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OUR NEW UCAR ACRYLIC
HAS PUT SOME PAINT

MANUFACTURERS IN AN

AWKWARD POSITION.

A few of our competitors’
customers may be a bit too
loyal for their own good. It
seems no matter how often
weve proved that UCAR
Acrylics can save money
without sacrificing perform-
ance, these diehards have
refused to switch.

Well, two recent develop-
ments should cause them to
reconsider.

First, raw materials costs
are skyrocketing.

And secondly, we've just
introduced our most sophisti-
cated product yet. UCAR
Acrylic 525.

Other acrylics may force
you to accept lower levels of
wet adhesion and early water
resistance in order to control

UCAR is a registered trademark of Union Carbide Corporation.

costs. UCAR Acrylic 525
doesn’t. In fact, it provides
even higher levels of these
desired properties. Plus it
offers outstanding thickener
response, dirt resistance and
tint retention.

For complete details on
how our new no-compromise
UCAR Acrylic 525 can help
you, call your UCAR Emul-
sion Systems Sales Represent-
ative. Or write to us at Dept.
14488, Danbury, CT 06817.

After all is said and done,
we still don’t expect to win
over all the stubborn hold-
outs. Just the smarter ones.

UNION
CARBIDE

UCAR Acrylics



Metallic surfaces exposed
to extreme corrosive
environments need extra
protection. MOLY-WHITE®is
the proven corrosion-
inhibiting pigment. Used to
protect the metal surfaces
of both sea-going vessels
and inland structures, it is
appropriate for primers, top
coats and one coat finishes.

Sherwin-Williams Chemi-

cals’ MOLY-WHITE is compat-

ible with the most commonly
used paint vehicles. It is the
white pigment that produces
high quality solvent or water-
based protective coatings for
any metallic surface. Best

of all, MOLY-WHITE is non-
toxic with an LD-50 greater
than 5 grams per kilogram.

Unequaled surface protection.

So if you're looking for
a cost-effective, corrosion-
inhibiting pigment that is
non-toxic, add MOLY-WHITE.

MOLY-WHITE

For technical literature or a
sample, write or call Dave
Lewis, Sherwin-Williams
Chemicals.

P.O. Box 1028
Coffeyville, Kansas 67337
(316) 251-7200

SHERWIN-WILLIAMS
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You can improve virtually any
surface with Witco additives and
systems for paints and coatings.

What do metal, wood, plastic, masonry,
textiles, vinyls, asphalt and paper have in
common?

They all have surfaces which our special-
purpose additives can help you enhance.

You can choose from pigment dispersants,
grinding aids, suspension agents, defoamers, flow
modifiers, emulsifiers, corrosion inhibitors, rust-
preventive concentrates, flatting aids, metallic




stearates, waxes, water-repellants, fatty acids and
amides, urethane catalysts, polyurethane interme-
diates, and aqueous urethane dispersions. Plus a
broad line of complete metal finishing systems.
For decades our Humko Chemical, Organics,
Allied-Kelite and Sonneborn Divisions have
been working closely with people like you.
If you’ve been thinking about ways to improve
your coatings, give us a call.

Chances are, we can help your ideas take off.

For our brochure, write: Witco Corporation,
Marketing Communications, 520 Madison
Avenue, New York, NY 10022-4236.

Or call 212-605-3941.

Witco
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NoruiNG TAKES To WATER LIKE OUR GLYCOL ETHERS.

(WELL, ALMOST NOTHING.)

It’s not easy to find solvents that meet the trickier per-
formance demands of today’s water-based coatings.

Not easy, that is, unless you turn to Dow.
We were perfecting water-based coating solvents
long before other manufacturers got their feet wet.

Today, our line of DowaNoL" glycol ethers
and acetates includes solvents for water-reducible
coatings and more coalescents for water-borne coat-
ings than you'll find anywhere else. That lets you
optimize evaporation rates to balance coating prop-
erties. Maximize coalescent efficiency. Respond
to temperature and humidity conditions. So you get
the hardness, gloss, film formation, and adhesion
you want.

And, since our CHEMCOMP' service is the
only computer-aided formulation tool that calculates
the effects of humidity, we can help make your water-
based development work more accurate and
productive.

For more choices in glycol ethers, and the
know-how in making them work with water, there’s
really only one choice. DOWANOL.

Call us at 1-800-258-CHEM.

<>

*Trademark of The Dow Chemical Company
+Service mark of The Dow Chemical Company



COLOR NONUNIFORMITY AS A COATING DEFECT—
PREVENTION AND CURE—M. Schnall

Journal of Coatings Technology, 61, No. 773, 33 (June 1989)

Pigment floating and pigment flocculation are two mecha-
nisms which, separately or in combination, are primary
causes of color nonuniformity defects. The factors involved
in both mechanisms are described, as well as methods of
improving color uniformity through formulation modifica-
tions and additive usage.

PHENOMENON OF COSOLVENCY AND SOLUTION
PARAMETERS OF POLYAMIDE RESINS—G. Narender
and M. Yaseen

Journal of Coatings Technology, 61, No. 773, 41 (June 1989)

This paper deals with the phenomenon of cosolvency and
synergistic effects of cosolvents. Considering the synergis-
tic action of cosolvents, solution parameters of polyamide
resin are determined in cosolvent mixtures consisting of
poor, good, and non-solvent. A special case of synergism
has been observed in the case of cosolvent systems con-
sisting of both non-solvents, i.e., cyclohexanol-cyclohex-
ane and cyclohexanol-toluene. Unperturbed dimensions of
resin are determined in cosolvent mixtures consisting of a
poor and a non-solvent as well as in mixtures of non-
solvents. The phenomenon of cosolvency has been ex-
plained in terms of structural parameters and preferential
adsorption of individual solvent components on polymer
coils. Mark-Houwink and Stockmayer Fixman equations
are used for determining solution parameters of the resin in
cosolvent mixture. The dependence of unperturbed dimen-
sions and long-range interaction parameters on solvent
nature has been explained in terms of preferential adsorp-
tion of individual solvent molecules and intermolecular in-
teractions. Since polyamide resin is soluble only in a few
solvents, its solubility parameter has been determined by
using the data on intrinsic viscosity, resin-binary solvent
interaction parameter, and other solution parameters. The
estimated value of solubility parameter of polyamide resin
is found to be 9.90 (cal/cc)'?
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Suitable solvent bleeds for polyamide resin can be de-
signed with the knowledge of its solubility parameter. In
doing so, various other parameters like hydrogen bonding,
polarity, and dispersion forces of resin and solvents are to
be taken into account. This practice may help the industry
in using relatively economical solvent blends for poly-
amides.

CHEMILUMINESCENCE ANALYSIS: A NEW QUALITY
ASSURANCE TOOL FOR THERMOSETTING COAT-
ings—J.P. Hysell and J.A. Farmer

Journal of Coatings Technology, 61, No. 773, 53 (June 1989)

Chemiluminescence Analysis is described as a method for
the determination of nitrogen in thermosetting coatings
systems. Its superiority to the Kjeldahl technique in the
areas of simplicity, speed, and safety is discussed. These
advantages may make it an obvious choice for the quality
control laboratories of coatings manufacturers who would
like to verify or certify the level of nitrogenous crosslinker in
every batch prior to shipment.

CONCEPT OF INTRINSIC VISCOSITY AND ITS PRACTI-
CAL SIGNIFICANCE—D.R. Provder

Journal of Coatings Technology, 61, No. 773, 57 (June 1989)

The intrinsic viscosity of three acrylic acid-type copolymers
was studied as a function of pH. The classical problem of
the curvature, encountered in extrapolating reduced vis-
cosity values to infinite dilution, was alleviated by using an
ideal time value for solvent flow obtained by doing a least
squares plot on concentration time data. From the molecu-
lar weight dependence of the hydrodynamic volume, the
Mark-Houwink constants were determined. Results indi-
cated that the copolymers approximated a rigid rod struc-
ture at a pH of 8.7.

Journal of Coatings Technology



reservative

protects against more
cum, filth and slime.

Nobody likes lowlife. Particularly in their products
hates microorganisms as mucn as
won®LX 1.5% microbicide
from Rohm and Haas.

Kathon LX 1.5% microbicide gives better protec
tion against more fungi, bacteria, and yeasts than
any other preservative. In fact, it arrests their growth
before they even start to rob your formulation

)

"Up to ¢

And the cos

> why if's reassuring to know there's a pre-

than your current preservat
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Government and Industry

ASTM Seeking Participants for Committee D-1
On Paint and Related Coatings and Materials

Standards-writing Committee D-1 of the
American Society for Testing and Materials
(ASTM), Philadelphia, PA, invites all
paint and paint component producers and
users to join the committee.

Committee D-1 on Paint and Related
Coatings and Materials offers the paint and
coating professional the opportunity to
work with industry colleagues, developing
standards for paint, varnish, lacquer, print-
ing ink, and other coatings and their com-

Aexcel Builds New Headquarters

Aexcel Corporation, a producer of spe-
cialty industrial paints headquartered in
Willoughby, OH, has announced plans to
move to an expanded headquarters and pro-
duction facility in Mentor, OH. The multi-
million dollar building will house the
firm’s paint and coatings production plant,
research and development laboratory,
warehouse, and sales and administration
offices.

The company will produce all its product
lines and custom finishes at the new plant,
which is equipped with the latest in worker
safety systems and environmental controls.

Aexcel changed its name from DeSantis
Coatings in 1988. The firm has sales of-
fices in Toledo, OH; Cincinnati, OH; and
Charlotte, NC.

Colwell/General Expands Plant

Colwell/General, Inc., a producer of
color marketing tools and color sampling
materials for the paint and coatings indus-
try, has expanded its operations with a new
60,000 square foot manufacturing facility
in Kendallville, IN.

The new facility incorporates the latest
standards for safety and fire protection and
construction. A newly designed and con-
structed coating and drying line is a key
element in the expansion. It includes a
coater platform that accommodates the
standard coater used for color cards as well
as other coaters, such as a gravure, a re-
verse roll coater for the application of sili-
cones, adhesives, UV curing, or other spe-
cialty coatings. The multi-zone drying unit
includes a laminating station, rewind cap-
ability, online sheeting and both infrared
and ultra-violet curing.

12

ponents. Committee D-1 also will analyze
the preparation of surfaces to which coat-
ings are applied, coating-substrate sys-
tems, and paint application tools.

D-1’s technical subcommittees include:
Quality Assurance and Statistics, Chemical
Analysis, Health and Safety, Physical
Properties of Applied Paint Films, Physical
Properties of Liquid Paints, Pictorial Stan-
dards of Coating Defects, Optical Proper-
ties, Accelerated Testing, Biodeterioration,
Pigment Specifications, Drying Oils, Poly-
mers and Resins, Naval Stores, Solvents,
Plasticizers and Chemical Intermediates,
Cellulose and Cellulose Derivatives, Pur-
chase of Paints, Architectural Finishes,
Traffic Coatings, Marine Coatings, Indus-

trial Protective Coatings, Masonry Treat
ments, Powder Coatings, Factory-Coated
Wood Building Products, Coil Coated Met-
al, Factory-Applied Coatings on Preformed
Products, Printing Inks, Artists’ Paints and
Related Materials, and Paint Application
Tools.

Committee D-1 meets twice a year to
develop standards and sponsor technical
symposia.

For a brochure including membership
benefits and an application, contact Dave
Bradley, ASTM, 1916 Race St., Philadel
phia, PA 19103. More information is avai-
able from Committee Chairman John
Weaver, Case Western Reserve University,
309 Olin Bldg., Cleveland, OH 44106.

3M Forms New Electro Products Group

As a result of a reorganization designed
to bring greater technical and marketing
focus to bear on the distinct telecommuni-
cations and electrical/electronic markets,
3M has formed two new operating groups
of businesses, both to be located at the
company’s headquarters in Austin, TX.

The Electro Products and Telecom Sys-
tems groups of divisions were formed by
this reorganization. The Electro Products
Group consists of the company’s Electrical
Products and Electronic Products divi-
sions. Russell J. McNaughton, formerly
Division Vice President of the Electrical
Products Division, has been elected Group
Vice President of the Electro Products
Group.

Businesses of the Electro Products
Group include products for the connection,

insulation, and termination of electrical cir-
cuits for applications ranging from high-
voltage power transmission to appliance
manufacturing. Also included are electron-
ic interconnect products for connection of
integrated circuit chips, ribbon cables and
discrete wires, IC packages, circuit boards
and intercabinet applications. Products and
systems for minimizing the damaging ef-
fects of static electricity in a range of appli
cations and protective products for cormo-
sion resistance are also included.

The Telecom Systems Group is com-
prised of businesses addressing the needs
of the telecommunications industry. Gerald
D. Pint has been named Group Vice Presi-
dent of this group. He formerly served a
Group Vice President of the Electro-Tele-
communications Group.

Akzo Chemicals Announces Recent Acquisitions

Akzo Chemicals Inc., Chicago, IL, has
purchased the benzoyl peroxide paste busi-
ness of the U.S. Peroxygen Division of
Witco Corporation in Richmond, CA. The
equipment and technology will be moved
from California to Akzo’s Chemicals’ plant
in Burt, NY. Organic peroxides are used in
metal repair applications such as curing
auto body putty and in mine bolt resins.

In addition, Akzo Chemicals B.V.,
headquartered in The Netherlands, and the

Pennwalt Corp., located in the U.S., hav
reached an agreement on the transfer of
ownership of Pennwalt Italia spA to Akzo.
The company markets methylamines and
its derivatives and a wide range of accel-
erators for the rubber market.

Pennwalt Italia employs 180 people and
will continue its present activities in close
cooperation with Akzo subsidiaries in
Italy.

Journal of Coatings Technology



What's new
for High Solids and
WaterBorne Coatings?
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KCFLEX POLYURETHANE POLYOLS,
THAT'S WHAT'S NEW.

Introducing three new solutions for upgrading
your coatings — the new K-FLEX* Polyurethane
Polyols — now available in commercial quan-
tities — exclusively from KING INDUSTRIES.

Think of the possibilities — from reactive
diluent to polymer modification, K-FLEX* UD’s
can give you urethane functionality without
isocyanates.

K-FLEX* UD's aliphatic urethane structure
delivers a combination of advantages other
polymers can't match — high hydrolytic stabil-
ity, excellent exterior durability, higher film
hardness, better adhesion and in many systems,
improved flexibility.

o o)
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In fact, when used as a reactive diluent for
water-borne coatings, K-FLEX* UD can reduce
formulation cost and reduce VOC at the same
time.

In water-borne industrial emulsions,
K-FLEX* urethane diols act as reactive co-sol-
vent, coalescing agent and as a pigment
binder, thus raising the gloss, hardness and
chemical resistance properties.

The combination of low molecular weight
and unique structure allow us to offer K-FLEX*®
UD's with solvent or water as diluents.

I-FLEX UD 320 85% active in propylene
glycol, methyl ether

acetate
K-FLEX" UD-320W  90% active in water

K-FLEX UD-320-100 100% Solids for those inter-
ested in polymer
modification

If you want to stay in the forefront of HS/WB
technology, think of the possibilities with K-FLEX*
Polyurethane Polyols. For more information and
samples, please write or call:

USA
Science Rd., Norwalk, CT 06852 Tel: 203-866-5551 TWX: 710-468-0247 Kl“G

EUR:
Kattensingel 7, 2801 Ca Gouda, Holland. Tel: 01820-28577 Telex: 62411

7 INDUSTRIES

INNOVATIVE PRODUCTS
FROM INVENTIVE PEOPLE




Federation New;

“Theme” Sessions Will Be Among Features
Of Annual Meeting Program in New Orleans

Three days of technical sessions keyed
to the theme, *‘Coatings Worldwide: Meet-
ing the Needs of the Nineties,”” will high-
light the 1989 Federation Annual Meeting
at the New Orleans Hilton Hotel, Novem-
ber 8-10. Program Committee Chairman
George R. Pilcher, of Hanna Chemical
Coatings Corp., has announced presenta-
tions that cover a variety of topics of inter-
est to industry personnel.
Several aspects of the theme topic will
be addressed in extended sessions.
A symposium on the uses of computers
will feature a presentation by Dr. Peter J.
Hunt, President, Productivity Management
Consultants, who will discuss development
of a Quality Management System which is
numerically oriented and computer sup-
ported. He will focus on the need to be
quantitative, the computer support avail-
able, and what some companies are doing.
Dr. Hunt, who has conducted a series of
statistical process control seminars on be-
half of the Federation, specializes in in-
plant training and implementation of SPC
systems, particularly for batch operations,
and has provided such services for a num-
ber of coatings manufacturers as well as
Ford Motor Co. Also featured will be a
presentation on measurement and analysis
of coatings properties, by Dr. T.F. Reh-
feldt, of The Sherwin-Williams Co.
The global outlook for raw materials will
be explored in another symposium, which
will focus specifically on supply and de-
mand for petrochemical/agricultural feed-
stocks and TiO, and how they will impact
the coatings industry in the coming decade.
In a third symposium, industry speakers
will discuss regulatory concerns from a
worldwide perspective.
Other scheduled program features in-
clude:
® Keynote Address
® Mattiello Lecture, ‘‘Learning to Leap:
Rising to the Technical Challenge of
Today’s Coatings Industry,”” by Dr.
Marco Wismer, formerly Vice Presi-
dent, Science and Technology, PPG
Industries, Inc. (see April JCT).

