. I
o Have technical representative call me at I
( ) I

I
I
I
I
I

Clip and mail to C. A. Ferguson. Specialty Chemicals I
. . Division.ICI Americas Inc.. Wilmington. DE 19897. I

ar-----------------

® lei Americas Inc.



Government and Industry
Battelle Proposes Training Packages
For Handling Hazardous Wastes

Picture It Painted Professionally Contest Now in Progress

NEW!

VINYL ACRYLIC LATEX FOR
WATER-BASED, AIR-DRYING
PRIMERS THAT PERFORM
LIKE SOLVENT·BASEI>
MAINTENANCE COATINGS.

• Excellent protection of steel in
corrosive conditions

• Exceptionally low water vapor
permeability

• Films are tough and flexible with
good adhesion

• No volatile organic emissions
HALOFLEX'"-based primers provide
excellent protection for steel in
aggressive environments.

Maybe you thought there would
never be a water-based primer
thatperforms like solvent-based
maintenance coatings. But. we're
ready to prove it to you or have
you prove it to yourself!

Here are your choices: fill in the
coupon on the facing page and
mail it to C. A. Ferguson, Specialty
Chemicals Division, ICI Americas
Inc.. Wilmington, DE 19897. Or,
call toll free (800) 741-7757,
and ask for Mr. Ferguson.

@ lei Americas Inc.

HALOFLEX polymer latex...
unbelievable performance from
a water-based system!

Vol. 54, No. 689, June 1982

According to a recent survey con
ducted by Battelle's Columbus Division,
companies need to provide better train
ing for personnel who handle, treat, and
dispose of hazardous and toxic chemical
substances.

The survey revealed that most com
panies have limited training programs
and that these programs often rely
heavily on supervised on-the-job training.

Based on results of the survey, Battelle
is proposing to develop training packages
which companies can use as part of
in-house educational programs.

They will provide the needed practi
cal training, particularly in instructing
employees in separating, packaging,
labeling, and handling waste materials.
Emphasis will be placed on motivating
employees to follow procedures and use
safety equipment. .

In addition, Battelle's survey found
that companies often lack necessary
funds to upgrade their programs. Also,
the firms believe quality courses and
training material are not available to
help them. The survey noted that compa
nies are concerned about the need for
improving training programs because of
the sharp increases in the quantity of
hazardous and toxic materials being
generated. In the United States alone,

The first "Picture It Painted Profes
sionally" Contractor Contest was
announced by the National Paint and
Coatings Association (NPCA) and the
Painting and Decorating Contractors of
America (PDCA). Jointly sponsored by
NPCA and PDCA, the contest will
provide a showcase for the decorative
achievements of painting contractors,
thereby increasing consumer awareness
of the decorative possibilities of paint
and of the professionals who help con
sumers achieve quality results.

Eligible entries are those completed by
PDCA members between January I and
October I, 1982. Entries must be accom
panied by a 35 mm slide(s) ofthefinished
job. "Before" slides are encouraged,
though not required. All photographs
sent will become the property of NPCA
and may be used for promotional pur
poses. Entries must be postmarked by
October I, 1982.

Contractors may enter as many times
as they wish by submitting works in any
of the following categories: Exterior
Residential; Interior-Residential; Inte-

estimates are that 300 to 400 pounds of
hazardous wastes are generated per
person on an annual basis. By the year
2000, this amount is expected to increase
substantially.

During a nine-month study being pro
posed by Battelle, experts in both train
ing and hazardous materials research
will develop self-contained training pack
ages. The packages will include texts,
instructor guides, and graphics.

One package will cover the initial
segregation, packaging, placarding, and
handling of hazardous and toxic sub
stances. The other package will cover
worker safety, protective equipment and
clothing, and basic safety in handling of
hazardous and toxic materials. Both
courses will focus on chemical sub
stances. The training packages are
designed to help companies improve
worker skills and performance and
reduce costly mishaps.

The research will be supported by a
number of companies, and the resulting
packages will be available to the sponsor
ing organizations at a cost of $3,600 each.

Additional information is available
from George Rosinger, Battelle's Colum
bus Laboratories. 505 King Ave., Colum
bus, OH 43201.

rior-Commercial; and Exterior
Commercial.

A panel made up ofNPCA and PDCA
members will judge the entries in October
prior to the NPCA annual meeting.
Judging will be based on the following
criteria: (I) The use ofcolor as a primary
design element, i.e. using paint to high
light architectural elements, to create a
mood, to brighten, darken and enlarge;
(2) The use of decorative paint tech
niques such as combing, stenciling,
sponging, dry brushing, etc.; (3) The use
of paint in unusual treatments such as
stripes, patterns, supergraphics, etc.

Winners will be announced in Novem
ber at NPCA's annual convention in
Washington, D.C. First and second place
winners in each category will receive
plaques. Three "honorable mentions" in
each category will also receive prizes. A
special award ceremony will be held at
PDCA's annual convention in 1983.

Entries should be mailed to: Dept.CC,
1500 Rhode Island Ave. NW, Wash
ington, DC 20005.

(Please turn 10 page 16)



FEDERAll0N OF SOClE11ES FOR COAllNGS TECHNOLOGY
1982 ANNUAL MEEllNG AND PAINT INDUSTRIES' SHOW

SHERATON-WASHINGTON HOTEL, WASHINGTON, DC
NOVEMBER 3, 4, 5

(Wednesday, Thursday, Friday)

APPUCAll0N FOR HOTEL ACCOMMODAll0NS

MAIL
TO:

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

Please indicate below the type of accommodations requested and choice of hotels. All reservations will be processed by
the Housing Bureau of the Washington Convention & Visitors Assn. Hotel assignments will be made in accordance with
prevailing availability. The Housing Bureau will send you an acknowledgment, noting the hotel to which you have been
assigned. The confirmation of your reservation will come to you directly from the hotel, to whom you must direct all in
quiries. No reservations at cooperating hotels can be guaranteed after October 4.

TYPE OF ACCOMMODA11ON NUMBER RATE REQUESTED

Single (1 person)
Double (2 persons)
Twin (2 persons)
Suite (parlor and 1 bedroom)
Suite (parlor and 2 bedrooms)

CHOICE OF HOTELS:

1st
2nd
3rd
4th

AddressName

NAMES AND ADDRESSES OF ROOM OCCUPANTS AND DATES OF ARRIVAUDEPARTURE

Dates
Ar·rive Depart

Type of
Room

Please Type Additional Reservations on a Separate Sheet and Attach to This Form

SEND CONFlRMATlON FOR ALL RESERYATlONS TO:

NAME _

COMPANY _

ADDRESS _

CITY --'- STATE ZIP _

TELEPHONE _

Note: Requests for accommodations at the Sheraton Washington will be limited to seven rooms per company.
A parlor counts as one room.



HOTEL INFORMATION AND RATES
All room rates in Washington, DC are subject to an additional Sales Tax of 10%, and .80¢ per night, per room
occupancy tax.

Doubles Parlor & Parlor &
Hotel Singles Twin 1 Bedroom 2 Bedrooms

SHERATON WASHINGTON- $81/90/95 $95/105/109 $180/240 $265/325
(see below) 260/275 345/360

SHOREHAM $75/80 $87/92 $125/200 $225/400

WASHINGTON HILTONt $60/80/90 $78/98/108 $198/378 $326/506
(see below) 100/110 $118/128 478 606

DU PONT PLAZA $65/76 $85/95 $170/200 $240/270

GRAMERCY INN $64 $74 $130

EMBASSY ROW $95 $115 $175 $250

HIGHLAND $60/70 $80 $100

HOLIDAY INN $57 $65

NORMANDY INN $56 $66 $120

'Requests for accommodations at the Sheraton Washington will be limited to seven rooms per company. A parlor counts as one
room. Additional reservations will be assigned to other cooperating hotels.

tReservations for the Washington Hilton will be accepted for arrival beginning Wednesday, November 3, only.

~ipating Hotels

A - Sheraton Washington

B - Shoreham Hotel

C - Normandy Inn

D - Highland Hotel

E - Washington Hilton

F - Holiday Inn C/A

G - Embassy Row

H - Dupont Plaza

I - Gramercy Inn



PLEASE PRINT EXACTLY as you wish registration badge prepltred

NICKNAME

FIRST NAME LAST NAME

BUSINESS AFFILIATION

STREET

STATE (U.S. on

rn
COUNTRY (OTHER THAN U.S.)ZIP (U.S. or CANADA)

Name of the Federation Society
Of which you are a paid member --.:

YOUR COMPANY (Check One):
1

YOUR POSITION (Check One):

PLEASE

CHECK

ONEBLOCK

INEACH

CATEGORY

A 0 Manufacturers of Paints,
Varnishes, Lacquers, Printing
Inks, Sealants, etc.

B 0 Manufacturers of Raw Materials

C 0 Manufacturers of Equipment
and Containers

D 0 Sales Agent for Raw Materials
and Equipment

E 0 Government Agency

F 0 ResearchlTesting/Consulting

G 0 Educationallnstitution/Library

H 0 Paint Consumer

J 0 Other

A 0 Management/Administration

B 0 Manufacturing and Engineering

C 0 Quality Control

D 0 Research and Development

E 0 Technical Sales Service

F 0 Sales and Marketing

G 0 Consultant

H 0 Educator/Student/Librarian

J 0 Other

·Special registration

for Retired Federation Members
and their spouses $20,00 each

in advance only.

IMPORTANT: REGISTRATION AND FULL PAYMENT MUST BE IN THE FEDERATION
OFFICE NO LATER THAN FRI., OCTOBER 1,1982 TO QUALIFY FOR THIS OFFER.

FSCT Annual Meeting and Paint Show Registration Fees

MAli TO· ESC!. 1315 WALNUT ST., PHILADELPHIA, PA 19107

Federation Member

$40.00
Eli\)

ADVANCE REGISTRATION
WASHINGTON, DC

NOVEMBER 3-5, 1982

Non-Member

$55.00
(j)



REGISTER NOW! SAVE TIME AND $$$ TOO!!

This style badge available
for ADVANCE REGISTRATION ONLY

This badge
sample
is actual
size and
lettering

Spouses Activities
$25.00
$35.00

JOHN
JOHN DOE

John Doe Paint Co.
Washington, DC

Federation of Societies for Coatings Technology

ADVANCE
ON SITE (FULLTIME)
ON SITE (ONE-DAY)

ANNUAL MEETING AND PAINT INDUSTRIES SHOW
t---------REGISTRATION FEES---------

Member Non-Member
$40.00 $55.00
$50.00 $65.00
$30.00 $40.00

SPOUSES ACTIVITIES
NICKNAME

• ADVANCE REGISTRATION

$25.00

FIRST NAME LAST NAME

®

STATE (u.s. only)

CD
COUNTRY (OTHER THAN U.S.)

MAIL TO;. FSCT, 1315 WALNUT ST., PHILADELPHIA, PA 19107

ZIP (U.S. or CANADA)

CITY



FEDERATION SERIES ON COATINGS TECHNOLOGY
PI.....nter my order for til. following Unlta et tile prIc. of 12.50 .ech:

"Introduction to Coatings Technology"-W. R. Fuller. (Oct. 1964) (Revised May t973) $

"Formation and Structure of Paint Films··-W. R. Fuller. (June 1965). . . . . . ....•. . $

"Oils for Organic Coatings"-F. l. Fox. (Sept. 1965) . . . $

"Modern Varnish Technology"-A. E. Rheineck. (May 1966) . •. . . .• . .. .. . . •. . . •. . .. . . . .. $

"Alkyd Resins"-J. R. Blegen. (Mar. 1967) $

"Solvents"-W. R. Fuller. (May 1967) .. .. . .•...•...•......... $

"White Hiding and Extender Pigments"-W. H. Madson. (Oct. 1967) . $

"Inorganic Color Pigments"-W. R. Fuller and C. H. love. (Mar. 1968) Not available at this time: out 01 stock.

"Organic Color Pigments"-J. G. Mone. (July 1968) $

"Black and Metallic Pigments"-W. S. Stoy. E. T. Usowski. l. P. larson. D. Passigli. W. H.
Byler. R. Evdo, and W. von Fischer. (Jan. 1969). .........•. $

"Paint Driers and Additives"-W. J. Stewart. (June 1969) . . . . . . ..... . ... $

"Principles of Formulation aM Paint Calculations"-W. R. Fuller. (June 1969) $

"Amino Resins in Coalings"-W. l. Hensley and W E McGinty. (Dec 1969) . . . . . . . . . . . . .•. $

"Silicone Resins for Organic Coatings"-R. W. Clope and M. A. Glaser. (Jan. 1970) $

"Urethane Coatings"-D. lasovick. (July 1970) . . . . . . . . . . . . . . . . . $

"Dispersion and Grinding"-M. H. Schaffer. (Sept. 1970) $

"Acrylic Resins"-Gerould Allyn. (Mar. 1971) .... $

"Phenolic Resins"-R. D. McDonald. (Mar. 1971)... $

"Vinyl Resins"-G. M. Powell. (Apr. 1972) .. . . .... . .. .. . .••..•... .. $

"Epoxy Resins"-R. A. Allen (Apr. 1972) . . . . . . . . . . . . . . . $

"Nitrocellulose and Organosoluble Cellulose Ethers in Coatings"-E. C. Hamilton and
l. W. Early, Jr. (Sept. 1972) ... . . .... . . . . .. . . .. . . . . . . . . . . . . . . . $

"Plasticizers"-J. K. Sears (June t974) . .. . .. . . .. . . . . . . . . . . .. $

"Interior Finishes"-Murray Abriss and Oliver Volk (Apr. 1976) ....•....•.. $

"Exterior House Paint"-G. G. Schurr (May 1977) ................•...••. $

"Automotive Finishes"-Ralph Wil.liams (July 1977) $

"Corrosion and the Preparation 01 Metallic Surlaces lor Painting"-Clive H. Hare (Feb. 1978) $

"Anti·Corrosive Barrierand Inhibitive Primers"-Clive H. Hare (Feb. 1979) $

Number

OfCopl.. Unit

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

BINDER(S)

Title

Price

(@'2.S0)

PREPAID ORDER:

Handling and Postage included in price.

Handy f1al back blade-type binders which will hold 18 units in the "Federation
Series on Coatings Technology $10.00 each $

TOTAL $

,....-------------TERMS OF ORDER ------------....,

PLEASE MAKE ALL CHECKS PAYABLE IN U.S. FUNDS --
ORDERS REQUIRING BILLING:
Minimum Order-$10.00. Postage and
Handling Charges, Additional.

Name _

Company _

Address _

City State Zip Code _

PLEASE MAKE ALL CHECKS PAYABLE IN U.S. FUNDS
Federation of Societies for Coatings Technology • 1315 Walnut Street, Philadelphia, Pa. 19107

p..-ylw__........_I'10_ ...
AVAILABLE IN THE U.K. FROM:

Birmingham Paint, Varnish and Lacquer Club

c/o Mr. Ray Tennant, Carrs Paints Limited, Westminster Works, Alvechurch Rd.
Birmingham B31 3PG, England



HOWTO SATISFY
THE EPA,

YOUR CUSTOMERS
ANDYOURSEL~

The Clean Air Act is a tough act to follow,
especially when customers are demanding
better and better performance. Fortunately,
Dow Corning offers technology to everyone's
satisfaction.

We've recently introduced an 80%-solids
silicone blending resin that improves the heat
and weathering resistance of a wide range of
organic vehicles. Its inherent low solvent
content provides greater freedom in formulating
vac compliant coatings.

New Dow Corning paint additives spell
even more good news in the vac area. These
additives are definitive answers to formulating
problems common with compliant coatings.

There's also a whole new technology
now available to produce water-reducible,
silicone-modified alkyd resins.

Interested? Then send us the coupon
below. We'll help you develop coatings your
customers will love. And the EPA won't turn
its nose up at them, either.

"Dow Corning" is a registered lrademark 01 Dow Corning Corporation. DOWCORNING
Eiii!\8Fi!MH*

_TER-REDUCIBLE TECHNOLOGY Io P8rformance summary and suppliers' list for sample

N!l!!Ilr1I!!!e I
:.... I
City State Zip I
.... to: Dow Coming Corporation. P.O. Box 1787

DeplB-2010.Midla~=· 1IiI

---- --------~Please send information about the following: I
SII,JCONE PAINT ADDITIVES
o Pl'oduct information 0 sample kit

HIGH SOUDS SILICONE RESIN II
o Product information 0 samPle



Government and Industry
(continued)

Organic Finishes, Spray Painting Robots
Are Subjects of Technical Mission to Japan

EPA Delays Compliance Dates for RCRA Regs

A l6-day international study mission
departing from L. A. on October 2, 1982
will examine Japanese contributions to
state-of-the-art of technology for appli
cation of industrial organic finishes and
spray painting robots through visits to
plants and discussions with industry,
government and trade associations
representatives.

Organized by Technology Transfer
Institute (TTl) in New York, with the
support of the Association for Finishing
Processes of the Society of Manufactur
ing Engineers, the mission will study
Japanese advances in end-use applica
tion in fourteen different areas oforganic
finishing technology: from spray paint
ing robots, coatability of cold rolled and
galvanized steels and metal cleaning and
pretreatment processes to products and
systems for plastic finishing, powder
coating metal decoration applications,
and processes and equipment for high
speed, electrostatic spray application.

Mr. Ralph E. Pike, a management
consultant and prominent seminar leader
on industrial coatings application, will

NL Industries Cited
For Air Pollution Control

NL Industries, Inc., Hightstown, NJ,
has won the 1982 National Environmen
tal Industry Award for excellence in air
pollution control. NL Industries' citation
was for a new manufacturing procedure
developed at its Sayreville, NJ facility,
which produces titanium dioxide pig
ments.

The award, the nations highest for
effectively curbing air pollution, is spon
sored by the White House Council on
Environmental Quality and the Environ
mental Industry Council. A panel of
independent judges made the selection.

The NL manufacturing process is a
unique, major technological achievement
which reduces emissions by 99.6%, while
significantly reducing energy consump
tion.

The Sayreville plant, in the late 1970s,
was discharging particulate maUer, and
systems at the time were inadequate or
impractical for controlling the emissions.
Faced with the possibility ofa plant shut
down, NL Industries responded bydevel
oping a digestion method involving
continuous leaching of titanium ore,
which eliminates violent chemical reac
tions causing air pollution.

26

lead the group. He is a past president of
the InterSociety Color Council and the
AFP/SME. During his 40-year career
at duPont, he guided product develop
ment in automotive finishing systems,
water-based consumer paints, Teflon II
cookware and low-cost acrylic enamels
for appliances. A research fellow at the
duPont Experimental Station, he headed
a successful task force on the causes of
automobile corrosion.

The TTl delegation is scheduled to
hold talks with the Japan Ministry of
International Trade and Industry (M ITI),
meet with representatives of the Metal
Finishing and Color Material Societies
and with scientists at Osaka University,
a major center for paint application and
research and development.

They may also visit companies such
as: Nippon Kokan K.K. (steel manu
facturer); Nissan Motor Co., Ltd.;

The Environmental Protection Agency
(EPA) has delayed the compliance dates
for three requirements of the hazard
ous waste regulations issued under the
Resource Conservation and Recovery
Act (RCRA).

The three requirements affected by
the Agency's February 23, 1982 Federal
Register notice are: the annual report
required by hazardous waste generators
and owners and operators of treatment,
storage and disposal facilities (TSD),
the initial-year quarterly groundwater
monitor parameter readings by treat
ment, storage and disposal facilities, and
the preparation of groundwater quality
assessment program outlines by treat
ment, storage and disposal facilities.

EPA delayed the date for submission
of the 1981 annual report from March I,
1982 to August I, 1982 because it believes
that it can meet its annual data needs by
surveying small samples of the generator
and TSD facility populations. Addi
tionally, EPA is planning to propose
replacing the annual report requirement
with annual surveys permanently as it
would be both less expensive and less
burdensome for itself and the regulated
community. Another reason for EPA's
decision is that it will be conducting an
extensive survey of hazardous waste
generators and TSD facilities this spring
to support its Regulatory Impact Analysis.

Mitsubishi Electric Corp. (air condi
tioner manufacturer); Kansai Paint Co.;
Toyo Seikan Ltd. (metal decorating);
Kawasaki Heavy Industries, Ltd. (ship
building); Hitachi Ltd. (painting robots);
Mitsubishi Heavy Industries, Ltd. (paint
ing robots); and Kobe Steel Ltd. (spray)
robot).

Technology Transfer Institute is a
Japanese management consulting firm
with branches in New York, Los Angeles,
London, Dusseldorf, and Singapore.
TTl promotes the international ex
changes of information in engineering,
manufacturing, and science and has
organized more than 900 seminars,
forums, and international study missions.

For information on the mission con
tact: Rak Hun Choi, M.I.M., General
Manager, Technology Transfer Institute,
One Penn Plaza, Suite 1411,250 W. 34th
St., New York, NY 10119.

The delay of the first two quarterly
groundwater monitoring parameter read
ings from March 6,1982 and June 3,1982
until August I, 1982 applies to all TSD
facilities except where parameters are
observed at concentrations or values
above the maximum contaminant levels
listed in EPA's Interim Primary Drinking
Water Standard. In those cases, owners
and operators must report their quarterly
parameter readings to EPA regional
administrators within 15 days after com
pleting each quarterly analysis. (NOTE:
This action does not relieve owners and
operators from the requirement to con
duct the quarterly analyses and to keep
records throughout the active life of their
facilities and throughout the post-closure
period for disposal facilities). EPA
delayed this requirement because it is
developing a proposal to institute an
exception reporting system, and the
delay will avoid imposing requirements
which may later be changed.

The compliance date by which owners
and operators of certain TSD facilities
are required to have prepared an outline
of a groundwater quality assessment
program has been delayed from Novem
ber 19, 1981 to August I, 1982 because
EPA is developing a proposal to elimi
nate the requirement entirely. [N PCA
Coatings]
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ZnOgnnn

To:
All Paint Formulators

• Asarco zinc oxides have less than .01 % lead.

• You can specify large, medium or fine particles.

• American and French processes.

• Asarco zinc oxides help films resist yellowing and staining.

• Asarco zinc oxides give coatings long-lasting protection
against mildew.

• Asarco supplies zinc oxide in all commercial grades for
latex and oil base formulations.

• Special grades also available.

• Technical service upon request.

• For more details contact ASARCO Incorporated, P.O. Box 327,
ColumbUS, Ohio 43216, Tel. (614) 294-5566.
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When it comestotrue
comparisonsMire not yellow.
We challenge you to com
pare Tenneco's Nuosept®
95 bactericide with your
current paint preservative.
We're not afraid of the
result, because we know
that Nuosept 95 bacteri
cide is unsurpassed for
latex paint protection.

Only Nuosept 95 bac
tericide offers all of these
advantages:
o Non-Yellowing for

Truer Colors
o Liquid-Convenient

to Use
o Low Toxicity
o Cost Effective

Nuosept 95 bactericide
stands up to every objec
tive comparison. That's
why it has won such
widespread acceptance
throughout the industry.

If you haven't evaluated
Nuosept 95 bactericide,
our Biocontrol Laboratory
will be pleased to assist
you in comparing it with
your present preservative
or any other preservative
you care to name. Just
call or write: Biocontrol
Laboratory, Tenneco
Chemicals, Inc., PO. Box
365, Piscataway, NJ 08854.
(201) 981-5000.

Nuosepf 95 Bactericide
Tenneco Chemicals Coatings and Colorants
po. Box 365, Piscataway, NJ 08854 (201) 981-5000

~ Reglste1e<! Irademar" 01 Tenneco ChemICals Inc R • Regtstered Tlademark 01 Tenneco Inc
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Facile Methods for Measuring
The Surface Quality of Steel Substrates

And Zinc Phosphate Conversion Coatings

Kenneth R. Buser
E.!. du Pont de Nemours and Company·

Wetting tension of cold rolled steel correlates with
corrosion resistance of painted products. This
correlation provides.a simple, useful guide to the
corrosion resistance potential of steel. Using this
technique, the quality of steel substrates has been
monitored and the effect of surface contaminants,
cleaning methods, and aging effects on overall
corrosion performance of painted products has
been determined.

Results show thaI steel wetting tension should be
high: >80 dynes/cm. Surface contamination leads
to poor performance. Extremely good cleaning
(better than is normally done commercially) is nec
essary to insure good zinc phosphate quality and
subsequent good salt spray resistance when
painted. Wet abrasion makes bad steel into good
steel. Wetting tension decreases rapidly on aging
and the steel must be phosphated immediately for
good corrosion protection.

Afacile, nondestructive, dry, colorimetric method
for estimating the quality of zinc phosphate coat
ings is also described. It should be adaptable as a
line quality control test.

INTRODUCTION

It has long been known that dirty steel phosphates
badly, paints poorly, and corrodes rapidly. In 1956,
Wirshing and McMasters, of General Motors, showed
that salt spray performance of different lots ofcold rolled

·Fabrics & f'inishes Dept., Experimental Station Lab.• Wilmington, DE 1989lt
Presented at the 24th Annual Technical Conference of the Cleveland Society for Coatings

Technology, March 24-25, 1981. Baldwin-Wallace College. Berea, OH.
A part of Ihis paper. "A facile Method lor Measuring the Surface Quality of Steel" was

presented at the Symposium on Advances in Coating MetalsforCoHosion Protection. Division
of Organic Coatings and PlasticsChemislry, 180th National Meetingofthe American Chemical
Society, Las Vegas, NV, August 27, 1980.
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steel varied widely even though the panels were phos
phated and painted in the same system. I

Since that time, several laboratories have shown that
the condition and quality of cold rolled steel (CRS)
substrates have a significant effect on the quality of
phosphate coatings and corrosion resistance of painted
products.2-1 Organic carbon deposits have been sug
gested as major surface contaminants which interfere
with quality phosphate coating formation. 8

-
10 More

recent studies suggest a possible connection between the
extent of carbonaceous contamination and the thickness
of the oxide layer on CRS. II

In our laboratory, we have found that the presence of
this contaminant layer can be readily detected and its
effect on corrosion performance of the steel anticipated
by measuring the wetting tension, j'w, ofthe steel surface. 12

However, the quality of a steel surface is only one
parameter responsible for good or bad corrosion per
formance. Another is the quality of the phosphate coat
ing. A bad phosphate coating can result because the steel
surface is contaminated or because the phosphate opera
tion is out of control.

For years, salt spray exposure has been the accepted
method for evaluation of accelerated corrosion perfor
mance of coatings. Several different test methods, all
of which are time consuming and destructive, use this
concept. There has long been a need for a quick, conve
nient, nondestructive test to measure the quality of
phosphate. Such a test would provide fast data feedback
for quality control.

In recent years, several papers have appeared describ
ing simpler, less destructive ways for testing pretreatment
quality. These wet methods, one chemical, I J two electro
chemical,10,14 measure the porosity of the zinc phosphate
coating. An infrared spectrophotometric method for
measuring coating weight is also described in the litera
ture. 1j None of these methods are sufficient by them
selves to distinguish phosphate quality. In addition, the
electrochemical methods do not lend themselves to
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K.R. BUSER

Figure 1-Contact engle of 8 ....lIe drop

on-line measurements. In this paper, a facile, nondestruc
tive, dry, colorimetric method is described which is
capable of estimating the quality of zinc phosphate
conversion coatings and has potential as an on-line
quality control test.

EXPERIMENTAL

Materials

COLD ROLLED STEEL PANELS OF VARIABLE CORROSION
PERFORMANCE:

(I) Half-Hard; Rockwell B Hardness = 70-85.
Cleaned, but unpolished paint test panels.

(2) CQ Rimmed Steel; Rockwell B Hardness = 50-65.
Oiled steel from two different sources. Samples were
designated by suppliers as varying significantly in corro
sion performance.

(J) DQ Steel; AK and Rimmed; Rockwell B Hard
ness = 35-50. Oiled steel obtained from seven different
sources. Samples were designated by suppliers as varying
significantly in corrosion performance.

CONVERSION COAT: All panels were zinc phosphated
in our laboratory using chemicals and procedures
obtained from commercial suppliers.

ABRASIVE CLEANING PADS: Scotch Brite@ UF three
dimensional abrasive pads (3M Company) composed
of nonwoven nylon web, bonding resin, and mineral.

PRIMER: Conventional automotive sheet metal black
dip alkyd.

Cleaning Methods

(A) 5 min dip in tetrachloroethylene at ambient room
temperature (~22-24°C).

(B) 5 min dip in tetrachloroethylene at 70° C.
(C) Solvent spray with VM&P naphtha/xylene (1/1)

at ambient room temperature.
(D) Solvent spray with VM&P naphtha/ethylene

glycol monoethyl ether (3/1) at ambient room tempera
ture.