® Symposium on ‘‘Advanced Topics in
Coatings Research.”

® Seminar on ‘‘Manufacturing for Qual-

ity and Profitability.”’

® Seminar on ‘‘New Approaches to

Corrosion Evaluation.”

©® Roon Awards Competition papers.

® Constituent Society papers.

® Papers presented on behalf of affili-

ated overseas coatings organizations.
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Serving with Mr. Pilcher on the Program
Committee are: Vice-Chairman—Gary
Gardner, Tnemec Co., Inc.; Adrian
Adkins, Schoofs Inc.; Mary G. Brodie,
The Sherwin-Williams Co.; David Gra-
ham, Lilly Industrial Coatings, Inc.; Rich-
ard M. Hille, General Paint & Chemical
Co.; Richard J. Himics, Daniel Products
Co.; Terryl Johnson, Cook Paint & Var-
nish Co.; and Percy E. Pierce, PPG Indus-
tries, Inc.

Paint Industries’ Show

The Paint Industries” Show—the largest
and best international exhibit of its kind in
the world—will feature attractive exhibitor
displays devoted to a wide variety of raw
materials, production equipment, contain-
ers, laboratory apparatus, testing devices,
and services furnished to the coatings man-
ufacturing industry.
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The purpose of the Show is to provide
attendees with an opportunity to learn of
the latest developments in these products
and services. Key personnel from the top
technical and sales staffs of exhibitors will
be on hand. More than 220 exhibitors from
the U.S., Canada, and Europe, will utilize
almost 74,000 net square feet of exhibit
space at the Show. Exhibit hours will be
11:00-5:30 on Wednesday; 9:00-5:30 on
Thursday; and 9:00-3:00 on Friday.

The Paint Show will be held at both
the New Orleans Hilton’s Exhibition Hall
and at the adjacent Rivergate Exhibition
Center.

Hotels and Reservations

Nine hotels in New Orleans have re-
served blocks of rooms for the Annual
Meeting and Paint Show. The Federation
co-headquarters hotels will be the Marriott
and the New Orleans Sheraton.

The other cooperating hotels are: Meri-
dien, Monteleone, Omni Royal Orleans,
Westin Canal Place, Doubletree, Holiday
Inn Crowne Plaza, and the Hilton River-

side and Towers. The Monteleone and
Omni Royal Orleans are located in the
French Quarter. All hotel reservations will
be processed by the Greater New Orleans
Tourist and Convention Commission,
which will accept only the official housing
form furnished by the Federation.

Special Air Fares

Delta Air Lines, in cooperation with the
FSCT, is offering a special discount fare
which affords passengers a 40% minimum
savings off their round trip, undiscounted
day coach fares for travel to the FSCT
Annual Meeting and Paint Industries’
Show on the airlines’ domestic systems.
The discount from Canada is 35%.

To take advantage of this discount, you
must: (1) Travel between November 4-14,
1989; (2) Purchase tickets at least seven
days in advance; (3) Phone 1-800-241-
6760 for reservations. Immediately refer-
ence the FSCT file number: U0235. The
special fares are available only through this
number.

Discounts are good for both direct and
connecting flights to New Orleans. If you
use a travel agent, have your reservations
placed through the toll-free number to ob-
tain the same fare advantages.

Spouses Activities

The Spouses Program of Activities will
begin on Wednesday, November 8, with a
get-acquainted wine and cheese social in
the Mardi Gras Ballroom of the Marriott.
On Thursday, there will be a deluxe motor
coach tour of the city, featuring the French
Quarter, the elegant Garden District, the
shores of Lake Pontchartrain, the unique
St. Louis III Cemetery, and a visit to
Germaine Wells’ Mardi Gras Museum.
Lunch will be served during the tour at the
famous Arnaud’s Restaurant in the French
Quarter. Spouses’ registration also in-
cludes Continental Breakfast which will be
served at the Marriott on Thursday and
Friday mornings.

NPCA to Meet Same Week

The National Paint and Coatings Associ-
ation will hold its annual meeting on
November 6-8, 1989, at the New Orleans
Hilton. Persons wearing NPCA badges
(who sign up at special registration desks at
the Hilton and the Rivergate) will be ad-
mitted to the Paint Show on Wednesday
only, with the compliments of the Feder-
ation.

Journal of Coatings Technology



A total of 179 registrants took part in the introductory and intermediate-level SPC seminars, held at regional locations under the

auspices of the Professional Development Committee

Federation Seminars Explain Application
Of SPC Methods to Coatings Operations

The Federation recently sponsored a se-
ries of introductory and intermediate-level
seminars on Statistical Process Control, de-
signed for personnel working in coatings
manufacturing and related areas (e.g.,
chemicals, pigments) which employ a
batch process.

Held in Philadelphia, Chicago, and To-
ronto, under the auspices of the Profession-
al Development Committee, the seminars
were conducted by Dr. Peter J. Hunt,
President of Productivity Management
Consultants, Clearwater, FL, who special-
izes in in-plant training and implementa-
tion of SPC systems, particularly for batch
operations. Dr. Hunt conducted a similar

series of SPC seminars on behalf of the
Federation in 1987 and 1988.

Statistical Process Control is critical to
the new manufacturing concept of the way
to define and achieve product quality—to
make it right the first time. It is a quality
management tool which takes information
regarding process variances and uses this
information to gauge trends over periods of
time.

One of the most significant factors con-
tributing to the industrial and economic
success of Japan was the willingness of that
country’s manufacturers early on to incor-
porate SPC in their operations, to reduce
variation, and improve quality.

Statistical techniques can be applied in a variety of paint manufacturing areas. Shown

analyzing data on resin cook operations are Daniel Benoit (Director, Quality and Color,

SICO, Inc.) and FSCT Past-President A. Clarke Boyce (Technical Service Manager,
Nacan Products Ltd.)
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Many U.S. manufacturers have imple-
mented SPC and are requiring that their
suppliers do so. This ““trickle down’” effect
is beginning to have a major impact and,
within a few years, companies wishing to
sell to major manufacturers (¢.g., auto-
motive firms) will be required to demon-
strate SPC capability and its related man-
agement practices.

The SPC plan is to monitor consistency
of the process and the resulting product. By

Dr. Peter Hunt, seminar instructor, clari-
fies a point on interpreting control chart
variations
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achieving consistency batch-to-batch, a
great deal of time and money can be saved.
A typical rework of a defective batch can
cause additional costs in many areas—raw
materials, labor, disposal costs, and loss of
operating time, as well as potential loss of
business. In the coatings industry, the cost
of this rework has been estimated at 25-
30% of sales.

Fundamental to understanding SPC is
the concept of variation, which implies that
no two items will be perfectly alike or that
no two batches will be absolutely identical.
With sufficiently precise measurement,
variation will be found.

Variation can be categorized as either
inherent to the manufacturing process or
assignable to some cause.

Inherent variation is variability which is
always present in a manufacturing process.
It can come from random variation in raw
materials, from mechanical characteristics
of the equipment, from slight variation in
an operator’s performance, and from many
other sources. It is always present.

Assignable cause variation is usually due
to non-random factors. It is identified
through SPC techniques and resolved
through sound engineering, management,
or hourly worker action. Minimizing or
eliminating assignable cause variation can
significantly improve the uniformity of the
product.

Once identified, the task of eliminating
the variation is undertaken. This may in-
volve changes in engineering, job proce-
dure, testing, materials, as well as other
efforts. Once assignable cause variation
has been eliminated, a ‘‘constant cause
system’’ is said to exist.

There are two principal applications of
SPC: process control and process capability.

Process control involves gathering data
on key characteristics, plotting this data

Michael Kolakowski (Pilot Plant Manager) and Louis Chang (Senior Chemist), of Hiils
America, plot data to determine how much pigment is actually being delivered in 50-Ib

on a control chart which displays vari-
ation, and using a set of statistical rules to
interpret the control chart plot and look
for assignable cause variation. Reducing
assignable cause variation increases the
degree of process control which de-
creases product variation and helps one
become more capable of manufacturing
to customer specification.

Process capability is a measure of the
degree to which a process is capable of
manufacturing a product within estab-
lished specifications. It is based on a
quantified prediction of process adequa-
cy, and is a measure of the performance
potential of the process itself.

If one wishes to predict process ade-
quacy, the assignable cause variation in
the process should first be eliminated or

In a break between sessions, Dr. Hunt discusses variance component analysis with
Bill Lutz (Process Engineer, Essex Specialty Products)
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minimized, which is the process control
step of SPC. Process capability is a mea-
sure of the performance potential of the
process itself when the process is being
operated in a state of statistical control.
Capability is usually expressed as the
proportion or percent of output that will
be in tolerance. What is or is not accept-
able is a management judgment. Zero de-
fects is an ideal situation but may not be
practical to achieve. Situations judged
not acceptable then require management
corrective action.

The introductory seminar focused on
identifying appropriate product and ma-
chine variables to measure, plotting and
interpreting control charts, evaluating
process capability, and implementing an
SPC system.

The intermediate-level seminar fea-
tured explanations of statistical tech-
niques, when to use a particular tech-
nique, and how to interpret and use the
results to improve product quality.

SPC, however, is not just charts and
numbers. Attitude changes are required.
Everyone must ‘‘buy into’’ the concept,
so that all understand they play a role in
product consistency, and that everyone is
responsible for quality. It is a system
which gets operators on the plant floor
involved in gathering data from their own
machines and cooperatively solving prob-
lems. They work with their supervisors,
in a Quality Circle approach, to identify
problems and take corrective action.

Dr. Hunt noted that the coatings indus-
try has been slow to accept SPC, but that
progress is being made. Implementation
takes time, and he cautioned against the
tendency to expect that SPC will change
things overnight. The effort should be
undertaken, he said, in reasonable steps:
‘‘How do you eat an elephant? One bite at
atime!”’
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Regulatory

UPDATE

JUNE 1989

This digest of current regulatory activity pertinent to the coatings industry is published
to inform readers of actions which could affect them and their firms, and is designed to
provide sufficient data to enable those interested to seek additional information.
Material is supplied by Roy F. Weston, Inc., Washington, D.C.

EPA Promulgates Final SNUR—EPA is promulgating a sig-
nificant new use rule (SNUR) for pentabromoethybenzene (PEB,
CAS No. 85-22-3). This rule requires EPA notification of at least
90 days before commencing to manufacture, import, or processing
of PEB. The information will be used by EPA to evaluate any
intended use or associated activity to protect against any potential
adverse exposure.

Under a SNUR, those persons affected by the new rule need to
comply will be the same notice requirements outlined in pre-
manufacture notices (PMNs). The export of a chemical substance
identified in a final SNUR is subject to export provisions of TSCA.
In addition to the above SNUR requirements, any prospective
manufacturer, importer, or processor of PEB who intends todistrib-
ute the substances in commerce must submit a significant new use
notice.

This final rule was promulgated for the purposes of judicial
review on May 12, 1989, and becomes effective on June 12, 1989.
For further information, contact Michael Stahl, Director, TSCA
Assistance Office, (TS-799), Office of Toxic Substances, U.S.
EPA, Room EB-44,401 M Street, S.W., Washington, D.C. 20460,
(202)554-1404.

EPA Proposes to Delete Nonfibrous Form of Aluminum
Oxide from Community Right-to-Know List—EPA partially
granted a petition from the Aluminum Association by proposing to
delete nonfibrous aluminum oxide (AL,0,) from the list of toxic
chemicals under Section 313 of the Superfund Amendments and
Reauthorization Act of 1986 (SARA). See 54 Federal Register
16377 (April 24, 1989). EPA has concluded that there is no
evidence of adverse human health or the environment from nonfi-
brous aluminum oxide. However, the fibrous forms of aluminum
oxide have been retained on the list.

Comments are due on or before June 23, 1989, in triplicate, to
OTS Docket Clerk, TSCA Public Docket Office, (TS-793), U.S.
EPA, Room NE-G004, 401 M Street, S.W., Washington, D.C.
20460. Mark comments Attn: Docket Control Number OPTS-
400029. For further information, contact Robert Isreal, Acting
Petition Coordinator, Emergency Planning and Community Right-
to-Know Hotline, U.S. EPA, Mail Stop OS-120, 401 M Street,
S.W., Washington, D.C. 20460, (800)535-0202, or in Washington,
D.C. and Alaska, (202)479-2449.

NTP Extends Public Comment Period on Carcinogens—
The National Toxicology Program (NTP) has extended the public
comment period on 13 chemicals proposed for addition to the Sixth
Annual Report on Carcinogens and on other proposed actions
pertaining to this document. The comment period was extended to
May 16, 1989. See 54 Federal Register 15266 (April 17, 1989). (For
the original notice letter, see 54 Federal Register 8399, also see
May 1989 FSCT Regulatory Update.)

Comments should be sent to National Toxicology Program
Public Information Office, MD B2-04, P.O. Box 12233, Research
Triangle Park, NC 27709.

Food and Drug Administration (FDA) Approves Use of
Slimicide in Paper and Paperboard Components—The FDA
has changed its regulations to allow for the safe use of 2-bromo-2-
nitropropane-1, 3-diol as a slimicide in the manufacture of paper
and paperboard for food-contact use. See 54 Federal Register
18102 (April 27, 1989). This action was in response to a petition
filed by Betz Laboratories Inc. The amendment was effective April
27, 1989. Written objectives and requests for hearings were due by
May 30, 1989 to Docket Management Branch, (HFA-305), Food
and Drug Administration, Room4-62, 5600 Fishers Lane, Rockville,
MD 20857. For further information, contact Marvin D. Mack,
Center for Food Safety and Applied Nutrition, (HFF-335), Food
and Drug Administration, 200 C Street, S.W., Washington, D.C.
20204, (202)472-5690.

Food and Drug Administration Approves Use of Antioxi-
dants for Polymer— (FDA) has changed its regulation to allow for
the safe use of di-tert-butylphenyl phosphonite condensation prod-
uct with biphenyl as an antioxidant for 4-methylpentene-1 copoly-
mers used in contact with food. See 54 Federal Register 17704
(April 25, 1989).

The action was in response to a petition filed by Sandoz AG.
This re-evaluation was effective May 26, 1989. Written objections
and requests for hearings were due May 25, 1989, to Dockets
Management Branch, (HFA-305), Food and Drug Administration,
Room 4-62, 5600 Fishers Lane, Rockville, MD 20857. For further
information, contact Hortense S. Macon, Center for Food Safety
and Applied Nutrition, (HFF-335), Food and Drug Administration,
200 C Street, S.W., Washington, D.C. 20204, (202)472-5690.

The Regulatory Update is made available as a service to FSCT members, to assist them in making independent inquires about

matters of particular interest to them. Although all resonable steps have been taken to ensure the reliability of the Regulatory

Update, the FSCT cannot guarantee its completeness or accuracy.
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Proposed Rulemaking Affects Ozone Depleting Chemicals—
EPA issued an advanced notice of proposed rulemaking (ANPRM)
which considers adding methyl chloroform (1,1,1-trichloroethane)
and carbon tetrachloride (CC14) to the list of ozone-depleting
chemicals already regulated by the Montreal Protocol on Sub-
stances that Deplete the Ozone Layer and the EPA rule implement-
ing the Protocol. The production and consumption of these chemi-
cals may be reduced or kept at current levels as a result of inclusion
on the list.