(E) 5 min vapor degrease with tetrachloroethylene.
(F) 5 min vapor degrease with toluene.
(G) Step 1-60 sec X 165°F X 12 psi power spray

with conventional commercial, aqueous alkaline cleaner
(Basicity = 0.1 0-0.12N).

Step 2-60 sec X 140°F X 20 psi power rinse
with city water.

Step 3-20 sec X 65° F X 12 psi power rinse with
deionized water.

30

(H) Step 1-90 sec X 165°F X 12 psi power spray
with aqueous alkaline cleaner (Basicity = 0.10-0.12 N).

Step 2-90 sec X 140°F X 20 psi power rinse
with city water.

Step 3-30 sec X 65°F X 12 psi power rinse with
deionized water.

(I) Step I-As above in (G).
Step 2-As above in (G).
Step 3-Wet abrasion with Scotch Brite@ UF

three-dimensional abrasive pad using city water as lubri
cant and coolant.

Step 4-60 sec X 65° F X 20 psi power rinse with
city water.

Step 5-30 sec X 65° F X 12 psi power rinse with
deionized water.

Measurement of Wetting Tension (yw)18

PRINCIPLE: When a drop of liquid rests at equilibrium
on the surface of a solid in a gaseous atmosphere, the
forces acting at the interfaces must balance, as shown in
Figure I, and as described by the Young equation: 17

'YLV Cos 6 = 'YSV - 'YSL,

where 6 =angle of contact of the edge of the drop with the solid
surface

'YLV = surface energy of liquid-vapor interface,
'YSV = surface energy of solid-vapor interface,
'YSL = surface energy of solid-liquid interface.

When the vapor is air saturated with vapors of the liquid,
'YLV is the surface tension of the liquid. If the liquid spon
taneously wets the solid, e is zero degrees and Cos e
equals one. The surface tension of the liquid is then
described by:

'YL\I = 'Ysv - l'SL

at 6 = 0°.

The right side of this equation has been defined as the
wetting tension of the solid surface. 16 It is also called the
critical surface tension for spontaneous wetting. Thus,

)'w = ")ltV == 'Ysv - 'YSl

at e = 0°.

However, since surface contaminants such as adsorbed
vapors lower the effective surface energy, this equation
is not suitable for working with many surfaces. For this
reason, Fowkes has suggested a modification of the
Young equation to take into account the adsorption of
vapor on the surface: 18

'YLV Cos e = ")Isv - "YSL - 1Tc•

where 71', = the equilibrium film pressure of adsorbed
vapor on the solid surface.

This modification may then be applied to the special
conditions existing at wetting:

-y.... = 'YLV == ;,sv - 'YSL - 7ft

at 8 = 0°.

This equation was used as the basis for developing a
method to predict the quality of CRS substrates in terms
of their wetting tensions.

EQUIPMENT: (I) Two burets, 50 mL; (2) 23, 2 oz bot-
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Table 1-Stendard Solutlonl For Determining WeWng Tenllonl
of Subltratel

Table 2-Salt Spray Corrollon Pertormance Rating SYltem

DuCoJor is a registered trademark of NEOl EC Instruments, Inc.

Measurement of Color of Zinc Phosphate Coatings

Green (G) and blue (B) color reflectance values of
phosphated panels were determined by using a DuColor®
Model 220 instrument. The Whiteness (W.I.) and
Yellowness Indices (Y.I.) were calculated from average G

ties, with caps; and (3) Pasteur disposable pipets and
rubber bulbs.

PROCEDURE: Twenty-three solutions in two ounce
bottles having the compositions given in Table I were
prepared. The surface tensions of these solutions were
determined at 25 ± 2°C and 50 ± 5% relative humidity
using ASTM method D 1590. The bottles were lined up
in a suitable rack according to increasing surface tension.

The substrate to be examined was placed in front of
the rack on a well illuminated, dry, flat, horizontal
surface. A drop of liquid from one of the bottles was
placed on the substrate using a Pasteur disposable pipet.
The pipet was then discarded. If the drop beaded, a sec
ond bottle of lower surface tension was picked and the
operation was repeated using a new clean disposable
pipet. Care was taken to deliver about the same volume
of liquid each time and to place the drop on an adjacent
virgin surface of the substrate. If the initial drop wetted
spontaneously, one moved up the scale of surface tension
values instead of down. The operation was continued
until a pair of solutions was found which just bracketed
the change from spontaneous to incomplete wetting. The
midpoint between the surface tensions of these two solu
tions was taken as the wetting tension of the substrate, 'Yw.
The single-laboratory, multi-operation precision was
about ± 1.5 dynes/em.

I 0.0
2 2.5
3 .......•..... 10.5
4 19.0
5 26.5
6 35.0
7 42.5
8 48.5
9 54.0

10 59.0
II 63.5
12 67.5
13 71.5
14 74.7
15 ......•...... 78.0
16 80.3
17 83.0
18 87.0
19 90.7
20 93.7
21 96.5
22 99.0
23 100.0

HOUri Point., 84th of
Expoeure Inch Creep

168 0
336 0-1
504 0-1
Max. Total 2

168 0-1
336 2 or less
504 4 or less
Max. Total 7

168 0-1
336 4 or less
504 8 or less
Max. Total 13

168 0-2
336 6 or less
504 12 or less
Max. Total 20

168 0-4
336 8 or less
504 16 or less
Max. Total 28

168 0-6
336 12 or less
504 24 or less
Max. Total 42

168 0-8
336 16 or less
504 32 or less
Max. Total 56

168 0-12
336 24 or less
504 48 or less
Max. Total 84

168 0-16
336 32 or less
504 64 or less
Max. Total 112

168 0-24
336 64 or less
504 >64 (call all

greater
than 64)

Max. Total 152

Max. Total >152

Description

8 ....•... Good

o Catastrophic

I Terrible

2 ........ Very Bad

3 Bad

4 Very Poor

9 ........Very Good

10 •....... Excellent

5 ........ Poor

7 Moderately
Good

6 ........ Fair

Retlng
Number

and B values using the appropriate equations of Para
graphs 4.5 and 4.7 of ASTM E 313-67.

General Experimental Procedure

CLEANING: Panels were cleaned by one of the methods
(A) through (I) listed in the Cleaning Methods Section.
After cleaning, each panel was dried by blowing a stream
of nitrogen gas over it. The wetting tension was then
measured using the procedure outlined in the Measure
ment of Wetting Tension Section. A maximum of three
panels was cleaned at a time so that the drying and

22.3
22.8
24.2
26.1
27.5
29.5
31.5
33.0
34.7
36.9
39.3
42.5
46.0
48.8
51.7
53.7
56.0
59.5
62.7
65.7
68.7
71.0
72.0

YLV = Yw
et 25°C

Dynel/em

100.0
97.5
89.5
81.0
73.5
65.0
57.5
51.5
46.0
41.0
36.5
32.5
28.5
25.3
22.0
19.7
17.0
13.0
9.3
6.3
3.5
1.0
0.0

'1\0 By
VoIumeEtOH

'1\0 By
VolumeW818r

Solution
Number
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Figure 3-Ellect 01 surface carbon on salt spray corrosion
performance

Steel Source = Single Supplier, Different Colis
Steel Type Quality = Rimmed DQ
Cleaning = Alkaline Power Wash
Conversion Coat = Zinc Phosphate
Paint = Black Alkyd Primer

5 10 •

SALT'SP-RAY RATING NO.

EXCELLENT !--------------

Figure 2-Effect 01 pre-phosphate surface energy on corrosion
performance 01 zinc phosphated/black alkyd primed CRS

measurement of 'Yw could be accomplished in less than
15 minutes. In some cases, freshly cleaned dry panels
were stored in deep freeze at «-) 20°C until they could
be further processed. When this was done, each panel was
placed in a Kraft paper envelope and this, in turn, was
placed in a sealed polyethylene bag. This bag was sealed
in another polyethylene bag containing Drierite@.
Storage in deep freeze has been found to preserve the
condition of the surface for at least one month.

PHOSPHATING: After wetting tensions had been mea
sured, panels were power spray rinsed with deionized
water at 13 psi for 10 sec at ambient room temperature.
The panels were then phosphated without further
cleaning.

PAINTING: Each panel was dip primed with 0.5-0.7 mil
of a conventional black automotive sheet metal primer.

SALT SPRAY CREEP CORROSION: Each panel was scribed
down the center according to the procedure outlined in
ASTM D 1654-Paragraph 3. Panels were exposed in the
salt spray cabinet according to the general instructions
given in ASTM B 117. Salt spray creep from the scribe
in 64th of an inch was determined using Procedure
Method Bin ASTM D 1654, Paragraph 5. Scribe creep
values were determined at 168, 336, 504, and 672 hours
of exposure. Scribe creep values were converted to salt
spray corrosion performance rating numbers using the
criteria listed in Table 2.

RESULTS AND DISCUSSION

Correlation of Steel SUrface Quality,
as Measured by y_ with Corrosion Performance

Steel panels (150), carefully selected to provide signifi
cant variation in type, quality, and corrosion perfor
mance, were cleaned, evaluated for 'Yw, zinc phosphated,
primed, scribed, and evaluated for salt spray creep
corrosion according to the procedures outlined in the
Experimental Section. Results are summarized in the
wetting tension-salt spray rating plot in Figure 2. The
dots are mean values of wetting tensions having the same
salt spray rating number. The bar limits are standard
deviations from the mean. The data show a good corre
lation between cleanliness, as measured by 'Yw, and salt
spray corrosion performance. We conclude that 'Yw
should be >80 dynesj cm for most reliable anticorrosion
performance.

Identity of Surface Contaminants

Carbonaceous materials and iron oxide deposits are
major surface contaminants that interfere with phos
phatization and cause poor salt spray corrosion perfor
mance.8

-
11 Our data, relating surface carbon and iron

oxide contamination to salt spray ratings, are consistent
with this conclusion (Figures 3 and 4).
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Figure 4-Ellect of surface Iron oxide on ..It spray corrosion
performance

Sfeel Supplier = Single Source, Dillerent Colis
Type Quality =AKDQ

Our work also suggests that micro-cavities, produced
in melt, cold roll, anneal, and temper roll stages of steel
manufacture also playa role. Scanning electron micro
scope (SEM) photographs show that steels with bad
corrosion behavior have numerous crevices, craters, and
fissures (compare I and 2; Figure 5).

Microprobe of these fissures shows strong evidence
of extraneous elements which persist even after cleaning
by conventional alkaline power wash. Maps of these
elements in typical crevices are shown in Figure 6. The
relative concentration of each is indicated by the inten
sity, size, and number of white spots seen on the photo
graphs. What is seen in the crevices is what remains after
cleaning. The high concentration of chloride ion is espe
cially significant because it has been reported that it
accelerates corrosion. 19

Effect of Cleaners and Cleaning Methods
On Surface Cleanliness

As noted above, surface contaminants are tenaciously
held. Table 3 summarizes the effects of various cleaners
and cleaning methods on half-hard, unpolished, standard
CRS paint test panels. All of these panels were taken
from the same lot. Thus, the effect of cleaners could be

METHODS FOR MEASURING THE SURFACE QUALITY

Figure 5-SEM photos of typical variability found in CRS
surfaces

measured with minimal interference from variability of
surface quality.

We found that conventional CRS paint test panels,
even though factory precleaned and packed in inhibitor
paper, had low wetting tension values as received (26
dynes/cm). The salt spray corrosion performance of
these panels when phosphated and painted was cata
strophically bad. It was not improved by typical solvent
cleaning methods (A through F; Table 3). Conventional
commercial alkaline cleaners gave better results, but
adequate performance depended on conditions (Com
pare G and H; Table 3). Wet abrasion with three
dimensional abrasive pads was the only method that sig
nificantly improved the corrosion performance of all
steels, good or bad. Corrosion performance of cold
rinsed (75° F or less), freshly abraided steel was excellent
(I, Table 3).

Cleanability varies significantly with the surface qual
ity of the steel. The age of the steel after cleaning is also a
factor. CRS panels from five different sources differing
significantly in surface quality were cleaned by Cleaning
Methods G and I. The panels were dried at ambient
conditions using a jet stream of nitrogen gas. The cleaned
panels were stored at ambient laboratory conditions for
more than a month. The wetting tension was measured
periodically. Figure 7 shows that )'W decreases with time.

Using alkaline power wash alone, the difference in ease
of cleaning of the five steels is apparent (dashed lines
I through 5). The AKDQ* steel designated as giving bad

tAKDQ = Aluminum Killed Drawing Quality.
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Figure 6-Electron probe x-ray microanalysis of bad eRS

corrosion performance was the most difficult to clean
(No.5, dashed line). Again, however, the wetting tensions
of all five steels were significantly improved by three
dimensional abrasive pad cleaning which converted
"bad" steel to "good" (see Table 4). This indicates that
the main causative agents of poor corrosion performance
are on the surface and in crevices and not deeply
imbedded in the steel composition.

Figure 8 is a SEM picture of a steel surface that has
been cleaned by wet abrasion with a three-dimensional
abrasive pad. The terrain has been significantly altered.
The crevices, bumps, and much of the debris are gone.
There appears to be no technical reasons why the corro
sion performance of "bad" steels cannot be significantly
improved by surface regeneration.

Aging effects, however, present a major obstacle.
Figure 7 shows that the activity of the freshly cleaned
surface deteriorates rapidly. In less than 15 minutes at
dry ambient conditions, the wetting tension of each
abraided steel dropped from a value of ~ 80 dynes/em
to about 72 dynes/em. After the initial drop, the wetting
tension of each remained constant for about one-half to
two hours depending on the type of steel. In 10 hours, the
wetting tensions of all of the panels dropped well below
50 dynes/em. In one month, the values of all decreased
to the same level; 26-27 dynes/em. This is the value
obtained for CRS paint test panels as received from
suppliers (Table 3). Thus, optimum corrosion perfor
mance requires not only an effective cleaning technique
but also immediate phosphatization.

Table 3-Effect of Cleaners and Cleaning Methods
On Surface Cleanllnell

Substrate = Unpolished. but Supplier Cleaned Paint Test Panels
Conversion Coat =Zinc Phosphate
Primer = Automotive Black Dip Alkyd

None, as received 26 ± 1.5
A 30 ± 1.5
B 36 ± 3
C 36 ±3
D 42±3
E .40±3
F 50 ±3
G 54 ±3
H 68 ±4
I >72

Cleenlng Method
(Experimental Oetalll,

Secllon 2) Yw' Dyne./em

Sail Spray Corrollon
Performance Rating

Number

o
o
o
o
o
o
o

5-6
6-9
9-10

Effect of Steel Surface Quality
On the Crystal Morphology and Porosity

Of Zinc Phosphate Coatings

A good zinc phosphate coating is essential for good
corrosion performance. Contaminants on the surface
of the steel increase corrosion by interfering with the
phosphatization process. This is illustrated by Figure 9
which is a collection of SEM photographs of zinc phos
phate coatings on CRS substrates varying significantly
in surface quality and corrosion performance.

No. I has the typical topography and crystal morphol
ogy representative of zinc phosphate coatings giving
good corrosion performance. The prephosphated wet
ting tension of steel was >80 dynes/em. The Salt Spray
Corrosion Rating Number (SSCRN), when painted, was
10. The phosphate crystals are mostly flat platelets rang
ing from about 5 to 30 1J. in diameter. They are tightly
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O+H,O+2e -~ 20H

Fe --+ Fe' + 2e

o
9-10

SSCR No.

Bid CRS

34 ± 2
}>80

5-6
9-10

SSCR No.

Good CRS

G 54±3
I }>80

C'""nlng Method
(Experimentl' Details.

Seetlon 2)

Good CRS = Hall-Hard. unpoJj~hcd paint leSI panch. No. I, Figurl' 7.
Had CRS = No.5 AKDQ. Figure 7.
SSCR NO. =Salt Spray Corrosion Rating Number.

Table 4-Ellectlveness of 3-Dlmenslonal Pad Abrasive Cleaning
On Corrosion Performance of Phosphated and Primed Good

And Bad CRS

metal and solution causes precipitation of zinc phosphate
at cathodic sites.

3Zn" + 2H,PO; + 40W --+ Zn,(PO,h' 4H,O(.) 1
Zinc phosphate crystal growth starts at the cathodic

sites and progresses from there.
Some ferrous ion produced by the anodic dissolution

reaction often co-precipitates with the zinc phosphate giv
ing phosphophyllite, Zn2Fe(P04)2 . 4 H20. Most ferrous
ions are.oxidized by nitrites and chlorates or nitrates to
ferric ions which precipitate as ferric phosphate. This
forms sludge which settles at the bottom of the phosphate
bath 22

2Fe" + 0 + 2H,PO; + 20W --+ 2 FePO"., ! + 3H,O

It is probable that in highly accelerated surface reac
tions, a considerable amount of ferric phosphate ends

Figure 8-Typical surface of CRS panel wet abralded with
3-dimenslonal abrasive pad. SEM Magnification = 3000X

[--] - ALKALINE POWER WASH + 3 - 0
ABRASIVE PAD Q.EANING

[---] • ALKALINE POWER WASH ONLY
80 TO>:>,. 80

90

E 60

'"w
50z

~

>! 40

30

20

10

o'--~~~.......-=-_~~....,,--~~_'"'-: ..........J

100 101 102 103

TIME I HRS.

Figure 7-Ellect of cleaning, Initial surface quality and aging
on welling tension (y w) ot cold rolled steels

Storage Environment = Ambient Lab Conditions

Oxidizing agents, such as chlorates and nitrates,
depolarize cathodic areas on the steel and greatly reduce
or eliminate the hydrogen evolution that would be
expected at the cathodes. The overall cathodic reaction
then is:

Nitrite accelerators are added to more rapidly supply
oxygen atoms for the cathodic reaction. The localized
increase in pH at the cathodic area interface between

Zinc Phosphate Chemistry

The surface chemistry of zinc phosphatizing is com
plex, but the generally accepted mechanism is as follows. 22

It is based on the fact that zinc dihydrogen phosphate
is soluble in water, whereas zinc phosphate tetrahydrate
is not. When steel is sprayed with or dipped in an aqueous
solution of zinc dihydrogen phosphate, a localized elec
trochemical reaction takes place. Iron dissolution occurs
at anodic areas:

____2 _

---'3-- ....
____'!... __':\ 4

5 " \ .....-----__~~~ I

.......--.::_~!!!I!!!~~~~
II)' HALF-HAllO. UNPOLISI£D. ~""NT-TEST ""NELS

(21' AKDQ' QJSTOMfR DESIGNATE-GOOD CORROSION RESISTANCE

(31'_ca

(41' RtIlMED DO

15)' AKDQ' QJSTOMER DESIGNATE - BAD CORROSION RESISTANCE

packed in a random pattern, uniformly distributed over
the entire surface of the panel.

The rest of the photographs in Figure 9 show typical
surface morphologies found on phosphated steels having
regressive prephosphated surface energies; Yw varies
from 26 to 54 dynes/cm. The phosphate crystal size
enlarges (Nos. 2 & 3), the porosity and unprotected
metal areas increase (Nos. 4 & 5), and the salt spray
corrosion performance of painted panels decreases from
6 (No.2) to 0 (No.5) as Yw decreases. A fine, heavy,
porous iron oxide coating forms on exposed metal
(No.6).
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Figure 10-Plot of zinc phosphate quality (Pal) against salt
spray corrosion resistance number (SSCRN) of painted panels

105
SALT SPRAY RATING No.

SYSTEM: ZINC PHOSPHATED I BLACK
ALKYD PRIMED C. R. S.

-10

+50

Anisotropy of Phosphate Coatings

Phosphate coatings follow the contours of temper roll
and unidirectional grind lines on steel. These are usually
along the length of a coil, and thus, along the length of a

The Phosphate Quality Index (PQI)

In accordance with the above reasoning, the whiteness
index (W.I.), defined in paragraph 4.7 of ASTM E 313-67,
should correlate positively with increasing phosphate
quality. The yellowness index (Y.I.), defined in para
graph 4.5 ofASTM E 313-67, should correlate negatively
With increasing phosphate quality. Both postulates were
found to be true. Thus, the difference between the two
indices has been defined as the Phosphate Quality
Index (PQI).

(PQI) ~ (W.I.) - (Y.I.)

. The (PQI) values of 150 phosphated panels varying
slgmflcantly In quality are plotted versus salt spray creep
corrosIOn ratIng numbers of painted derivatives in
Figure 10. The dots are mean values of (PQI) having the
same salt spray rating number. The bar limits are stan
dard deviations of the mean. The data show a good
correlation between (PQI) values and salt spray corro
sIOn performance. We conclude that (PQI) should be
greater than (+)30 for most reliable performance.

The determination of (PQI) is relatively simple and
nondestructive. It should be readily adaptable as a line
quality control tool.

No.5; l'..oJ "" 26; ;;>SCR..~ := 0 ~lo. 0;

up in the coating and a considerable amount of zinc
phosphate ends up in the sludge. 22 It would be expected
that the presence of mixed phosphates and oxides in the
crystal growth phase of the reaction would have a signifi
cant effect on the quality of crystal morphology.

Zinc and ferric phosphate form white, opaque crystals.
Ferrous phosphate is light blue to gray. Ferric oxide
crystals are yellow to red orange depending on morphol
ogy and amount of combined water. It stands to reason,
then, that the purer the zinc phosphate coating, the
smaller the crystal size and the completeness of surface
coverage, the lighter and bluer the color should be. Con
versely, the more contaminated the coating, the larger
the crystal size, the more porous the structure, the more
incomplete the coverage, the darker and yellower the
color should be.

Figure 9-Effect of steel surface quality on the crystal morphol
ogy and porosity of zinc phosphate coatings
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Figure 11-SEM plcturel Ihowlng degree of unidirectional pre
pholphate working of Iteel lurfacel

CRS test panel cut from the coil. Because of this, color
reflectance (G, R & B) and (PQI) values are significantly
different in transverse and machine directions of unidirec
tionally worked steel. They are higher in the transverse
direction than in the machine direction. The ratio, G./ Gm,

is an excellent measure of the degree of unidirectional
prephosphate working of steel. A high ratio indicates
anisotropy; compare SEM photographs I, 2, 3, and 4 in
Figure I I. Since the (PQI) value in the transverse direc
tion is always larger than in the machine direction, the
value in the transverse direction must always be used to
determine the quality of a coating.

SUMMARY AND CONCLUSIONS

(I) Wetting tension of cold rolled steels correlates
with corrosion resistance of painted products. Wetting
tension measurements are quick and easy. This correla
tion, therefore, provides a simple, useful guide to the
corrosion resistance potential of coated steel.

(2) Generally, wetting tension should be >80dynes/cm
for most reliable corrosion resistance performance.

(3) Surface contaminants (carbonaceous deposits,
iron oxide, and inorganic salts) are responsible for poor
corrosion performance. Therefore, good cleaning is
absolutely necessary.

(4) CIeanability of the steel surface is a function of the
cleaning method and the quality of the steel. Typical
commercial cleaners and cleaning processes cannot
assure satisfactory corrosion resistance for all qualities
of steel. A great deal of phosphating is wasted due to
poor cleaning.
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(5) The best cleaning method is wet abrasion. This
raises the corrosion resistance of bad steels to the level
of good .steels.

(6) The wetting tension of clean steel deteriorates
rapidly on aging. The steel must be phosphated imme
diately for good corrosion protection.

(7) A colorimetric method for determining the quality
of zinc phosphate coatings on cold rolled steel has been
developed. This measurement of Phosphate Quality
Index (PQI) is facile and nondestructive and should be
adaptable as a line quality control test.

ACKNOWLEDGMENTS

The excellent interactions, responsiveness, creative
ness, and technical contributions of the following people
are gratefully acknowledged: R. E. Pike, retired from
Fabrics and Finishes Department, E. I. du Pont de
Nemours and Co., Inc.; Dr. H. K. Herglotz, ESCA, Engi
neering Department, E. I. du Pont de Nemours and Co.,
Inc.; M. L. Van Kavelaar, SEM, Central Research
Department, E. I. du Pont de Nemours and Co., Inc.;
D. R. Britton, Technician, E. I duPont de Nemours and
Co., Inc.; V. E. Kazmers, Research Technician, E. I. du
Pont de Nemours and Co. Inc.; and J. F. Ficca, Jr.,
EDAX and Elemental Distribution Imaging, Micron, Inc.

References
(I) Wirshing, R.J. and McMaster, W.O., "Problems in the Finishing

of Automobiles," Paint Varnish Prod., 46, September, 1956.
(2) Grossman, G.W., Jr., "The Influence of Cold Rolled Steel Sur

faces on Paint Performance and Paint Testing," Official DIGEST,
31, No. 1688-1714 (1959).

(3) Machu, W., "Interface Conversion for Polymer Coatings,"
P. Weiss and G.D. Cheever, Editors, Pgs. 128-149, American
Elsevier Publishing Co., 1968.

(4) Laukonis, J.Y., Ibid., pp. 182-202.
(5) Umegaki, T., Okabe, T., and Omori, K., Bull. Chern. Soc. Japan,

42, 1304-7 (1969).
(6) Ghali, E.L. and Potvim, R.J.A., Corrosion Sci., 12, 583-94(1972).
(7) Jackson, P.L., "Effect of Steel Surface Quality on Primer Adhe

sion and Corrosion Resistance," Paper presented at Society of

37



K,R, BUSER

Manufacturing Engineers, Finishing 77 Conference, Detroit,
October, 1977.

(8) Wojtkowiak, J,J, and Bender, H.S., General Motors Research
Publication GMR-2446, June, 1977, Paper presented at the 17th
Annual North Dakota State University Coatings Symposium,

(9) Hospadaruk, V., Huff, J., Zurilla, R,W., and Greenwood, H.T.,
"Paint Failure, Steel Surface Quality and Accelerated Corrosion
Testing," Paper 780186, National SAE Meeting, Detroit, March,
1978.

(10) Zurilla, R.W. and Hospadaruk, V., "Quantitative Test for Zinc
Phosphate Coating Quality," Paper 780187, National SAE Meet
ing, Detroit, March, 1978.

(II) Claus, J.J" Wenl, R.P" and Pocius, A,V., "The Surface Chem
istry and Corrosion Performance of Cold Rolled Steel Condi
tioned with 3-Dimensional Abrasives,"Technical Paper, Building
Service and Cleaning Products Division, 3M Company, 3M
Center, SI. Paul, Minnesota 55101.

(12) Buser, K.R" "The Energetics of Clean Surfaces," AFP/SME
Technical Paper FC78-574.

(13) Cheever, G.D" JOURNAL OF PAINTTECHNOLOGY,41, No. 531,259
(1969).

(14) Chance, R.L and France, W,D., Jr., Corrosion, 25, 329 (1969).
(15) Cheever, G.D., JOURNAL OF COATINGS TECHNOLOGY, 50, No. 640,

78 (1978).
(16) ASTM Method 0-2578.
(17) Young, T., Phi/. Trans. Roy, Soc, London, 95, 65 (1805).
(18) Fowkes, F,M" "Advances in Chemistry Series," Chapter 6,

Pgs. 102-3, ACS Monograph No. 43, Washington, DC (1964),
(19) Bresle, A., Ind. Fin. & Surface Ctgs" June 1976, pp, IS, 17 & 18,
(20) Somerjai, G,A" Science, 201, 489 (1978),
(21) Blickwede, D.J., "New Knowledge About Sheet Steel: Materials

and Process Engineering Bookshelf, American Society for Metals,
1970.

(22) Woods, K. and Spring, S., Metal Finishing, 77, pp, 24-28 (1979).

United Kingdom Orders
of FSCT Educational Literature

In the United Kingdom, Federation publications and other industry aids are
available from the Birmingham Paint, Varnish and Lacquer Club. Please
contact: Mr. Ray Tennant, Carrs Paints Limited, Westminster Works,
Alvechurch Rd., Birmingham B31 3PG, England.

38 Journal of Coatings Technology



"WORLD SURFACE COATINGS ABSTRACTS"

CAN SAVE YOU TIM E AND MON EY II

The Paint Research Association offers you a fully integrated information
service dealing with all aspects of the surface coatings industry.

WSCA contains clear, concise abstracts of articles from primary sources,
other journals and world patents, a knowledge of which is vital to
industries who must keep in touch with new scientific, technological
and business developments.

WSCA is processed by computer enabling the Paint R.A. to offer a number of
invaluable literature search services, including:

1. "Worl d Surface Coa ti ngs Abs tracts" (computer photo typeset pri nted vers ion)

2. Magnetic tapes of WSCA (for use on your own computer)

3. On-line literature searches via the lockheed-Dialog system.

If you would like a sample copy of World Surface Coatings Abstracts or details
of any Paint Research Association information service, please contact:

RICHARD CLARK,
PAINT RESEARCH ASSOCIATION,
WAlDEGRAVE ROAD,
TEDDINGTON,
MIDDLESEX TWll 8lD.

Vol. 54, No. 689, June 1982

TEL: 01-977 4427
TELEX: 928720

39



Atlas UVCONT.M
weathering tester

.. .better than
its better known

competitor

See why the second
generation Atlas UVCON
is the technology leader
in low cost, ultraviolet
condensation testing.
Better - UVCON operates up to 95C to cover the
latest automotive and ASTM test specifications.

Better - Solid-state temperature controls give
UVCON no-guess precision.

Better - Temperature recorder available for ac
curate test documentation.

Better - UVCON has easy to use digital control
settings and temperature readouts.

Better - Preset timing and automatic shut-off.

Better - UVCON no mistake program control
for UV/ condensation cycles.

Better - Only the Atlas UVCON is backed by
a world-wide sales and service organization. Call
or write:

40

FREE BONUS
Natural outdoor weathering tests
at South Florida Test Service with
each purchase. Ask for details. a

.A.T~
~I:k:arnlCD~Illi.IKC
IQ)~WrrCD~~

CD@E:ilI¥>£li:§'W
4114 North Ravenswood Avenue
Chicago, Illinois 60613 U.S.A.
Phone: 312/327-4520 . Telex: 25-4328

Journal of Coatings Technology



Synthesis and Characterization
Of Water-Reducible Graft Epoxy Copolymers

J.T.K. Woo, V. Ting,t J. Evans,"
R. Marcinko, G. Carlson, and C. Ortiz

Glidden Coatings and Resins Division of SCM Corporation'

The synthesis and characterization of an epoxy
acrylic graft copolymer is described. The grafting of
acrylic monomers onto epoxy resin occurs in the
presence of free radical initiator. The grafting is
believed to be of a "grafting from" process. The graft
copolymer when neutralized with base forms an
excellent and stable dispersion in water. The
stability of the dispersion is due to the absence of
ester linkages in the polymer system which are
susceptable to hydrolysis in water.

Characterization of the graft copolymer by sol
vent extraction indicated that the graft copolymer
consisted of the following: (1) 47% of the epoxy
resin is ungrafted; (2) 61 % of the acrylic monomer
polymerizes to form acrylic copolymer; and (3) 39%
of the acrylic monomer is grafted onto 53% of the
epoxy resin.

From IlC nuclear magnetic resonance spectros
copy, grafting appears to take place at the aliphatic
backbone carbon atoms of the epoxy resin.

INTRODUCTION

Graft and block copolymers have been known for many
years for their unique properties which can not be
obtained from the homopolymer alone. This paper is
concerned with development of a new graft copolymer
for water-reducible systems.

'166S1 Sprague Rd., Strongsville, OH 44136.
tOr. Ting is presently associated with IBM Corp.. Boulder, CO.
•• Dr. Evans is now employed by Sylvachem Corp.. Panama City. FL.
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Graft and block copolymers, because of the incom
patible nature of the constituent blocks or graft, form
micelles in solution. The micellization behavior is very
dependent on the chemical nature and size of the blocks
or graft, on concentration, on molecular weight and
composition of the copolymer, on the nature of the sol
vent, and on the temperature. The effort herein described
carries this concept into realm of water-dispersible coat
ings. The graft copolymer is a high molecular weight
epoxy resin (-10,000 molecular weight) onto which
acrylic monomers have been grafted. It is then dispersed
in water. Grafting is done by free radical means. I

In free radical grafting/ there are two possible pro
cesses taking place:

(a) An active site is generated on a preformed poly
meric backbone and subsequently it initiates the poly
merization of monomers to produce branches. This
process is termed "grafting from."

(b) An active site forms a polymeric material that has
an active site associated with it. This active material
attacks another preformed polymer, attaches itself to it,
thereby producing a branch of the preformed backbone.
This process is termed "grafting onto."

With a few exceptions,) most graft copolymers from
free radical induced grafting processes usually not only
lead to the desired graft polymers but also to homo
polymers and other side reactions. Consequently, the
exploration and detailed characterization of grafts
produced by free radical methods are often cumbersome
or sometimes impossible even by present day analytical
techniques.
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Teble 1-Pl'IClpllltlon Relulll with Verioul Solvenll Teble 2-Preclpllltlon with Increellng Toluene Levell

II III WI. Toluene WI. Upper SoIldt In Upper A.N. (N.V.) of Upper

DER·333 is a registered trade name of Dow Chemical Co.

Example II:
Preparation of Graft Epoxy-Acrylic Copolymer

In the Absence of Epoxy Functionality

An agitated, nitrogen-purged reaction vessel was
charged with 1,079g of the liquid epoxy resin DER 333,
310g of 2-butoxyethanol-l, and 676g of Bisphenol A.
The contents were heated to 140° C, and the heat turned
off. Temperature rose to 170°C, at which temperature
the reaction was held for five hours. At the end of this

Example I:
Preparation of Graft Epoxy-Acrylic Copolymer

By Carbon-Carbon Bond Formation

Commercial grade liquid epoxy resin DER-333®
(~95% diglycidyl ether of Bisphenol A, 5% xylene and
trace amount of water) and epoxy resin grade Bisphenol
A were used. Monomers and solvents used were of com
mercial grade and were not purified.

A high molecular weight epoxy resin was prepared
from reacting 995g of DER-333 with 536g of Bisphenol
A in the presence of 3109 of 2-butoxyethanol-1. The
molecular weight of the epoxy resin was calculated to
be about 8000 from epoxide value. A blend of2-hutoxy
ethanol-I (28Ig) and n-butanol (888g) was then added.
This solution was heated to 116°C, and a monomer
mixture consisting of 283g of methacrylic acid, 87g of
styrene, 285g methyl methacrylate, and 30g of benzoyl
peroxide was added dropwise through an addition
funnel. The system was reacted for three hours at 116° C.
The acid number on solids was 85.

The grafted copolymer mixture was then fed into an
agitated reducing vessel containing water and dimethyl
ethanolamine. The dispersion was formed easily. The
temperature of the resulting dispersion was ~ 70° C, and
the dispersion was agitated for ~ one hour. Sufficient
deionized water was added so that the dispersion had the
following properties: nonvolatiles-20%; pH-7.8; and
viscosity (Ford #4 Cup)-22 sec.

Viscosity remained at 22 sec after one month in an
oven at 100° F.

time the oxirane content was 0.074%. Then 70lg of
n-butanol were added, and the contents were allowed
to cool overnight.

The Bisphenol A terminated epoxy resin was heated
to 117°C and then reacted with a monomer mixture that
was slowly added to the terminated epoxy resin over a
two-hour period. The monomer mixture was made up
of 365g of methacrylic acid, 1919 of styrene, 48g of wet
benzoyl peroxide (78% benzoyl peroxide in water), and
157g of 2-butoxyethanol-1. After this period the acid
number of the product on solids was 104.

A neutralizing solution of 4248g of deionized water,
132g of dimethylanolamine, and 120g of 2-butoxyetha
nol-I was used. At that point, the nonvolatile content
of the emulsion was 27.1% and the viscosity as measured
by a No.4 Ford Cup at 25°C was 105 sec.

50.46
37.05
30.70
23.80

20.59
20.29
18.68
18.88

150 240
207 302
300 390
500 590

Example III:
Synthesis of Epoxy-Styrene Graft Copolymer

Into a four-neck, five-liter round bottom flask was
charged 1141g of liquid epoxy resin DER 333, 614g of
Bisphenol A, and 310g of 2-butoxyethanol-I. Through
the four necks of the flask were placed the following:
thermometer, nitrogen inlet, mechanical stirrer, water
cooled condenser, and a dropping funnel. The reaction
mixture was heated to ~ 150°C under a 20-inch vacuum
and 20 ccl min N1 sparge to remove ~ 24g of volatile
material (consisting mostly of water and xylene from
DER 333).

At 150°C, heating was stopped and an exotherm was
observed. The temperature increased to 176°C and was
held there for approximately two hours. The Gardner
Holt viscosity of the advanced epoxy resin was Zl (40%
N.V. in 2-butoxyethanol-I). At that time 170g of
2-butoxyethanol-1 was added to the reaction mixture
followed by 826g of n-butanol. The temperature of the
reaction mixture was stabilized at 115°C, and a mono
mer solution of 431g of styrene, 38.5g of wet benzoyl
peroxide, and 62g of n-butanol was slowly added to the
epoxy resin. The addition of monomer took about two
hours, and the reaction mixture was held at 115°C for
three more hours. At the end of this grafting stage, a
sample was taken for nonvolatile (N. V.) and acid number
(A.N.) determinations. The N.V. was 55.5% and A.N.
was 5 on N.V. The A.N. was attributed to the benzoic
acid formed from the decomposition of benzoyl perox
ide. If all the benzoyl peroxide decomposed to form
benzoic acid, the A.N. should be 6.5. Therefore, 77% of
the benzoyl peroxide decomposed followed by hydrogen
abstraction to form benzoic acid.

25
25
94

5.23
276

29.5
11.12
o

30
45

25
o

25

75
18
85

30
45

Resin (blend) (56% NY) 30
N-methyl pyrol (NMP) 45
Toluene 155
Mineral spirits -
2-Butoxyethanol-l -
Deionized water .. • .. .. .. .. .. -
Weight of top layer 220
Solids in top layer 14.21
Acid number (NYM) of top layer 41.6
Weight of bottom layer 4.2
Solids in bottom layer 1.55
Acid number (NYM) of bottom layer 396.4

EXPERIMENTAL
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WATER-REDUCIBLE GRAFT EPOXY COPOLYMERS

Table 3-Fractlonal Precipitation Data
Replacing Blend with Graft Copolymer

A.N. WL Acrylic Acrylic Incre8Md
Blencl/G.." 'IoN.V. (N.V.) Acrylic From Adj. Acrylic
Copolymer Upper Upper In Upper R"ln To 100'10 Solubility

100/0....... 2.82 24.89 0.98
80/20 ...... 2.73 27.07 1.03 0.246 i,23 0.25
50/50 ...... 3.12 27.83 1.21 0.720 1.60 0.62
20/80 ...... 2.94 35.05 1.43 1.234 1.54 0.56
0/100 ..... 2.89 38.80 1.56 1.560 1.56 0.58

to

- ........ lOG

W1'.0I'~_

Figure 1-Fractlonal precipitation of physical blend of epoxy
resin, acrylic copolymer, weight of toluene added vs the A.N.

(N.V.) of the upper level

Fractional Precipitation
A physical blend of 80% epoxy resin (1535.5g, 57.37

N.V. in 2-butoxyethanol-l) and 20% acrylic copolymer
(428g, 51.4% N.V. in n-butanol) of methacrylic acid
styrene, 2:1 mole ratio was made. A solution of 100g of
physical blend and 150g of N-methylpyrrol (NMP) was
made (22.4% N.V. solution). To the first was added 155g
of toluene (which should precipitate the acrylic); to the
second was added 25g of mineral spirits (which also
should precipitate the acrylic); and to the third was
added 25g of 2-butoxyethanol-1 and 25g of deionized
water (this is for precipitation of the epoxy.) The results
are listed in Table I.

If there is complete separation of the two blend com
ponents-Le., the epoxy resin is formed only in the top
toluene rich layer and the acrylic copolymer in the bot
tom layer-there should be 13.44g of epoxy in the top
layer and 3.36g of acrylic copolymer in the bottom layer.

Therefore, in experiment I, with toluene, about 50%
of the acrylic copolymer is found in the toluene rich upper
layer. Based on the acid number of 396.4, the bottom
layer gave a fairly good precipitation of the acrylic
copolymer. (Theoretical A.N. of the pure acrylic copoly
mer is 424). The experiment using mineral spirits in
place of toluene gave no separation of the two compo
nents. The third experiment using 2-butoxyethanol-1
and water gave a good precipitation of epoxy resin, as
evidenced by A.N. = 0 in the bottom layer. The 11.l2g
corresponds to ~ 83% recovery of the epoxy resin.

To optimize the toluene fractionation, increasing
amounts of toluene were added. A solution of two parts
of the blend to three parts NMP was prepared. To IODg·
of this solution was added to 150, 207, 300, and 50Dg
of toluene. The results are given in Table 2 and plotted
in Figure I.

• Each 100g of the epox), acrylic blend solution contains 22.4Og solid determined by non·
volatile analysis. 17.928 of the 22.4Og is epoxy resin and 4.48& is acrylic copolymer.

It is evident from the data that a complete separation
of free epoxy resin did not occur. Very large amounts of
toluene would be needed for complete separation of the
epoxy resin from the blend and the A.N. of the upper
layer to be nil.

For the blend, when 500g of toluene are used the
acrylic is soluble to the extent needed to give an acid
number of 23.8.

In the grafted copolymer, the presence of the graft,
especially epoxy resin grafted with a small amount of
methacrylic acid would behave like epoxy resin, and
would migrate to the toluene layer, thus raising the acid
number of the toluene layer.

In the next series of experiments, different amounts
of the blends were replaced by the graft copolymer
mixture and the increase of acid content in the upper
layer of toluene was recorded. The data is given in Table 3.

As expected, the acid content of the upper toluene
layer did increase with more replacement of the blend
with the grafted copolymer mixture.

The weight of the acrylic in the upper is found by multi
plying the N.V. by 590 to give the weight of solids and
then multiplying this by the acid number on N.V. and
dividing by 424. As an example for the 50/50 trial:

590 x 0.0312 x 27.83
WI. Acrylic in Upper Toluene Layer = 424 = 1.21

The weight of acrylic from the graft polymer is found
by subtracting the acrylic which would be expected to
be in the upper layer from the blend based on the 100%
blend trial. There should be 0.98g contribution from the
blend; in our 50/50 trial we would expect 0.49g to be
contributed from the blend and the rest from the grafted
copolymer. In the 50/50 trial, the actual acrylic is:

Acrylic from grafted copolymer = 1.21g - 0.49g = O.72g

This value is then adjusted to 100% graft by dividing
by 0.5 to give l.44g. But we would expect 0.98g to be
soluble from the blend so the increased solubility which
may be due to grafting is 0.46g.

The total weight of acrylic is 4.48g. Initially, we can
calculate the percent increased acrylic solubility (PIAS)
to be

(0.46/4.48)(100%) = 10.3%

This PIAS is a figure that can represent the amount
of graft epoxy acrylic copolymer present in a mixture
where epoxy resin, acrylic copolymer, and graft epoxy
acrylic copolymer are present.
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Figure 2- Gel permeltlon chromltogrlm 01 Bllphenol A epoxy
relln

RESULTS AND DISCUSSION

Molecular Weight Data

Gel permeation chromatograms were obtained for the
epoxy resin, acrylic copolymer of styrene-methacrylic
acid prepared in the absence of epoxy resin, a blend of
epoxy resin and styrenemethacrylic acid copolymer, and
the graft copolymer (see Figures 2-5). As can be seen, the

Figure 3-Gel permelUon chromltogrlm olltyrene-methlcryllc
Icld copolymer

44

Figurl 4-Gel permlltlon chromltogram 01 (epoxy rIIln)
(Ityrene-methecryllc ecld copolymer) blend

molecular weight of the graft copolymer is slightly higher
than the epoxy resin, and this is confirmed from com
puter printout, shown in Tables 4 and 5. This data will
be important when the structure of the grafted copolymer
is discussed.

The molecular weight of the graft copolymer with
different levels offree radical initiator is shown in Table 6.
Except for the one percent initiation level data, the
molecular weight tends to increase especially in the case
of weight average molecular weight and Z-average
molecular weight. The increase in the molecular weight
from higher levels of initiator is probably due to
increased chain coupling.

Figure 5-Gel permeltlon chromltogrlm 01 epoxy-Icryllc grail
copolymer
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TBble 4-GPC Oalll of SllIrllnll Epoxy Realn Componenl

Moleculllr Welghl Dlltrtbutlon

WATER-REDUCIBLE GRAFT EPOXY COPOLYMERS

Table 5-GPC Oalll of Grafl Epoxy-Acrylic Copolymer

Moleculllr Weight DlltrtbuUon

Number Avg.
Mol.Wt.

Mean 0.161 X 10'
Variance 0.104 X 10'
Skewness 0.814 X 10'
Kurtosis 0.147 X 10'

Weight Ayg.
Mol. WI.

0.805 X 10'
0.138 X 10'
0.455 X 10'
0.375 X 10'

Z Ayg.
Mol. WI.

0.252 X 10'
0.759 X 10'
0.282 X 10'
0.128 X 10'

Number Ayg.
Mol. WI.

Mean 0.186 X 10'
Variance 0.114 X 10'
Skewness 0.101 X 10'
Kurtosis 0.293 X 10'

Weight Ayg.
Mol. WI.

0.801 X 10'
0.183 X 10'
0.710 X 10'
0.104 X 10'

Z Ayg.
Mol. WI.

0.309 X 10'
0.186X 10'"
0.405 X 10'
0.230 X 10'

Glass Transition Temperature Data

Glass transition temperature of various components
are listed in Table 7 together with the blend and graft
copolymer. The significant drop in Tg of the graft
copolymer seems to indicate that the grafted chains are
quite efficient in increasing the degree of mobility of the
epoxy polymer backbone.

When the glass transition temperature of the graft
copolymers prepared with different amounts offree radi
cal initiator were obtained, the data showed a distinct
narrowing trend in the glass transition temperature range
(see Figure 6). If there was no grafting, then the Tg range
of these epoxy-acrylic blends made with different
amounts of free radical initiator should be identical
(assuming there is no significant molecular weight con
tribution). The fact that the Tg range is decreasing with
increasing level of free radical initiator seems to indicate
that the copolymers are becoming more homogeneous,
which is probably caused by increased amount of graft
copolymer present. In other words, with higher level of
free radical initiator the epoxy-acrylic graft copolymers
are becoming more compatible due to increased level
of grafting.

Particle Size Data

The particle size of the aqueous dispersion made with
increasing levels of free radical initiator show a signifi
cant decrease. The particle size data is summarized in
Table 8.

Aqueous dispersions of epoxy-acrylic graft copolymer
made with different levels of free radical initiator are
listed in Table 9. There does not seem to be any correla
tion between the free radical initiator concentration with
the Ford #4 cup viscosity of the aqueous dispersion.

Table 6-GPC Oalll 01 Grafted Copolymers Made wllh
Olliereni Levels 01 Free Radical Inilialor

'10 Froe
Redl..1 Number Avg. WI. Ayg. Z·Ayg.
Inllietor Mol. WI. Mol. WI. Mol. WI.

(I) I 8,480 26,680 64,800
(2) ........ 2 4,400 12,960 32,120
(3) ........ 3 4,000 12,880 35,080
(4) ........ 5 4,200 13,240 35,160
(5) 7 3,904 13,000 40,400
(6) 10 4.120 14,120 42,400
(7) ........ IS 4,920 17,720 72,400
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Separation of Graft Copolymer

This acrylic composition of - 2 parts of methacrylic
acid and - I part of styrene polymerizes azeotropically.
Except towards the end of the polymerization, there is a
nearly random distribution of the two monomers
throughout the acrylic polymer chain. This means that
there is very little homopolymer of methacrylic acid or
styrene. In the graft copolymer mixture after separation,
a polymer having an acid value of solids of 424 would
be the free acrylic copolymer, a polymer of acid value
zero is pure epoxy, and a polymer with an intermediate
acid value can be assumed to be a graft copolymer of
epoxy acrylic. To separate any free acrylic or free epoxy
it is necessary to find solvents which will act as a solvent
for one component while being a nonsolvent for another.
The acrylic is very polar while the epoxy is also polar but
to a lesser degree. Any graft copolymer would be inter
mediate in polarity. Most solvents which dissolve one
component will also dissolve the other two.

There are some solvents which were selective. Ketones
(methyl ethyl ketone and methyl isobutyl ketone) dis
solve only the epoxy; toluene and chloroform also
dissolve only epoxy. The acrylic copolymer is soluble
in n-butanol, water/N-methylpyrrolidone (NMP) mix
tures. NMP, alcohols, tetrahydrofuran, and dimethyl
formamide all tend to dissolve both epoxy and acrylic.
It would seem that the graft copolymer should exhibit
a solubility dependent on the relative amounts of acrylic
grafted onto the epoxy. A molecule with large amounts
of acrylic grafted onto the epoxy would be expected to
resemble the acrylic in solubility. A molecule with a small
amount of acrylic grafted onto the epoxy will resemble
the epoxy in solubility. For a start, a physical blend of
epoxy resin and acrylic copolymer was made. The
composition of this blend is the same as the graft copoly-

Table 7-Gla.. Transilion Temperalura Oala From OSC

TO

Epoxy resin ,................. 80-85· C
Styrene-MAA copolymer IIO·C
Blend 75-80·C·
Graft copolymer 50-65· C

(a, Note: The calculated T. of the: copolymer (assuming composition of 80% epoxy. 20%
acrylic) is

O.g 0.2
273.2 +82.5 +~ T.l,l =360.9°K or 87Joe

A small amount of residual solvent probably caused tht: lowering of the TI for the blend.
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Figure 6-Tgrange vs free radical Initiator concentration

mer except the blend contains no graft components. The
acrylic copolymer was prepared similarly as in the graft
copolymer except without the presence of the epoxy
resin. Several solvent extraction techniques were used.

FRACTIONAL PRECIPITATION: In this experiment, the
idea was to dissolve the graft epoxy-acrylic copolymer
in a solvent that would dissolve all three components,
i.e. free epoxy resin, free acrylic copolymer, and grafted
epoxy-acrylic copolymer. A nonsolvent for one of the
components was added to selectively precipitate one
component.

This technique did not separate the various compo
nents but was important in showing that the epoxy is
not totally grafted. It also provided data showing that
the amount of grafting is dependent on the initiator level
(see Figure 7).

A physical blend of 80 parts high molecular weight
epoxy resin and 20 parts acrylic copolymer of styrene
methacrylic acid was prepared. This mixture was dis
solv.ed in a common solvent, N-methylpyrrolidone. By
addmg tolu:ne (a nonsolvent for the acrylic copolymer),
based on aCid value, (see Table I), the fractionation gave
a fairly good separation of the acrylic copolymer.
(Theoretical A.N. of the acrylic copolymer is 424, A.N.
of the bottom layer using toluene as solvent was 396.4.)
Other solvents such as mineral spirits and 2-butoxy
ethanol-I/H20 mixture did not work well.

_ ......~__~_..A!~ .1

Figure 7-Solublllty data of graft copolymers prepared with
different levels of free radical Initiator

To optimize the toluene fractionation, increasing
amounts of toluene were added, as can be seen from
Table 2 and Figure I. With increasing amounts of
toluene added, the A.N. of the upper layer decreases, but
never approaches zero, whereby a complete separation
of the epoxy resin would have occurred. Perhaps, with
an experiment where repeated extractions with toluene
were used, a better separation of the epoxy resin from a
blend of epoxy resin and styrene-methacrylic copolymer
would have been obtained.

In the next series of experiments, different amounts
of the blends were replaced by the graft copolymer, and
the increase of acid content in the upper layer of toluene
was recorded (see Table 3). This increased acid value
(called increased acrylic solubility) is due to the presence
of epoxy resin grafted with a very small amount of
styrene-methacrylic acid. The solubility of this type of
graft copolymer would resemble that of the epoxy resin.
This increased acrylic solubility was then calculated to
be percent increased acrylic solubility PIAS. This tech
ni.que :-vas used on the graft copolymer samples prepared
With different levels of free radical initiator concentration.

The PIAS is plotted vs free radical level in Figure 7.
The values are seen to lie in a fairly straight line with the
exception of the 1% free radical initiator which had a
low monomer conversion. This linear increase in PIAS
with an increase in free radical initiator level may repre-

Table 8-Partlcle Size Distribution of Dispersion
From Grafted Copolymers Made with Different Levels

Of Free Radical Initiator Concentration

Table 9-Aqueous Dispersion of Epoxy Acrylic Graft Copolymer
With Different Levels of Free Radical Initiator

'10 Free
Radical
Inilialor

Concanlratlon

(I) I
(2) 2
(3) 3
(4) 5
(5) 15

Surface
Dlameler

J.I

2.5675
1.6910
0.8716
0.5529
0.3108

Volume
Dismeter

J.I

2.7826
1.8393
0.9537
0.5761
0.3158

Specific
Surfece
cm'tg

18000
27030
51530
94060

180400

WI. Avg.
Dlameler

J.I

2.1953
2.6304
2.8190
1.6759
1.1457

%Fr..
Radical
Initiator

(I) 1
(2) 2
(3) 3
(4) 5
(5) 7
(6) 10
(7) 15

Ford #4 Cup
Vlacoslly
Seconds N.V. A.N.

47 22.8 85.9
60 22.5 85.7
69 23.1 90.5
32 22.4 88.1
62 23 85.6
26 21.5 90.6
26 22.6 93
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Table 10-Solvent Extraction Results with Toluene/NMPlWater

sent the relative amount of grafting in this epoxy-acrylic
graft copolymer system.

SOLVENT EXTRACTIONS: To obtain a pure sample of
"free" acrylic copolymer or "free" epoxy resin, a solvent
extraction technique was used. In this procedure attempts
were made to find a solvent pair which was immiscible,
and each solvent had to be a good solvent for one com
ponent and a nonsolvent for the other.

It was found that a mixture of 40g of the epoxy-acrylic
graft copolymer mixture, 160g NMP, 160g toluene, and
60g of deionized water separated into three clear, distinct
layers. The analysis of each layer is given in Table 10.

Initially, there was 4.48g of acrylic of which 0.93g is
free; therefore, at least 20.8% of the acrylic is ungrafted.

When butyl acetate/NMP/water and MIBK/NMP/
water mixtures were used, 1.48g of free acrylic were
obtained indicating about a 33% level of free acrylic was
obtained.

Optimizing the MIBK extraction gave a value of
60.7% of the acrylic being free. Figure 8 is the GPCcurve
of the acrylic copolymer used to prepare the blend.
Figure 9 is the GPC of the free acrylic copolymer
separated by solvent extraction from the grafted mixture.
It is seen that the acrylic extracted from the grafted mix
ture is higher in molecular weight. This could be due to
a viscosity effect, such as the Trommsdorf effect in
making the grafted copolymer, or the procedure may be
more selective towards removing high molecular weight
acrylic.

SOXHLET EXTRACTION: The Soxhlet extraction tech
nique has been used to isolate' epoxy from poly(methyl
methacrylate-g-epoxy) using petroleum ether as the sol
vent. An attempt was made to isolate free epoxy resin
from the epoxy-acrylic graft copolymer mixture.

A solution of 300g of the graft copolymer in 2-butoxy
ethanol-l and n-butanol, ~ 60% N. V. was dissolved in
400g of THF and precipitated in n-heptane. The solids
were redissolved in 400g of THF and reprecipitated in
n-heptane. The isolated solids were then placed in a
vacuum oven at 40° C overnight at 28 in. of mercury. The
final resin was a white solid. It was pulverized in a
Waring blender before extraction.

No epoxy was removed after refluxing overnight using
petroleum ether. Chloroform was too good a solvent
and did not give a pure sample of epoxy.

The use of toluene extracted 3.78g of solids with an
acid number of only six on solids after three days of
extraction. This is essentially pure epoxy. This weight
is 47.2% of the epoxy initially present. The infrared
spectrum of the isolated resin showed no presence of
carbonyl. The spectrum was almost identical to a refer-

I

s·
s
.-+--.....,jE::..--.-~----r=----~

., 2· 9 "t

LOG ANGSTROMS

LOG ANGSTROMS

s
~-+-~--"""---"""::::::"""'-Lr--;

"

-

...

Figure 9-GPC curve of the acrylic copolymer Isolated by solvent
extraction

Figure 8-GPC curve of the acrylic copolymer prepared under
the same condition as In grafting but In the absence of epoxy

resin

18.08
1.63
0.0

WI. of EpoxyWI. of Acrylic

Upper (toluene rich) ....•........ 1.66
Middle 2.05
Lower (water rich) 0.93

laye,

Vol. 54, No. 689, June 1982 47



J.T.K. WOO et al.

6008001000120014001600
FREQUENCY (CM')
2000 18002400280032003600

I
4000

100H+-t-1t-:++t.,;-+--tTH-+-Ht-t-+-t-i-+--+--+--t-+~t--+---f-+--+-+--+-4--+---I

9Olt1i:'t1t1;I H';i'tji t!mffimt'tl im;tni h:tt!tirj;;;;t::1b:ot-::;-~"""""l'"-.;I::'~_:' '.:::: ., :'. ;;; i
~r\llil 1114H- H' IrTlll iii ~lllm if)! ,~ilill 'H ilii il:i i:lill\:/~H~II~'

10

Figure 10-IR curve 01 extracted epoxy relln

ence spectrum of DER 669 epoxy resin (see Figures 10
and II).