As part of the ANPRM, EPA wants to encourage producers and
users of listed chemicals not to replace them with other chemicals
which are also considered ozone depletors or possible human
carcinogens. In addition, the following chlorinated solvents are
under investigation by EPA: methyl cholorform, methylene chlo-
ride, perchloroethylene, trichloroethylene, and carbon tetrachlo-
ride. Currently, the Montreal Protocol, which is implemented
through EPA regulation, [see 53 Federal Register 30566 (August
12, 1988)] requires a 50% phase-in reduction in the production and
consumption of specified fully-halogenated CFCS by 1998, and a
freeze at 1986 levels of specific halons beginning in 1992.

This notice also seeks comments on EPA’s analysis and on the
possible impact of placing limits on methyl chloroform and carbon
tetrachloride by adding them to the list of chemicals regulated
under the Protocol. Specifically the following points should be
addressed:

(1) What substitutes exist for methyl chloroform in the fol-
lowing use catagories: metal; precision and electronic cleaning;
aerosols; and adhesives?

(2)  What can EPA do to expedite and assist in finding sub-
stitutes for methyl chloroform in these use categories? What are the
barriers to such substitution?

(3)  Will the demand for methy! chloroform increase when
the initial reduction in CFC use is effective in July 19897

(4)  Should the international response be to freeze, reduce, or
eliminate methyl chloroform and carbon tetrachloride? How and
why or why not? Over what time period?

Comments were due on May 15, 1989, and sent to Docket (A-
89-09), Air Docket, 1st Floor, Waterside Mall,Room 1500, LE131,
U.S. EPA, 401 M Street, S.W., Washington, D.C. 20460. For
further information, contact Karla Perri, Division of Global Change,
OIAIP, Office of Air and Radiation, (ANR-445), U.S. EPA, 401 M
Street, S.W., Washington, D.C. 20460, (202)475-7496. To expe-
dite review of submitted comments, send a copy to Karla Perriat the
above address.

EPA Grants Temporary Administrative Relief for CAIR—
EPA has greanted temporary administrative releief where compli-
ance with provisions under the Comprehensive Assessment Infor-
mantion Rule (CAIR) will result in the disclosure of trade secrets
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concerning a substance. Otherwise, reporting is still required as
provided inthe final rule. (See the February 1989 FSCT Regulatory
Update for more information.) See 54 Federal Register 15324
(April 10, 1989).

This action was in response to a petition from the Synthetic
Organic Chemical Manufacturers Association (SOCMA) to recon-
sider several aspects of CAIR and to stay the application of certain
provisions of CAIR during reconsideration of these provisions by
EPA. The aspects of CAIR being reconsidered are: relief from Sec.
704.208; confidentiality of chemical identity; low volume cutoff;
and, de minimis exclusion for mixtures. Any person seeking relief
from Sec. 704.208 should notify EPA in writing with the necessary
information. This rule is effective April 10, 1989. For further
information, contact Michael Stahl, Director, TSCA Assistance
Office, (TS-799), Office of Toxic Substances, U.S. EPA, Room
EB-44, 401 M Street, S.W., Washington, D.C. 20460, (202)554-
1404.

EPA Proposes to Add Chemicals to Community Right-to-
Know List—EPA is proposing to add 10 chemicals to the Commu-
nity Right-to-Know list of toxic chemicals under Section 313 of the
of the Superfund Amendments and Reauthorization Act of 1986.
The reason EPA is adding these chemicals to the toxic chemicals
list is because nine are carcinogenic or are chronic toxics. The other
substance, mixtures of toluenediisocyanate (mixed isomers), has
been added because it is expected that this substance would have
the same adverse environmental and health effects and the individ-
ual isomers already on the Section 313 list. See 54 Federal Register
16138 (April 21, 1989).

Chemicals CAS No.
2,3-Dichloropene 78-88-6
m-Dinitrobenzene 99-65-0
p-Dinitrobenzene 100-25-4
Allyl alcohol 107-18-6
Diethyamine 109-89-7
Isosafrole 120-58-1
o-Dintrobenzene 528-29-0
Creosote 8001-58-0
Dinitrotoluene

(mixed isomers) 25321-14-6

Written comments are due by June 5, 1989, and should be
marked with the docket control number OPTS-400021 and should
be sent to: OTS Docket Clerk, TSCA Public Docket Office, U.S.
EPA, Mail Stop TS-793, Room NE-G004, 401 M Street, S.W.,
Washington, D.C. 20460. For further information, contact Robert
Isreal, Project Manager, Emergency Planning and Community
Right-to-Know Hotline, U.S. EPA, 401 M Street, S.W., Mail Stop
WH-562A, Washington, D.C. 20460, (800)535-0202, or in Wash-
ington, D.C. and Alaska, (202)479-2449.
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April 10, 1989

April 19, 1989

April 27, 1989

May 15, 1989

May 16, 1989

May 26, 1989

June 5, 1989

June 12, 1989

June 23, 1989

June 30, 1989

SUMMARY CALENDAR OF REGULATORY ACTIONS

EPA postpones compliance on some CAIR requirements. (See this issue, and also see
February 1989 issue.)

FDA admendments allowing use of propylene glycol dibenzoate for use in contact
with food effective. (See this issue.)

FDA amendments regarding use of slimicide effective. (Sce this issue.)
Comments were due on EPA's advanced notice of proposed rulemaking regarding carbon
tetrachloride and methy! chloroform and possible addition to Montreal Protocol.

(See this issue.)

Comments were due on the National Toxicology Programs's Sixth Annual Report on
Carcinogens. (See this issue, and also see May 1989 issue.)

FDA amendments regarding use of antioxidants for polymer effective. (See this issue.)

Comments due on EPA proposal to add 10 chemicals to Community Right-to-Know List.
(See this issue.)

EPA significant new use rule (SNUR) on PEB becomes effective. (See this issue.)

Comments due on EPA's proposal to delete nonfibrous aluminum oxide from Community
Right-to-Know List. (See this issue.)

EPA extends date until mandatory use of new manifest form and OMB burden disclosure
statement will begin to be required. (See April 1989 issue.)
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67th Annual Meeting

54th Paint Industries’ Show
November 8, 9, 10, 1989
The New Orleans Hilton and
The Rivergate

New Orileans, Louisiana

TO OUR MEMBERS AND FRIENDS
OF THE FEDERATION EVERYWHERE:

It is a pleasure for me to invite all those associ-
ated with the coatings manufacturing industry
to attend the Federation's 67th Annual Meet-
ing and 54th Paint Industries’ Show in "The
Crescent City," New Orleans, November 8-10.

This year marks the initial visit of these popular
Federation events to New Orleans. The Paint
Industries’ Show, coming off a record year in
1988, will be even bigger, with almost 74,000
net square feet of exhibit space at the New
Orleans Hilton Exhibition Hall and at the adja-
cent Rivergate Exhibition Center.

Running concurrently with the Paint Show will
be the technical Program Sessions with the
theme - "Coatings Worldwide: Meeting the
Needs of the Nineties." Presentations will
focus on the increasingly international aspects

of the coatings industry and the technology
required for future progress.

The locals call it "The Big Easy"; everyone else
callsit"Fun." To the Coatings Industry in 1989,
New Orleans means the largest and finest
exhibition of materials, equipment, and ser-
vices in the world — and — programming to
help you to better prepare for the future.

& juj,w

James E. Geiger
President, FSCT

Rivergate Exhibition Center

All photographs of New Orleans ©1989, Susan Leavines, Orleans Photography



©ONL-SK
Resins Meet

-~ (On Quality
- Use SK
A Resins

All signs lead
to NL high
performance
resins.

Regulations regarding VOC
emissions can be confusing and vary
from state to state. But one thing’s
for sure. Compliant coatings are
here to stay. And NL’s growing line
of resins assure you the ultimate in
performance, while meeting low
VOC requirements.

Try these high performance resins
for compliance without compromise:

SPENLITE® High Solids Aliphatic
Urethanes

SPENKEL® High Solids Aromatic
Urethanes

AROPLAZ® High Solids Alkyds
and Polyesters

KELSOL® Water Dispersible
Alkyds and Polyesters

SPENSOL® Water Dispersible
Urethanes

AROLON® Water Dispersible
Alkyds, Polyesters and Acrylic
Emulsions

NL Chemicals, Inc. is a major
producer of titanium dioxide
pigments, specialty resins,
rheological additives and
anticorrosive pigments.

NHWmnm Chemicals

SPENCER KELLOGG RESINS
Compliance without compromise.

NL Chemicals, Inc.
P.O. Box 700
Hightstown, NJ 08520
Tel: (609) 443-2500
Telex: 642240

©NL Chemicals, Inc., 1989



FEDERATION OF SOCIETIES FOR COATINGS TECHNOLOGY
1989 ANNUAL MEETING AND PAINT INDUSTRIES' SHOW
THE NEW ORLEANS HILTON AND THE RIVERGATE
\WEDNESDAY, THURSDAY, AND FRIDAY, NOVEMBER 8, 9, 10, 1989

The combined Annual Meeting and Paint Industries’ Show is a major educational
activity of the Federation. This international coatings manufacturing industry event
consists of three days of technical program sessions and exhibits, running concur-
rently. Registration is required for admission.

"COATINGS WORLDWIDE: MEETING
THE NEEDS OF THE NINETIES”

The theme of the 1989 Annual Meeting underscores
the coatings industry’s heightened awareness that it is
part of a global marketplace, and that all areas of interest
and endeavor are being viewed from an increasingly
international perspective. Programming will focus on
such areas pertinent to the “Decade of the Nineties” as
raw material availability, uses of computers, environ-
mental regulations, new approaches for corrosion
control, manufacturing for excellence, and advanced
topics on the “cutting edge” of the industry.

Also on the program will be the Mattiello Memorial
Lecture, Roon Award Papers, Society Papers, and Sem-
inars. Speakers will come from throughout the world of
coatings science and manufacture.

ANOTHER RECORD PAINT SHOW WILL
FEATURE LATEST PRODUCTS/SERVICES

OF MORE THAN 220 EXHIBITORS

The Paint Industries’ Show — the largest and best inter-
national exhibit of its kind in the world — will feature
attractive exhibitor displays devoted to a wide variety of
raw materials, production equipment, containers, labo-
ratory apparatus, testing devices, and services furnished
to the coatings manufacturing industry.

The purpose of the Show is to provide attendees with an
opportunity to learn of the latest developments in these
products and services. Key personnel from the top
technical and sales staffs of exhibitors will be on hand.
More than 220 exhibitors from the U.S., Canada, and
Europe, will utilize almost 74,000 net square feet of
exhibit space at the Show. Exhibit hours will be 11:00
- 5:30 on Wednesday; 9:00 - 5:30 on Thursday; and
9:00 - 3:00 on Friday.

The Paint Show will be held at both the New Orleans
Hilton’s Exhibition Hall and at the adjacent Rivergate
Exhibition Center.

HOTELS/RESERVATIONS: MARRIOTT
AND SHERATON CO-HEADQUARTERS

Nine hotels in New Orleans have reserved blocks of
rooms for the Annual Meeting and Paint Show. The
Marriott and Sheraton will be the co-headquarters
hotels.

The other cooperating hotels are: Meridien, Montele-
one, Omni Royal Orleans, Westin Canal Place, Double-
tree, Holiday Inn Crowne Plaza, and the Hilton. The
Monteleone and Omni Royal Orleans are located in the
French Quarter.

Rooms are subject to an 11% occupancy tax plus a
$2.00 per room night city ordinance tax. All hotel
reservations will be processed by the FSCT Housing
Bureau. Phone reservations will not be accepted. You
will receive an acknowledgment of your reservation
from the Housing Bureau. This is not the hotel confir-
mation; that will be sent to you directly from the hotel
to which you have been assigned.

Reservations for the Hilton will be accepted for arrival
beginning Wednesday, November 8, only. Any reser-
vations requesting the Hilton for arrival prior to Novem-
ber 8 will be assigned to another hotel.

Requests for accommodations at either the Marriott or
Sheraton will be limited to ten rooms per company. A
parlor counts as one room. All hotels require deposits.
Please mail your deposit directly to the hotel. Additions,
changes, and cancellations must be submitted in writ-
ing directly to the hotel in which you have been
confirmed. (All hotels are in New Orleans, LA — zip
codes in parens.)

Marriott
Canal & Chartres Sts. (70140)

Sheraton
500 Canal St. (70130)

Westin Canal Place
100 Rue Iberville (70130)

Doubletree
300 Canal St. (70140)

Meridien Holiday Inn Crowne Plaza
614 Canal St. (70130) 333 Poydras St. (70130)
Monteleone Hilton

214 Rue Royale (70140) Poydras at the Mississippi
River (70140)
Omni Royal Orleans

621 St. Louis St. (70140)



“Need in a color match-
is the only specfropho-
0 incorporate reversible

ou to use diffuse polychromatic
omatic illumination of both sample

jolor Graph and Color Graph 45 For high-volume
nvironments, the Color Graph™ and the Color
Graph™ 45 spectrophotometers give you the
speed and accuracy you need to keep production
moving along.

Milton Roy has meshed research-level accuracy

OLD AT THE

THE RAINBOW

with production-environment simplicity o create
the more affordable Color Graph.

Its dual-beam scanning provides accurate results
of incoming, in-process and finished product color
analysis.

Free demonstration Telling you about Milton Roy
Color Matching Sysfems doesn’t do our technology
justice. We want fo show you. Pick up your phone
today and call 1-800-922-0826 for a no-obliga-
tion demonstration of either the Match Scan 2 or
the Color Graph.

Or if you would just like more information, lef us
know that. We'll mail you a copy of our free
brochure.

COLOR MATCHING SYSTEMS

Milton Roy Color Matching Systems contain
dual-beam spectrophotometers that provide
fast, precise measurements—even in dark
color determinations.

2J014

MILTON ROY

Diano Color Products




HOTEL ROOM AND SUITE RATES

Map Suites
No. Hotel Singles Doubles/Twins 1 BR 2 BR
| Marriott $ I 12 $128 3360—400 ‘ S488~528
2 Sheraton 115 130 183-310-480 310-705
Towers 135 170 480-600 705
3 Meridien 95 105 275 & up 500 & up
4 Monteleone 92 104 215-425 325-550
5 Omni Royal Orleans 99,140,165 160,185 310,350 475,515
6 Westin Canal Place 115 130 350-425 525-600
7 Doubletree 85 95 160-200 300-400
8 Holiday Inn
Crowne Plaza 95 110 226-446 349-592
g# New Orleans
Hilton 115 135 290-950 375-1125
Towers 165 185 575950 725-1100
Note: Rates subject to 11% occupancy tax plus a $2.00 per room night city ordinance tax.

All hotels require a first-night room deposit. Please send directly to hotel.
*Reservations at the Hilton will be accepted for arrival beginning Wednesday, November 8, only.

(1) Marriott (4)  Monteleone [7) Doubletree
Canal & Chartres Sts. (70140) 214 Rue Royale (70140) 300 Canal St. (70140)
(2) Sheraton (5)  Omni Royal Orleans (8) Holiday Inn Crowne Plaza
500 Canal St. (70130) 621 St. Louis St. (70140) 333 Poydras St. (70130)
(3) Meridien [6) Westin Canal Place (9)  New Orleans Hilton
614 Canal St. (70130) 100 Rue Iberville (70130) Poydras at the Mississippi

River (70140)




1989 FSCT ANNUAL MEETING AND PAINT INDUSTRIES' SHOW

NEW ORLEANS HILTON AND RIVERGATE, NEW ORLEANS, LA

WEDNESDAY, THURSDAY, AND FRIDAY, NOVEMBER 8, 9, 10 8Bty
\ %

APPLICATION FOR HOTEL ACCOMMODATIONS

Mail to: FSCT Housing Bureau
1520 Sugar Bowl Dr.
By 10/5/89 New Orleans, LA 70112

Please indicate below the type of accommodations desired and the choice of hotels. (Refer to the hotel map and
rates on opposite page.) All reservations will be processed by the FSCT Housing Bureau. Hotel assignments will
be made in accordance with the prevailing availability. You will receive an acknowledgment of your reservation
from the Housing Bureau. This is not the hotel confirmation. That will come to you directly from the hotel to
which you have been assigned. Changes/additions/cancellations must be submitted in writing to the hotel.