Figure 12 is a GPC curve of the epoxy used before the
acrylic grafting. Figure 13 is a GPC of the extracted
epoxy. It is evident that the molecular weight of the
extracted epoxy is lower than the molecular weight of the
initial epoxy. This may indicate one of two possibilities:
(I) the higher molecular weight epoxy has a greater
chance of being grafte4; or (2) toluene is a better solvent
for the low molecular weight epoxy.

To determine if the toluene is selective towards the
low molecular weight epoxy, a Soxhlet extraction of

DER 669® using toluene was carried out. DER 669 has
approximately the same molecular weight as the epoxy
used in preparing the graft copolymer. After three days
of extraction all of the epoxy had been removed, indicat
ing that toluene is not selective towards low molecular
weight epoxy and that the higher molecular weight epoxy
has a greater chance of becoming grafted.

Preferential grafting with higher molecular weight
epoxy resin is in contrast with grafting on polystyrene.5

DER 669* is a solid epoxy resin. trademark. or Dow Chemical Co.
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Figure 11-IR curve 01 DER-669 epoxy relln
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The relative reactlVlty of polystyrene was found to
increase with decreasing molecular weight and with
dilution of the solution with benzene. These results
suggest that the reactivity of polystyrene depends mainly
on the nature of its coiled conformation in solution. In
the epoxy resin case, the molecular weight of the epoxy
resin is low compared to that of polystyrene. The higher
molecular weight epoxy resin tends to have greater
reactivity towards grafting. One of the reasons could be
that there are more grafting sites available in ~ higher
molecular weight epoxy resin. This can be demonstrated
as followed: In a high molecular weight epoxy resin
(Mn ~ 10,000)

° -D-JP-CH

'
/"

CH,-CH-CH,-O \, j \, j

H,

OH CH,

(O-CH'-~H-CH'-O-otoLO-CH,-cH<:"'CH,

CH, ) 34

Mn = 9996

there are roughly 34 repeating units of

?H
-O-CH ,-CH-CH,-O-

e'
e4-...:=.:...-_-.--'-_-,--r::::::::.__-.

2 9
LOG ANGSTROMS

Figure 12-GPC curve 01 exlracted epoxy resin

~
?H -otQCH.'i.. /0,

-O-CH,-CH-CH,-O ~ j \, I) 2- 0 - CH,-CH-CH,

CH, 2

Mn = 908

Now if a low molecular weight epoxy resin is used,
e.g. Mn ~ 1000, Epon 1001 or DER 661 there are two
repeating units

EPON 1001 ° -otoCH'
/' '-

DER 661 CII,-CH-CH,-O \, j ~)

CH.,

OH
I

-o-cH'-l-cH,-o-
M

'M........
M·

OH OH
I R· I

-O-CH,-CH-CH,-O- -- -O-CH,-C-CH,-O- + RH

~

in the backbone. There are, therefore, also 34 X 5 = 170
hydrogens that can be abstracted by free radicals to form
a radicals site where initiation of monomers can occur.

..,..(i~""fllJi

.111 ••1 I.J II. liS.+-_..........-..................:._--_..................._-----....................&.-_............._ ..........

Figure 13-GPC curve 01 epoxy resin used
belore gralling

aa
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l
II

=~
10.
10.
H
II
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ERRAl:A
In the article, "Synthesis and Characterization of Water-Reducible

Graft. ~poxy Copolymers," by J.T.K. Woo, et aI., appearing in the June
Issue: In discussing the peak assignments shown in Table 13, the peak
positions reported In ppm are downfield from DMSO ttfld not from TMS

__________________...;a.:.s.:s.::ta::t:ed in the article. '

Table 11-13C NMR Analysis 01 Model Compound,
Phenyl Glycidyl Ether

Table 13-Peak Assignment in Epoxy Resin

OH
I

-CH-

1

OH

-cH,-6H-

1
PPM 27.180 28.894 2U28 73.501

Table 12-13C NMR Analysis 01 Model Compounds

OHo -O-CH,-tH-CH,-O- 0

and 27.2 ppm, due to the tertiary carbon

OH
I

(-O-CH,~CH-CH,-O-)

j

To estimate the extent of reaction at each carbon, the
peaks were normalized with the para-carbon of the
phenyl group as unity (see Table 12).

There is a significant decrease of about 30% in the

peak height of the -0- O-CH2-. For the model

compound, the grafting appears to take place at the
-O-CH2-carbon.

It is surprising to see that in the model compound,
there is no decrease in the peak height in the carbon
bearing the tertiary hydrogen (tertiary carbon). The
tertiary hydrogen is probably more reactive than the
secondary hydrogen, but statistically there are four
times as many secondary hydrogens. Under photolytic
conditions, the degradation of model compounds for
epoxy resin is known 7 to take place at the phenoxy
carbon bond, as shown in the following:

OH
I

-O-CH,-CH-CH, )

1

The assignment of these peaks in the epoxy resin is
shown in Table 13. There is a small shift from those
of the model compound (see Table II). The peak posi
tions reported in ppm are downfield from TMS.

Previously, a series of experiments with different level
of free radical initiator were run. It was shown that by
fractional precipitation there was a straight line rela
tionship between the increase acrylic solubility or relative
percent grafting with the percent free radical initiator
(see Figure 7). These samples, made with different levels
of free radical initiator, were submitted for llC NMR
analysis. Assuming that there is the same amount ofacid
epoxy reaction in these graft copolymers prepared with
different levels of free radical initiator, the peak heights
at the 28.9 ppm, due to

0.6 0.33

0.46 0.33

Model 118.247' 88.734 80.086 74.211 29.011 27.371
Compound 28" 99 51 92 55 32

Model 118.249 88.786 80.096 74.229 29.009 27.327
Compound 44 201 98 201 93 67
+ Acrylic

la} Peak positiom downficld from DMSO. ppm.
(b) Intensity of peale..

This was prepared by reacting phenol with phenyl
glycidyl ether. The l3C spectra were run in DMSO
(dimethyl sulfoxide) which also acts as the internal
standard. The peak positions and peak intensities of the
various carbons in the model compound are listed in
Table II.

OH

I
with two -O-CH2-CH-CH2-O- groups in the
epoxy backbone and only 10 abstractable hydrogens.

CHARACTERIZATION OF GRAFTING SITE

Due to the very small concentration of grafting sites,
it is normally very difficult to detect them. An attempt
was made to find out what were the most probable
grafting sites on epoxy resin. Carbon 13 nuclear magnetic
resonance (NM R) spectroscopy was used,6 in which
experiments were run in such a way that the carbons on
the epoxy resin were magnified at the expense of the
acrylic type carbons. Before going to the actual graft
copolymer, a model compound was prepared. The model
compound had the following structure:

Model
Compound

Model
Compound
+ Acrylic
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OH
I

Figure 14-Peek Intenilly 01 the -O-CH.-CH-CH.-O.,.
peak Yllree radical Initiator concentration (Irom 13C NMR data)

were plotted against the free radical initiator concentra
tion (see Figures 14 and 15). Clearly, the peak height
of both -0-CH2- and OR decreased with in-

I
-CH-

creased concentration of free radical initiator, confirm
ing the solvent fractionation to data.

In one experiment, where grafting was carried out
without solvent, there was a significant decrease in the
peak height at the methylene carbon a to the epoxide
group (peak at 28.2 ppm). A plot of free radical initiator
level vs the peak height of the 28 ppm peak using one of
ihe phenoxy carbon peak (73.6 ppm) as internal standard
was made (see Figure 16). In contrast, the peak at 28
ppm actually increased with free radical initiator content,
indicating that there is probably no significant carbon
carbon bond grafting at that carbon atom.

The decrease in the peak for the methylene carbon
a to the epoxide group (peak at 28.2 ppm) after
grafting is probably due to the following reaction.

o
-o-0-CH,-d~H' + HO~-R

OH 0

-0 I II\ j O-CH,-CH-CH,-O-C-R

The 13C NMR spectra of the epoxy resin and the graft
copolymer are shown in Figures 17 and 18. .

MECHANISM OF GRAFTING

From classical polymerization scheme, there is initia
tion, propagation, chain transfer, and termination.

In an idealized case, where transfer mechanism only
occurs to a "Foreign Polymer," that is to say transfer to

\/01. 54, No. 689, June 1982
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OH
I

Figure 15-Pe.k Intenilly 01 the -O-CH.-CH-CH.-O-
l'

peak VI Iree radical Initiator concentration (Irom 13C NMR data)

monomer is negligible, an equation can be derived to
show that the rate of grafting is:

Vr = k, [Prj [R] [M]

Where

[Prj is the concentration of growing polymer chains formed
from the initiator.

[R] is the transfer polymer added to the system
[M] is the concentration of monomer.

Therefore, the highest yields of grafted copolymer
should be obtained under the following conditions:

(I) Increasing concentration of transfer polymer to a
limiting value;

(2) High rates of initiation obtained by (a) increasing
initiator concentration and (b) increasing the polymeri
zation temperature.

/0 .....
Figure 16-Pe.k Intenally 01 the -O-CH.-CH-CH. peak

. t
VI Iree radical Initiator concentration (Irom 13C NMR data)

_5_1_
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Figure 17-13C NMR epoxy ....In
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Figure 18_13C NMR grift copolymer
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Scheme A-Tranlfer with Epoxy Relin Backbone Initially

o OH

o-~-O' +-O~O-CH2-~H-CH2-0~O-

~ o-~-<)H'
OH

-O~O-<;:H-tH-CH2-0--OO0-

/

MonomerM

OH

-O-OVO-TH-~H-CH2-0--OO
. / MMMMM·

so/
Termination by chain transfer with solvent or epoxy resin.

The latter is probably more likely due to proximity
and concentration of the aliphatic hydrogens of the epoxy backbone.

In practice it is not usually possible to take advantage
of these conditions since the majority of polymers have
limited solubility in "foreign" monomer solutions, par
ticularly at elevated temperatures where the high initia
tion rates lead to gelation and phase separation. How
ever, substitution of a resin of low molecular weight for
the conventional backbone polymer of high molecular
weight enables these difficulties to be overcome to a
large extent. Low molecular weight polymers such
as conventional epoxy resins, poly(ethylene glycols),
poly(methoxy acetals), etc., are readily soluble in such
monomers as methyl methacrylate, styrene, vinyl ace
tate, etc., to give high concentrations of "grafting poly
mer." Even at comparatively high rates of initiation these
systems in many cases remain completely compatible
and polymerization can be taken to complete conversion
without phase separation on a macroscale.

There are numerous examples in the literature "s",12
where free radicals are generated on the polymer back
bone followed by grafting ofmonomer onto the polymer,
i.e., initiation of monomer occurring after chain transfer
reaction. For example: in grafting monomer onto poly
ester fiber, active centers seem to be created by direct
hydrogen abstraction from the polyester molecules by
the primary free radical species benzoyloxy radical or by
the secondary free radical species phenyl radical. Benzoyl
peroxide (BPO) was used as initiator. There was no
mention of benzoic acid or benzene formation. The other
mechanism mentioned was by oxidizing the polyester
to hydroperoxide at several points along the chain in a

Vol. 54, No. 689, June 1982

random manner. The hydroperoxide decomposes into
the active form at high temperature to produce ultimately
macroradicals, one of which may be represented as

o 0

-l-0 -l-O-CH-CH,-

These radical sites permit attachment of monomer
molecules which may grow into short chains. This is an
example of "grafting from,,2 process where the free
radical (or other active site) is generated on the backbone
and subsequently it initiates the polymerization of mono
mers to produce branches. The other grafting process is
the "grafting onto" where a growing free radical (or
other active species) attacks another preformed polymer
preferentially carrying suitable substituents and, thereby,
producing a branch on the preformed backbone.

Graft epoxy-acrylic copolymer prepared with iree
radical initiator is an example of the "grafting from"
process. In the case where benzoyl peroxide was used
as the free radical initiator, it is determined that about
77% of the free radical initiator instead of causing initia
tion of monomers, chain transfer with the epoxy resin
backbone, followed by the "grafting from" of monomers
onto the epoxy resin. Benzoyl peroxide is known 'o to
decompose mostly (90%) to the benzoyloxy radical and
(10%) phenyl radical. Mechanisms of grafting can be
demonstrated in Schemes A and B.

There is probably a very small amount of Scheme B
present as the aliphatic protons of the epoxy resin are

53
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SCheme B-Transfer with Butyl Cellosolve Inillallll

/O-CH,-CH,-OH

CHJ-CH,-CH,-CH"lM),_M MMMM-H

Termination of the
acrylic copolymer
by chain transfer
with solvent or
monomer

OH

--O-O-<;H-~H-CH'--o-OOO-

j Monomer M

Grafted Copolymer

O-CH,-CH,-OH
, /.

CH"-CH,-CH,-CH",,

(M)"-MMMMM-H

+
CH,-CH,-CH,-<;:H-O-CH,-CH,-OH

Table 14-Epoxy-Acryllc Graft Copolymer Composltlon

much more activated towards free radical abstraction
than the hydrogen of the 2-butoxyethanol-1.

The 23% of the benzoyl peroxide that did not chain
transfer would initiate polymerization of monomers to
form ungrafted styrene methacrylic acid copolymer. This
could be part of the reason that the ungrafted or free
styrene methacrylic acid copolymer is of higher molecu
lar weight than that of the styrene methacrylic acid
copolymer made under the same conditions in the
absence of the epoxy resin. This lower amount of free
radical initiator would result in a higher molecular weight
copolymer. The other reason is possibly due to viscosity
effect, such as Trommsdorfeffect where higher molecular
polymer is obtained due to lesser chance of termination
in a more viscous medium (i.e., in the presence of high
molecular weight epoxy resin).

From the data generated so far, an attempt was made
to determine the epoxy-acrylic graft copolymer compo
sition.

Seventy-seven percent of the benzoyl peroxide formed
benzoic acid by hydrogen abstraction. (From Example
III in Experimental)

11.6 x 0.77 "" 9 mmol of BPO is involved in grafting

About half of the epoxy resin and about two-thirds

of the acrylic are free; the grafted composition is now
calculated and listed in Table 14.

Therefore, there are about two grafting sites per epoxy
molecules and each grafted chain consists of ~ 9 acrylic
units. The composition of the acrylic units are roughly
2: I methacrylic acid; styrene or.

x here is roughly equal to 3.
The composition of the grafted copolymer is thus

shown in the following:

Percent grafting efficiency can be calculated to be:

% graftin efficienc = ( monomer grafted )(IOO'1!)
g y monomer grafted + free copolyme~ 0

= (~/20) (100%) = 40%

fO+O OH XC- I - - 0
j ,;) O-CH-CII-CH.-O 2')+O-0-CH,-<1i-CH••

(J CH, CH, )
·H.-l-CH.-CH-eH.-{-
'I'A "

CO.H V CO.H 3

I
17
2

Ratio

5
87
9

Greft
Composition

mmol

Epoxy 10
Acrylic 218
Benzoyl peroxide 11.6

Starting
Composlllon

mmol
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The apparent degree of grafting l' is defined as:

G = [(W-Wo){wo) X 100

G: apparent degree of grafting as a percent
Wo: weight of sample before grafting

W: weight of sample after grafting

For the epoxy-acrylic graft copolymer, the apparent
degree of grafting is:

~
free epoxy + graft epoxy-acrylic COPOIYmer~

G = - epoxy before grafting (100%)
epoxy before grafting

= (MM;~O ) (100%) = 10%

Anchor/graft ratio based on molecular weight is:

MM5M
A/G=rn= 10.7

SUMMARY

Synthesis of epoxy-acrylic graft copolymer using free
radical means was described. Characterization of the
graft copolymer by solvent extraction indicated that the
graft copolymer is consisted of the following: (I) 47% of
the epoxy resin is ungrafted; (2) 61% of the acrylic mon
omer polymerizes to form acrylic copolymer; and (3) 39%
of the acrylic monomer is grafted onto 53% of the epoxy
resin.

Characterization of grafting sites on the epoxy resin
by NM R spectroscopy indicated that grafting takes place
at the aliphatic carbon atoms of the epoxy resin.

The mechanism of grafting was discussed. The mecha-
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nism follows the "grafting from" process in which a free
radical is generated on the epoxy backbone and subse
quently it initiates the polymerization of monomers to
produce branches. The composition of the epoxy-acrylic
graft polymer is also discussed. For each epoxy resin
molecule, ~ 8000 molecular weight, there are about two
grafting sites. Each grafted acrylic chain consists of 828
molecular weight.

The epoxy functionality is not necessary for grafting,
as a graft copolymer can be made with a Bisphenol-A
terminated epoxy resin.
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Conductivity Control of Cathodic
Electrocoating

W.S. Springer, G.G. Strosberg, and J.E. Anderson
Ford Motor Company'

The conductivity of an automotive cathodic electro
coat bath was controlled by purging concentrate
from a reverse osmosis (RO) unit. The RO unit
separated ultrafiltrate into concentrate, which was
segregated for waste treatment, and permeate,
which was returned to the electrocoat system. This
process reduced the volume requiring waste treat
ment by approximately 60%. Procedures were de
veloped to reduce membrane fouling with its conse
quent decrease in permeate output. These included
periodic chemical cleaning of the RO membranes
and continuous pH control of the ultrafiltrate feed.
Through the use of these procedures, the RO unit
provided satisfactory performance during a year of
operation.

INTRODUCTION

The cathodic electrocoat process (electrodeposition of
paint at cathode) is now widely used to apply primer to
automotive bodies. I Ultrafiltration, a membrane separa
tion process, plays a key role by providing good
utilization of the paint materials and by removing
contaminants from the electrocoat bath. 2 Ultrafiltrate
(permeate) is extracted from the electrocoat bath by
pumping the bath past semipermeable membranes which
allow water and ionic species to pass while retaining the

-Manufacturing Proce~ laboratory. 24500 Glendale Ave.• Detroit. Ml 411239.
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pigment and large molecular weight resin particles. The
ultrafiltrate is essentially water which contains solubilizer,
other ionic materials, solvents, and low molecular weight
«18,000 M.W.) resins. The ultrafiltrate is normally used
in a counterflow spray rinse system after electrodeposi
tion to rinse off and return paint solids to the electrocoat
bath. A portion of the ultrafiltrate is discarded (purged)
to control bath conductivity. However, this ultrafiltrate
purge has a high biochemical oxygen demand (BOD) and
in some localities, discharge to the sewer system is either
severely limited, subjected to a surcharge, or prohibited.
In these areas, the purged material is hauled away by a
licensed waste treatment contractor for disposal at an
approved site.

Preliminary work at the Ford Motor Company's Ohio
Truck Plant in 1978 and 1979 indicated that the volume
of ultrafiltrate requiring treatment could be reduced by
using reverse osmosis (RO) to extract from the ultrafil
trate an RO permeate which is returned to the rinse
system.)

Reverse osmosis, like ultrafiltration, is a membrane
separation process. In reverse osmosis, the application of
external hydrostatic pressure across a semipermeable
membrane causes water to flow from a more concen
trated to a more dilute solution.' In contrast to
ultrafiltration membranes, which pass dissolved inor
ganic salts, RO membranes reject the passage of ionic
species. In the present application, both ions and paint
residues are rejected. Therefore, the solution passing
through the membrane contains water and low molecular
weight organic solvents. Since the ionic materials are
rejected and retained in the RO concentrate, discharge of
this material controls bath conductivity.
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Table 1-Purge Volumes With end Without Reverse
Osmosis Treetment

PURGE MATERIAL ULTRA FILTRATE RO CONCENTRATE

TEST PERIOO (WEEKS) 5
FEED USED

LITERS 144,981 172,895
(GALLONS) 38,304 45,679

CONDUCTIVITY (fLmho)
START OF PERIOD 1,370 1,340
END OF PERIOD 1,420 1,333

PURGE
LITERS 162,755 116,192
(GALLONS) 43,000 30 ,698

RATIO (PURGE/FEED) 1.12 .67

Figure 1-Reverse osmosis location 'within electrocoat system

• PERMEATE F~W

• CONCENTRATE ~w

ST. THOMAS RO UNIT

p.ath to a perforated tube centered in the module. Since a
smgle pass of ultrafiltrate through the unit would provide
low recovery (permeate flow!feed flow) some of the RO
concentrate is recycled. Figure 2 illustrates the arrange
ment of the pressure vessels within the unit, and also
show~ the auxiliary cleaning tank and pump which
permil a "clean in place" (CIP) treatment of the
!Dembranes. An acid feed pump permits metering acid
mto the feedstream to maintain the feed pH at a preset
value.

During the one-year test period, SI. Thomas Assembly
Plant personnel daily recorded operating data, and these
data w~re collected weekly, along with samples, during
the penods set aSide for investigation of various cleaning
methods. The samples obtained were subsequently
analyzed at the Ford Research Laboratories.

After start-up, the initial period of RO operation was
use~ to e~aluate its effect on the electrocoat process, and
to mvestlgate various cleaning methods. The most
suit~ble :-vere (I) a CIP procedure using a solution of 5%
la~l1c. aCid and 5% detergent in deionized water and (2)
mJectlon of mmute amounts of acetic acid into the feed
stream during normal processing of ultrafiltrate to
maintain the feed pH at 5.0 (± 0.2).

Once the preferred operating parameters were estab
lished,. the unit. was usually operated each production
day, With the aCid pump used to maintain the feed pH at
5.0. The daily operating time was adjusted to provide the

.~
if

~
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Figure 3-Reverse osmosis flow rates
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EXPERIMENTAL

An Osmonics® RO unit (Model 880-43-SS978) was
placed in service at the Ford Motor Company's SI.
Thomas (Ontario, Canada) Assembly Plant on Novem
ber 27, 1979. Its location within the electrocoat system is
shown schematically in Figure I. Ultrafiltrate, stored in a
holding tank, is the inlet feedwater for the RO system. A
portion of this feed stream passes through the semi
permeable RO membranes under the application of
hydrostatic pressure. This stream, the RO permeate
co~tains substantially lower concentrations of pain~
residue and inorganic species than the ultrafiltrate
feedstream. The remaining portion of the feedstream that
did not pass through the RO membrane becomes RO
concentrate. The present equipment uses cellulose ace
tate membranes that have a rated capability for 97% salt
rejectIOn for a 1000 mg!l saline solution. A 2758kPa (400
psi) hydrostatic pressure was used. The membranes are
packed in spiral wound modules, each having a 102mm
(4m.) diameter and a 99lmm (39in.) length and
containing 5.1 m' (55ft') of membrane area. Th~ four
pressure vessels in the RO unit each hold four modules in
se,ries, providing 16 modules in the unit with 76.5 m' (880
ft ) of membrane area. In these modules the permeate,
after passmg through the membranes, follows a spiral

Figure 2-Arrangement of pressure vessels in reverse osmosis
unit

Journal of Coatings Technolog.~~



CONDUCTIVITY CONTROL OF CATHODIC ELECTROCOATING

Table 2-Analy... of RO Flow Stream.

FLOW: FEED PERMEATE CONCENTRATE ... RECOVERY

UTERS/MIN. 1'-.8 ..7 6.1 ••GALLON S/MIN. ..• ,.. 1.6 ••
ANALYSES; FEED PERMEATE CONCENTRATE ... REJECTION

NON-'tQ.ATILE ("If.) ... .0' .66 7'
ACETIC ACID l"JCol .097 .04" .113 ••,- 4.80 3.70 5.10 -
CONDUCTIVITY (jotll'lllo) .'0 ". 1500 .6

CALCIUM (mQtll 6.' 0.' '.0 .,
LEAD (",gIl) 240 ... 4.. .7
SILICON (m;lI) .7 7 ., .,

WILLIAM SPRINGER obtained a B.S. in
Chemical Engineering in 1949. from Mich
igan Slate University. Following gradua
tion, he was employed by the Michigan
Water Resources Commission. and then
as a plating chemist for Union Steel Pro
ducts Co. Mr. Springer joined Ford Motor
Co. in 1955 as a plating process engineer.
His present assignment is the develop
ment of new electrocoat materials and
processes with the Manufacturing Pro
cesses Laboratory of Ford's Engineering
and Research Staff.

RESULTS AND DISCUSSION

desired effect on the conductivity of the electrocoat bath.
On some occasions the RO unit was idle due to
production downtime, or to facilitate comparisons of the
electrocoat process with and without RO use.
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effectively removes ionic materials and paint resin
constituents from the ultrafiltrate. Table 2 contains
typical analyses of the three RO flow streams. The feed
pH of 4.80 indicates that the acid feed system was in use
when these samples were collected. The low levels of
nonvolatiles (resin), conductivity, and cations in the RO
permeate show that these materials were effectively
rejected by the membranes and retained in the RO
concentrate. During the one-year trial period, no adverse
effects were noted from the return of RO permeate to the
rinse system (and thence to the electrocoat bath). This
returned permeate also decreased solvent and deionized
water additions required for the electrocoat bath.

JAMES E. ANDERSON received a B.S. in
Chemistry from Union College in 1960
and a Ph.D. in Physical Chemistry from
Princeton University in 1963. He held a
Post-Doctoral appointment at Bell Tele
phone Laboratories before joining the
Ford Research in 1965. Dr. Anderson
received a Humboldt Fellowship in 1975
and spent a year at the Max Planck
Institut fUr Biophysik in Frankfurt, Ger
many. He has served on the Editorial
Board of the JournalofMembrane Science
since 1977. Dr. Anderson is presently in
the Fuels and Lubricants Department of
the Ford Engineering and Research Staff.
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Table I provides a comparison of purge volumes for
electrocoat operation with and without reverse osmosis
treatment. The first volume represents discharged ultra
filtrate; the second, RO concentrate. Both sets of data
were collected over five-week intervals while bath
conductivity was stable. A useful measure of the
efficiency of the RO process is the ratio of purge volume
to the volume of paint feed added to the electrocoat bath.
The experimental ratios were (a) 1.12 without ROand (b)
0.67 with RO treatment. Ideally, this ratio should be as
low as possible to minimize waste haulaway and
treatment costs. It is. limited by (a) mass balance
constraints on water in the electrocoat process and (b)
reversible fouling of the RO membrane under operation
at fractional recovery > 60%.

Control of the ultrafiltrate pH is instrumental in
producing a stable permeate output. From May 30 to .
August 9, 1980, the RO unit was used on 30 days for an
average of 12.3 hours daily. 58.7% of the feed processed.
during this period was returned to the rinse system as RO
permeate. Figure 3 is a graph of the RO flow rates for this
period when the feed pH was maintained at 5.0 (±O.2).
This was accomplished automatically with controlled
additions of acetic acid. The beneficial effect of the lower
feed pH level is probably due to increased solubility of
lead salts at the lower pH. Although other acids could be
used for pH adjustment, acetic acid was selected because
it also serves as the solubilizer in the electrocoat bath.
Since excess solubilizer is continually removed from the
bath through the anolyte system, the small amount of
acid returned to the bath in the RO permeate does not
adversely affect the solubilizer balance. In addition to
maintaining the pH of the feed at 5.0 (±0.2), on one
occasion during this period (July 24), a CIP treatment
was carried out for one hour, using a solution of5%lactic
acid and 5% detergent in deionized water. This treatment
improved the permeate output from 8.3 to 9.8 1/m (2.2 to
2.6 GPM).

Extensive analytical data indicate that the RO unit
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CONCLUSIONS

The conductivity of a cathodic electrocoat bath can be
controlled by purging RO concentrate derived from the
ultrafiltrate normally purged. The RO permeate can be
returned to the electrocoat system, thereby, reducing the
volume of waste requiring treatment. The use of acetic
acid for pH control of the RO feed is effective in
maintaining stable permeate output in such a system.
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Sis Cyclic Urea Compounds as Masked
Aliphatic Isocyanate Curing Agents

For Baking Enamels

Philip W. Sherwood
The Upjohn Company'

Bis cyclic urea compounds dissociate upon heating
without the release of volatile by-products to
produce aliphatic diisocyanates. The use of these
compounds as curing agents for baking enamels
formulated from hydroxy-functional coating resins
is currently being evaluated. Sprayable solution
coatings have been formulated using N,N'-azelaoyl
bis(trimethylene urea) ["aze/aoyl BCU"] in com
bination with commercially available acrylic and
epoxy resins. The properties of coatings cured with
azelaoyl BCU are presented. The effects of cata
lysts, cure time, curetemperature, and urea concen
tration on coating properties are presented and
discussed.

INTRODUCTION

Blocked aliphatic diisocyanates are used in light stable
one-component polyurethane coating systems. Examples
of such systems are baking enamels and powder coatings.
Blocked isocyanates are commonly produced by reacting

• Donald S. Gilmore Laboratories. North Ha\-'en, CT 06473.
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the free isocyanate with active hydrogen-containing
compounds, notably oximes, phenol, and ~-caprolactam.

Heating of the blocked isocyanate regenerates the free
isocyanate, but the blocking agent is released as an often
undesirable volatile by-product (Figure I).

Bis cyclic urea compounds, with the general formula
presented in Figure II, thermally dissociate to produce
aliphatic diisocyanates without the formation of volatile
by-products. l This process is illustrated in Figure Ill.
The formation of isocyanate groups from these com
pounds has been confirmed by infrared spectroscopy and
by trapping with alcohols to produce the biscarbamates.'

The use of bis cyclic ureas as thermally activated
isocyanate curing agents for coating systems based on
resins containing pendant hydroxyl groups is currently
under study. N,N'-azelaoyl bis(trimethylene urea) ["aze
laoyl BCU"] (Figure IV) has been selected to illustrate
this application of bis cyclic urea compounds and is the
subject of this paper. The pertinent chemical and physical
properties of azelaoyl BCU are presented in Table I. The
coating resins used were commercially available h'ydroxy
functional acrylic and epoxy resins, and are summarized
in .Table 2.

Although all of the coatings described in this paper
were prepared as solution vehicles, powder coating
formulations have also been prepared. The use of bis
cyclic urea compounds in powder coatings will be the
topic of a future report.
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RNeo· HoD Table 2-Commerclally Available Hydroxy-Functional
Acrylic and Epoxy Coating Resins

Trade Name Realn Type PhYllcal Form

Hydroxyl
Equivalent

Weight
(on solidI)

R = Alllyl.n., Aryl.,.. n Eo 2

G-Cure@867 Acrylic
Coroc@ A2500M Acrylic
Polytex@ 975 Acrylic
Araldite@ GT-7074 Epoxy
Epon@ 1007F Epoxy

Solution-60% N.V.
Solution-60% N. V.
Solution-70%N.V.
Solid
Solid

600
374
365
340
314

II

III

EXPERIMENTAL

Coatings Preparation, Appllcallon,
Curing, and Shelf Stability

The coatings described herein were prepared as
solution vehicles. The azelaoyl BCU, exhibiting low
solubility in the solvents used (Table I), was incorporated
by ball milling. Unless otherwise stated, all coatings were
prepared using a stoichiometric quantity of azelaoyl
BCU based on the hydroxyl content of the coating resin
(i.e., I:} NCO/OH).

All formulations were pigmented white using an
enamel grade of titanium dioxide at a level of 50% Ti02

by weight of binder (i.e., coating resin + azelaoyl BCU).

Table 1-Chemlcal and Physical Properties of Azelaoyl BCU

Chemical formula C17 H"N,O,
Molecular weight 352
NCO Equivalent weight 176
Melting range 108 - IlOoC
Approximate solubility at 25°C .

Solvent g/IOOg Solvent

Methyl ethyl ketone 17
Methyl n-amyl ketone 3
Ethyl acetate 6
n-Ilutyl acetate ...........................•........ 2
Ethylene glycol monoethyl ether acetate ....•.......... 14
Toluene. xylene < I
Diethylene glycol dimethyl ether ..........•...•...... 33
Ethylene glycol monoethyl ether 80

A typical azelaoyl BCU-eontaining white acrylic
coating formulation is presented in Table 3.

The coatings were applied using conventional air
atomization spray equipment onto zinc phosphate
(Bonderite@ 880) treated cold-rolled steel test panels.
After allowing 10 to 20 min for solvent evaporation, the
coatings were cured in a circulating air oven that was
temperature controlled to ±0.5° c.

The film thickness of the cured coatings averaged two
mils (50 j.lm).

None of the azelaoyl BCU-containing solution vehicles
showed any significant changes in viscosity after six
months storage at room temperature. BCU settling upon
storage did occur, but redispersion was readily accom
plished via hand stirring or mechanical shaking.

Test Procedures

The cured coating films were evaluated using the
following test methods:

PENCIL HARDNESS: Pencil hardness was evaluated
per ASTM D3363-74. Results are reported as gouge
hardness/scratch hardness, where gouge hardness
is the hardest lead that does not cut through the
coating while scratch hardness is the hardest lead
that will not mar the surface of the coating.

MEK RESISTANCE: MEK resistance was determined by
applying six to eight drops of methyl ethyl ketone onto
the surface of the coating and covering with a one-inch
watchglass. After a five-minute exposure period, the
films were checked for solubility (manual rub). Insoluble

Table 3-Typical Azelaoyl BCU-Conlalning Solution
Coating Formulation

Partl by WI.

Acrylic resin solution (60% Non-Volatile)' ...•....... 100.0
Azelaoyl BCU 17.6
Enamel grade TiO, 38.8
Solvents h ••••••••••••••••••••••••••••••••••••••••• 38.0

194.4

Percent by WI.

Binder solids content ...........•................... 40%
Total nonvolatile content 60%

(a) G-Curc8 K67.
{bl 2:1 (w:w) Methyl ethyl kctonl"l:thylcnc glycol monoclhyl ether acetate.
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BIS CYCLIC UREA COMPOUNDS

Table 4-Propertles of Acrylic and Epoxy Based White Coatings Cured with Azelaoyl BCU'

Impact Resistance
Conical Mandrel In . Ib (Joule)

Coating Pencil MEK Flexibility
Coetlng Type Hardne.. Resistance Inch (mm) Reverse Direct

867/ Az.laoyl BCU ............ Acrylic 4H/F <6B <1/8«3) <I «0.1) 10 (1.1)
A25OOM/ Az.laoyl/ BCU ....... Acrylic 4H/H8 <68 <1/8«3) 60 (6.8) 120 (13.6)
975/ Az.laoyl/8CU ............ Acrylic 3H/8 <68 <1/8 «3) 10(1.1) 25 (2.8)
GT-7074/ Azelaoyl 8CU ........ Epoxy 6H/F 6H/F <1/8«3) 40 (4.5) 100 (11.3)
1007F/ Azelaoyl 8CU .......... Epoxy 6H/F 6H/F <1/8«3) 60 (6.8) 120 (13.6)

la) All cuating~ cOnlaincd It;, dibul}'llin dilaur<llc l'Hitly~1 by weight 01 n:)in lootid> and were cured lor 30 min at 115°C.

Table 5-Adheslon of Acrylic and Epoxy Based White Coalings Cured with Azelaoyl BCU'

Adhesion

Coating Coating Type
Untreated

Cold· Rolled Steel
Zinc Phosphate Treated

Cold·Rolied Steel
Alodlne Treated

Aluminum

867/Azeiaoyl BCU .............•...... Acrylic
A2500M/ Azelaoyl BCU .....•..•....... Acrylic
975/ Atelaoyl 8CU Acrylic
GT-7074/ Azelaoyl BCU ....••.......... Epoxy
1007F/Azelaoyl8CU Epoxy

4B
5B
58
5B
5B

48
5B
58
58
58

48
48
4B
5B
5B

la) All coating> l"Ontaiocd j1it JibulyJ tin dilauratc cala]}'>l by .... eight Ill' rc~in lIoulidlio and .... ere l;url'u lor.10 min al 175"C

films were immediately tested for pencil hardness per
ASTM 03363-74. Pencil hardness results are reported in
gougelscratch hardness values as indicated above, but
films which were MEK insoluble yet soft enough to
crumble under a 6B lead are rated "<6B."

FLEXIBILITY: Flexjbility was determined using a conical
mandrel per ASTM 0522-60. Results are reported as the
smallest mandrel diameter, to the nearest 1/8-inch
(3mm), at which coating failures such as cracking or
crazing are not observed. The minimum diameter of the
mandrel used was 1/8-inch (3mm) and the maximum was
one inch (25mm). Films which did not fail this test are
rated < 1/8" «3mm), and films which failed throughout
the bend area are rated> I" (>25mm). The thickness of
the test panels used for flexibility determinations was
0.010" (0.25mm).

IMPACT RESISTANCE: Impact resistance was determined
per ASTM 02794-69 using a Gardner Heavy Outy
Impact Tester, Model No. IG 1120. Values for both direct
and reverse impact are reported in inch' pounds (Joules).
The thickness of the test panels used for impact
measurements was 0.020" (0.51 mm).

ADHESION: Coatingl substrate adhesion was deter
mined using the cross-eut tape test (Method B) of ASTM
03359-78. Scotch® Brand Tape No. 810 was used, and
results are reported on a scale of 5B (best adhesion) to
OB (worst adhesion) in accordance with the descriptions
outlined in the ASTM procedure. In addition to assessing
adhesion on zinc phosphate treated cold-rolled steel test
panels, coating adhesion on untreated cold-rolled steel
and alodine treated aluminum (3003 H 14 alloy) test
panels was also measured.

RESULTS AND DISCUSSION

The properties of various acrylic and epoxy based
white coatings cured with azelaoyl BCU are listed in
Table 4. These coatings are hard, flexible, and insoluble
in methyl ethyl ketone. Impact resistance is varied. These
films also exhibit good adhesion to both untreated and
zinc phosphate treated cold-rolled steel and to alodine
treated aluminum substrates, as shown by the data in
Table 5.

Organometallic urethane catalysts reduce the time and
temperature required for effective curing of coatings

Table 6-Pencil Hardness of Azelaoyl BCU Cured White
Acrylic Coatings as a Function of Dibutyltin Dilaurate

Catalyst Concentration" b

A. Cure Temperature-175°C

Cure Time No DBTDL 0.5% DBTDl 1.0% DBTDL

5 minutes HB/B F/H8 H/H8
15 minutes H/HB 4H/HB 4H/F
30 minutes 2H/H8 4H/F 4H/F

B. Cur. Tlme-30 Minutes

Cure Temp. No DBTDl 0.5% DBTDl 1.0% DBTDl

160°C H/H8 2H/H8 3H/H8
168°C 2H/HB 4H/H8 4H/F
175°C 2H/H8 4H/F 4H/F
185°C 2H/HB 4H/F 4H/F
195°C 4H/F 4H/F 4H/F

(a) Acrylic resin UM.'<i wa~ (j·Curc llo lStl7.
(b) Din DL l'3tal}SI conccnlroltion IS cxprc))Cd OIS percent by v.cight 01 resin sollth.
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Table 7-Propertles ola White Acrylic Coating Cured with Azelaoyl BCU a. a Function 01 Cure Time and Cure Temperatureo,.

150·C 160·C 168·C 175·C 200·C

Pencil
Cure Time Hard"...

MEK
Resist.

Pencil
Hard"en

MEK
Re.lst.

Pencil
Hardness

MEK
Reslat.

Pencil
Hardne..

MEK
Resist.

Pencil
Hlrdne••

MEK
ResIst.

5 min (Not Tested)
15 min HB/HB Soluble
30 min........ F/HB <6B

BIB
F/HB

3H/HB

Soluble
<6B
<6B

HB/B
2H/HB
4H/F

Soluble
<6B
<6B

F/HB
4H/F
4H/F

<6B
<6B
<6B

4H/F <6B
4H/F <6B

(Not Tested)

(a) Acrylic resin used was G-Cure@ ~67.

(bl All coatings contained 1% dibutyltin dilauratc catalysl (by W1. R.S.).

Table 8-Propertle. 01 a White Epoxy Coating Cured with Azelaoyl BCU a. a Function 01 Cure Time and Cure Temperatureo,.

5 min (Not Tested)
15 min ,. FIB Soluble
30 min 2H/F <6B

160·C

6H/F FIB
6H/F 6H/F

(Not Tested)

150·C

Pencil
Cure Time Hardnea.

MEK
Re.'.t.

Pencil
Hardne..

FIB
5H/HB
6H/HB

MEK
Resist.

Soluble
<6B

3B/3B

168·C 175°C

Pencil MEK Pencil MEK
Hardn... Real.t. Hardn... Resist.

F/HB <6B H/HB <6B
6H/HB 6B/6B 6H/F FIB
6H/HB 2H/B 6H/F 4H/HB

200·C

Pencil
Herdn.,.

MEK
Re.lst.

(8) Epoxy resin used was Araldite@ GT-7074.
(bl All coatings contained 1% dibulyltin dilaurate catalysl (by wI. R.S.l.

Table 9-Properties 01 a White Acrylic Coating
As a Function 01 Azelaoyl BCU Concentration 0,.

(a) Acrylic n:sin used was G-Cufc@867.
(b) All coating~ contained 1% dibutyhin dilauratc calalyst by WI. R.S. and were cured for

30 min at J75°C.

containing azelaoyl BCU. This is illustrated in Table 6
which lists the pencil hardness values of azelaoyl BCU
containing white acrylic coatings cured for different
times and temperatures as a function of dibutyltin
dilaurate (DBTDL) catalyst concentration. At a cure
temperature of 175°C (Table 6,A), maximum film hard
ness (4H/F) is achieved within 15 min with 1% DBTDL
versus 30 min with 0.5% DBTDL. Without catalyst, a
cure time greater than 30 min is required to produce
maximum film hardness at a cure temperature of 175°C.

Similarly, for a cure time of 30 min (Table 6,B), maxi
mum film hardness (4H/ F) is achieved at 168°C with 1%
DBTDL versus 175°C for 0.5% DBTDL. Without cata
lyst, a minimum temperature of 195°C is required to
produce maximum film hardness for a 30-minute cure
time.

Other organometallic compounds such as dibutyltin
bis(2-ethylhexanoate) and zinc octanoate have been

Conical Mendrel
Pencil MEK Flexlblilly

Hardne.. Re.lstance Inch (mm)

>30 min @ 150°C
30 min @ 160°C
15-30 min @ 168°C
15 min @ 175°C
5 min @ 200°C

This can be seen from the data in Tables 7 and 8 which
list pencil hardness and MEK resistance values for
acrylic- and epoxy-based white coatings cured with
azelaoyl BCU (1% DBTDL). Despite the differences in
film properties arising from differences in the base resins,
both coatings are effectively cured under the same time
and temperature conditions.

While all of the property data reported thus far have
been generated from coating systems in which a stoichio
metric quantity of azelaoyl BCU based on resin hydroxyl
content was used, acceptable film properties may be
obtained with less-than-stoichiometric quantities of
azelaoyl BCU. This is illustrated in Table 9, which lists
the properties of a white acrylic coating as a function of
azelaoyl BCU concentration. These data show that the
properties of the film cured with 50% urea are identical to
those of the film cured with the stoichiometric amount
(100%) of urea.

shown to be effective catalysts for coatings cured with
azelaoyl BCU.

Tertiary amine urethane catalysts, such as triethylene
diamine (DABCO) and N,N'-<Iimethyl cyclohexyl amine
do not significantly affect the cure rate of coatings cured
with azelaoyl BCU.

The minimum conditions required for effective curing
of azelaoyl BCU containing coatings with one percent
dibutyltin dilaurate catalyst are approximately:

>1 (25)
>1 (25)
3/4 (19)
<1/8 «3)
<1/8 «3)
<1/8 «3)
<1/8 «3)

Soluble
<6B
<6B
<6B
<6B
<6B
<6B

o F/HB
20 2H/HB
30 3H/HB
40 4H/HB
50 4HJF
75 4H/F

100 .4H/F

Azelaoyl BCU
Concentration

('to 01 Stoichiometric)
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PHILIP W. SHERWOOD received his B.S.
Degree in Chemistry from Fairfield Uni
versity and his M.S. Degree in Organic
Chemistry from Worchester Polytechnic
Institute. He has previous experience in
the development of specialty polyure
thane and f1uoroelastomer coatings for
the aerospace industry, and is presently
with The Donald S. Gilmore Laboratories'
of The Upjohn Co., North Haven, CT,
specializing in the development of coating
systems.

SIS CYCLIC UREA COMPOUNDS

Iyzed coating systems range from 30 min at 1600 C to five
min at 2000 C. Coatings formulated using less-than
stoichiometric quantities of azelaoyl BCU based on the
hydroxyl content of the base resin have demonstrated
good retention of properties relative to the same coatings
formulated using a stoichiometric quantity of azelaoyl
BCU.

References
(I) Richter, R.H., Tucker, B.W., and Ulrich, H.,(to The UpjohnCom

pany), U.S. Patent 4,217,436 (1980).
(2) Ulrich, H., Tucker, B., and Richter, R., J. Org. Chern., 43, 1544

(1978).

SUMMARY

N,N'-azelaoyl bis(trimethylene urea) ["azelaoyl BCU'l
thermally dissociates without the release of volatile
by-products to produce an aliphatic diisocyanate which
is capable of crosslinking hydroxy-functional acrylic and
epoxy resins. !=oatings cured with azelaoyl BCU are
hard, flexible, MEK resistant, and exhibit good adhesion
to metallic substrates. Effective cure schedules for cata-
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Society meetIngs

D. H. CLEMENT, Secretary

A moment of silence was observed in
remembrance of Roy G. Landis, formerly
Plant Manager of the Sherwin-Williams
Co., who died on March 5.

Q. Would you recommend the use of
both jlocculants and dejlocculants in a
system?

A. Yes. High gloss top coats generally
need deflocculants. Grinding can be
increased with deflocculants/wetting
agents and the system stabilized once
ground.

Q. Many pigment manufacturers offer
treated pigments. Are additives com
plementary?

A. Yes. Such pigments have good wet
ting properties, but there is an example
of a company grinding treated pigments
in acrylics. No agents were needed to
achieve good grind, but eventually 70
tonnes of paint were scrapped because
of hard settlement. The overall picture
has to be considered.

Mar. 10Los Angeles

Society Past-Presidents in attendance
for Past-Presidents' Nite included: Carl
Howson (1930-31), oldest surviving
Society Past-President and one of the
society's founding fathers; William
Gerhart (1940-41); John Warner (1945
46); Alan Hershey(1961-62); Al Aronow
(1964-65); Trev Whittington (1969-70);
Duke Cromwell (1970-71); Ken O'Mor
row (1975-76); Bob Koperek (1977-78);
Fred Croad (1978-79); Al Seneker
(1979-80); and Don Jordan (1980-81).

President Van Zelm presented Federa
tion certificates to Lloyd Haanstra for
the 1981 Trigg Award for LASCT
Secretarial proficiency and to Robert
Athey for the 198/ Program Award for
second place for the LASCT Technical
Paper presented at the 1981 Annual
Meeting.

Lloyd Haanstra reported for Environ
mental Committee Chairman Jim Elliott
on activities associated with CARB
Architectural Rule 1113. It was reported
that the San Diego AQMD may adopt a
softer stand and yield to a less strict rule
than required previously. Ken O'Morrow
reported on the present waste disposal
posture. He discussed the March
deadline for all generators of hazardous
waste to file a waste disposal report with
the State Board of Equalizations. Also
mentioned was the Hazardous Waste
Super Fund which is intended to collect
$10 million over a 10-year period. Mr.
O'Morrow also stated that the State
Department of Health has requested that
generators must file a report in March to
report all landfill waste disposal
exceeding 1000Kg (approximately 200
gallons) per month. Also noted was that
E.P.A. has advanced its deadline for
liquid hazardous waste disposal in a
landfill from November 1981 to April I,
1983.

Q. Are any companies doing anything
to publicize the waste removal problem?

A. Yes, indeed! Rollins was involved
in a presentation on National Television
regarding this problem.

K. E. TRAUTWEIN, Secretary

Q. How accurate does a company
have to be in characterizing their waste?

A. As complete as possible, and con
sistant with the requirements of the state
as far as characterization goes and class
of materials that are in the waste.

Mar. 15Golden Gate

Q. It is generally felt that the use of
such additives may aflect some proper
ties adversely. For example. the humidity
resistance ofprimers may be lowered. Is
this the case?

A. This is true, in general. To be more
active, additives need to be polar and
therefore moisture resistance will be
affected. A compromise has to be reached
on the level of additions and this level
can best be determined by experiment.

"HANDLING OF HAZARDOUS WASTES"
was presented by Michael L. Markowitz,
of Rollins Environmental Services, Inc.

Mr. Markowitz discussed the types of
waste generated in our industry, and how
they might be handled. He also described
the various services available from an
environmental site, such as Rollins.
The potential disposal methods were
explained, i.e., burning, which comprises
about 10 to 20% of the national waste
removal technique; chemical, physical,
biological removal which encompass
another 20 to 40%; and land disposal
which completes the available technolo
gies at about 60%.

The incineration facility available at
Rollins was described. There are no such
sites available in the state of California,
or on the West Coast, stated Mr.
Markowitz.

Peter Quednau, of Byk-Mallinckrodt,
discussed "WETTING AND DISPERSING
AGENTS FOR NON-AQUEOUS SYSTEMS."

The incorporation of particles into a
binder medium, said Mr. Quednau, is
one of the most expensive processes of
paint making. Wetting and dispersing
agents alter the interfaces of media and
particles in order to speed up or improve
the quality of dispersion. They do this
either by affecting the surface tensions
within the system or by modifying the
stereochemistry or charge repulsion
properties of particles.

Mr. Quednau discussed the dispersion
process which consists of three stages, all
of which take place simultaneously: wet
ting, which is the removal of air from
pigment surfaces and its replacement
with medium; grinding, the mechanical
reduction of pigment agglomerates; and
stabilizing, the effective separation of
particles, avoiding reflocculation of
pigment. The rate of surface wetting
varies directly with the interfacial tension
between particles and medium and
indirectly with the viscosity of the
medium, said Mr. Quednau. Grinding is
brought about by shear-forces in the
medium and these increase with viscosity.

Mr. Quednau stressed the particular
importance of good stabilization of
dispersion. Certain additives, which were
readily ab~orbed onto particles, reduced
the attractive forces and steric hindrance
so keeping particles separate.

Mr. Quednau raised the question of
whether it was always best to have total
freedom from flocculation. In Mr. Qued
nau's opinion, a certain amount of con
trolled flocculation could actually
improve some properties. For example,
the use of expensive pigments and the
need for depth of color and high gloss
made it essential that car finishes be
finely dispersed. But primers and lower
grade finishes could show improved
settlement if controlled flocculation were
carried out, said Mr. Quednau.

Mr. Quednau illustrated that changes
in rheology (affecting film-build) and
surface appearance (reducing Benard cell
formation) could also be brought about
by using the technique.

Birmingham Mar. 4

Honored guest was John Oates, Past
President of the Federation and member
of the New York Society. Mr. Oates
reflected on the special relationship
between the Birmingham Society and the
Federation.
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Philadelphia Society Board Members lor 1981-82 are (Seated lrom lell to right):
Treasurer-Frank Bartusevic; President-Willis Johnston; P.J. Sotorrio; and President
Elect-Ralph Myers. Standing lell to right are: William Georgov; Technical Chairman
Robert Sonntag; Membership Chairman-Philip Reitano; Carl Fuller; Society Repre-

sentative-John Stigile; J. Richard Kieler, Jr., and Barry Oppenheim

Q. Have you successfully solidified
paint sludge with flue dust?

A. Low flash-point ingredients such
as solvents and resins must be incinerated
but water-based products can be dried
and packed with flue-dust and landfilled.

Q. Is incineration practical for latex
paint waste water when the water content
of the waste is 90% or more?

A. No. The waste must be burnable.
Waste of this nature would be landfilled
with chemical or biological pretreatment,
if necessary for the solid portion.

Mar. 18New England

Curtis Fricke, of Fricke Enterprises,
discussed "PROPER SELECTION OF FILL
ING AND SEALING EQUIPMENT."

Mr. Fricke pointed out that in the
manufacturing process packaging can be
a very time-eonsuming operation and if
it is efficiently handled there is poten
tial for great savings.

Mr. Fricke stressed that it is very
important to match the various compo
nents of the packaging operation to run
at compatible speeds. Why have a very
rapid canning process if the filtering step
is abysmally slow, he asked?

Another important consideration,
according to Mr. Fricke, is the cost of the
material and the accuracy of the fill level.
In a gallon can a 1/16 inch overfill repre
sents approximately I% overage. With a
material cost of $2.00/gal for 1,000,000
gallons, this represents a $20,000
material loss. M r. Fricke stated that
automatic packaging is more efficient
and more accurate than semiautomatic
or manual packaging.

The filling equipment must be prop
erly designed and selected for each indi
vidual operation. What may be an out
standing operation for one company may

Q. If laws become too restrictive in
California, how many tons per day can
you take from California?

A. We are now taking waste from
California; such as, solvents, chlorinated
materials, and PCB's. I anticipate that
California will have a commercial incin
erator here someday. Meantime, we can
do so now, if you are willing to ship it
over the Rockies!

EARL B. SMITH, Secretary

Q. Do you plan to deal with nuclear
waste in the future? If so. how would it
be disposed oj?

A. One of the conditions of our state
operating permits at all of our plants was
that we would not handle nuclear waste.
Consideration has been given to incinera
tion at low-level nuclear medicines from
hospitals that contain trace amounts of
radioactivity. No decision has been made
yet.

Q. With whom does responsibility lie
if there is an accident during transporta
tion ofhazardous waste due to: (I) driver
negligence; (2) faulty maintenance of
equipment; and/or (3) an act of God
(flood, earthquake. etc.)?

A. Our contracts provide that we
accept total responsibility when the waste
leaves your plant, provided the waste is
defined. I do not know about an Act of
God, except that title to the waste is mine
and the consequences would lie there in.

Q. Ajier a customer has certified the
content of the wastes. do you still go
through the analysis to confirm it? Does
this not make it exhorbitantly expensive?

A. We would check major parameters
simply for confirmation of the certified
analysis. This is to just avoid errors.

witz. Regulatory and legal issues were
discussed as to ownership, responsibility,
and liability.

Mr. Markowitz discussed personal
protection, fire fighting, clean up and
disposal equipment for employee pro
tection. Labelling is extremely important
for health and safety, stated Mr. Marko
witz.

Mr. Markowitz concluded by stressing
the imponance ofa healthy environment.

Q. You talk quite a bit on the organic
wastes. What about the solids we deal
with-such as. silicas. antimony oxide.
alumina and other inorganic pigments
andfillers? Are these all land-filled? Can
they be treated to assure they won't leach
or blow around as dust?

A. These are perfect land-ftJl chemi
cals. Yes, they can be treated by the Ilue
dust process. Or, they can be treated in a
separate cell in a landfill. Leachate con
trol requires special control of water.
Dust control simply requires ground
cover.

"HAZARDOUS WASTE MANAGEMENT"
was presented by Michael Markowitz, of
Rollins Environmental Services, Inc.

Mr. Markowitz presented a general
discussion on the many aspects of waste
disposal related to preserving a quality
environment for our families and chil
dren.

In the past, manufacturers have been
product oriented and waste has been
ignored, said Mr. Markowitz. Dumping
has been haphazard and at least cost.
Slides illustrated several publicized
dump sites.

Today, RCRA and other Federal regu
lations will be controlling manufacturers
to exercise responsibilities, stated Mr.
Markowitz. These include: (I) waste
generation; (2) storage; (3) transporta
tion; (4) treatment/disposal; and
(5) recovery. Generators must look at
the legal and liability aspects, stressed
Mr. Markowitz.

Mr. Markowitz gave a visual plant
tour by slides of the Rollins regional
facilities and services. He described and
exhibited the waste data sheet for evalu
ating waste and prescribing treatment
methods. Rollins arranges for collection,
transportation, evaluation, and storage
of hazardous waste, said Mr. Markowitz.

The field services provided by Rollins
offer a wide range of disposal methods
arranged by contract. Discussed were:
(I) recovery-5-20% of waste; (2) incin
eration-5-1O%; (3) chemical/physical/
biological-24-45%; and (4) land dis
posal-40-~%. An additional service
of Rollins is deep well injection of
aqueous waste. The field services also
include evaluation of abandoned waste
disposal sites and recommendations for
clean-up, reclamation, and control,
explained Mr. Markowitz.

The legal aspects of the regulatory
requirements, liability, and contractual
agreements were discussed. Good record
keeping is essential, stressed Mr. Marko-
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program and the speakers. David Young,
of Pfizer, Inc., discussed "SELECfION OF
EXTENDER PIGMENTS FOR USE IN
TRADE SALES AND INDUSTRIAL PAINT
COATINGS. ""POLYMER COMPATIBILITY"
was presented by Dr. Eli Pearce, of Poly
technic Institute of New York. "COST
SAVINGS IN THE PLANT AND LAB" was
discussed by Fred Gartenlaub, of New
York Bronze, and Tom Accomando, of
Lehman Brothers.