TYPE OF ACCOMMODATION | NUMBER | RATE REQUESTED CHOICE OF HOTELS

Single (1 person) 1sT

Double (2 persons) 2ND

Twin (2 persons)

Suite [parlor and 1 bedroom) 3RD

Suite (parlor and 2 bedrooms) 4TH j
NAMES OF ROOM OCCUPANTS AND DATES OF ARRIVAL/DEPARTURE

Type of Dates

Room Name Arrive Depart

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

SEND CONFIRMATION FOR ALL RESERVATIONS TO:

Name Telephone

Company FAX

Address

City, State, Zip

Country

Name of Credit Card Signature

Credit Card Number Exp. Date

Note: (1) Requests for accommodations at either the Marriott or the Sheraton will be limited to 10 rooms per company.

(2) Reservations for the Hilton will be accepted for arrival beginning Wednesday, November 8, only.



SPECIAL FARES AVAILABLE
FROM DELTA AIR LINES

Delta Air Lines, in cooperation with the FSCT, is offering
a special discount fare which affords passengers a 40%
minimum savings off their round trip, undiscounted day
coach fares for travel to the FSCT Annual Meeting and
Paint Industries’ Show on the airlines’ domestic systems.
The discount from Canada is 35%.

To take advantage of this discount, you must: (1) Travel
between November 4-14, 1989; (2) Purchase tickets at
least seven days in advance; (3) Phone 1-800-241-6760
for reservations. Immediately reference the FSCT file
number: U0235. The special fares are available only
through this number.

Discounts are good for both direct and connecting
flights to New Orleans. If you use a travel agent, have
your reservations placed through the toll-free number
to obtain the same fare advantages. Delta has a variety
of other promotional fares, some of which may repre-
sent even greater savings. When you phone for reser-
vations, ask for the best discount applicable to your
itinerary.

FEDERATION BOARD OF DIRECTORS
TO MEET ON TUESDAY AT MARRIOTT

The Board of Directors of the Federation will meet on
Tuesday, November 7, at 9:00 a.m. in the Marriott.

HILTON EXHIBITS - SITE OF DELTA
FIRST-CLASS TICKETS DRAWING

The Federation will offer a special door prize during the
Paint Show: a pair of Delta Air Lines first-class, round-trip
tickets for any destination in the continental United
States. Entries must be made at a special location at the
Hilton Exhibition Hall. The drawing will be held at the
Hilton Exhibition Hall at 11:00 a.m., Friday, November
10. Winner need not be present, however, the an-
nouncement of the winning entry will be made at the
Federation's Annual Luncheon.

Hilton Riverside and Towers Hotel

,“,"l“; '.“ q_‘:.- ot .-"" - @
St. Louis Cathedral, Jackson Square

FEDERATION ANNUAL LUNCHEON
WILL BE HELD ON FRIDAY

The annual Federation Luncheon will be held on
Friday, November 10, at the New Orleans Hilton.

SPOUSES PROGRAM INCLUDES
TOUR OF FRENCH QUARTER

The Spouses Program will open on Wednesday with a
get-acquainted wine and cheese social in the Mardi
Gras Ballroom of the Marriott Hotel. On Thursday, there
will be a deluxe motor coach tour of the city, featuring
the French Quarter, the elegant Garden District, the
shores of Lake Pontchartrain, the unique St. Louis Il
Cemetery, and avisit to Germaine Wells' Mardi Gras Mu-
seum. Lunch will be served during the tour at the
famous Arnaud's Restaurantin the French Quarter. Also
included in the spouses' registration is Continental
Breakfast served at the Marriott on Thursday and Friday
mornings.

NPCA TO MEET SAME WEEK
AT NEW ORLEANS HILTON

The National Paint and Coatings Association will hold its
annual meeting on November 6-8, 1989, at the New
Orleans Hilton Riverside and Towers. Persons wearing
NPCA badges (who sign up at a special registration desk
at the Hilton) will be admitted to the Paint Show on
Wednesday only, with the compliments of the Federa-
tion.



1989 Advance Registration

FEDERATION OF SOCIETIES FOR COATINGS TECHNOLOGY

1315 Walnut St., Philadelphia, PA 19107

C |

Office Use Only

Date Rece
Amount $
Check No.

ived

Please fill out this form and mail with a check in the correct amount (made payable to the FSCT) to the Federation
address shown above. All checks must be payable in U.S. Funds. Any that are not will be returned. DEADLINE
DATE FOR ADVANCE REGISTRATION IS OCTOBER 13. NONE WILL BE ACCEPTED AFTER THAT DATE.

A $10.00 charge will be made for cancellations received prior to October 13. No refunds will be made after that date.

INDUSTRY REGISTRATION FEES:

INFORMATION FOR REGISTRATION BADGE:

A [ mMEmBER $60.00
Please name the Federation
Society in which you are a
paid-up member:

Federation Constituent Society

B [ NON-MEMBER  $75.00

G [ SPECIAL FEE FOR
RETIRED MEMBERS ~ $25.00

Federation Constituent Society

NICKNAME

CITTTTTTTT]

FIRST NAME LAST NAME
CITTTTTTITTIII I I T ]

COMPANY

EEEEEEEEEEEEEEEEEEEE

STREET

EEEEEEEEEEEEEEEREREE

CITY STATE (US.only) ~ POSTAL CODE
HEEEEEEEEEEEEEEREEREEEEEEEEEN
COUNTRY (OTHER THAN U.S.) TELEPHONE NO.
CITTTTTITTT] HEEEEEEEEE

BUSINESS CLASSIFICATION DATA FOR THE ABOVE REGISTRANT

YOUR COMPANY (CHECK ONE BLOCK)

YOUR POSITION (CHECK ONE BLOCK)

AA I:] Manufacturers of Paints, DD D Sales Agent for Raw KK D Management/ PP D Technical Sales Servict

Varnishes, Lacquers, Materials + Equipment Administration

Printing Inks, Sealants ee [ Government Agency 0 ) aal]  sales and Marketing

D Research/Testing/ . lg/lan_ufactynng and

BB D Manufacturers of Raw FF Consulting 2 ngineering RR D Consultant

Materials cal] E%ucational Institution mmL]  Qualty Control ss[]  Educator/Student/

ibrary L

CcC D Manufacturers of HH D Paint Consumer NN D geseforch antd TT D Iaz:::lan

Equipment and evelopmen

Containers JJ D Other
SPOUSES REGISTRATION AND INFORMATION FOR REGISTRATION BADGE:

NICKNAME
p [ spouse $4000 TTTTTTTTTT]
FIRST NAME LAST NAME
CTTTTITTITTI Tl T]
SPECIBL FEE FOR THE CITY STATE (US.only)  POSTAL CODE
SPOUSES OF RETIRED
MEMBERS ONLY: HEEEEEEEEEEEERREEREEEEEEEEEN
H [ $25.00
A CHECK IN THE AMOUNT OF:
TICKETS FOR FEDERATION LUNCHEON. $
FRIDAY. NOVEMBER 10 (@$ 25.00)
IS ENCLOSED

z [J NUMBER REQUIRED:

$25.00 EACH.




Here’s hOW Slmple research What can you do when your product quality is

threatened by federal regulations?

and development can be. That's the issue makers of coatings for the
auto industry face as government tightens rules
for VOCs—Volatile Organic Components.

The dilemma: comply with new standards and
sacrifice properties, or maintain properties and
fall short of compliance.

There’s really no easy way out; yetaphone call
to Henry Heck, the Automotive Coatings Project
Leader at Dow, resulted in a simple solution.




£
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Henry assembled a Dow development team,
gave them the run of the lab (more than a million
dollars worth of equipment to work with) and told
them to find an answer.

The result: A new hydroxy butyl acrylate
monomer than helps coatings resins meet VOC
requirements without sacrificing properties.
(What's more, resins made from HBA resisted
micro-cracking better. As Henry says, “Once
you're into it, you might as well go all the way.”)

Soon, coatings manufacturers will have a new

tool to make topcoats that not only look good to
buyers, but look good to regulators.

“Critical mass,says Henry. “That’s what helps
our customers. Dow is like a giant tool box. If a
customer has a problem, or needs a new monomer,
the solution’s already there, or we can make it.”

Productive research and development is just
part of the story. If you would like to know more
about the Dow tool box, and how it can give you
abusiness advantage, call 1-800-258-CHEM
(2436), Coatings.

*Trademark of The Dow Chemical Company.

<>



——— 1989 Paint Industries’ Show
Current List of Exhibitors

Aceto Corp.

Advanced Coatings Technologies
Air Products & Chemicals, Inc.
Alcan-Toyo America, Inc.
Ambrose Co./Pioneer Packaging
American Cyanamid Co.

Amoco Chemical Co.

Angus Chemical Co.

Applied Color Systems, Inc.
Aqualon Co.

Arco Chemical Co.

Ashland Chemical Co., IC&S Div.
Atlas Electric Devices Co.

B&P Environmental Resources
B.A.G. Corp.

BASF Corp., Chemicals Div.
Blackmer Pump/Dover Resources Co.
Bohlin Reologi, Inc.

Brinkmann Instruments, Inc.
Brookfield Engineering Labs., Inc.
Brookhaven Instruments Corp.
Buckman Laboratories, Inc.
Buhler-Miag, Inc.

Bulk Lift International, Inc.
Burgess Pigment Corp.
BYK-Chemie USA

CB Mills

CDF Corp.

CL Industries, Inc.

Cabot Corp. - CAB-O-SIL Div.
Cabot Corp.-Special Blacks Div.
Calgon Corp., Div. of Merck Co., Inc.
The Carborundum Corp.

Cardolite Corp.

Cargill, Inc.

Catalyst Resources, Inc.

Chemical & Engineering News
Chemolimpex Hungarian Trading Co.
CIBA-GEIGY Corp.

Clawson Tank Co.

Coatings Magazine

Colloids, Inc.

Color Corp. of America

Colorgen, Inc.

Columbian Chemicals Co.

Contraves Industrial Products Div.
Cook Resins and Additives

Cosan Chemical Corp.

Coulter Electronics, Inc.

Cray Valley Produc
Crosfield Chemicals, Inc.

Cuno, Inc., Process Filtration Prods.
Custom Metalcraft, Inc

Cyprus Industrial Minerals Co.

D/L Laboratories

DSA Consulting, Inc.

DSET Laboratories, Inc.

Daniel Products Co.

Datacolor

Degussa Corp.

University of Detroit

Disti Environmental Systems, Inc.
Dominion Colour Co.

Dow Chemical USA, Latex Prods. Div.

Dow Chemical USA
Dow Corning Corp.
Draiswerke, Inc.
Drew Chemical Corp.
Du Pont Co.

ECC America

EM Industries

Eagle Picher Minerals Inc.
Eastern Michigan University
Eastman Chemical Products, Inc.
Ebonex Corp.

Eiger Machinery, Inc.

Elders-Thorson Chemicals Ltd.

Elmar Industries, Inc.

Engelhard Corp., Spec. Min. & Colors
Epworth Manufacturing Co., Inc.

Etna Products, Inc., Specialty Chem. Div.
European Coatings Journal

Expancel - Nobel Industries Sweden
Exxon Chemical Co.

Fawcett Co., Inc.

Federation of Societies for Coatings Tech.

Filter Specialists, Inc.

Fisons Instruments/Haake Inc.
Floridin Co.

Freeman Chemical Corp.
H.B. Fuller Co.

GAF Chemicals Corp.

Paul Gardner Co., Inc.

Georgia Kaolin Co.

Goodyear Chemical Div.

W.R. Grace & Co., Davison Chem. Div.

Haake Inc./Fisons Instruments

Halox Pigments, Div. of Hammond Lead
Henkel Corp.

Hilton-Davis Co.

Hi-Tek Polymers, Inc.

Hitox Corp. of America

Hockmeyer Equipment Corp.

Hoechst Celanese Corp.

Hoechst Celanese Corp., Waxes & Lub.
Horiba Instrument Inc.

J.M. Huber Corp.

Hiils America, Inc.

Hungalu Hungarian Aluminium Corp.
Hunter Associates Lab., Inc.

ICl Americas, Inc.

ICI Resins U.S.

Ideal Manufacturing & Sales Corp.
[linois Minerals Co.

Indusmin, Inc.

Industrial Finishing Magazine

ITT Marlow Pumps

S.C. Johnson & Son, Inc. (Johnson Wax)

KTA-Tator, Inc.

Kenrich Petrochemicals, Inc.
Kent State University

King Industries, Inc.

Langston Companies, Inc.

Leeds & Northrup, Unit of General Signal
LogiCom, Inc.

Lubrizol Corp. Coatings Technologies

3M, Industrial Chemicals Div.
Macbeth

Magnesium Elektron, Inc.
Malvern Instruments, Inc.
Malvern Minerals Co.
Manchem Inc.

Manville Sales Corp.
McWhorter. Inc.

The Mearl Corp.
Micromeritics Instrument Corp.
Micro Powders, Inc.
Mid-States Engineering & Manufacturing
Miller Paint Equipment
Milton Roy Co.

MiniFIBERS, Inc.

University of Missouri-Rolla
Mixing Equipment Co., Inc.
Mobay Corp.

Modern Paint and Coatings
Monsanto Co.

Morehouse Industries, Inc.
Myers Engineering

NL Chemicals, Inc.

NYCO

National Starch and Chemical Corp.
Netzsch Inc.

Neupak, Inc.

New Way Packaging Machinery, Inc.
North Dakota State University

ORB Industries, Inc. *
O'Brien Corp.
Ortech International

PPG Silica Prods., a Unit of PPG Industries
PQ Corp.

Pacific Micro Software Engineering
Pacific Scientific Co., Instrument Div.
Packaging Service Co., Inc.

Pfizer Inc., MPM Div.

Pfizer Pigments, Inc.

Phillips 66 Co., Specialty Chemicals
Pico Chemical Corp.

Pioneer Packaging Co./Ambrose Co.
Plastican, Inc.

Poly-Resyn, Inc.

Premier Mill Corp.

The Q-Panel Co.

Raabe Corp.

Red Devil, Inc.

Reichhold Chemicals, Inc.
Reliance Resins
Renzmann Inc.
Rhone-Poulenc, Inc.
Rohm and Haas Co.
Rosedale Products, Inc.
Russell Finex, Inc.

Sandoz Chemicals Corp.

Schold Machine Co.

Semi-Bulk Systems, Inc.

Serac, Inc.

Shamrock Technologies, Inc.
Sheen Instruments

The Sherwin-Williams Co.
Silberline Manufacturing Co., Inc.
Sonoco Fibre Drum, Inc.
University of Southern Mississippi
South Florida Test Service
Spartan Color Corp.

Steel Structures Painting Council
Stone Container Corp., Bag Div.
Sub-Tropical Testing Service

Sun Chemical Corp.

Tammsco, Inc.

Tego Chemie Service USA
Texaco Chemical Co.
Thiele Engineering Co.
Troy Chemical Corp.

Unimin Corp.

Union Carbide Corp.

Union Process Inc.

United Catalysts, Inc., Rheological Div.
Universal Color Dispersions

Unocal Chemicals Div.

U.S. Silica Co.

U.S. Stoneware Corp

R.T. Vanderbilt Co., Inc

Van Waters & Rogers

Velsicol Chem. Corp., Specialty Chems.
Viking Pump, a Unit of Idex Corp.
Vorti-Siv, Div. of M&M Industries

Wacker Silicones Corp.

Warren Rupp, Inc.

Wilden Pump & Engineering Co.
Witco Corp.

Zeelan Industries, Inc. i




Now get a great shine
with a waterborne lacquer.

Now, with Rhoplex® WL-96
polymer, you can polish off
factory-finished wood products
with that lustrous warmth typical
of solvent lacquers. And still enjoy
the low VOC of an aqueous
coating.

That’s the beauty of this unique
Rohm and Haas product. High
gloss. Low VOC. Plus a perfect
combination of handling, appear-
ance and resistance properties.

Besides that great lacquer look,
Rhoplex WL-96 also imparts

superior hot print and early block
resistance. It can be applied by
spray, dip or flow, or curtain. And
is, on a formulated basis, less
expensive than other waterborne
or solventborne lacquers.