HERBERT ELLIS, JR., Secretary

R.l. Ensminger, ofNL Chemicals, pre
sented "PIGMENT DISPERSION AND THE
CRITICAL PIGMENT VOLUME CONCEN
TRATION."

Mr. Ensminger stated that he would
explain the physical aspects ofdispersion
as he did not think the wetting of com
mercial pigments is very clearly defined.

Mr. Ensminger defined a primary par
ticle as a pigment particle which is
properly sized for its intended use. The
pigment you receive in a bag is com
posed of primary particles, pigment
agglomerates which are primary particles
loosely held together, and a few pigment
aggregates which are clusters of primary
particles tenaciously held together.

not transfer to your company, he said.
Equipment must be matched to your
operation, to your batch size, and to your
container size.

Mr. Fricke pointed out the six basic
points that comprise the concept for
product unity in selecting filling and
sealing equipment.

(I) Production requirements must be
considered. For example, how many
units per day, what package size, what
product mix, and how many batches
per day'!

(2) Plant layout should be evaluated
for current use and future requirements.
One way flow should be considered and
bottlenecks eliminated.

(3) Training of personnel for safe and
proper handling is essential. Housekeep
ing is also extremely important. A major
cause of malfunction is poor house
keeping.

(4) Versatility of equipment is an
important consideration. If possible
equipment should be chosen that can be
used as often as possible for as many
tasks as possible.

(5) The availability of parts and ser
vice is important to minimize potential
downtime.

(6) Dependability of the equipment
and reliability of the manufacturer
should play an important part in the
selection process.

Northwestern Feb. 2

About the only type of problem
encountered is with the pigment agglom
erates, said Mr. Ensminger. This is what
you are talking about when you talk
about dispersion. It is the breaking down
of these agglomerates so to achieve the
right degree of sheen when you are talk
ing about an extender-the right depth
of blue in the case of a phthalo blue or
the right level of hiding power in the case
of TiO,.

When you talk about pigment disper
sion and wetting you are covering a huge
area. The average surface area of tita
nium dioxide is 14 square meters per
gram or in more visible terms, it would
take the surface area of 25 grams ofTiO,
to cover a football field. So when you are
making 2,000 gallons of paint, calculate
back and figure out what you have to do
to replace all the air that is entrapped
in the pigment bag with the vehicle,
explained Mr. Ensminger.

A small amount of aluminum tri
hydrate is used to alter the normal
behavior of TiO, to improve wetting
and dispersion. Dispersion is the intimate
incorporation of pigment particles into a
suspending media to produce a stable
usable product, explained Mr. Ensminger.

The first step is to wet the pigment. The
rate of wetting is dependent on the fourth
power of the radius, the viscosity of the

Education Committee Chairman Jeff
Kaye introduced the Mini-Workshops

Honored guests included Federation
President Howard Jerome, Executive
Vice-President Frank Borrelle, and
Thomas Kocis, Director of Field
Services.

President Jerome discussed several of
the Federation's current activities and
programs. He urged members to be moti
vated in participating in the Federation,
their Society, and in Technical Com
mittee activities.

Mark Dahlquist, of Elmar Industries,
explained the "WORKINGS OF ROTARY
PISTON FILLERS FOR PACKAGING PAINT
PRODUCfS."

The concept, according to Mr. Dahl
quist, was developed in Scotland and it
has been found to be extremely accurate
in all installations. Mr. Dahlquist claimed
that the overage has been reduced 50%
over other methods in all Elmar installa
tions. With a series of slides showing
filler schematics, he explained the filler
design, and how the rotary piston unit
works. Mr. Dahlquist claimed accuracy
of ± V. fl. oz. per gal, and ±O.I fl. oz.
per quart. Slides illustrated several instal
lations.

N. BRADFORD BRAKKE, Secretary

~Here today and tomorrow
Amo-rphous Silica: the ideal, inert filler/extender
One of Illinois Minerals' 10 grades of amorphous silica is
certain to meet your specs for an inert filler/extender. It's
economical, versatile and, what's equally important,
readily available. Illinois Minerals' 11,000 acre reserve of
this remarkable material is sufficient to meet projected
industry demands for the next 1200 years!

Illinois Minerals produces six air-floated grades of
amorphous silica and four IMSILS~, micronized grades.

If you'd like more information on amorphous silica, the
ideal, inert filler/extender that will be as readily available
tomorrow as it is today, call or write for our NEW bulletin
203.
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The 1981-82 Ollicers for the Pltlsburgh Society are from left to right: Treasurer
Clillord Scholl: President-Elect-William Cibulas: President-Richard Trudel; and

Secretary-Michael Gillen

liquid, and the length of the capillary.
The rate of welling is more difficult with
a high viscosity liquid than with a low
viscosity liquid, said Mr. Ensminger. If
the core radius is very small and it has to
penetrate a long path, it is going to be
difficult to wet the pigment. If you want
fast welling, use a lower viscosity liquid,
suggested Mr. Ensminger.

There are two types of milling equip
ment: smashing operation or smearing
operation, said Mr. Ensminger.

A dispersion is best measured by what
you don't see rather than what you do
see. Even a well-dispersed and defloc
culated pigment will give you the opti
mum physical properties that the pigment
is supposed to impart, but won't neces
sarily give you a practical saleable
product because the well-dispersed
pigment will sellle to a hard layer in the
bollom of the container, explained Mr.
Ensminger. A 110cculate pigment will not
develop its optimum properties however
the package stability will be good. Most
paints will have some kind of a suspend
ing agent to help prevent the selliing.

Mr. Ensminger defined critical P.V.c.
as oil absorption in volumetric terms. It
is the weight of oil sufficient to cover
the surface of the pigment and to fill the
voids between the pigment. The oil
absorption of the various pigments is not
additive. The log of the relative viscosity
is equal to 50% of the pigment volume
divided by the difference between the
critical PV A and the pigment volume,
and will predict what the viscosity of
any pigment system will be by knowing
the critical PVC and the viscosity of the
liquid that you are going to disperse it in.
In water systems the TiO, will require
a dispensing agent. The critical PVC is
an important parameter to know with
respect to hiding power and other
properties of a dried film, however it can
be also useful to you to get the proper
viscosity thru the proper pigment
loading in the dispersion operation,
stressed Mr. Ensminger.

Never try to calculate what a critical

PVC will be as you will be wrong. You
will actually have to make up the physical
mixes and determine the oil absorp
tion and then plot a graph, said Mr.
Ensminger.

Elio Cohen, of Daniel Products Co.,
presented a talk on "FACTORS GOVERN
ING TINTER PERFORMANCE."

Mr. Cohen defined the factors that
govern tinter performance as the mate
rials going into a pigment dispersion; the
dispersing mediums which are designated
as vehicle: additives, pigments, solvents;
the dispersing equipment that does the
work; and the interactions.

Some of the early methods used by
the paint manufacturers to tint paint
were reviewed. In Daniel Products Com
pany's investigation on dispersing the
pigment in a vehicle, they used a solvent
thinnable acrylic resin, said Mr. Cohen.
They used a TiO 1 in one base and non
flocculating noncrystalizing phthalo blue
in another. Both looked good. They
added this tint color to a tint base using
a slow mixer. The result was that the
tinting color did not want to disperse
properly in the tint base, explained Mr.
Cohen. Even by using a high sheer mixer,
it still showed a dirty hue. The tinting
color did not want to disperse properly
in the tint base. It is possible that the
acrylic resin vehicle was not the proper
one for the phthalo blue pigment as the
acrylics may not be good wellers, said
Mr. Cohen. They also tried a long-oil
alkyd and a medium-oil alkyd for the
dispersion vehicle in place of the acrylic
resin. The results were that the medium
oil alkyd was good when freshly pre
pared, but was unacceptable when aged
for a period of time. The long-oil alkyd
didn't behave too badly.

Their next question was-could the
long-oil alkyd be used as a broad tinting
color? The result of course was that it
could not be used in conjunction with
all different types of vehicles such as
short-oil alkyds, styrenated baking bases,
etc., explained Mr. Cohen. This led them

to prepare a special dispersing vehicle us
ing phthalo blue which worked perfectly.
Mr. Cohen cautioned that this type of an
approach isn't universal as he did not
think such a thing is possible yet. He said
that they learned that the dispersing
vehicle can contribute to the development
of pigment contorial strength in the
stability of the tinter. Normally vehicles
designed to produce coatings with a high
degree of exterior durability and chemi
cal resistance lack pigment dispersing
qualities. The trick is therefore to find
vehicle additive combinations which,
when used in normal tinting levels (mean
ing a maximum of 10% addition), work
well in such high performance coatings
without sacrificing exterior durability
and chemical resistance.

The second factor is the pigments, said
Mr. Cohen. They explored this by main
taining the vehicle constant and varying
the pigment. Again, they used the stan
dard dispersing vehicle and phthalo blue
pigments from two different manufac
turers. Slides indicated a difference in the
appearance between the two pigments.
It was apparent that you should be aware
of the fact that pigments from differ
ent manufacturers can affect the film
appearance, noted Mr. Cohen. Even the
easy to disperse pigments are not inter
changeable. He said that when formu
lating tinters one should be aware of
pigment vehicle in tint base interaction,
as it is necessary to evaluate the same
type of pigment from several suppliers
and check carefully how they behave in
a variety of film formers in special dis
persing vehicles. The best pigment is the
one which gives uniform tinter perfor
mance in the greatest number of impor
tant tint bases, said Mr. Cohen. Never
assume that pigments of the same hue
from different suppliers are fully inter
changeable, he said.

The third factor is solvents. Again,
they used phthalo blue and their standard
vehicle. One tinter was let down in min
eral spirits, the other was in xylene. The
one with xylene was harder to break
down but not dramatically. It was shown
that solvents greatly influence the rheol
ogy of tinters which in turn determine
the ease of incorporation, said Mr.
Cohen. The ecology permissiblc solvents
should be evaluated as a single compo
nent and in combination to insure ease
of tinter defusion into a tint base the
thixatrophy factor should be low but not
to the point pigment selliing will occur.
Thixatrophy can be controlled by manip
ulating the solvent and vehicle content
in a tinter. The solvents are also a great
controlling factor in minimizing the
drying out of tinters in part full con
tainers, explained Mr. Cohen.

The fourth factor is the type of mill
ing equipment used in making the dis
persions. The use of high energy milling
may improve how well the pigments go
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into the dispersion. The hue of the pig
ment and the cleanliness will be more
pronounced, which can give you more
latitude in shading, said Mr. Cohen.
Their work indicated that an attritor type
was the better mill to use when they ran
the test using phthalo blue. Better milling
often produces tinters with greater tint
strength, cleaner hue, and trouble-free
incorporation into a base, he said. Finer
grinds lead to less interference with loss
of gloss and less tendency for pigment
settling. Also, it does stabilize the tinter
so that on aging you will have less prob
lems in having that tinting color you
made perform the same way as when it
was made fresh.

Mr. Cohen also pointed out that tinter
interaction is important. It is possible
that when two separate tinter colors
are mixed together yciu will not get a
good color match even though each
individual color looks good. The per
formance of a tinter should never be
judged without also evaluating combi
nations with other tinters in a variety of
tint bases, stressed Mr. Cohen.

HERB DAVIDSON, Secretary

Atomization." This spray gun has been
used to apply conventional, 3.5 VOC,
and water-borne systems. Mr. Walberg
explained the new automatic spray booth
which provides much better filtering
efficiency to prevent particulate emission
and cuts labor costs and booth cleaning
by at least 90-95%.

Ken Coeling, of the DeVilbiss Co.,
presented "ROTATIONAL ATOMIZERS
AND ROBOTS."

Mr. Coeling discussed the DeVilbiss
turbo-bell. He listed limitations of low
speed rotational atomizers: (I) There is
a limit with electrostatics on the conduc
tivity of the paint with the low speed
rotational atomizers; (2) The viscosity
of the paint is limited with the low speed
rotational atomizers; (3) The flow rate
is also limited; and (4) The surface
tension of the paint is limited within a
certain range for successful use on low
speed rotational atomizers. High speed
rotational atomizers operate upwards of
20,000-40,000 rpm as compared to 3600
rpm for the low speed, explained Mr.
Coeling. Most of the atomization is done
by mechanical means. High flow rates
of 1500-1600 grams per minute are
possible. Mr. Coeling claims that any

material that can be pumped can be
atomized with the high speed rotational
atomizer.

Mr. Coeling also gave a brief descrip
tion and overview of the DeVilbiss Trallfa
Robot for automatic spray painting.

Gary Burls and Robert Keown, of the
Nordson Corp., spoke on "AUTOMATIC
AND MANUAL HIGH SPEED EQUIPMENT,"
and "THE AN-8 AND AN-9 SPRAY GUNS
AND POWDER EQUIPMENT," respectively.

Mr. Burls discussed the effect of the
E.P.A. regulations, the economics of
changing to higher solids coatings
advances to atomization, electrical
charging methods, safety methods, and
Nordson's new application equipment.

Mr. Keown discussed powder coatings
which were in use about 1966 with the
fluidized bed powder. Application tech
niques were soon developed by the
Polymer Corp. Powder is projected to
grow at the rate of 10-12% per year,
according to Mr. Keown, with 85 million
pounds to be sold in 1985. The escalated
usage of powder coatings is due primarily
to the E.P.A. Waste Control Standards,
increasing energy costs, and the increas
ing cost of the paint carriers or solvents.

Northwestern Mar. 9

Or, for faster response,
call (312) 222·7913.

The Society sponsored its annual semi
nar entitled, "PRESENT AND FUTURE
EQUIPMENT FOR ECONOMICAL AND
EFFICIENT ApPLICATION OF COMPLI
ANCE COATINGS."

Robert Acker, of Ransbilrg Co., dis
cussed "NEW HIGH SPEED ELECTRO
STATIC EQUIPMENT AND THE REA-3
HANDGUN."

Mr. Acker stressed that emissions
from finishing processes are a function
of film build, area coated, VOC, and
transfer efficiency. The new REA-3
handgun has the capability of handling
paints with as low as .05 megohms resis
tance. The REA-3 gun is designed to be
used either with water-borne or solvent
borne paints, and handles the higher
solids paints, stated Mr. Acker.

Rotational atomizers were discussed.
With the old electrostatic disks which
operated at 3600 rpm, it is not possible
to handle all of the new higher solids
coatings, explained Mr. Acker. This led
Ransburg to develop a new Turbo-disk
that is powered by an air turbine motor
and rotates at 30,000 rpm as compared
to the old electric powered disks that
rotated at 3600 rpm.

"AUTO-STATIC 400 SPRAY GUN AND
THE EFS AUTO ROLL SPRAY BOOTH"
was presented by Arvid C. Walberg, of
the Arvid C. Walberg Co.

The auto-static 400 spray gun utilizes
a 'special method of atomization which
Mr. Walberg called "Conical Film

Improve amine-cured epoxy formulations
with FA® and THFA® alcohols
Use QO® Furfuryl Alcohol (FA®) and/or QO® Tetrahydrofurfuryl
Alcohol (THFA®) in amine-cured epoxy formulations to:
• Reduce Viscosity • Improve Wet-Out
• Achieve Ambient Temperature • Obtain High Solids

Cure • Reduce Volatile Emissions
• Solubilize Curative/Catalyst

Request Bulletin 193 which contains a summary of laboratory
test data.
Write to: Chemicals Division, The Quaker Oats Company,
P.O. Box 3514, Merchandise Mart Station, Chicago, IL 60654.

oo@

CHEMICALS DIVISION
• The Quaker Oats Company
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Rocky Mountain Society Officers lor 1981-82 are Irom left to right: Past-President
Bruce Regenthal; Society Representative-Jim Peterson; President-Steve Crouse;
Treasurer-Louis Garcia; Vlce-President-Don Bagge; and Secretary-Don Shillingburg

A panel discussion was presented by
Bill Biddle, Consultant, Bill Almond, of
NL Chemicals Canada,lnc., Stu Taylor,
of Tioxide of Canada, Inc., and Dennis
Songhurst, .Reichhold Chemicals Ltd.
The topic presented was "Is THE SUPPLY

"AIR AND AIRLESS ELECTROSTATIC
EQUIPMENT" was discussed by Pat
Shaffer, of Binks Manufacturing Co.

Mr. Shaffer stated that all electro
static equipment has problems with
Faraday cages. One of the optimum com
binations of spray guns was the Bink's
air electrostatic spray gun with touch-up
using a conventional spray gun. Binks
also provides a turbo-bell, described as
their electrostatic rotational atomizer
or ERA, that utilizes a power system of
100 kilovolts.

HERB DAVIDSON, Secretary

Mar. 1

J.E. HUSTED, Secretary

Plltsburgh

Donald S. Onnen, of AMF Cuno
Division, discussed "THE WHYS AND
WHEREFORES OF CARTRIDGE FILTRA
TION IN THE COATINGS INDUSTRY."

Mr. Onnen discussed the difference
between filtration and separation. The
disposable or reusable cartridge is widely
used for filtration, said Mr. Onnen.

There are many variables affecting
filter selection. The type of media gives
you surface (like a screen) or depth (par
ticles trapped within). The nature and
amount of contamination, such as dirt,
grit, fibre, and formable gels require
different types of filtration, explained
Mr. Onnen.

The lluid characteristics to be consid
ered, according to Mr. Onnen, include:
liquid or gas, viscosity, temperature, and
compatability. If you double the number
of cartridges, you increase the life three
times at equal total llow rate, stressed
Mr. Onnen.

MICHAEL GILLE, Secretary

conventional air spray, electrostatic, and
printing ink formulations, said Mr.
Oteiza.

Dr. Hugh Smith, of Sun Chemical Co.,
presented "ENVIRONMENTAL UDATE."

Dr. Smith noted that in the 1970'sgov
ernment agencies attempted to control
all areas of the paint industry. However,
the 1980's has started with a willingness
by the government to work with the
industry to reconsider some regulations.
One problem is that under President
Reagan's "New Federalism", new regu
lations will be enacted on the state level
which is greatly inlluenced by members
of the past administration. Each state
could have their own regulations which
would put a terrible strain on the paint
industry, stated Dr. Smith.

He also reported that toxicological
testing of organic pigments for coatings
was being done.

MICHAEL GILLEN, Secretary

Honored guests in attendance included
Federation President-Elect, Clarke A.
Boyce, Executive Vice-President, Frank
Borrelle, and JCT Editor, Robert Ziegler.
Mr. Boyce discussed "Unity of Purpose"
in reference to the Federation. A slide
presentation illustrating current Federa
tion activities was given by Mr. Borrelle.

Ten past presidents were in attendance
for Past-Presidents' Nite.

Pittsburgh Apr. 5

Lee W. Campbell, of Campbell Chemi
cal Co., and Kenneth E. Luyk, of Alcoa
Research Labs, were presented with
25"year membership pins.

Mar. 19Piedmont

"COMPLIANCE-SOLVENT OPTIONS"
was presented by Raul M. Oteiza, of
Dow Chemical Co.

The Federal Clean Air Act of 1970 has
mandated many changes in paint regula
tions to meet emission standards, said
Mr. Oteiza. Primary concern is the con
trol of V.O.C.'s and ozone levels in the
ambient air. One approach paint formu
lators may take, according to Mr. Oteiza,
is the use of select solvents to achieve low
V.O.c. coatings. Two solvents that are
presently growing in use and consumer
acceptance are methylene chloride and
1,1,1 trichloro ethane. These solvents
have very favorable physical properties
such as: no llash point (TCe); thermal
stability to 5000 F; worker exposure
toxicity levels (TLV) of 500 ppm and 350
ppm respectively; high saturation (-8%)
to achieve lower explosion level (LEL);
and miscibility with other solvents. These
chlorinated solvents are unreactive with
metallic process equipment with the
exception of aluminum systems where
pressure, sheer, and temperatures could
be high, explained Mr. Oteiza. Themeth
ylene chloride and 1,1,1 trichloro ethane
have fast dry rates, and do not leave a
residue after evaporation. Application of
these solvents are currently found in
traffic paint, aerosols, rapid dry lacquer,

OF RAW MATERIALS IN SLURRY FORM
ADVANTAGEOUS?"

The panel discussed the criteria used
when supplying a paint company with
needed materials. Most important are
knowing what they are making and in
what quantity. A company has to pur
chase at least 300 tons of an item to make
the use of slurry economically feasible.
It was stressed that there is no one TiO,
that can be supplied in slurry that suits
all formulas. TiO, in slurry form com
prises about 5% of TiO, market. Pres
ently, slurry products are available for
latex systems only.

O. SCHMIDT, Secretary

Feb. 18Pacific Northwest

Norm Fender, of Grayco Robotics
Group, discussed the new airless and air
electrostatic guns that handle high solids
and have transfer efficiencies of 60-70%.
Both guns are fabricated from plastic and
are therefore very light-weight and easy
to handle, explained Mr. Fender. Healso
described the Grayco high speed rotary
atomizer which operates at speeds up
to 60,000 rpm.

Mr. Fender also discussed the Easy
Robot from Grayco. The unique part
about the Grayco robots, said Mr.
Fender, is that the controls are software
controlled, and there are only three
printed circuit boards in the entire con
trol system. Grayco also has a remote
15" X 3" X 4" panel that is capable of
being mounted right in the spray booth
area to reprogram the robot directly
from the booth area.

Mr. Fender stated that robots are pro
viding sufficient paint savings, labor sav
ings, savings on exhaust requirements,
and savings due to automatic controlling
to provide I-I Y2 year paybacks on most
purchases. .
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Elections

'.'

BARUfALDI, DANIEL J.-Ciba-Geigy Corp.,
Ardsley, NY.

BOGATIN, ROBERT S., JR.-Peltz Rowley
Chemical Co., Philadelphia, PA.

CUBA, RUDY N.-Alcan Ingot & Powders,
Elizabeth, NJ.

EYANS, MARK D.-Charter Chemical Co.,
Wayne, PA.

JACKSON, SUZANNA-Spencer Kellogg Div.,
Textron, Inc., Rutherford, NJ.

JORDAN JAMES J.-Richardson Co., Eas!
Hanoyer, NJ.

PRZYBYLOWSKI, ROBERT-Whittaker, Clark,
& Daniels, Inc., South Plainfield, NJ.

SMERAK, LANCE P.-Mobay Chemical Corp.,
Hawthorne, NJ.

SWENSON, C. R1t'HARI>--Bunge Corp. New
York, NY.

Associate

FRIEDMAN. JAcK-Steyen Paint Corp.
Yonkers, NY.

GOLDENHILL, ROBERT-Multi Tech Corp.
Manchester, CT.

HOL1, JOHN L. SR.-Continental Technical
Finishes Corp. Brooklyn, NY.

KAMEN, MELYIN-C & E Laboratories,
Carlstadt, NJ.

KASSMAN, IRVING-Technical Coatings Co.
Nutley, NJ.

LIBER11, FELIX P.-Koppers Co., Newark,
NJ.

MARINZULlCH, GERALD E.-Colloids, Inc.,
Newark, NJ.

NOWAK, EDWARI>--Allied Paint Co., Bronx,
NY.

PONT, J .D.-lnternational Paint Co., Inc.,
Union, NJ.

ROSEN1HAL, JAMEs-Magnet Paint Co.,
Brooklyn, NY.

TINELLO, VINCENT J.-NL Industries Inc.,
Perth Amboy, NJ.

ULLAfI, SADAT M.-Pyramid Paint Prod.,
Inc., Brooklyn, NY.

VISO, JOSEPH-Daniel Products Co., Jersey
City, NJ.

WER1HER, DAYII>--Mobil Chemical Co.,
Edison, NJ.

PIIdfk Nqrtm-f

frank Giltrow, of Flecto Ctg.'ltd.
Resinald Giltrow, of General Pain.t aod

Walkoverings
Deryk Pawsey, of Robm aild HaaS

Canada Ltd.

PittsbIurII·
• Lee W. Campbell, of Campbell Chemical

Co.
. Kenneth E. Luyk, of Alcoa Research Labs.

'? \

FSCT MembershIp Annlverssrl•.

25-YEAR MQlIIEIl8'

K_City "

Earl Baumbart, of Cook Paint & Varnish
Co.

Bill Fitzpatrick, of Cook Paint &: Varnish
Co.

William Kohen, ofOsage Paint&: Varnish
Co.

Warren Manley, of Cook Paint & Varnish
Co.

Robert Reed. of Prall &: Lambert
R.R. Robertson, of Vabpar Corp.

NEW YORK

Active

AMRICH, GEORGE M., JR.-Benjamin Moore
& Co., Newark, NJ.

BAUMAN, MOE-Bauman & Co., Inc.,
Liyingston, NY.

BURROWS, JAMES J.-Synkote Paint Co.,
Elmwood Park, NJ.

CI.RQUEIRA, JOE E. JR.-Amsterdam Color
Works, Bronx, NY.

CZI1HR, DOY-Nationwide Chemical Co.,
Brooklyn, NY.

ENGEL, WALTER D.-Kirker Chemical Co.,
Paterson, NJ.

Active

FrrZPA1RICK. WILLIAM-A. W. Chesterton
Co.• Groveland, MA.

LA~ON'IAINE, NORMAND W.-Lovezzola
Ward Co.• Inc.• Shrewsbury. MA.

NEW ENGLAND

Educator and Student

MILLER. JAMES, D.-Case Western Reserve
Univ.• Cleveland, OH.

YOSHIDA, SHUUJI-Case Western Reserve
Univ., Cleveland.

Associate

ESSLINGER, PETE-Hercules Inc.• Bedford.
NH.

FISH. WARREN E.-Commonwealth Chemi
cal, Tewksbury, MA.

MAO, TOM, JR.-Buckman Labs., Memphis,
TN.

SAVORY, BETSy-Columbian Chemical Co.,
S. Glastonbury, CT.

TAYLOR, PHILIPS V.-Fish Chemical & Equip.,
Inc.. Walpole, MA.

BIRMINGHAM

Active

BLAKOLlL, WAYNL, A.,-Master Builders,
Cleveland,OH.

Euy, RICHARD R.-Glidden Coatings and
Resins Div., SCM Corp., Strongsville, OH.

ERICKSON. LEONARI>--Kalcor Coatings Co.,
Willoughby, OH.

KUMMINS, CHARLES A.-Gates Mills, OH.
MAR11NEK, HANK J.-Mid America Chemi

cal Corp., Cleveland, OH.
NEMEl H, ILONA N.-Sherwin-Williams Co.,

Cleveland,OH.
ORCH, WILLIAM M.-Glidden Coatings and

Resins Div., SCM Corp., Strongsville.
SCHRonR, DAVIO O.-State Chemical Co.,

C1eveland,OH.
SZAKO, LESLIE, J.-Sherwin-Williams Co.,

Cleveland.

CLEVELAND

HUTCHISON, DAVE-Engelhard Corp. Apple
ton, WI.

KOETT, ALBERT-Safety Kleen, Elgin, IL.
LEE, JAMES S.-Diamond Shamrock Corp.

Oak Brook, IL.

AS50c;ate

Associate

B1.NI<1.11, ROKER1 E.-Chern Malerials Co.,
Inc., Cleveland, OH.

DUDAS. JOSEPH F.-Davies Can Co., Solon,
OH.

CHICAGO

MUDGE, MICHAEL S.-International Paints
Ind. Coatings, Birmingham, England.

Active

Active

BROWER, LOYD R.-Barrett Varnish Co.,
Cicero, IL.

D'ERRICO, MICHAEL J.-Sherwin-Williams
Co., Chicago, IL.

ENGELKING, GERALD L.-Standard T Chemi
cal Co., Inc., Chicago Heights, IL.

ERICKSON, PEGGY L.-Sherwin-Williams Co.,
Chicago.

GARDNER, KENNETH J.-The EnterpriseCos.,
Chicago, IL.

HANACEK, JOHN J.-Standard T Chemical
Co., Inc., Chicago Heights.

HARRIS, BRUCE R.-Eschem, Chicago, IL.
JEZLER, ROOER S.-Standard T Chemical

Co., Inc., Chicago Heights..
JOHNSON, KENNETH S.-Standard T Chemi

cal Co., Inc., Chicago Heights.
RETTKER, JAMEs-Standard T Chemical Co.,

Inc., Chicago Heights.
SKORUPA, MILTON J.-Sherwin-Williams Co.,

Chicago.
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Technical Articles In Other Publications
Complied by the Technical Information Systems Committee-H. Skowronska, Chairman

Farbe und Lack
(In Gennan)

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

German Standard Draft DIN 55 956: Binders for Paints and Varnishes;
Determination of Monomer Diisocyanates in Isocyanate Resins;
p.869.

Vol. 87 No. 10 October 1981

Dubbers, H.-"Selling in the Paint Industry"; 915-917.
Kuschel, J. and Sickfeld, J.-"Resistance of Coatings to Mineral Oils

and Mineral Oil Products-Development of Test Liquids"; 917-924.
Wolski, W. and Wolniewicz, A.-"Processing of Iron Oxide Yellow for

Manufacture of Magnetic Tape (2). Some of the Physicochemical
Processes Accompanying Processing"; 925-930.

Berner, G. and Rembold, M.-"Aspects of New Developments in
Light Stabilizers for Industrial Paints"; 930-935.

Gross, H.-"Surface Preparation by Flame Descaling(4). Behaviour of
Primer Coatings During Burning Off'; 936-938.

Brushwell, W.-"Latest Developments and Applications of Polyure
thane Lacquers"; 938-943.

German Standard Draft DIN 53 236: Testing of Colouring Materials;
Conditions of Measurement and Evaluation for the Determination
of Colour Differences for Paint Coatings, Similar Coatings and
Plastics; p. 948

"Thoughts prior to Formula 81 in Amsterdam"; 831-g32.
Adrian, G., Bittner, A., and Gawol, M.-"New Phosphate-Based

Anti-Corrosion Pigments"; 833-837.
Glaser, F.-"Investigations into the Angle Dependence of the Diffuse

Renectance of Lacquers and Related Products"; 837-845.
Hadjistamov, D.-"Critical Consideration of the Application of the

Hysteresis Loop Method for Paste-Like Disperse Systems"; 845-849.
Gross, H.-"Surface Preparations Using Flame Descaling (3). Be

haviour of Anti-Corrosion Coatings "; 849-853.
Brushwell, W.-"Main Research Topics in Development of Binders

and Pigments"; 853-861.
Landwehr, E. and Diebener, H.-"New Edition of Technical Condi

tions of Supply for Paints (TL 918 300) of the Federal German
Railways"; 861-863.

German Standard Draft DIN 55 943 A I: Colouring Materials;
Terms and Definitions; Amendment and Addendum I; p. 868.

Vol. 87 No. II November 1981

@~,~~
P.O. Box E, Cork Hill Road. Fr_lin, N.J. 07416 • 201/827-7878
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Vol. 87 No. 12 December 1981

"Blackening the Name of the Chemical Industry"; 997.
Mosie. H.G. and Wellenkotter, B.-"Sonic Emission Investigations

of Coated Steel Plates Following Cathodic Polarisation in IN NaCi
Solution"; 998-1003.

Haagen, H.-"Investigation of Factors Innuencing Mechanical Clean
ing Processes for Automotive Finishes"; 1004-1010.

Kindervater, F. and Gegusch, W.-"Analytical Techniques for Colour
ing Agents and Paints. National and International Standardization
Work"; 1011-1014.

Sniezko, A.• Penczek, P.• Ostrysz, R., and Swierz-Motysia, B.-"Use of
Polyethylene Terephthalate in Manufacture of Alkyd Resins":
1014-1016.

Brushwell, W.-"Expanding the Range of Acrylic Resins for Paint
Applications"; 1016-1021.

German Standard Draft DIN 55 945: Coating Materials (Paints,
Varnishes and Similar Products); Terms and Definitions; p. 1026.

Jurging, K.-"International Industrial Colour Identification with
Colour Samples"; p. 1046.

Vol. 88 No. I January 1982

Dorffel, J.-"Innuence of Polyester Molecular Mass on the Properties
of Polyester Melamine Resin Stoving Enamels"; 6-12.

Julich, G. and Thieme, Chr.-"Economics of Precipitated Calcium
Carbonates in Dispersion Paints"; 13-19.

Penczek, P., Cynkowska, G., and Wardzinska, E.-"Polyesterimide
Resins for Wire Lacquers. Innuence of Chemical Composition of
Polyesterimide Resins on Behaviour of Wire Lacquers at Elevated
Temperatures"; 20-22.

Gross, H.-"Surface Preparation Using Flame Descaling (5). Evalua
tion of Surface Purity"; 22-27.

Brushwell, W.-"Principles of Formulation and Applications of Epoxy
Resin Systems": 27-31.
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meetings/Education

Kent State Schedules Coatings Courses in June

Wednesday, June 9

"Overview of Surface Chemical Anal
ysis Techniques"-Thomas W. Rusch,
Perkin-Elmer Physical Electronics Div.

"Etching of Polymer Surfaces for
Adhesive Bonding"-James Koutsky,
University of Wisconsin.

"Interfacial Chemistry of Corrosion
Induced Adhesion Loss"-Ray A. Dickie,
Ford Motor Co.

Monday, June 7

"Principles of Bonding I"-Raymond
R. Myers, Kent State University.

"General Rheology and Its Applica
tion to Adhesion"-Donald L. Hunston,
National Bureau of Standards."

"Principles of Bonding II"-Raymond
R. Myers.

I-"The Effect of Water on Adhesive
Bonding" and II-"Testing Adhesive
Bonds"-Robert L. Patrick, Trebor
Assoc., Inc.

Tuesday. June 8

"Theory and Practice of Silane
Adhesion Promoters"-Edwin P.
Pfueddemann, Dow Corning Corp.

"The Nanotensilometer-A Tensile
Test Instrument with Applications to
Adhesives and Interfaces"-Richard W.
Hoffman, Case Western Reserve Uni
versity.

"Structure and Properties of Silane
Primers for Adhesive Bonding of Iron,
Titanium, and Aluminum"-F. James
Boerio, University of Cincinnati.

"Interfacial Energies and Their Role at
the Interface"-Richard J. Ruch, Kent
State University.

The Rheology and Coatings Labora
tory of the Chemistry Department of
Kent State University, Kent, OH, will
sponsor "Adhesion Principles and Prac
tice for Coatings and Polymer Scientists,"
June 7-11 and "Applied Rheology for
Industrial Chemists," June 21-25 on the
university campus.

"Adhesion Principles and Practice for
Coatings and Polymer Scientists" will
offer adhesion principles and concepts
and discuss applied problems that have
been solved in industrial and academic
settings. This short course is especially
recommended for industrial scientists
who earned degrees in a traditional
science or engineering curriculum. The
following topics will be featured:

Friday, June 25

"Fracture Behavior of Brittle Mate
rials"-Donald L. Hunston.

"Application of Rheology to Indus
trial Problems"-Donald Bigg, Battelle
Columbus Laboratories.

Wednesday, June 23

"Brush Application of Coatings"-J.
Edward Glass, North Dakota State
University.

"Roll Application of Coatings"-J.
Edward Glass.

"Application of Rheology in Petro
leum Recovery Processes"-J. Edward
Glass.

"Chemorheology of Thermosets"
Richard R. Eley, Glidden Coatings and
Resins Div., SCM Corp.

The cost per course is $385 which
includes registration, instruction, refer
ence material, lunches, mixers, and
banquet.

For additional information and to
register, contact College of Special
Program, 327 Rockwell Hall, Kent State
University, Kent, OH 44242.

Thursday. June 24

"Characterization of Non-Newtonian
Fluids: An Industrial Viewpoint"-Mike
Rosen, Union Carbide Corp.

"Rheology of Dispersions"-Irvin M.
Krieger, Case Western Reserve Univer
sity.

"Correlation of Film Morphology
with Drying Behavior"-John W.
Vanderhoff, Emulsion Polymers Insti
tute, Lehigh University.

"Flow Fundamentals in Fluid Systems
of High Molecular Weight Additives"
Donald L. Hunston, National Bureau of
Standards.

Problems"-Joseph M. Starita, Rheo
metrics, Inc.

"Application of Rheology to End Use
Performance Problems"-Joseph M.
Starita.

"Torsional Braid Analysis (TBA):
Time- Temperature-Transformation
(TTT) Pure Diagram of Epoxy/Amine
System"-John K. Gilham, Princeton
University.

"Characterization of Polymer Systems
by Dynamic Mechanical Analysis"
Philip S. Gill, du Pont Co., Analytical
Instruments Div.

Instrument Display.

• • •
"Applied -Rheology for Industrial

Chemists" will discuss problems faced by
derivative industries which normally rely
on basic industries to supply their raw
materials. Practioners in the coatings,
adhesives, elastomers, and plastics in
dustries should gain insights which will
enable them to improve quality, tailor
materials for prescribed end uses, and
learn research techniques. The first day is
tutorial; thereafter, applications are in
terspersed among presentations. Lec
tures include:

Monday, June 21

"Basic Concepts of Rheology 1"
Hershel Markovitz, Carnegie-Mellon
University.

"Basic Concepts of Rheology 11"
Hershel Markovitz.

"Measuring Techniques for Viscoelas
tic Properties of Liquids"-Raymond R.
Myers.

"Applied Rheology of Elastomers"
Edward A. Collings, Diamond Sham
rock Corp.

Tuesday, June 22

"Kinetic Rheology Applied to Liquid
to-Solid Conversion"-Raymond R.
Myers.

"Application of Rheology to Process

Friday. June II

"Bonding of Plastics and Elastomers
I"-Edward M. Petrie, Westinghouse
Electric Corp.

"Bonding of Plastics and Elastomers
II"-Edward M. Petrie.

Thursday, June 10

"Deformation and Fracture of Adhe
sives"-Alan N. Gent, Institute of Poly
mer Science, The University of Akron.

"Principles of Adhesion Measure
ments"-Walter K. Asbeck, Consultant.

"Pressure Sensitive Adhesives"-Fred
Hammond, Kendall Co.

"Long Range Effects of Polymer Sorp
tion and Its Relation to Adhesion"
Charles A. Kumins, Consulting Services.

"Introduction to Stress and Fracture
Analysis of Adhesive Bonded Joints"
William B. Jones, Air Force Materials
'Laboratory.
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Organic Coatings Science Conference To Be Held July 12-16, Athens

DCMA Annual Meeting To Be Held June 13-16

The State University of New York and
the Greek Professional Societies will
sponsor the Eighth International Con
ference in "Organic Coatings Science
and Technology." July 12-16, at the
Apollon Palace Hotel, Athens, Greece ..

The conference will bring together
leading scientists, engineers, industrial
ists, and educators in an international
forum to discuss all aspects of organic
coatings science and technology, includ
ing inks. This interchange of ideas and
information will enable the industry to
establish more productive programs of
research, development and production,
as well as to increase the rate of useful
technological innovations.

Designed for chemists and other pro
fessionals who want to understand the
principles involved in the science and
technology of organic coatings, the con
ference will discuss the manufacture,
applications to surfaces, and properties
of organic coatings. In addition, the
latest developments in the field oforganic
coatings will be featured in a manner that
will permit the scientist or engineer to
integrate fundamental scientific princi
ples with processing and application
technology.

The program will consist of invited
lectures and contributed papers. Topics
and invited speakers are as follows:

"Predicting Durability of Finishes for
Wood from Basic Properties"-Dr.
Harry E. Ashton, National Research
Council, Canada.

"New U.V. Absorbers and Stabilizers
for High Solid Coatings"-Dr. Godwin
Berner, Ciba-Geigy, Switzerland.

"Critical Pigment Volume Concentra
tion in Latex Paints"-Dr. B. Bierwagen,
Sherwin-Williams, U.S.A.

"Aspects of Metal Pretreatment before
Painting"-Dr. P.B.A. Cooke, ICI Ltd.,
U.S.

"New Epoxy Resinj Hardener System
for Coatings"-Dr. S. Eldin, Ciba-Geigy,
Switzerland.

"Chemistry of High Solids Aklydj
Reactive Diluent Coatings"-Dr. Wil
liam D. Emmons, Rohm and Haas Co.,
U.S.A.

"Protection of Steel by Blastcoating
and Painting Under Water"-Dr. R.C.
Groot, AKZO, Netherlands.

"Solvents in Coatings"-Dr. Charles
Hansen, Scandinavian Paint and Print
ing Ink Research Institute, Denmark.

"High Solids Alkyd Resins"-Dr.
Krister Holmberg, EKA Kemi, Sweden.

"New Approaches to the Problem of
Corrosion Protection by Means of Or
ganic Coatings"-Dr. Takeo Imai,
Kansai Co., Japan.

"Structure of Adsorbed Polymer
Layers on Pigment Surfaces as Related
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to Dispersion Stability"-Dr. G. Jop
pien, Deutsches Kunststoff-Institut,
Germany.

"New Techniques to Study Corrosion
Mechanisms Under Organic Coatings"
Dr. Jerome Kruger, National Bureau of
Standards, U.S.A.

"Formation and Properties of Colloi
dal Alkyds"-Dr. J. Kumanotani,
University of Tokyo, Japan.

"Recent Advances in Coatings for
Household Appliances"-Dr. Thomas
Miranda, Whirlpool Corp., U.S.A.

"Interfacial Interactions between
Coatings and Metals Related to Adhe
sion and Corrosion Protection"-Dr.
W.J. van Ooij, AKZO, Netherlands.

"Effects of Surface Tension and
Viscosity on Coatings Defects"-Dr.
Percy Pierce, PPG Industries, Inc.,
U.S.A.

"Techniques for Characterization of
Oligomers Used In Coatings"-Dr.
Theodore Provder, Glidden Coatings
and Resins Div., SCM Corp., U.S.A.

"Radiation Curing of Coatings for
Leather"-Dr. Frank Scholnick, Eastern
Regional Research Center, U.S.A.

"Contribution to Energetic Character
ization of Pigment Dispersions: Pig
ments and Solvents"-Dr. J. Schroder,
BASF AG, Germany.

"Thermal Analytical Investigation of
Epoxy Resins at High Temperatures"-

The Dry Color Manufacturer's Asso
ciation will sponsor its 1982 Annual
Meeting, June 13-16 at The Greenbrier,
White Sulphur Springs, WV.

This year's meeting will feature the
most extensive educational and business
sessions ever presented at a DCMA
annual meeting and will be highlighted
by four informative General Sessions.

Opening the program on Monday
morning will be Robert Metz, New York
Times financial columnist, who will
present "The Economy: Can We Save
It?" at the President's Breakfast.

The annual business meeting will
follow and will be chaired by DCMA
President Paul Papillo. Featured will be
the election of new officers and board
members, the President's report, the June
1982 Legislative Update, approval of the
budget, and a review of other association
business.

"The Pigments Industry in Western
Europe" will be reviewed by Dr. Robert
Pascoe of ICI, England, at Tuesday's
General Session. A "Pigments Users
Forum" will follow which will feature

Dr. J. Sickfeld, Bundesanstalt fur
Materialprufung, Germany.

"Abrasion Resistant Polyurethane
Coatings"-Dr. A. Singh, Uniroyal
Chemical Co., U.S.A.

"U se of Silicon Polymers and Addi
tives in High Solids and Water Reducible
Coatings"-Dr. Forest Stark, Dow
Corning Co., U.S.A.

"Influence of the Polyester Melamine
Resin Networks on Mechanical Proper
ties and Corrosion Stability of High
Solids Coatings"-Dr. D. Stoyeand Dr.
Dorffel, Huls Chemische Werke AG,
Germany.

"Reaction of Polyisocyanate in
Coatings"-Dr. Kunihiko Takeuchi,
Nippon Paint Co., Japan.

"Utility of Surface Analytical Instru
mentation to Coatings Problem Solving
and Product Development"-Dr. S.
Valenty, General Electric Co., U.S.A.

"Steel Surface Cleanliness: Prepara
tion, Characterization and Paint Per
formance"-Dr. R.P. Wenz, 3M Co.,
U.S.A.

The registration fee for the conference
is $300 which includes participaiion in
the scientific sessions and the book of the
published proceedings of the conference.

For further information, contact
Conference Director Angelos V. Patsis,
School of Chemistry, State University of
New York, New Paltz, NY 12561.

speakers from the ink, paint, and plastics
industries. Discussed will be the trends
and developments in those industries and
their effects and impact on pigments
manufacturers. Ronald Lang, Executive
Director of the Synthetic Organic Chem
ical Manufacturers Association, will
moderate this panel which features
Roland Gravenkemper, Senior Vice
President of Inmont Corp.; William
Kinsell, Jr., President of Glidden
Coatings and Resins Div., SCM Corp.;
and William Bradbury, Jr., Vice
President of PMS Consolidated.

The final session, scheduled for
Wednesday morning, is an update of last
year's highly successful Special Board of
Governors Meeting with Ecology Com
mittee Chairmen~ The chairmen will
present individual reports on the work of
their committees during the past year,
outline special areas of concern, and
discuss future areas of endeavor.

For additional information, contact
DCMA, Suite 100, III? N. 19th St.,
Arlington, VA 22209.
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People

Borden Chemical has announced the
appointments of George T. Sickinger as
General Manager of its Printing Ink
Group and Peter B. Semadeni as General
Manager of its Specialty Products
Group. Both operations, headquartered
in Cincinnati, OH, have become units of
the firm's newly organized Graphics
Division.

R.L. VaughanP.A. Verlod!

Dennis L. Dalton, Technical Service
Manager for Buckman Laboratories,
Inc., has also assumed responsibilities
as Industry Specialist-Paint Industry.
Before relocating to the firm's inter
national headquarters in Memphis, TN,
Mr. Dalton was associated with Buck
man-Ghent in Belgium, as Assistant
Marketing Manager for paint and plas
tics, and most recently served as Devel
opment Specialist-Europe.

The Resins Department of Ciba-Geigy
Corp., Hawthorne, NY, has formed a
new strategic business group. This spe
cialty coatings group is headed by
Market Center Manager Edward Bozzi.
Working with him are Marcel Gaschke,
Market Manager for Maintenance and
Marine Coatings; Camilla Zendig, Mar
ket Manager for Powder Coatings; and
William Collings, Sales Manager. Mr.
Bozzi and Mr. Gaschke are members of
the New York Society.

American Cyanamid Co. has appointed
Richard L. Vaughan to the position of
Marketing Manager, Resins and Adhe
sives, Resins Products Department, based
in Wayne, NJ. Prior to this appointment,
Mr. Vaughan served as Western Regional
Manager, Resins and Adhesives, for the
firm's Industrial Products Division, Chi
cago, IL. Mr. Vaughan is a member of
the Chicago Society.

Also announced by the company was
the appointment of A. Blair Battistini as
National Sales Manager for Color Pig
ments in the Color Products and Inter
mediate Chemical Department.

The appointment of Donald R. Marsh
as the Baltimore District Sales Manager
was announced by the Spencer-Kellogg
Division of Textron, Inc. Prior to his
appointment, Mr. Marsh had been a
manufacturer's representative with Stern
& Marsh Co. He is a member of the
Baltimore Society.

S.E. FlreltoneJ.E. Galke

Lloyd R. Brower was appointed Tech
nical Director of .Barrett Varnish Co.,
Cicero, IL. Mr. Brower has been involved
in R&D for industrial finishes for more
than 41 years, and was most recently
associated with Standard T. Chemical
Co. He has published various papers in
the field of electrodeposition and is
co-holder of two patents in the field.

Maurice Samson, President of Samson
Chemical Co., was honored by the Paints,
Plastics, Petroleum and Chemical Divi
sion (PPPC) at the annual paints indus
try luncheon at the Los Angeles Music
Center held on behalf of the United Jew
ish Welfare Fund. Mr. Samson was
presented with the division's 1982 Ike
Sinaiko Achievement Award for his life
long dedication and service to humanity
through the United Jewish Welfare Fund.
Mr. Samson is a member of the Los
Angeles Society.

Color Communications, Inc., Chicago,
IL, has appointed Patricia A. Verlodt as
Director of Color Design and Technol
ogy. In this capacity, Mrs. Verlodt will
continue to manage the computerized
Color Laboratory and will assume
responsibility for a broad range of activi
ties involved in the development of color
systems, color cards, and color merehan
disirlg programs. Mrs. Verlodt is a mem
ber of the Chicago Society, the Inter
Society Color Council, and the Color
Marketing Group for which she serves
as co-ehairman of the Technical Direc
tions Committee.

Michael J. Dunn, Marketing Manager
for Industrial Colorants for H. Kohn
stamm & Co., Inc., New York, NY, has
retired. He will continue as a consultant
for the firm based in San Diego, CA. Mr.
Dunn is a member of the New York
Society.

Two marketing appointments were
announced by the Chemicals Field Mar
keting Division of Eastman Chemical
Products, Inc. Stephen P. Rounds was
appointed Senior Marketing Represen
tative, responsible for marketing chemi
cals in the New Jersey and New York
areas. Lee H. Davis was also appointed a
Senior Marketing Representative, based
in the Kansas City area.

Samuel E. Firestone, former Chair
man of the Board and Chief Executive
Officer of McCloskey Varnish Co., has
announced the formation of S.E. Fire
stone Associates, Inc., a manufacturer's
representative organization for the paint,
printing, and plastics industries. The firm
will operate in the Eastern Pennsylvania,
New Jersey, Delaware, and Maryland
areas, representing manufacturers of
resins, pigments, chemicals, and addi
tives. Mr. Firestone has. over 30 years
experience in paint, printing ink, plastics,
rubber, adhesive, paper, and allied in
dustries in sales, sales and marketing
management, and general management.'
He is 1981-82 President of the Philadel
phia Association of the National Paint
and Coatings Association and has been
President of the Printing Ink Makers
Production Club, Philadelphia Chapter.
He is also Director of the Manufacturers
Association of Delaware Valley.

Joseph E. Gaske, Senior Research
Associate with DeSoto, Inc., was pre
sented with the firm's 1981 Researcher of
the Year Award in recognition of his
development of a primer whose qualities
could withstand the chemical assault of
acid rain: He is a member of the Chicago
Society.

DeSoto, Inc. has announced the pro
motion of Robert E. Ansel to the position
of Research Associate in the New Venture
Research Department. Mr. Ansel is a
Chicago Society member.

Meanwhile, Rudolph Maul was named
Product Manager for the Argo Automa
tive Division of DeSoto, Inc., Westland,
MI. He will be responsible for the com
mercial development of new and exist
ing products as well as augmenting
customerIsupplier relations.
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John Gleason, Color Director of the
Ameritone,Paint Corp" member of Grow

, Group, Inc., has been named the Chair
holder of the Color Marketing Group.
This honorary title is awarded to mem
bers of the Color Marketing Group who
have made vital contributions to the
organization, which is an international
association of designers, marketers, and
technical specialists,

Sylacauga Calcium Products has
named Mack L. Williams, Technical
Director responsible for the direction of
the firm's research, product development,
and quality control groups, Mr. Williams
is a member of the Southern Society.

Also announced by the company was
the promotion of W.N. Laughridge to
Marketing Director responsible for re
gional, national, and international sales
and market development.

Robert A. Katherine has been elected
President and Chief Executive Officer of
McCloskey Varnish Co., Philadelphia,
PA. Mr. Katherine joins the firm with
over 20 years of experience in marketing,
manufacturing, and strategic planning
in the domestic and international plastics,
chemical, and petrochemical industries.
He assumes overall responsibility for
management and profitability of the
entire McCloskey operations, including
the Philadelphia headquarters and sub
sidiaries.

Also announced by the firm was the
appointment of David Setzer to the
position of Materials Control Manager
of the Philadelphia plant.

PPG Industries, Inc. has appointed
Dr. Leland H. Carlblom and Charles
Friedlander to the positions of Senior
Research Associate in their Coatings and
Resins Division, Research and Develop
ment Laboratory, Allison Park, PA: Dr.
Suryya K. Das was named Scientist for
the division.

Also announced by the firm was the
appointment of Thomas A. Leathers to
the position of Senior Engineering As
sociate, Coatings and Resins Division,
Research and Development Laboratory,
Springdale, PA. Rodger G. Temple was
promoted to Development Associate for
the division.

Burks, Inc., Atlanta, GA, has an
nounced the promotions of W. Vonn
Sieber to Vice-President and Roselle E.
Henschen to Assistant Secretary-Trea
surer Corporate. Mr. Vonn Sieber is a
Southern Society member.

Carboline Co., St. Louis, MO, has
appointed David P. Nick to the posi
tion of International Division General
Manager.
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Louis A. Graham, Manager of Cor
porate Research and Development of
Burlington Industries, Inc., was elected
President of the Inter-Society Color
Council, 1982-84. Mr. Graham, a co
founder of the Color Marketing Group,
has been a member of ISCC since 1958.
Joyce A. Davenport, a member of the
Federati'on, was elected President-Elect.
She is Supervisor of Color Development,
Color Research, for DeSoto, Inc., Des
Plaines, IL. The Secretary is Therese R.
Commerford, of the U.S. Army Natick
Research and Development Labs. Edward
T. Connor, of Pacific Scientific Co., was
named Treasurer.

Irvin S. Hull, a Sales Representative
for the Bareco Division of Petrolite
Corp., has been promoted to Supervisor,
Special Projects, in the division's domes
tic sales organization. He will be based at
the firm's Tulsa, OK headquarters.

Joyce McFadden has joined the Dex
ter Corp., Midland Division, as a Senior
Analytical Chemist. Gilbert J. Anderson
has been promoted to the position of
Senior Coatings Chemist, Packaging
Laboratory. Mr. Anderson is a member
of the Chicago Society.

Gilbert J. Anderson was promoted to
Senior Coatings Chemist, Packaging
Laboratory, for the Midland Division,
The Dexter Corp., Waukegan, IL. Mr.
Anderson is a member of the Chicago
Society.

Joining the firm were John P. Knudt
son as Manager, Packaging Laboratory,
and Christianah O. Oladeinde as a
Coatings Chemist.

William A. Adams was appointed
General Sales Manager of Morehouse
Industries, Inc., Fullerton, CA.

Thomas F. Plummer was named Vice
President of Freeport Kaolin Co., New
York, NY. He will be responsible for
financial and other business aspects of
the company.

Mautz Paint Co. has announced the
promotion of William T. Johnson to the
position of Production Manager based in
Madison, WI. Mr. Johnson is responsible
for scheduling and processing paint man
ufacturing for trade sales as well as
industrial and maintenance products. He
succeeds Alford Markham who recently
retired.

Diamonite Products Manufacturing,
Inc., Shreve, OH, has announced the
appointment of Donald C. Wiles to
Custom Products Sales Manager. In his
new position, Mr. Wiles will direct all
domestic and off-shore sales and related
activities for custom alumina ceramics.

Glidden Coatings & Resins, SCM
Corp., has announced two managerial
appointments. At the Western Region
headquarters, William B. Anthony was
named Technical Manager. In Atlanta,
at the company's Southeastern Region
headquarters, David Lawrence was pro
moted to Plant Superintendent. Mr.
Lawrence was previously Quality Control
Technician and Manufacturing Foreman.

Henkel Corp., Minneapolis, MN, has
restructured its businesses in the U.S.,
resulting in several new appointments.
Eugene A. Snyder was named President
of Amchem Products, Inc., Ambler, PA,
and was also appointed an Executive
Vice-President of Henkel Corp. Dr.
David D. Taft was named President of
Chemical Products Division, Minneap
olis. Dr. Taft is also an Executive Vice
President, Henkel Corp. Johan B. Swil
dens, Executive Vice-President, Henkel
Corp., was appointed President of Func
tional Products Division, Minneapolis.
A Technology Group, a major support
organization within Henkel Corp., was
formed. Under the direction of Dr. F.
William Tuominen, Vice-President, the
group will be responsible for corporate
research and development, process and
project engineering, and will generally
support the divisions in technology areas.

John N. Lauer has been appointed
Vice-President-Marketing by Celanese
Chemical Co., Dallas, TX. He replaces
Dr. H. David Medley, who was named
President of Celanese International Mar
keting Co.

Obituary

Roy G. Landis, 70, retired plant engi
neer with The Sherwin-Williams Co.,
died March 5. An employee with Sher
win-Williams for 35 years, Mr. Landis
was also a member of the Golden Gate
Society and the Golden Gate Paint &
Coatings Association.

Herman J. Fritz, 67, retired Vice
President and Technical Director of
Mobile Paint Co. and a Past-President
of the Southern Society for Coatings
Technology, died March 19. Mr. Fritz
joined Mobile in 1952 after being
employed as a chemist and plant man
ager in other industries and for govern
ment departments. He served the South
ern Society as its President in 1961-62.
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Product Digest

A new product digest describing pro
cess analytical and contrQI instrumenta
tion, air and water quality products,
exhaust analysis instruments and systems,
and automative test instruments is now
available from Beckman Instruments,
Inc. The 16-page digest, Bulletin 421OA,
highlights product features and references
available literature describing in detail
each product model. Photographs illus
trate these systems and a listing of
domestic and international sales and
service offices are provided. For your free
bulletin, contact Beckman Instruments,
Inc., Process Instruments & Controls
Group, Literature Distribution, MS:
L-19, 2500 Harbor Blvd., Fullerton,
CA 92634.