Learn more about how Rhoplex
WL-96 can outshine the competi-

tion while it saves you money.
Contact your Rohm and Haas
technical representative. Or write
Rohm and Haas Inquiry Response
Center — 782A2, P.O. Box 8116,

Trenton, NJ 08650.
= ROHMpY
{HARS

Rhoplex is a registered trademark
of Rohm and Haas Company.
©1987 Rohm and Haas Company.  PHILADELPHIA, PA. 18105

RHOPLEX' WI-96
The Waterborne Wonder



bepex INTRODUCES THE

HYBRIDIZATION'
PROCESS

@2¢1 26KV 5um

The Hybridizer lets you modify
or make entirely new materials

Hybridization is a unique dry particle/powder modification fomsgnr:ﬁﬁf i é';g‘rss’ for:
process. It builds entirely new discrete particles by combining :
individual particles in a unique two-stage mechanical/thermall ® foners ® pharmaceuticals
process. With the Hybridizer, you can enhance powder = fine chemicals ® cosmetics
characteristics (such as dispersability, solubility), save or extend ® dyes ® paints ® inks
the use of high priced or rare materials, speed up production ® ceramics ® powdered metals
processes, and even produce entirely new = food flavors ® catalysts
materials. The Hybridizer is available in sizes — 2 b.' eI:ctrc_: mlcterltolsl I
ranging from laboratory units fo production I0CHeMICON maienals
machines. Details are in our new brochure. .
*Patent Pending. Manufactured u&er license from ngdrp'OBerC]dtclor'\
Nara Machinery Company, Ltd. @\ s ivision of Berwind Corporation
p.

333 N.E. Taft Street « Minneapolis, MN 55413
1-612-331-4370 » FAX 1-612-331-1046




REVIEW PAPER

Color Nonuniformity as a Coating Defect—
Prevention and Cure

Marvin Schnall
Troy Chemical Corporation™

Pigment floating and pigment flocculation are two
mechanisms which, separately or in combination, are
primary causes of color nonuniformity defects. The
factors involved in both mechanisms are described,
as well as methods of improving color uniformity
through formulation modifications and additive us-
age.

INTRODUCTION

Nonuniformity of color is a defect that is fairly common
in all types of coatings: solvent- and water-based, trade
sales, and industrial. Since appearance is a major attri-
bute of coatings from the consumer’s standpoint, it is
important to have some understanding of the reasons for
the occurrence of color nonuniformity problems and to
review methods of correction.

Color nonuniformity may be defined as a nonuniform
distribution of two or more different colored pigments in
a coating film. This could occur as in Figure 1, which
shows two paint films that appear to be different in color
and are apparently uniform. However, when the wet film
is disturbed as was done toward the bottom of both sam-
ples, it can be noted that the film on the right is uniform in
color while the film on the left is not. Actually, these are
two samples of the same paint in which the poor color
uniformity shown on the left was corrected by an additive
on the right. In practice, this type of color nonuniformity
becomes a problem in brush or roller application where an
overlapped area develops a change in color, or in indus-
trial applications where a sprayed part has a different
color than a part that is dipped in the same coating. This

Presented at the Spring Meeting of the Federation of Societics for Coatings Technology. in
Orlando, FL, on May 17-18, 1988.
*One Avenue L, Newark, NJ 07105,
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type of problem can also make color matching much more
difficult.

Color nonuniformity can also be more obvious than the
previous example. This is shown in Figure 2, where the
applied, undisturbed film has a mottled or streaky appear-
ance. This again represents two samples of the same
coating in which nonuniformity shown on the left is cor-
rected by an additive shown on the right. This type of
problem is even more objectionable than the first exam-
ple, but both require correction. The intention of this
paper is to outline some causes and possible cures of color
nonuniformity.

The mechanisms causing color nonuniformity are com-
plex and not fully understood. However, it is convenient
to divide the overall problem into two general categories:
flooding and floating on one hand and color flocculation
or “‘rub-up’’ on the other. Admittedly, this is an over-
simplification and it will be noted that the two categories
sometimes overlap.

MECHANISMS OF FLOODING AND FLOATING

Both flooding and floating involve the separation of
different colored pigments in a wet film of a coating. In
flooding, the separation is primarily horizontal or in lay-
ers and becomes apparent only when the surface of the
film is disturbed, disclosing a different color underneath.
With floating, the separation is both vertical and horizon-
tal and results in a mottled, streaky, or blotchy appear-
ance at the film surface.'

The physical processes occurring during flooding and
floating have been described by Patton? and others, and
can best be understood with the aid of the sketches in
Figure 3. When a coating film is applied, solvent begins
to evaporate at the surface. The solvent-richer paint in the
bulk of the film then rises to the surface to replace the
evaporated solvent, setting up a turbulent flow somewhat
like a series of erupting volcanoes. This effect has been
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Figure 1—Rub up of acrylic latex enamel. Left—control;
right—wetting agent

confirmed by microscopic examination of wet paint
films. The solvent-rich paint erupts at points throughout
the film surface and then flows out from these points in
the form of cells, called Benard cells.

As the paint flows over the surface of the cell, more
solvent evaporates. This increases the surface tension of
the paint so that the edges of the cells formed are higher in
surface tension than the centers. Since liquids flow away
from areas of low surface tension toward areas of high
surface tension, this surface tension gradient will rein-
force and increase the flow patterns that have been set up.
Therefore, the flow of paint in the wet film will continue
until sufficient solvent has evaporated to reduce the sur-
face tension gradient or until viscosity increases to the
point where flow is restricted.

This type of flow will occur in all films during solvent
evaporation and does not necessarily result in floating or
flooding. An additional requirement for the occurrence of
floating or flooding is the presence of two or more differ-

ent colored pigments that vary in particle size. As the
currents described previously are up in the wet film, the
smaller, less dense pigment particles are more easily
moved while the larger, more dense particles tend to be
left behind. This develops a separation of pigments in the
wet film which is more pronounced as the difference in
particle size is increased. As an example, floating or
flooding is most common when relatively large particle
sized titanium dioxide is combined with much smaller
particle sized organic pigments, such as carbon black or
phthalocyanine blue.

Figure 4 shows the difference in the distribution of the
pigment particles with flooding as compared to floating.
In flooding, there is a horizontal separation due primarily
to the different particle sizes. In floating, the currents at
the surface described previously also create a vertical
separation resulting in the mixed pattern shown.

FACTORS GOVERNING FLOODING
AND FLOATING

The coating characteristics governing the occurrence of
flooding or floating are outlined in Table 1 and may be
summarized as follows:

(1) SoLvent EvaporaTiON: Faster evaporating sol-
vents increase flooding and floating by creating a stronger
surface tension gradient across the surface of the drying
film.

(2) Surrace TEnsIoN: In addition to the gradient ef-
fect, higher surface tension of a coating film increases the
driving force, tending to bring the solvent-rich paint to
the film surface. In addition, higher surface tension tends
to hold more of the fine particle size pigments at the
surface, preventing them from descending back into the
film.

(3) PiGMENT SizE DiFrerence: The greater the differ-
ence in particle size and density among the different
colored pigments, the greater is the tendency for them to
undergo separation as the currents within the film are set

up.

s - AuaE
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Figure 2—Pigment floating of air-drying alkyd. Left—control; right—0.4% anti-float agent
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COLOR NONUNIFORMITY

Top View of Bénard Cell

Paint Rising in Center
Side View-
Current Flow Forming Cell

4
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Pigment

Figure 3—Processes occurring during flooding and floating

(4) Viscosity AND THixotropy: These factors influ-
ence the ability of the currents created by evaporation to
move through the wet film. The higher the viscosity or
the higher the degree of thixotropy, the more this move-
ment is restricted.

(5) FiLm TuicknEss: Increasing film thickness in-
creases the time during which floating and flooding can
occur before solvent evaporation proceeds sufficiently to
end the process.

(6) PioMENT FLoccuLaTION: This process will be de-
scribed in more detail, but it is sufficient here to indicate
that pigment flocculation may influence pigment floating
and that it can either increase or reduce the problem.

Considering the factors of solvent evaporation and vis-
cosity, it becomes apparent why pigment floating is much
more common in solvent-based coatings than in water-
based latex systems. The slow evaporation rate of water
as well as the more thixotropic structure of latex paints
would tend to reduce floating tendencies as compared to a
typical solvent coating.

REDUCING FLOATING THROUGH
REFORMULATION

Based on the previous discussion, it follows that the
formulation or application changes indicated in Table 2
will reduce pigment floating and flooding. However, it is
also apparent that these changes may not always be prac-
tical or that they may have adverse effects on other coat-
ing properties.

Slower evaporating solvents may reduce floating as
indicated previously, but they will also increase drying
time and may increase sagging on vertical application.
Resins and solvents are generally chosen for reasons oth-
er than their surface tension, including film strength and
integrity, solvency, etc. Consequently, the procedure of

Table 1—Factors Influencing Flooding and Floating

More Floating Less Floating

faster . Solvent evaporation rate .... —  slower
higher' %= cuwa vas Surface tension ........ —  lower
greater < ....Difference in particular size ... —  less

lower 8= s s s Viscosity/thixotropy ... ... —  higher
higher & voven o Film thickness ........ —  lower
either e smise e e Flocculation ......... — either
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Table 2—Reducing Floating Through Reformulation

(1) Slower evaporating solvents

(2) Vehicles with lower surface tension
(3) Pigments closer in particle size

(4) Higher viscosity and thixotropy

(5) Thinner films

(6) Nonflocculating pigments

changing a resin or a solvent to a lower surface tension
type is usually not a practical approach.

Pigments are chosen to give a specific color, and while
substitutions can sometimes be made, such as replacing a
very fine particle sized carbon black with a coarser one to
produce a gray color, the formulator’s ability to make this
type of change is decidedly limited. Increasing the vis-
cosity of a formulation may reduce pigment floating, but
this may also create application difficulties, including
poor brushability or poor sprayability.

Applying thinner films may reduce pigment floating,
but obviously, this also reduces the hiding and protective
qualities of the coating. The use of nonflocculating
grades of pigments will help only if the flocculation of a
specific pigment is a factor in the floating of the system.
Therefore, it is apparent that all of these approaches have
definite limitations.

REDUCING PIGMENT FLOATING
THROUGH ADDITIVES

The advantages of using an additive rather than a for-
mulation change to affect a change in a coating property
include savings in formulating time, greater ease of for-
mulating, and, frequently, less effect on other desirable
coating properties. This is particularly true of pigment
flooding and floating. A variety of additives are available
and these can be divided into four categories, as indicated
in Table 3.

The importance of surface tension as a factor in flood-
ing and floating has been stressed and, therefore, surface

W2224404d447//4400000d
FLOODING

Figure 4—Difference in distribution of particles in floating
(top) and flooding (bottom)
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Table 3—Additives That Reduce Floating

(1) Surface tension reducing agents
(a) Liquid types
(b) Powder types

(2) Bodying agents

(3) Pigment wetting agents

(4) Co-flocculating agents

tension reducing additives may well be the most effective
single means of overcoming the problem. This has been
the experience of numerous coating formulators, and has
been verified by reports from independent sources.® Sur-
face tension reducing additives occur in two forms: lig-
uids and powders.

The liquid additives, which are often solutions of di-
methyl silicones, have the advantage of easy post-addi-
tion. However, it has been noted that the distribution of
the active ingredients of these additives into coatings may
not always be satisfactory, leading to reduced efficiency
and the increased possibility of adverse side effects.

The powder types consist of surface tension reducing
agents absorbed onto the surface of extender pigments.
This is done to insure that the active ingredients are
thoroughly dispersed into the coating along with the pig-
ment, providing the best distribution for maximum effi-
ciency and minimum adverse effect. These additives are
generally recommended for use as formulation ingredi-
ents in paints which are to be tinted with colorants that are
prone to floating and flooding.

In the second category, bodying agents restrict the flow
of pigments in the wet film by providing structure, there-
by reducing both flooding and floating. They are particu-
larly useful in flooding problems and also in combination
with surface tension reducing agents. However, their us-
age is limited in industrial coatings, where viscosity in-
crease and thixotropy are generally undesirable.

The third category includes pigment wetting agents
which are helpful where pigment flocculation is contrib-
uting to floating. Co-flocculating additives, in the fourth
category, have an opposing but sometimes desirable ef-
fect.* The activity of both will become clearer during a
review of the second basic mechanism of color nonunifor-
mity—pigment flocculation. Chemically, co-flocculating
agents include high molecular weight unsaturated poly-
carboxylic acids and salts of polyamine amides and high
molecular weight acidic esters.

MECHANISMS INVOLVED IN
PIGMENT FLOCCULATION

A brief review of the pigment dispersion process, as
outlined in Figure 5, may be helpful to our understanding
of flocculation. Pigments as received from the manufac-
turer are in the form of large clumps of particles or
aggregates surrounded by air and moisture envelopes.
The pigment dispersion process involves breaking down
these pigment aggregates into individual pigment parti-
cles, or more commonly, into smaller aggregates. The
process also involves replacing the air and moisture
around the pigment particles with the grinding vehicle of
the formulation. This process requires a high input of
energy, which is supplied by dispersion equipment, in-
cluding ball mills and media mills.

After completion of the dispersion process, there is
often a tendency for the dispersed pigment particles to be
attracted to each other, forming loosely associated groups
of particles called flocculates, as shown on the right in
Figure 5. These attractive forces are much weaker than
the forces which attracted the pigment particles before
dispersion, and they can be overcome with less energy
than was required for the dispersion of the pigment. Two
characteristics of pigment flocculation are that the pro-
cess occurs over a period of time, which can vary from
seconds to months, and that the process is reversible
through the application of moderate energy.

For purposes of this paper, it is convenient to divide
pigment flocculation into two categories: overall floccu-
lation of the total pigment and flocculation of a single
pigment in a mixture of different colored pigments, which
will be designated as color flocculation.

Overall Pigment Flocculation

It is common for paint chemists to regard flocculation
as both a qualitative and an undesirable condition. How-
ever, flocculation is a quantitative condition, in that dif-
ferent degrees of flocculation, varying from slight to
severe, can occur in systems. Further, as is illustrated in
Table 4, flocculation can have beneficial as well as ad-
verse effects on coating properties. Moving a system
away from complete deflocculation and toward a floccu-
lated state will improve sag resistance and ease of brush-
ing, and will also result in softer pigment settling, which
is more readily remixed in the coating. On the other hand,
this movement toward flocculation may adversely affect

Figure 5—Pigment dispersion process

Dispersion
(Deflaceulation)

Flocculation
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flow, gloss, hiding, film durability, and color uniformity.
A slight degree of flocculation is often desirable, particu-
larly in trade sales coatings, but excessive flocculation
can have the adverse effects indicated.

It was noted previously that bodying agents or rheology
modifiers may reduce pigment floating by providing
structure to restrict flow. Inducing a slightly controlled
degree of flocculation will frequently have this effect,
and indeed some bodying agents function by inducing a
degree of pigment flocculation. Flocculation may also be
induced by some dispersants which de-flocculate at opti-
mum levels, but may actually increase flocculation above
this level. Soya lecithin is an example of a wetting agent
which may either deflocculate or flocculate a system,
depending on the characteristics of the system and on the
level employed.

Co-Flocculation as a Means
Of Overcoming Floating

In an excellent article, Fred Daniel® described in some
detail the phenomenon of co-flocculation, including a
series of experiments in which co-flocculation was in-
duced. He showed that the specific vehicles, solvents,
and additives employed have a considerable influence on
whether or not co-flocculation will occur. It was men-
tioned previously that co-flocculating agents represent
one category of additives which can be effective in over-
coming flooding and floating problems. By acting as a
bridge between two or more different colored pigments,
they restrict their relative mobility and a more uniform
color results. However, this approach can be very specif-
ic, in that an agent which co-flocculates one system may
have no effect in a similar system with a slightly different
resin or solvent. Further, excessive co-flocculation can
have the adverse effects noted previously of reducing
gloss, hiding, and flow.

Single Pigment or Color Flocculation

Apart from the limited role of pigment flocculation as a
factor in flooding and floating, the flocculation of a single
pigment in a mixture of colors is a major cause of color
nonuniformity. Unlike floating and flooding, which oc-
cur primarily in solvent-based systems, color flocculation
occurs frequently in both aqueous and nonaqueous coat-
ings, and in both trade sales and industrial systems. Un-
like floating, which occurs primarily in applied films

Table 4—Effect of Dispersion State on Paint Properties

Dispersion State

Property Fl d De-Fl; lated
Pigment settling.............. soft hard
FIOW & o vas svi v s i good
Sag resistance i poor
HIAIE s vira i sovm s s vt wvive o good
Color development. . .......... poor good
Brushability .......... = poor
Gloss:: 1 v e v s v w good
Film durability i good
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COLOR NONUNIFORMITY

Figure 6—Typical color flocculation

during the drying process, color flocculation occurs in the
bulk coating on storage, although its effect may be inten-
sified during application.