LC Pump

A six-page brochure has been pub
lished that describes the Jirst high-per
formance preparative liquid chromato
graph (HPPLC) with single-pump,
multisolvent gradient capability. Text
and chromatograms illustrate how the
Series 8800 HPPLC and "Zorbax" col
umns help users master difficult separa
tions of complex mixtures, achieve high
sample throughput, and simplify transfer
of analytical separations to preparative
scale. The literature also explains how to
convert the Series 8800 analytical system
to preparative operation. For a copy of
"Liquid Chromatography Technical
Notes," write DuPont Co., Analytical
Instruments Div., Concord Plaza, Mc
Kean Bldg., Wilmington, DE 19898.

Computer Lab
Program Package

Literature is available describing a
computer-assisted lab program package,
designed to include both hard and
software elements. Information features
a program which enables small to
medium chemical and coating manu
facturers to efficiently coordinate a
whole range of laboratory procedures
including: integral formulation revisions;
multi-vendor access; inventory mainte
nance and adjustments; formula files;
batch-ticket print-outs; instant calcula
tions of RMC; and finished product cost.
The system also performs all related
accounting functions. The package
operates on eight bit microprocessor in
COBOL. For information, write Uni
versal Micro Systems, 123 Jordan St.,
San Rafael, CA 94901.
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Slide Rule Guide

An easy-to-use, slide rule for matching
NL Chemicals rheological additives and
pigments with their correct applications
is available. The first side of the compact
reference, the rheological additives
selector, presents a simple method to
match the primary solvent used with the
appropriate NL Chemicals rheological
additive product. In addition, activation
temperature, polar activator indications,
product density, N. V. percentages, and
usage percentages are provided for each
NL product. By sliding the indicating
arrow to the primary solvent being used,
users can determine the specific NL
products that are indicated for use. The
second side of the slide rule, the pigment
selector, lists NL Chemicals pigment
products for a wide variety of applica
tions. By moving the indicating arrow to
one of 23 applications listed, users
discover the NL pigments that are
specifically recommended for use. The
applications are divided into three areas:
product finishes, architectural coatings,
and miscellaneous coatings and finishes.
In addition, data on specific gravity,
percentage composition of titanium
dioxide, chalk resistance levels, and
conformance to applicable ASTM stan
dards are indicated. Order the free
selector guide by contacting NL Chem
icals/ NL Industries, Inc., P.O. Box 700,
Hightstown, NJ 08520.

2-Nltro-p-toluldlne

A newly issued technical bulletin
providing information on uses and
properties of2-Nitro-p-toluidine is avail
able. Applications featured are as inter
mediates for dyes, pharmaceuticals, and
azo pigments. To obtain a copy of
Technical Bulletin 150, write, Sherwin
Williams Co., Publications Dept., 11541
S. Champlain Ave., Chicago, IL 60628.

Colorimeter

Literature is available which announces
a new extender memory storage for
standards on Hunterlab's D25-9 series of
microprocessor colorimeters. Based on
need, the expanded memory can now
store 100, 200, or up to 300 different
product standards which can be instantly
recalled for comparison with specimens
being tested. Highlighted are the advan
tages of using this extender memory
storage option. For additional informa
tion, contact Hunter Associates labora
tory, Inc. 11495 Sunset Hills Rd.,
Reston, VA 22090.

Organic Intermediates

A new 20-page booklet on specialty
organic intermediates has been published.
The literature features the uses of these
intermediates in the manufacture of
disperse dyestuffs and in the production
of industrial cleaners, emulsion polymers,
light sensitive diazos, plasticizers, poly
ester resins, and pharmaceuticals. A copy
of the booklet may be obtained from
Emery Industries, Inc., Dept. P, 1300
Carew Tower, Cincinnati, OH 45202.

Calculation Techniques
In Formulating Resins

Information is available which high
lights calculation techniques in the
formulation of alkyd and related resins.
Various calculation techniques are
demonstrated by specific examples; com
ments are featured on the related general
principles; and practice examples are
given so that the reader can gain
confidence in handling the calculations.
Included are some general case solutions
and some special cases are considered
such as castor oil-based alkyds, "Cadura"
alkyds, and water-soluble resins. Publi
cation 19 can be obtained from the Paint
Research Association, Waldegrave Rd.,
Teddington, Middlesex TWII 81 D,
England.

"Adhesives IV"

"Adhesives IV", a multi-client, techno
economic marketing study, has recently
been completed by Skeist Laboratories,
Inc., consultants to the polymer indus
tries. The study provides a comprehen
sive analysis of markets, raw materials,
technological trends, marketing shifts,
prices, major suppliers, leading end users,
and volumes for the year 1980 with
projections for 1985. Separate sections
feature: hot metals; pressure sensitives;
engineering/ structural adhesives; and
radiation curable adhesives. The Indus
try; Review gives a complete assessment
of the structure of the adhesive business,
including detailed profiles of the leading
22 merchant adhesive formulators and
their adhesive sales by market segment.
The data contained within 811 pages and
880 tables and an index of 5700 entries
are invaluable to raw material suppliers,
formulators and end users, and new
comers. The subscription fee is SII ,000.
A free brochure, with Table of Contents,
is available from Skeist Laboratories,
Inc., 112 Naylon Ave., Livingston, NJ
07039.
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Black Dispersion
A new high tint strength black aqueous

dispersion, designed for use in a variety
of applications for coloring and tinting
purposes, is the subject of recently
published literature. Information is pro
vided on rheology, compatibility, and
stability characteristics and the fields of
applications which include: aqueous
coatings, paper coloring and coatings;
aqueous printing inks; textile applica
tions; cement compositions; and leather
finishes. For more information, write
CDI Dispersions, 27 Haynes Ave.,
Newark, NJ 07114.

Additives
A new line of additives for solvent

based coatings, inks, and sealants is
featured in recent literature. Information
is provided on anti-settling and - sagging
agents; wetting and dispersing agents;
anti-flood, -float, and -silking additives;
and defoamers and leveling agents.
Featured uses include: high film build
epoxy coatings; architectural coatings;
marine paints; air dry and baking
enamels; automative coatings; and pow
der coatings. Literature is available from
King Industries, Inc., Science Rd.,
Norwalk, CT 06852.

UV Cure Coatings
A four-page brochure is available

which describes the physical properties
and cure conditions of Photoglaze® UV
cure coatings. According to the brochure
they provide resistance to abrasion, scuf
fing, stains, and UV yellowing in both
high and low gloss finishes. The brochure
detailing these solventless coatings may
be obtained from the Chemical Products
Group, Lord Corp., P.O. Box 10038,
Erie, PA 16514.

Polyvinyl Alcohol
Bulk Handling Systems

A new brochure describing selection
and design guidelines for Vinol® poly
vinyl alcohol (PVOH) bulk handling
equipment is now available. The litera
ture is designed for anyone engaged in the
design, construction, or use of PVO H
bulk handling systems. Provided are
recommended guidelines on silo con
struction and discharge equipment, air
locks, blowers, airveying lines, and
miscellaneous equipment used in bulk
handling systems. Also included is ma
terial safety data. For a free copy of the
brochure, contact Air Products and
Chemicals, Inc., Public Affairs Dept.
#82N30, P.O. Box 538, Allentown, PA
18105.
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ASTM Publications
ASTM, developers ofover 6,000 active

voluntary consensus standards used
worldwide, have announced the avail
ability of Parts 27-29 ofthe Annual Book
of ASTM Standards. Part 27, "Tests for
Formulated Products and Applied Coat
ings," provides information on paints,
varnishes, and lacquers and their related
physical and chemical tests, panel speci
fications and preparation, drying rates
and anomalies, and film preparation.
Also featured are data on dry paint film
properties, thickness, porosity and per
meability, appearance properties, non
chemical physical strengths and resis
tances, resistances to chemicals and
environment, exterior testing, durability
tests, and schedules of examination for
testing paint products. It is available for
$50. Part 28, "Pigments, Resins, and
Polymers," provides information on
paint and related coatings a nd materials
including pigments, resins, and polymers.
Cost is $34. Part 29, "Fatty Oils and
Acids, Solvents, Miscellaneous; Aromatic
Hydrocarbons; Naval Stores," features
paint and related coatings and materials
including drying and nondrying fatty oils
and acids; fatty nitrogen products; sol
vent specifications; solvent tests; miscel
laneous paint materials; industrial aro
matic hydrocarbons; naval stores-rosin,
liquid naval stores. Fee for the publica
tion is $49. For information, contact
ASTM, 1916 Race St., Philadelphia, PA
19103.

Fungicides
Application information for a series of

metallic carboxylates for use as fungicide
agents in various formulations is dis
cussed in a new technical bulletin.
Property and application data are pro
vided on Witco® 8% Copper Naph
thenate, 8% Zinc Naphthenate, and 6%
Copper Oleate. Copies of "Witco Metallic
Carboxylates as Fungicides," No. 414,
may be obtained from Witco Chemical
Corp., Organics Div., 6200 W. 51st St.,
Chicago. IL 60638.

Vinyl Resin

A new vinyl resin, UCAR Solution
Vinyl .1~YES, developed primarily for
high solids maintenance coatings, is the
subject of recent literature. Information
is provided on the resin's solubility and
low molecular weight which facilitate
high solids formulation and the use of
low-cost solvent blends. Uses of the resin
are highlighted along with its advantages.
For information, write Union Carbide
Corp., Coatings Materials Div., Dept.
K3442, Danbury, CT 06817.

Literature Index

Technology Marketing Corp. has an
nounced the availability of a complete
literature index featuring all articles
which appeared during the last decade on
the subjects of UV curing, high solids,
water-borne and powder coatings. Arti
cles described in this index aid in the
understanding and help to promote
involvement in: high productivity, energy
efficiency, and nonpolluting technologies.
The index covers all issues and back
volumes of publications issued by Tech
nology Marketing Corp. For a free
index, contact Technology Marketing
Corp.. 17 Park St., Norwalk, CT 06851.

Interior Coating

An advanced water-borne compliance
internal spray coating for two-piece beer
and soft drink containers is highlighted in
recently published literature. Data is
provided on the coating, System
Aquarius, which has extremely good
economics, based on actual production
usage, and will apply at consistently
lower film weights than other materials
currently in use. For information, contact
the Midland Div., The Dexter Corp.,
E. Water St., Waukegan, IL 60085.

Respirator Fit Manual

A Respirator Fit Test Manual and
audio-visual program which describe
"qualitative" test procedures for fitting
industrial respirators on workers is
available from the National Paint and
Coatings Association. The manual and
audio-visual program can be used by
employers in a wide range of industries as
they assist compliance with the Occupa
tional Safety and Health Administration's
(OSHA) Respiratory Protection Stan
dard. Additionally, the procedures des
cribed are currently under consideration
for adoption under the OSHA Standard
on Occupational Exposure to Lead. The
manual details instructions for: fitting a
respirator properly; training employees
to wear, adjust, and determine if respira
tors fit properly; conducting an odor test
for assessing the fit of vapor respirators;
and conducting a taste test for assessing
the fit of particulate respirators. The
audio-visual program is a slide/sound
training program designed for employees
which includes separate programs for
each procedure, explaining the tests to
employees in an attempt to gain their
cooperation. The price per set for the
manual and the audio-visual program is
$50 for NPCA members and $100 for
nonmembers. For further information,
contact Sherry Mahoney, Regulatory
Assistant, Technical Div., NPCA, 1500
Rhode Island Ave., N.W., Washington,
D.C. 20005.

Journal of Coatings Technology



Newsletter

Climax Molybdenum Co., a division
of AMAX, Inc., has introduced its "Moly
Corrosion Inhibitor Newsletter," a peri
odical describing uses of molybdenum
compounds in water treatment, pigments,
engine coolants, oil field l1uids, solar
energy l1uids, metalworking l1uids, and
metal phosphating. To receive a free copy
of the first issue as well as subsequent
issues, please write to Climax Molyb
denum Co., Reader Service Dept., P.O.
Box 594, Canal 5t. Station, New York,
NY 10013.

Lead-Free Primer Coat

Abstract Newsletter

A weekly abstract newsletter is avail
able which covers such areas as adhesives
and sealants; coatings, colorants, and
finishes; corrosion and corrosion inhibi
tion; elastomers; materials degradation
and fouiing; and plastics. An annual
subscription to this newsletter is avail
able for $75 from the U.S. Department of
Commerce, National Technical Infor
mation Service, 5285 Port Royal Rd.,
Springfield, VA 22161.

Epoxy-Dimerates

A guide to preparation, pigmentation,
and application of low-bake, high solids
epoxy-dimerates for coatings is now
available. This 16-page brochure de
scribes EPON ® resin-dimer acid adducts
and details their end use in coatings with
conventional bake schedules, and energy
saving and low-temperature cure sched
ules. For a copy, contact Shell Chemical
Co., Manager of Chemical Advertising,
One Shell Plaza, Houston, TX 77002.

A new lead and chromate free rust
inhibitive primer coat which also exhibits
excellent corrosion resistant properties
has been introduced in recent literature.
Information is provided on this new
primer coating which is designed pri
marily for applications over metal,
allowing industrial users to apply the
coating without requiring worker pro
tection measures necessary when using a
lead-based paint. For more information,
contact Charles Dauderman, the
DeGraco Div., The Valspar Corp.,
200 Sayre St., Rockford, IL.

CLASSIFIED
ADVERnSING

PAINT TECHNICIAN

Chemist with experience in screen pro
cess ink formulation or related fields.
Nationally known company producing
quality decal transfers. Durochrome
Products, Inc., 2475 W. La Palma,
Anaheim, Calif. 92801 (714) 527-1213
Mr. John Morris.

PAINT LINE SUPERVISOR

Mid-Atlantic Corporation has an opening
for a qualified Paint Line Supervisor to
coordinate painting of aluminum extru
sions. Must have experience using water
borne and high solids environmental
coatings, as well as conventional solvent
base paint. Previous supervisory experi
ence desirable, but will consider candi
dates with a high degree of technical
knowledge ?nd experience with paint
equipment. Send resume with previous
salary history in confidence in c/o JCT,
Box 329,1315 Walnut St., Suite832, Phila
delphia, PA 19107.
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Com1ll9 Events

FEDERATION MEETINGS

(Nov. 3-5)-60th Annual Meeting and 47th Paint Industries'
Show. Sheraton Washington Hotel, Washington, D.C. (FSCT,
1315 Walnut St., Suite 832, Philadelphia, PA 19107).

1983

(May 19-20)-Spring Meetings. Society Officers on 19th;
Board of Directors on 20th. Terrace Hilton Hotel, Cincin:lati, OH.
(FSCT, 1315 Walnut St., Suite 832, Philadelphia, PA 19107).

(Oct. 12-14)-61st Annual Meeting and 48th Paint Indus
tries' Show, Queen Elizabeth Hotel, Montreal, Quebec, Canada.
(FSCT, 1315 Walnut St., Suite 832, Philadelphia, PA 19107).

SPECIAL SOCIETY MEETINGS

(June 14)-Golden Gate Society for Coatings Technology
Computer Seminar. A. Sabella's Restaurant, San Francisco, CA.
(E. Bud Harmon, Borden Chemical Co., 41100 Boyce Rd.,
Freemont, CA 94538).

(Oct. 5) -Cleveland Society for Coatings Technology Man
ufacturing Committee Symposium on "The Use of Computers in
the Manufacture of Coatings." Cleveland Engineering and

Scientific Societies Bldg., Cleveland, OH. (Chairman Charles K
Beck, Premier Industrial Corp., 4415 Evelid Ave., Cleveland, OH
44103).

1983

(Feb. 23-25)-16th Biennial Western Coatings Societies'
Symposium and Show. Hyatt Regency, San Francisco, CA. (Ted
Favata, Chairman, Triangle Coatings Co., 2222 Third St.,
Berkeley, CA 94710).

(Mar. 23-25)-Soulhern Society Annual Meeting. Peabody
Hotel, Memphis, TN. (William E. Early, Piedmont Paint Mfg. Co.,
P.O. Box 6223, Stn. B, Greenville, SC 29606).

OTHER ORGANIZATIONS

(June 13-16)-Dry Color Manufacturers' Association
Annual Meeting. The Greenbrier, White Sulphur Springs, WV.
(P.J. Lehr, DCMA, Suite 100, 1117 N. 19th St., Arlington, VA
22209).

(June 14-18)-"Principles of Color Technology" Short
Course. Rensselaer Polytechnic Institute, Troy, NY. (Office of
Continuing Studies, Rensselaer Polytechnic Institute, Troy, NY
12181),

(June 20-23)-American Society for Testing and Matrerials
'Committee 0-1 Meeting on Paint and Related Coatings and
Materials. Sheraton Center, Toronto, Canada. (Jane M. Turner,
ASTM, 1916 Race St., Philadelphia, PA 19103).

Comrollinghigh bloodpressure on
the job is good business.

82

mnesses from uncontrolled high blood pressure cost
about 26 million lost workdays and billions In lost
earnings each year.

About 20% ofyour workforce has It. and many don't
even know it. Proper treatment. eve!)' day. can prevent
heart failure. stroke, or kidney disease caused by high
blood pressure,

High blood pressure can be easily detected and
controlled so a person can lead a normal, healthy and
active life. On the job, and off, To learn howyour
company can start a high blood pressure control
program. write:

Ms. Judie LaRosa
Worksetting Programs Coordinator
National High Blood Pressure Education

Program
Bethesda, MD 20205

High blood pressure. Treat it and live.
National High Blood Pressure Educallon Program.
National Heart. Lung. and Blood InstItute.
U.S. Depanment of Health and Human services
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(June 20-25)-75th Air Pollution Control Association's
Annual Meeting and Exhibition. The Rivergate Convention
Center, New Orleans, LA. (APCA, P.O. Box 2861, Pittsburgh, PA
15230).

(June 21-25)-"Advances in Color Technology" Short
Course. Rensselaer Polytechnic Institute, Troy, NY. (Office of
Continuing Studies, Rensselaer Polytechnic Institute, Troy, NY
12181).

(June 21-25)-"Applied Rheology for Industrial Chemists"
Short Course. Kent State University, Kent, OH. (Carl J. Knauss,
Chemistry Dept., Kent State University, Kent, OH 44242).

(June 21-25)-"High Solids Coatings" Short Course. North
Dakota State University, Fargo, ND. (Dr. leno Wicks, Jr., NDSU,
Polymers & Coatings, Fargo, ND 58105).

(June 23)-"Powder Coatings: How It will Work for You"
Workshop. Birmingham, AL. (Susan Buhr, Technical Activities
Dept., Society of Manufacturing Engineers, One SME Dr., P.O.
Box 930, Dearborn, MI 48128).

(June 28-30)-"Organic Coatings Technology" Short
Course. Center for Professional Advancement's Academic
Center, East Brunswick, NJ. (Center for Professional Advance
ment, Dept. NR., P.O. Box H, East Brunswick, NJ 08816).

(June 28-July 8)-"Polymer Colloids" Short Course spon
sored by NATO Advanced Study Institute. University of Bristol,
United Kingdom. (Dr. Gary W. Poehlein, School of Chemical
Engineering, Georgia Institute of Technology, Atlanta, GA
30332).

(June 29-July 7)-2Oth Session of the International Com
mission on Illumination. National Philharmony Bldg., Warsaw,
Poland. (U.S. National Committee, CIE, c/o National Bureau of
Standards, Washington, D.C. 20034).

(June 30)-Western Finishing Association's Seminar on
"Finishing Strategies for the 1980's" Luminaria's Restaurant,
Monterey Park, CA. (Jack Doran, Cal-Star Chemicals, 4625 Fir
Ave., Seal Beach, CA 90740).

(July 12-16)-8th International Conference on Organic
Coatings, Science and Technology. Athens, Greece. (Angelos
V. Patsis, Coykeydall Science Bldg., State University of New
York, New Platz, NY 12561).

(July 12-16)-lnternational Union of Pure and Applied
Chemists' 28th Macromolecular Symposium. University of
Massachusetts, Amherst, MA. (James CW. Chien, Dept. of
Polymer Science & Engineering, University of Massachusetts,
Amherst, MA 01003).

(Aug. 2-20)-Battelle's International Program in Productive
R&D Management. Columbus, OH. (Dr. William D. Hitt, Battalle's
Columbus Laboratories, 505 King Ave., Columbus, OH 43201).

(Aug. 9-13)-"lntroductory Short Course on Composition
of Coatings." University of Missouri-Rolla, Rolla, MO. (Norma
Fleming, Senior Coordinator, Arts & Sciences Continuing Edu
cation, UMR, Rolla, MO 65401).

(Aug. 16-20)-Fifth Annual Short Course on "Advances in
Emulsion Polymerization and Latex Technology." Schatzalp
Berghotel, Davos, Switzerland. (Dr. Gary W. Poehlein. School
of Chemical Engineering, Georgia Institute of Technology,
Atlanta, GA 30332).

(Aug. 16-20)-"Physical Testing of Paints and Coatings"
Short Course. University of Missouri-Rolla, Rolla, MO. (Norma R.
Fleming, UMR, Rolla, MO 65401).

(Aug. 30-Sept. 3)-"Films and Coatings for Technology"
Short Course. Davos Congress Center. Davos, Switzerland.
(Course Registration Office, Anita Hall, Gustav Adolfsgatan 9,
S-582 20 Linkoping, Sweden).

(Sept. 12 -17) -American Chem ical Society's 184th National
Meeting. Kansas City, MO. (AT Winstead, ACS, 1155 Sixteenth
St., NW. Washington, D.C. 20036).

(Sept. 13-17)-"lntroduction to Paint Formulation" Short
Course. University of Missouri-Rolla, Rolla, MO. (Norma
Fleming, Senior Coordinator, Arts & Sciences Continuing Edu
cation, UMR, Rolla, MO 65401).

(Sept. 18-21 )-Canadian Paint and Coatings Association.
70th Annual Convention. Four Seasons Hotel', Toronto, Ont.
(R. Murry, CPCA, 515 St. Catherine St. W., Montreal, Que.,
Canada H3B lB4).
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(Sept. 20-24)-"Advanced Paint Formulation-Industrial"
Short Course. University of Missouri-Rolla, Rolla, MO. (Norma
Fleming, Senior Coordinator, Arts & Sciences Continuing Edu
cation, UMR, Rolla, MO 65401).

(~ept. 21-23)-"Radiation Curing VI" Conference and Exhi
bition sponsored by the Association for Finishing Processes of
the Society of Manufacturing Engineers. Ramada O'Hare Inn,
Des Plaines, IL. (Susan Buhr. Technical Activities Dept., SME,
One SME Dr., P.O. Box 930, Dearborn, MI 48128).

(Sept. 29-0ct. 1)-"Surfair '82"-Conference on surfaces'
treatments in aeronautical and aerospace industries sponsored
by Surfaces magazine. Cannes (French Riviera), France. (Thierry
Delmotte, Surfaces, 46, Rue Ampere, 75017 Paris).

(Oct. 5-7)-9th International Naval Stores Conference.
Mayflower Hotel, Washington. D.C. (Pulp Chemicals Assoc., 60
East 42nd St., New York, NY 10165).

(Oct. 6-8)-"Production Planning and Inventory Manage
ment" Seminar. Colony Square Hotel, Atlanta, GA. (National
Paint & Coatings Association's Meetings & Conventions Div.,
1500 Rhode Island Ave., NW., Washington, D.C. 20005).

(Oct. 11-13)-10th Congress of the Federation of Scandi
navian Paint and Varnish Technologists. Copenhagen, Denmark.
(G. Christensen, Sadolin & Holmblad Ltd., Holmbladsgade 70,
DK-2300, Copenhagen S, Denmark).

(Oct. 13-15)-"Fundamentals of Adhesion: Theory, Practice
and Applications" Course, State University of New York, New
Paltz, NY. (Dr. Angelos V. Patsis, SUNY-New Paltz, Chemistry
Dept., New Paltz, NY 12561).

(Oct. 18)-"Fire Resistant Coatings: The Need for Stan
dards" Symposium. Philadelphia, PA. (Symposium Chairman Dr.
Morris Lieff, County College of Morris. Dover, NJ 07801).

(Oct. 26-27)-"New Coatings Systems for Bridges" World
Congress. Holiday Inn LaGuardia, New York, NY. (Norma

Small, Rapidly-Growing Company Seeks A

PRINCIPAL ORGANIC
CHEMIST

To develop paints and adhesives for an expanding
range of products in the Electronic and Graphic
Art fields,

Experience in some or all of these areas is desirable:
• Polymers for coatings and adhesives
• Pigments, dyes, glass frits, surfactants,

levelers
• Formulating resistive, conductive and

ceramic inks
• Formulating paints, inks and adhesives having

specified physical parameters
• Web coating equipment
• Screen printing techniques

WORK IN THE RENO-LAKE TAHOE AREA

Salary is open, Please send your requirements with
your resume and work references to the President.

DATAKwest
55 Freeport Boulevard· Sparks, Nevada 89431
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.Fleming, Senior Coordinator, Arts & Sciences Continuing Edu
cation, University of Missouri-Rolla, Rolla, MO 65401).

(Ocl. 31-Nov. 2)-"Women in Coatings-Meeting the Chal
lenges" Seminar. Washington, D.C. (Norma Fleming, Senior
Coordinator, Arts & Sciences Continuing Education, University
of Missouri-Rolla, Rolla, MO 65401).

(Nov. 1-3)-National Paint and Coatings Association. 95th
Annual Meeting. Washington Hilton Hotel, D.C. (Karen Bradley
Welch, NPCA, 1500 Rhode Island Ave. NW., Washington, D.C.
20005).

(Nov. 9-10)-ElectrocoaV62". Westin Hotel, Cincinnati, OH.
(Products Finishing Magazine, 600 Main SI., Cincinnati, OH
45202).

(Nov. 9-11)-"Refresher for Painting Contractors, Mainte
nance Engineers and Inspectors" Short Course. Sheraton SI.
Louis Hotel, SI. Louis, MO. (Norma Fleming, Senior Coordinator,
Arts & Sciences Continuing Education, University of Missouri
Rolla, Rolla, MO 65401.

(Nov. 12-14)-National Decorating Products Association
35th Annual Show. Superdome, New Orleans, LA. (Lillian
Smysor, NDPA, 9334 Dielman Industrial Dr., SI. Louis, MO
63132).

(Nov. 16-16)-"Estimating Workshop for Painting Contrac
tors" Short Course. Sheraton SI. Louis Hotel, SI. Louis, MO.
(Norma Fleming, Senior Coordinator, Arts & Sciences Continu
ing Education, University of Missouri-Rolla, Rolla, MO 65401).

(Nov. 29-Dec. 3)-"Principles of Industrial Coatings" Short
Course. Sheraton SI. Louis Hotel, SI. Louis, MO. (Norma Flem
ing, Senior Coordinator, Arts & Sciences Continuing Education,
University of Missouri-Rolla, Rolla, MO 65401).

(Dec. 7-9)-Fifth Annual Western Plastics Exposition. Long
Beach Convention Center, Long Beach, CA. (Western Plastics
Exposition, 1625 17th SI., Unit 2, Santa Monica, CA 90404).

(Dec. 14)-"Powder Coatings: How It Will Work for You"
Workshop. Fort Worth, TX. (Susan Buhr, Technical Activities
Depl., Society of Manufacturing Engineers, One SME Dr., P.O.
Box 930, Dearborn, MI 46126).

1983

. (Jan. 23-27)-Semi-Annual Meeting of the American So
ciety for Testing and Materials Committee D-l on Paint and
Related Coatings and Materials. Dutch Inn, Lake Buena Vista, FL.
(ASTM, 1916 Race St., Philadelphia, PA 19103).

(Jan. 26)-"New Concepts for Coating Protection of Steel
Structures" Symposium sponsored by ASTM Committee D-l on
Paint and Related Coatings and Materials and the Steel
Structures Painting Council. Lake Buena Vista, FL. (Cochairman
R.F. Wint, Hercules Incorporated, 910 MarketSt., Wilmington, DE
19699).

(June 15-16)-Oil & Colour Chemists' Association Biennial
Conference on "The Ellicient Use of Surface Coatings." Viking
Hotel, York, England. (R.H. Hamblin, Director and Secretary,
OCCA, Priory House, 967 Harrow Rd., Wembley, Middlesex,
HAO 2SF, England).

(Sept. 26-0cl. l)-Oil & Colour Chemists' Association's
Silver Jubilee Convention and Exhibition. Southern Cross Hotel,
Melbourne, Australia. (O.C.C.A.A., 1963 Pacific Coatings
Convention, C/- Tioxide Australis Pty. Ltd., Private Bag 13, Ascot
Vale, Victoria, 3032, Australia).

(OCI. 11-13)-"Finishing '63" 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 46128).
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From NL, the
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