Figure 6 illustrates in simplified form a typical color
flocculation. The left portion shows a system pigmented
with a combination of large red and small green particles.
The pigments have been thoroughly dispersed and are
uniformly distributed, resulting in good color uniformity.
In the right sketch, the small green pigment particles have
been attracted to each other, forming loose clumps or
flocculates. These flocculates act as a single pigment
particle from a color standpoint, and the net effect is to
reduce the green or increase the red color of the coating.

Flocculation is reversible, and the application of suffi-
cient energy to the system, as with intensive high speed
mixing, will break up the flocculates and restore the
coating to its initial uniform color.

However, with most flocculations, this is a temporary
correction and the coating on storage, for time periods
varying from seconds to months, will re-flocculate and
revert to the condition shown on the right side of the
figure. The high shear forces applied to coatings during
application, including brushing, roller coating, and
spraying are often sufficient to de-flocculate pigments,
leading to the nonuniform color, particularly on overlap-
ping of painted area, spraying vs dipping, etc. Color
matching of a flocculated paint is also made more diffi-
cult. On drawdowns, the problem is observed when a wet
film is rubbed with the finger. As the solvent evaporates,
the film becomes more viscous and frequently reaches the
stage where vigorous rubbing with the finger applies
sufficient energy to de-flocculate the pigment, causing a
change in the color of the rubbed area. This is the origin
of the familiar term, ‘‘rub up,’’ to describe color floccu-
lation.

CAUSES OF COLOR FLOCCULATION

The precise mechanisms involved in pigment floccula-
tion are not completely understood, but we do know that
the attractive forces existing between pigment particles
are the basic cause, and experience indicates that the
factors listed in Table S can contribute to color floccula-
tion. The nature of the pigment is important. Smaller
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Table 5—Causes of Color Flocculation

(1) Nature of pigment
(a) Particle size
(b) Pigment surface
(2) Compatibility
(a) Pigment—vehicle
(b) Vehicle—vehicle
(3) Resin solubility
(4) Paint processing

pigment particles are more likely to flocculate than larger
particles for at least two reasons. Firstly, they have more
surface per unit weight and since the attractive charges
are at the pigment surface, this results in more attractive
force for unit weight. Secondly, smaller particle size
results in more mobility or more rapid movement of the
pigment particles toward each other. The high flocculat-
ing tendency of small particle organic pigments, such as
phthalocyanine blue or carbon black, is well known.

Incompatibility is a frequent cause of color floccula-
tion. This can occur as incompatibility of a specific pig-
ment with a vehicle of the coating. An acid-base theory of
pigment wetting has been proposed, in which both pig-
ments and vehicles are designated as either acidic or basic
in nature. Incorporation of an acidic pigment into an
acidic vehicle or a basic pigment into a basic vehicle
creates wetting problems which may lead to flocculation.

In coatings where separately dispersed tinting pastes
are used, incompatibility of the dispersion vehicle with
the base vehicle may lead to color flocculation. This has
been observed frequently with universal tinting pastes
designed to be used in both aqueous and solvent-based
coatings. An interesting case observed by the author in-
volved flocculation of the green pigment in an alkyd oil
olive drab coating, which occurred in some but not all
batches of the same formulation. Closer examination in-
dicated that both penta and glycerol long oil alkyds were
used interchangeably in the formulation. Flocculation oc-
curred when the penta alkyd was used but not with the
glycerol alkyd. Apparently a borderline incompatibility
between the penta alkyd and the linseed oil used in the
formulation caused the flocculation.

Solubility of the vehicle in the solvents employed may
be a factor. It was noted by the author that the frequency
of color flocculation problems increased during the tran-
sition period to Rule 66 solvents, which tended to have
poorer solvency than the solvents previously employed.

And finally, the procedure.of manufacturing, including
the order of addition of ingredients, can be a factor. The
occurrence of ‘‘pigment shock,’’ due to faulty dispersion
composition or to poor let down procedure, is a common
experience. Addition of a high viscosity tinting paste to a
low viscosity base must be done carefully to avoid poor
development of color strength. Color uniformity prob-
lems have occasionally been submitted to our laborato-
ries, which have been corrected simply by applying suffi-
cient energy to the coating to incorporate the tinting paste
properly. There are undoubtedly other causes of color
flocculation, but those mentioned are some which have
been observed frequently.
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Table 6—Reformulation to Reduce Color Flocculation

(1) Change pigment

(a) Larger particle size

(b) Surface treatment
(2) Change vehicle

(a) Base vehicle

(b) Tinting paste vehicle
(3) Improve solvency of solvents
(4) Change manufacturing procedure
(5) Co-grinding of pigments

CORRECTION OF COLOR FLOCCULATION
THROUGH REFORMULATION

Steps which may be taken through reformulation to
reduce color flocculation follow directly from the discus-
sion of the causes of the problem, and are indicated in
Table 6. Since flocculation is more likely to occur with
small particle size pigments, it follows that replacement
with a pigment of larger size, when possible, will reduce
flocculation. ‘‘Nonflocculating’ grades of organic pig-
ment are now available which have been surface treated
to reduce the tendency toward flocculation.

The use of a resin with better wetting characteristics
toward flocculating pigments will reduce flocculation,
although this is frequently limited by the film strength
and resistance requirements of the coating. Reformula-
tion of the solvents may be helpful, but this is also limited
by a number of factors, including evaporation rate re-
quirements and the need to conform with governmental
regulations.

Improvement of the manufacturing procedure is effec-
tive where the problem has originated from faulty proce-
dure. Co-grinding of the prime and tinting pigments will
generally reduce color flocculation as compared to sepa-
rate addition of tinting paste, although we have often
observed color flocculation with co-dispersed pigments
as well.

PIGMENT WETTING AGENTS
AS FLOCCULATION CORRECTIVES

The type of additive most likely to correct color floccu-
lation is a pigment wetting agent or dispersant. The
mechanism by which pigment wetting agents reduce floc-

Hydrophilic
Group /

& _:‘ '| "»._ ; ; ..-_ 5 . .

Aqueous System . Non-Aqueous System X

Figure 7—Mechanism by which pigment wetting agents re-
duce flocculation in aqueous (left) and nonaqueous (right)
systems
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culation is indicated in Figure 7, which depicts typical
situations in both aqueous and nonaqueous systems. Pig-
ment wetting agents contain polar and nonpolar constitu-
ents. In aqueous systems, the nonpolar portion tends to be
attracted to the pigment surface, while the polar portion
extends out into the vehicle. In nonaqueous systems, the
reverse is more likely, with the polar portion of the
wetting agent attached to the pigment surface and the
nonpolar portion extending into the surrounding vehicle.

This action of the pigment wetting agent has two ef-
fects which may reduce flocculation. One is neutraliza-
tion of the charges on the pigment surface which tends to
attract the pigment particles to each other. The other is a
coupling effect, tending to improve the compatibility of
the pigment in the dispersion vehicle.

The importance of determining the proper level of dis-
persant is indicated in Figure 8. ldeally, the dispersant
level should be sufficient to completely surround the
pigment particle with a single layer of wetting agent. If
additional dispersant is added, there will be a second
layer formed around and in opposition to charges on the
first layer. This could lead to poorer compatibility of the
pigment in the vehicle, and thus increase the possibility
of flocculation.

In order to perform its function most efficiently, the
pigment dispersant should be added to the grinding medi-
um prior to the addition of pigment. This insures the most
efficient coating of the pigment particle with the wetting
agent. Post-addition of pigment wetting agent to finished
paint systems has occasionally corrected the color uni-
formity problem, in particular, where the problem has
resulted from an incompatibility. However, this is not the
preferred procedure for correction of flocculation.

SELECTION OF PIGMENT WETTING AGENTS

Although theories have been proposed, such as the acid
base concept which may eventually put the selection of
the proper pigment wetting agent on a more scientific
basis, the coatings chemist must still rely primarily on a
““trial and error’’ procedure. One concept which is help-
ful in narrowing the choices of wetting agents is the HLB
syst%m developed by Atlas Chemical, now a Division of
ICL.

HLB is an abbreviation of hydrophilic-lipophilic bal-
ance, which is a measure of the degree to which a surfac-
tant is hydrophilic (‘‘water loving’’) or lipophilic (‘‘oil
loving™’). A scale of 1-20 is used, with increasing nu-
merical values indicating increasing water solubility, as
shown in Table 7. The HLB value of a surfactant is

COLOR NONUNIFORMITY

Figure 8—Level of dispersant surrouriding the pigment
particle

determined by mixing it in water and noting whether the
mixture separates, forms a cloudy emulsion, or forms a
clear solution.

A group of researchers at the Du Pont Company’ has
applied the HLB concept to the determination of optimum
surfactants for the dispersion of pigments. The results of
their work are outlined in Table 8. The use of a surfactant
with the optimum HLB value for the specific pigment
results in the dispersions with maximum color strength,
minimum viscosity, and maximum compatibility. This
procedure was found to work equally well with water-
and solvent-based coatings. The use of the HLB system
can narrow the choice of wetting agents that need to be
evaluated for color flocculation problems.

With regard to laboratory procedures, experience has
indicated that dispersion of pigment wetting agents into
samples of finished paints exhibiting color flocculation,
using ‘‘Quickie’’ shot mills or laboratory high speed
dispersers, is a fairly reliable method of evaluating pro-
spective candidates. Since dispersion alone may tempo-
rarily correct color flocculation, it is important to include
a control sample, dispersed without wetting agent, and to
allow an aging period sufficient to determine whether re-
flocculation will occur. Pigment wetting agents showing
efficiency by this procedure must be evaluated further by
incorporation into the initial pigment dispersion of the
formulation.

Table 7—HLB System for Surfactants

Table 8—HLB Requirements of Pigments

Hydrophilic—Lipophilic Balance or Degree of Water—Oil Solubility Toluidine red 8-10
Water Solubili HLB R Phthalo green 12-14
ater Solubility ange Phthalo blue 14-16
1-4 Quinacridones 11-14
3-6 AZO yellows 13-15
6-10 Lampblack. ........... 10-12
10-13 Titanium dioxide 17-20
Above 13 Yellow iron oxide 20+
Vol. 61, No. 773, June 1989 39
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Figure 9—Laboratory test to identify a

problem as either flooding (right) or

flocculation (left) by casting a coating

film on a substrate and disturbing the
film

DIAGNOSIS OF COLOR UNIFORMITY PROBLEMS

The proper diagnosis of a problem is an essential first
step in determining a cure, and this is true of color
nonuniformity. The mechanisms involved are obviously
complex and difficult to classify. In particular, the pre-
vious discussions suggest that distinguishing between
pigment flooding and color flocculation may be difficult,
since both become apparent upon disturbing a wet film of
the coating.

A simple laboratory test illustrated in Figure 9 has been
found useful in identifying a problem as either flooding or
flocculation. This involves casting a film of the coating
on to a substrate and disturbing the film at various stages
during the drying process.

With the two samples shown in Figure 9, both were
rubbed lightly with the finger at the top early in the drying
period, and both were rubbed vigorously at the bottom, in
the circular areas, late in the drying process, when the
films were almost set.

With the film on the right, the color differences were
similar whether rubbed lightly or vigorously, since hori-
zontal separation of the pigments in the wet film was
involved. Therefore, the color difference is essentially
the same at the top and the bottom of this drawdown. The
film on the left indicates flocculation of the black pig-
ment. Light rubbing at the top, while the film was still
very fluid, produced essentially no color change, but
vigorous rubbing at the bottom, in the circular area, when
the film was almost set and therefore highly viscous,
imparted enough energy to the coating to overcome the
black flocculation and develop the true color. This is a
fairly simple, although by no means foolproof method of
distinguishing between pigment flooding and color floc-
culation. Pigment floating is fairly simple to diagnose,
since the streaking or mottling of color at the surface of
the film is readily apparent.
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Distinguishing between flooding and color flocculation
is important in determining the type of additives to be
evaluated as possible remedies for color nonuniformity
problems. Flooding, as well as floating, is most likely to
be corrected or prevented through the use of the additives
shown in Table 3, including surface tension reducers,
bodying agents, and co-flocculating agents, while color
flocculation generally requires the addition of the proper
pigment wetting agent.

SUMMARY

This paper has outlined some of the major mechanisms
involved in the occurrence of color nonuniformity prob-
lems in coating systems. Methods of correcting or pre-
venting these problems through proper formulation and
the effective use of additives have been suggested. It is
hoped that this information will enable coatings chemists
to deal with this problem more intelligently and efficiently.
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Phenomenon of Cosolvency and Solution
Parameters of Polyamide Resins

G. Narender and M. Yaseen
Indian Institute of Chemical Technology*

This paper deals with the phenomenon of cosolvency
and synergistic effects of cosolvents. Considering
the synergistic action of cosolvents, solution param-
eters of polyamide resin are determined in cosolvent
mixtures consisting of poor, good, and non-solvents.
A special case of synergism has been observed in
the case of cosolvent systems consisting of both
non-solvents, i.e., cyclohexanol-cyclohexane and cy-
clohexanol-toluene. Unperturbed dimensions of res-
in are determined in cosolvent mixtures consisting of
a poor and a non-solvent as well as in mixtures of
non-solvents. The phenomenon of cosolvency has
been explained in terms of structural parameters and
preferential adsorption of individual solvent compo-
nents on polymer coils. Mark-Houwink and Stock-
mayer Fixman equations are used for determining
solution parameters of the resin in cosolvent mixture.
The dependence of unperturbed dimensions and

long-range interaction parameters on solvent nature
has been explained in terms of preferential adsorp-
tion of individual solvent molecules and intermolecu-
lar interactions. Since polyamide resin is soluble only
in a few solvents, its solubility parameter has been
determined by using the data on intrinsic viscosity,
resin-binary solvent interaction parameter, and other
solution parameters. The estimated value of solubil-
ity parameter of polyamide resin is found to be 9.90
(callcc)2,

Suitable solvent blends for polyamide resin can be
designed with the knowledge of its solubility param-
eter. In doing so, various other parameters like hy-
drogen bonding, polarity, and dispersion forces of
resin and solvents are to be taken into account. This
practice may help the industry in using relatively eco-
nomical solvent blends for polyamides.

INTRODUCTION

In organic coating formulations, solvents used for dis-
solving resins play a major role in controlling dispersion
properties as well as physico-chemical properties of the
finished products. Interaction of solvents with the resin
essentially promotes dissolution, reduces viscosity, and
eases the application process. A prime solvent alone can
solvate the resin coil but the addition of non-solvents,
diluents, and latent solvents in limited quantities may
enhance its solvency power and also increase the toler-
ance limit of resin solutions. The primary objective for
the use of cosolvent mixtures in the coating industry is
that they possess optimum solvency power, acceptable
evaporation rates, and often being least expensive, com-

*Organic Coating & Polymers Division, Hyderabad 500 007, India.
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ply to the pollution regulations. The best solvent blends
for resins can be designed with good knowledge about
interaction and solubility parameters as well as physico-
chemical properties of the components.

Usually, solution parameters of polymeric materials
are estimated by using their dilute solution data in single
solvents. In the case of materials like polyamides, such
studies are limited because of their insolubility in com-
mon solvents. However, they could be dissolved in sol-
vent blends and characterized by various techniques.'
Because of the synergistic effect of cosolvents, an appro-
priate mixture of two liquids may dissolve the polymer
which is insoluble or poorly soluble in either of the two.
A special case of synergism is observed in some cosol-
vent mixtures of poor solvents (essentially non-solvents)
which possess enhanced solvency power for the high
molar mass polymer compared to that of primary sol-
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vents.* The synergistic action of cosolvents influences
the solubility of the polymer as well as its hydrodynamic
and thermodynamic properties in solution. In the absence
of strong specific interactions, the polymer-cosolvent
systems normally exhibit smooth monotonic changes in
solution properties as a function of solvent composi-
tion.7 Several workers'2#10 have studied the en-
hanced solvation of the polymer coil in cosolvent systems
by traditional solution techniques like viscometry,'?
light scattering,® differential refractometry,” phase sepa-
ration,'? etc.

The phenomenon of cosolvency has been known for
some time and mathematical expressions based on lattice
theory have been developed for evaluating the basic ther-
modynamic properties of polymers in solvent blends.
Pouchly, et al.'' have extended the original Flory-Hug-
gins theory to polymer solutions in mixed solvents by
introducing a ternary interaction parameter, x.. Howev-
er, the basic deficiencies'? of the lattice model cannot be
alleviated by the extension of this type. A more adequate
thermodynamic theory of polymer solutions based on the
ideas of Prigogine and co-workers'® was proposed by
Flory'? and Patterson.'* The Flory, Prigogine, and Pat-
terson (FPP) theory abandons the rigid lattice model and
takes into account free volume differences of simple lig-
uids and polymers. It was first applied to polymers in
mixed solvents by Pouchly and Patterson'” to calculate
intrinsic viscosity, heat of mixing to infinite dilution and
total sorption, and later by Horta'® who calculated prefer-
ential sorption.

Several workers, while studying the solution prop-
erties of polar and non-polar polymers in various cosol-
vent systems, discussed the phenomena of cosolvency 222
preferential adsorption,*® and variations in unper-
turbed dimensions.?”-2® In most of the studies, cosolvent
systems were composed of good and poor solvents for the
polymer. In such systems, size of the macromolecular
coil grows with the increase of good solvent proportion
due to excluded volume effects. Not many cosolvent
systems consisting of poor or non-solvents for the poly-
mer were used for studying coil dimensions. If non-
solvents in the mixture act as cosolvents, the coil expan-
sion takes place in spite of the negative excluded volume
effects of the individual solvent components. Then the
interaction between two non-solvent molecules is the de-
ciding factor in promoting dissolution and coil expansion.

In the present study, polyamide resins used are the
reaction products of dilinoleic acid and ethylene diamine.

17-28

o)
I o
~HN—CH,—CH;~NH—C—(CH,), i
(CH, )~ C—NH—CHz— CH,~ NH~

CH;~CH=CH—(CH.):—CH,§
CHz(CH,).—CH,

Structure of Polyamide Resin

They are soluble in a few common solvents like chloro-
form and n-butanol. Hence, mixtures of polar (alcohols)
and non-polar (hydrocarbons) solvents were selected for
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dissolving the resin and conducting determinations.
Mark-Houwink constants, unperturbed dimensions, and
other thermodynamic solution parameters, as well as
solubility parameter of the resin, were estimated and
discussed.

Intrinsic viscosity [m], the inherent property of the
polymer in the state of infinite dilution, is expressed as a
function of molecular weight for a given polymer-solvent
system at a constant temperature??:

[l = KM3 )

the empirical Mark-Houwink constants, K and a, depend
not only on the properties of polymer and solvent mole-
cules but also on their interactions.

In 0-state of solution (i.e., the condition of limiting
solubility of the polymer in solvent, the constanta = 0.5)
dimensions of the polymer molecule are unperturbed and
the [n] — M,, relationship is expressed as:

[nle = Ko MO 2)

Here, [m]p is intrinsic viscosity in 6-state and Kg is the
unperturbed conformational parameter.

It is ideal to determine unperturbed dimensions using
viscosity data of dilute polymer solutions in 6-solvents.
However, measurements on solutions in non-8-solvents
can be used with suitable extrapolation of data.*%3 In the
present study, solution parameters of the resin are deter-
mined by the following Stockmayer-Fixman®' equation:

%: Ko + 0.51 &, B M2 3)
Here, B is the long-range interaction parameter and Flory
universal viscosity constant, ¢, = 2.68 x 107!
mol ~!. This is a widely accepted equation for single as
well as binary solvent systems'*6-3 because of its prac-
tical form as a basis for treating data covering the usual
range of molecular weights encountered in experiments.

The parameter Ky is also related to the characteristic
ratio C... by the expression>*:

2/3
Here, M,, is molecular weight of the repeating unit, n is
the total number of backbone bonds, and ¢ is the bond
length.

The Flory-Huggins interaction parameter, x,,, applica-
ble to polymer-solvent systems, can also be extended to
the polymer-cosolvent systems (x;, — Xm) on the as-
sumption that the mixture of two solvents behaves like a
single solvent with the mean of their properties.*’ Its
relationship with long-range interaction parameter B is
expressed as:

=3
B = NZOVTZm(o.S = Xm) (5)
Here, v, is partial molar specific volume of the polymer,
N, is the Avogadro number, x,, is the polymer-cosolvent
interaction parameter, and V,, is the molar volume of
mixture of the two solvents.
The relationship between the second virial coefficient,
A,, and the Flory-Huggins interaction parameter, X, in
a single solvent has been extended to the polymer-cosol-

vent systems as*":
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v
Ay = (05 = Xm) ()

The following equation reported by Lipson and Guillet*'
for estimating solubility parameter of the polymer in a
series of single solvents has been extended to polymer-
cosolvent systems®:

8 Xm ) _ (28 B X
(F-3) - () - (Fre ) o

Here, 3, and 3, are solubility parameters of solvent
mixture and polymer and X, is entropic contribution to

Xm-

EXPERIMENTAL

Solvents and Cosolvents

Analytical reagent grade solvents used for viscosity
measurements are: cyclohexane (8 = 8.18), toluene (8 =
8.91), chloroform (3 = 9.24), n-butanol (8 = 11.30),
and cyclohexanol (8 = 11.40). Among them, polyamides
are soluble in n-butanol and chloroform and insoluble in
cyclohexane, toluene, and cyclohexanol. The cosolvent
systems used are: butanol-toluene, butanol-cyclohexane,
cyclohexanol-toluene, and cyclohexanol-cyclohexane.
The solubility parameter of solvent mixture, 3, was
calculated by using the relation?**:

O = 018 + 628, + ... ®)

Here, 8,, 8, . . . are solubility parameters of individual
solvents and ¢, &, . . . are their volume fractions.

Resin Fractions

The polyamide resin was fractionated by the fractional
precipitation method using chloroform (solvent) and tol-
uene (non-sol\g:nt).35 Five fractions having their molec-
ular weight, M,,, in the range of 16,000-58,000 were
selected out of 10 fractions of the resin.

Viscosity Measurements and Intrinsic Viscosity

Viscosity measurements of polyamide solutions (con-
centration 0.1-1.5 gdI'') in individual solvents and sol-
vent blends were conducted at 25 + 0.004°C (Schott
Geratte thermostatic control) using a calibrated Ubbe-
lohde capillary viscometer and an AVS/N system for
automatic recording of flow time to 0.01 of a sec. The
extrapolated plots of Huggins’ equation*® were used for
determining the transport parameter intrinsic viscosity,
[n], of the resin in solution:

= (] + k[ e ©
Here, m, is specific viscosity, ¢ is concentrationin gdl L
and ky is Huggins’ constant.

RESULTS AND DISCUSSION

The mechanism of cosolvency is still a matter of open
discussion. The simple explanation for cosolvency is
based on the original Hildebrand concept of additive solu-
bility parameters approach, 8, = ¢, 8 + ¢205 + ...,
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(i.e., the dissolution could be expected when &, of cosol-
vent mixture is closer to 8, of the polymer rather than the
solubility parameters of individual solvents). This the-
ory?#4¢ implies that the cosolvent mixture is likely to be
more effective when 8, < 8, < 3,,. However, for some
systems?%-22:47:48 cogolvency is observed where both 3,
and J, are greater or smaller than §,. A possible cosol-
vent action has also been suggested by the modifying
effect of the third component on a binary polymer solvent
system in which the regular molecular order may be
present.”:%:49

Cosolvency has been explained in terms of broken
associated structures of polymer coils in solvent
blends.”?**° Unfavorable interactions between individ-
ual solvent molecules, due to some degree of antipathy,
may lead to the individual interaction of solvent mole-
cules with polymer coil, which consequently promotes
the cosolvent action.**47-3% Cowie and McEwen*® sug-
gested a possible mechanism of cosolvency in terms of
establishment of potential interaction sites between poly-
mer coil and cosolvent molecules. In cosolvent mixtures,

076 [

072

060

A+ B

056

052

046

1 1 :
10:0 8:2 6:4 4:6 2:8 0:10

Solvent ratio

Figure 1—Intrinsic viscosity dependence on solvent compo-

sition for the polyamide resin in cosolvents. (O—butanol-

toluene, ®—butanol-cyclohexane, [[J—cyclohexanol-toluene,

and B—cyclohexanol-cyclohexane cosolvent systems. “A”
is an arbitrary constant used to displace plots for clarity
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Table 1—Intrinsic Viscosity [n]: Its Dependence on Solubililty Parameter, 3, of Different Cosolvent Systems

n-Butanol-Toluene n-Butanol-Cy Cycloh I-Cycloh Cyclohexanol-Toluene
Solvent B [n] dm dm [nl dm [n]
Ratio (calice)”2 dig! (calice)”2 (calice)”2 dig™' (calice)”2 dig™’
10:0............ 11.3000 0.4293 11.3000 0.4293 — — — —
951 5 45 455 Smumr » 11.0747 0.4887 11.0670 0.4685 — — 11.1301 0.4248
80 = 5o st » — = — 10.6760 0.4256 = —
T 10.6156 0.5296 10.4065 0.5070 10.4068 0.4969 10.7064 0.5129
6:5:3:5: s sm.i — — 10.2424 0.5529 — — = —
(7 DR 10.3817 0.5781 10.0735 0.5642 10.2424 0.5468 10.3370 0.5729
5,545, s soes — = 9.9201 0.5879 — — — —
151 o s st s 3 10.1439 0.6107 9.7500 0.5696 9.9201 0.6399 10.1038 0.5805
L S—— 9.9064 0.6411 9.4390 0.5570 9.7500 0.6328 9.8570 0.6047
3T o seosam s 3 9.5704 0.6070 9.1202 0.5017 9.4390 0.5948 9.6169 0.5983
2By e s — — 8.8240 0.4621 9.1202 0.4901 9.4160 0.5368
0k sty me e 9.1635 0.4304 — 8.7201 0.4233 — —

the polymer coil provides a number of potential interac-
tion sites which, as such, are not available in individual
solvents.

In a poor solvent, polymer-solvent contacts, which
promote miscibility, compete with polymer-polymer con-
tacts and, as a result, either dissolution or precipitation
occurs. However, in a cosolvent system, the polymer coil
develops several different potential contact sites which in
turn interact with appropriate solvent molecules; the com-
bined S1-P and S2-P contacts lead to enhanced solvation
of the chain. The size and type of solvent molecules and
nature of contact sites are important factors in comparing
the efficiency of cosolvents. In practical terms, it is sug-
gested that cosolvent effects are likely to occur in blends
of poor or non-solvents where each individual component
favorably interacts with sets of different sites on the

18 . Solvent ratio  A-Value

A 10:0 0.95

v 9:1 1.0
[ Y 7:3 1

v 64 12

° i 13
1.4] o

]

o

A-logBy)

w0 25 450 <75
log M,

Figure 2—Plots of Mark-Houwink equation. Logarithmic de-
pendence of intrinsic viscosity, [n], on the molecular weight,
M,,, of the polyamide fractions in n-butanol-toluene mixtures.
“A” is an arbitrary constant used to displace plots for clarity
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polymer coil. Thus, cosolvency is found when compo-
nent solvent molecules are dissimilar in polarity and pos-
sess functional groups of differing chemical nature or
their other physico-chemical parameters differ from each
other.

The criterion of cosolvency appears to be much more
sound if the excess thermodynamic functions are also
taken into consideration. It is suggested from the observa-
tions that almost all cosolvent mixtures could be charac-
terized by high and positive excess Gibbs free energy of
mixing, GE implying that $1-S2 liquid contacts are ener-
getically unfavorable*>='->3, When GE, > 0 the two
liquids are relatively incompatible and S1-P-S2 contacts
are favored. The cosolvency is explained by incompati-
bility between liquids of the binary solvent mixture which
prefer to interact more with the polymer molecule than
with themselves. Dondos and Patterson®® have found a
good qualitative relationship between A[n] and GE.
A[m] is the difference between actual and ideal intrinsic
viscosities of a polymer in binary solvent mixture.

Intrinsic Viscosity and Cosolvency

Hydrodynamic properties of the polymer coil are influ-
enced by synergistic action of cosolvents. One such prop-
erty, intrinsic viscosity [n], is found to depend on interac-
tions among individual components in the cosolvent
mixture. In Figure 1, plots of [n] as a function of solvent
composition attain maxima at certain cosolvent composi-
tions where the resin has good compatibility and optimum
interaction with cosolvent molecules. Several workers'®'
3456 observed similar features where the synergistic ef-
fects of cosolvents are manifested as maxima in the limit-
ing viscosity number, [n]. Horta, et al.>” observed that
the replacement of cosolvent by a suitable non-solvent
produced enhanced solubility and an increase in hydro-
dynamic volume of the solute. Similarly, values of [n] of
polyamide in various cosolvent mixtures are higher than
the corresponding [7] in pure solvent, i.e., butanol or
chloroform (Figure 1). [n] attains an optimum value with
increasing content of non-solvent and then it decreases
continuously with further increase of non-solvent (Table
1). The positive deviations in [7] relative to the pure
solvents indicate that the excess free energy of mixing,
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Figure 3—Plots of Mark-Houwink equation. Logarithmic de-

pendence of intrinsic viscosity, [n], on the molecular weight,

M,,, of the polyamide fractions in cyclohexanol-cyclohexane

mixtures. ““A” is an arbitrary constant used to displace plots
for clarity

GE of solvent mixture, is greater than zero, i.e., GE >
0, for the cosolvent systems.

Cosolvency and Polyamide Solubility

Solubility of polyamide resin in cosolvents can be ex-
plained by taking into account thermodynamic and struc-
tural aspects of the polymer in solution. Primary solvents
for polyamide are those organic liquids which contain
electron-accepting groups such as alcohols, amines, and
acids. In order to act as a solvent for polyamide, the
solvent molecules must contain 3-4 carbon atoms and an
electron-accepting group. Chloroform is an exception re-
garding the number of carbon atoms, but here polarity of
the chlorine atom aids in the dissolution. Solubility of the
resin is reduced if electron-accepting capacity of the sol-
vent molecule is very high, e.g., it is insoluble in more

PHENOMENON OF COSOLVENCY

A-logln]

02

.00 s 450 .75

Figure 4—Mark-Houwink plots. Logarithmic dependence of

intrinsic viscosity, [n], on the molecular weight, M,,, of the

polyamide fractions in individual solvents. “A” is an arbitrary
constant used to displace plots for clarity

polar alcohols such as methanol, ethanol, cyclohexanol,
and others. The dissolution of polyamide resin takes
place only when the electron-accepting power and hydro-
carbon solubilizing ability of solvent molecules are main-
tained suitably.

The observed cosolvency of blends of butanol-toluene,
butanol-cyclohexane, cyclohexanol-cyclohexane, and cy-
clohexanol-toluene for polyamides can be explained by

H

considering the fact that the amidic (—C—N—) group
gets solvated by alcoholic groups. These alcohols have
appropriate electron-accepting power and the interaction
among their individual molecules is not so strong that
they get weakened by the introduction of toluene or
cyclohexane (non-solvent) molecules. The non-polar
toluene and cyclohexane (hydrocarbon) molecules may
cause a shift in the dissociation of polar butanol and

Table 2—Intrinsic Viscosity, [1], Mark-Houwink Constants a and K, and Viscosity Expansion Factor, o,:
Their Dependence on the Solubililty Parameter, 3,,, of n-Butanol and Toluene Cosolvent Systems

[n] dl g~ of Different Polyamide Fractions Mark-Houwink Expansion
Solvent S T F T F TR R TR Constants Factor
Ratio (t:nl/cc)V2 M,=57,237 M,=30,813 M,=25371 M,=20,499 M,=16517 a Kx10¢dig™' a,
11.3000 0.4293 0.3102 0.2832 0.2528 0.2257 0.50 17.478 1.0000
... 11.0747 0.4887 0.3470 0.3139 0.2788 0.2481 0.55 11.852 1.0441
... 10.6156 0.5296 0.3715 0.3325 0.2948 0.2625 0.59 8.379 1.0724
... 10.3817 0.5781 0.4018 0.3597 0.3169 0.2783 0.65 4.934 1.1042
... 10.1439 0.6107 0.4185 0.3715 0.3270 0.2903 0.70 3.238 1.1246
... 9.9064 0.6411 0.4450 0.3938 0.3468 0.3052 0.74 1.828 1.1430
. 9.5704 0.6070 0.4165 0.3702 0.3267 0.2890 0.67 3.941 1.2230
9.1635 0.4304 0.3100 0.2798 0.2488 0.2230 0.50 17.378 1.0080
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Table 3—Intrinsic Viscosity, [n], Mark-Houwink Constants a and K, and Viscosity Expansion Factor, o.:
Their Dependence on Solubililty Parameter, 5, of Cyclohexanol and Cyclohexane Cosolvent Systems

[n] dl g~ of Different Polyamide Fractions Mark-Houwink Expansion

Solvent B F F F, Fe Fs Constants Factor
Ratio (calicc)s  M,=57,237 M,=30813 M,=25371 M,=20499 M,=16,517 a Kx104dig™! o,

82. .. 10.6760 0.4256 0.3103 0.2834 0.2538 0.2282 0.50 17.782 1.0000
73 ... 10.4068 0.4969 0.3502 0.3138 0.2811 0.2490 0.56 10.779 1.0529
6:4 ... 10.2424 0.5468 0.3759 0.3358 0.2994 0.2634 0.63 5.553 1.0871
1:1 ... 9.9201 0.6399 0.4258 0.3775 0.3307 0.2917 0.72 3.854 1.1456
4:6 ... 9.7500 0.6328 0.4227 0.3705 0.3315 0.2911 0.68 3.894 1.1413
37 ... 9.4390 0.5948 0.4047 0.3613 0.3176 0.2800 0.60 9.204 1.1180
2:8 . 9.1202 0.4901 0.3532 0.3150 0.2750 0.2443 0.56 12.178 1.0481
1965 o560 v os 8.7201 0.4233 0.3093 0.2812 0.2517 0.2264 0.50 17.579 1.0000

cyclohexanol (alcohol) molecules. The free butanol or
cyclohexanol molecules develop (polymer-solvent) con-
tacts with amidic sites of the polyamide chain breaking
inter- and intra-chain hydrogen bondings. This causes
breaking of polymer coil association and then the hydro-
carbon portion of the chain skeleton is solvated by non-
polar hydrocarbon solvent molecules. In this way, moder-
ately hydrogen bonded polyamide chains are solvated by
suitably designed cosolvent mixtures of polar alcohol and
non-polar hydrocarbon molecules.

Coil expansion and [n] are likely to be optimum when
polymer-cosolvent interactions are maximum because of
the balancing action of hydrogen bonding of solute and
solvent molecules. Dissolution of the polymer in mix-
tures of non-solvents or poor solvents takes place as
molecules of the two liquids tend to solvate the poly-

22
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100
an

Figure 5—Plots of Stockmayer-Fixman equation. Determina-

tion of unperturbed dimensions of the polyamide fractions in

n-butanol-toluene mixtures. “A” is an arbitrary constant used
to displace plots for clarity
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mer coil at different sites and result in reinforcement of
solvation.

Cosolvency and Mark-Houwink Constants

Mark-Houwink constants a and K obtained from dou-
ble logarithmic plots of [n] vs M, (Figures 2-4) show
large variations in their values with cosolvent composi-
tions (Tables 2 and 3). Cosolvency power of each compo-
sition for polyamides can be assessed by taking into
account changes in the values of exponent a. The value of
a is minimum (a = 0.5) in butanol as well as in the 1:9
composition of butanol and toluene. In the case of the
cyclohexanol-cyclohexane cosolvent system, a = 0.5 for
the polyamide resin in its 8:2 and 1:9 compositions. This
feature indicates the 6-state of resin solutions in these

[‘—1_]\/2] x10°
Mw

[A.

160

_n2
Mw

Figure 6—Plots of Stockmayer-Fixman equation. Determina-

tion of unperturbed dimensions of the polyamide fractions in

cyclohexanol-cyclohexane mixtures. “A” is an arbitrary con-
stant used to displace plots for clarity
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Figure 7—Stockmayer-Fixman plots. Determination of unper-

turbed dimensions of the polyamide fractions in single sol-

vents. “A” is an arbitrary constant used to displace plots for
clarity

cosolvent compositions where coils retain their unper-
turbed or compact conformations. Consequently, pure
butanol, 1:9 butanol-toluene mixture and 8:2, and 1:9
cyclohexanol-cyclohexane mixtures are 6-cosolvent sys-
tems for the resin. In 8-state, polymer solution possesses
zero partial molar free energy due to polymer-polymer
and polymer-solvent interactions.® This is the limiting
state of dissolution below which precipitation occurs as
polymer-polymer interactions are more favored and lead
to more compact or deswelled configurations of the coil
and also to the tendency of intermolecular chain associ-
ation.

The value of exponent a rises gradually above 0.5 and
reaches the maximum of 0.74 in 4:6 butanol-toluene com-
position and 0.72 in 1:1 cyclohexanol-cyclohexane. This
is because of the excluded volume effects induced by the
cosolvency which expands the polymer coil besides dis-
rupting the tendency of association. The gradual increase

PHENOMENON OF COSOLVENCY

1.7 —1 1 1 L
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Figure 8—Dependence of unperturbed dimension, K,, on the
solvent ratio for polyamide in cosolvents. ()—cyclohexanol-
cyclohexane and @—butanol-toluene cosolvent systems

of non-solvent content enhances polymer coil solvation
and, after optimum expansion, further addition results in
negative excluded volume effects due to the excessive
presence of non-solvents and their repulsive effects.

The Mark-Houwink constant, K, is also found to vary
with cosolvent compositions. For example, its value in
butanol is 17.4 x 10~* dl g~' and, in 1:9 butanol-
toluene, it is 17.3 X 10~ dl g~" which are 8-solvent
compositions for polyamides. In 4:6 butanol-toluene, the
best composition for polyamides value of K is 1.8 X
107*dl g~ '. In 6-compositions of cyclohexanol-cyclo-
hexane blends (8:2 and 1:9 compositions), values of K are
17.7 x 10~*dl g~ 'and 17.6 x 10~ *dl g~'. Where-
as, in their best composition (1:1), K = 3.8 x 107*dl
g~ . In all cosolvent compositions, the high value of a
and low value of K indicate the good cosolvency power of
blends. When these values of a and K are compared with
those of polyamide solutions in chloroform (a = 0.60

Table 4—Short-Range, Long-Range Interaction Parameters and Characteristic Ratio of Polyamide Resin:
Their Dependence on the Solubility Parameter, 3,,,, of n-Butanol and Toluene Cosolvent Systems

Short-Range Interaction Long-Range Interaction Total
Parameters Parameters Sorption
Solvent B (r2) - Ax10* Ch istic Ratio F
Ratio (calicc)”2  Kyx10°dig™" [ 10" Bx10? dig~2mol? Xm di mol g~2 C. Y
{[4: 1 FA— 11.3000 17.600 6.1324 0.0000 0.5000 0.0000 75.50 0.0
|} (P 11.0747 17.968 6.3853 1.0070 0.4809 3.0416 78.61 0.0120
7/ (R 10.6156 18.416 6.4167 1.5357 0.4635 4.6308 79.00 0.0150
64 ......... 10.3817 18.812 6.5547 2.1147 0.4444 6.3791 80.70 0.0670
BN simzeen s 10.1439 19.052 6.6383 2.9707 0.4388 8.9466 81.73 0.0380
L S 9.9064 19.304 6.7261 3.4742 0.4138 10.4623 82.81 0.0280
- 7 9.5704 18.941 6.5996 2.6434 0.4195 7.9594 81.25 0.0070
| 2 A — 9.1635 17.550 6.1149 0.0000 0.5000 0.0000 75.28 0.0
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Table 5—Short-Range, Long-Range Interaction Parameters and Characteristic Ratio of Polyamide Resin:
Their Dependence on the Solubility Parameter, 3,,,, of Cyclohexanol and Cyclohexane Cosolvent Systems

Short-Range Interaction Long-Range Interaction Total

Parameters Parameters Sorption
Solvent ¥ (r2) - A, x10* Ch istic Ratio P ial
Ratio (calicc)”2  K,x10*di g™’ [ 10" Bx10%dlg-2mol? Xm dimol g2 C. Y
8 i s v s 10.6760 17.600 6.1320 0.0000 0.5000 0.0000 75.49 0.0
L Rp— 10.4068 17.888 6.2327 1.2084 0.4877 1.2516 76.74 0.0195
64 .o i v 10.2424 18.466 6.4341 1.7623 0.4849 1.8178 79.21 0.0350
[ | — 9.9201 18.762 6.5372 4.6755 0.4320 4.8223 80.48 0.0550
C. 9.7500 18.232 6.3526 3.4238 0.4616 3.5193 78.21 0.0610
B e e e 9.4390 18.062 6.2933 2.7693 0.4713 2.8608 77.48 0.0860
28 s omiamers we 9.1202 17.925 6.2456 0.9315 0.4929 0.9639 76.89 0.0800
O F— 8.7201 17.700 6.1672 0.0000 0.5000 0.0000 75.93 0.0

andK = 7.0 x 107 *dl g™"), it is found that cosolvent
blends of 4:6 butanol-toluene and 1:1 cyclohexanol-
cyclohexane have better solvency power for polyamide
than that of chloroform.

The analysis of results indicates that excluded volume
effects for polyamide in butanol-toluene cosolvent are
more than that of the cyclohexanol-cyclohexane system
or chloroform. This implies that solvency power of buta-
nol-toluene > cyclohexanol-cyclohexane > chloroform
for polyamides.

Cosolvency and the Viscosity Expansion Factor

The expansion of the hydrodynamic radius of polymer
coil due to excluded volume has been estimated in terms
of viscosity expansion factor, o,

il
4 T 1o

Values of a., for polyamide reported in Tables 2 and 3
show that, at a constant temperature, excluded volume is

012
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Figure 9—Dependence of total sorption potential, Y, on the
solvent ratio for polyamide in cosolvents. (O—cyclohexanol-
cyclohexane and @—butanol-toluene cosolvent systems
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a function of cosolvent composition. The value of a,
increases with cosolvent composition and it attains an
optimum value of 1.143 in 4:6 composition of butanol-
toluene and 1.145 in 1:1 cyclohexanol-cyclohexane. The
value of a,, decreases after attaining the optimum value
and it reaches to the minimum value (o, = 1) in 6-state
of polyamide solutions in pure butanol, 1:9 butanol-to-
luene and 8:2, and 1:9 cyclohexanol-cyclohexane sys-
tems. The observations indicate that the polymer coil
exhibits isothermal transition from a contracted confor-
mation (o, < 1) to an expanded one (a; > 1) and back
again to contracted state (o, < 1) on successive vari-
ations in cosolvent composition.

Cosolvency and Short-Range Interaction
Parameters

Values of unperturbed dimension, Kg, obtained from
Stockmayer-Fixman plots (Figures 5-7) for polyamide
are found to vary with the composition of cosolvents. It
attains minimum value in 6-state of solution and reaches
to the optimum in cosolvent mixtures having good inter-
action and compatibility with the resin. For example, Kgq
values of 17.55, 17.6, 17.6, and 17.7 x 10~ *dlg 'in
8:2, 1:9 blends of cyclohexanol-cyclohexane and 1:9, and
10:0 butanol-toluene cosolvent systems show that they
are 0-compositions. The optimum value of Kg = 19.3 X
107* dl g~' in 4:6 composition of butanol-toluene
shows the high order of interaction and compatibility of
the resin with the cosolvent mixture. Values of Kq =
18.6 x 10~*dl g~! in chloroform and Ko = 18.7 X
107* dl g=" in 1:1 cyclohexanol-cyclohexane exhibit
the intermediate level of interaction of solvents with the
resin. These features are also illustrated in Figure 8.

Several workers?”28:3%68 have also observed vari-
ations in unperturbed dimensions for different polymers
in binary solvents and correlated the same to the thermo-
dynamic characteristic of cosolvent systems. To interpret
the variation of Kq with solvent composition in cosol-
vents, Dondos and Benoit® assumed that unperturbed
dimensions of polymer coil depend on thermodynamic
interactions between the two liquids. In case of cosol-
vents having positive GE,, the molecules of the two
liquids repel each other and their interactions®’ tend to
expand the polymer chain and result in an increase in the
value of Kq. Pouchly and Patterson®® have interpreted

Journal of Coatings Technology
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Figure 10—Dependence of intrinsic viscosity, [n], of the
polyamide solution on the solubility parameter, 5, of solvent
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Figure 11—Plots of Lipson and Guillet equation. Interaction
parameter, ., vs the solubility parameter, 3, of different
solvent blends. “A” is an arbitrary constant used to displace
plots for clarity
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Figure 12—Dependence of Mark-Houwink constants a and K
on the solubility parameter, 3, of solvent blends
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Figure 13—Dependence of unperturbed dimensions on the
solubility parameter, 3, of solvent blends
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variation of Ky with cosolvent composition in terms of
the long-range interaction parameter, x,,. Variations in
Kg with cosolvent composition can be attributed to the
preferential adsorption of individual solvent molecules on
the polymer coil.

The characteristic ratio, C., calculated by using equa-
tion (4) is also found to be influenced by cosolvent com-
positions (Tables 4 and 5). It has optimum value in cosol-
vent compositions which have good interactions with the
resin and minimum value in 6-compositions.

Cosolvency and Long-Range Interaction
Parameters

Data on the long-range interaction parameter, B, Flory-
Huggins polymer-cosolvent interaction parameter, X,
and the second virial coefficient, A,, have been used in
explaining the thermodynamic behavior of resin-cosol-
vent systems and cosolvency power of binary solvent
mixture. In 0-state of solution or in the absence of ex-
cluded volume effects, values of parameters B and A,
become 0 and x,, = 0.5. Whereas, with the increase of
cosolvency power, values of B and A, increase and that
of xm, decreases. This is because the action of cosolvents
produces large excluded volume effects and results in
polymer coil expansion.

Values of long-range interaction parameters estimated
by using equations (3), (5), and (6) are: B = 0, x, =
0.5, and A, = 0 for polyamide in cosolvent mixtures of
10:0, 1:9 butanol-toluene and 8:2, and 1:9 cyclohexanol-
cyclohexane indicate the 8-state of resin solution (Tables
4 and 5). Values of B = 3.47 X 1072 dl g~ 2 mol?, A,
=10.46 X 10~ *dl mol g~2, and X, = 0.4138 in 4:6
butanol-toluene support the view that it is a good cosol-
vent system for the polyamide resin. Values of B = 3.42
x 10727 dl g=2 mol?, A, = 4.82 x 10~*dl mol g2,
and X, = 0.4616 in the 1:1 cyclohexanol-cyclohexane
cosolvent system, indicate its intermediate solvency pow-
er for the resin. The results show that polymer coil expan-
sion due to excluded volume effects varies from one
cosolvent system to another. In one type of cosolvent
system optimum cosolvency power for the resin is at-
tained at a particular composition.

Cosolvency and Total Sorption Potential

The second virial coefficient, A,, is related to total
sorption potential, Y, as 74
VA, 1

YR o

(1)

Where F(x) the excluded volume dependence is practical-
ly equated to unity.?**¢ Values of Y reported in Tables 4
and 5 and plotted in Figure 9 show its variations with
cosolvent compositions. Usually, optimum coil expan-
sion occurs in mixed solvent compositions where there is
no preferential adsorption. Y =0.086 in 4:6 butanol-to-
luene and Y =0.067 in 1:1 cyclohexanol-cyclohexane de-
rived from equation (11) indicate their optimum cosol-
vency power. In these compositions, polymer-polymer
contacts are minimum due to the cosolvent action. This is
because individual solvent molecules in the cosolvent
mixture solvate polymer coil at different sites. However,
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total solvation is possible only in certain compositions.
Any deviation in cosolvent composition leads to preferen-
tial adsorption of one liquid over the other and results in
compact configuration of polymer coil due to negative
excluded volume effects of non-solvent molecules. Con-
sequently, solvency power of the mixture is adversely
affected.

Cosolvency and Polymer Solubility Parameters

Because of ‘its limited solubility in pure solvents, the
solubility parameter of polyamide has been estimated by
using cosolvent mixtures. The dependence of intrinsic
viscosity, [n], on the solubility parameter of cosolvent
mixture, 8, (Figure 10) has been used for determining
the solubility parameter of the resin. The solubility pa-
rameter of cosolvent mixture at [n]y.x has been equated
to that of the polymer since at this composition the poly-
mer has good compatibility and maximum interaction
with cosolvent mixture.”® The solubility parameter of the
polyamide resin obtained from maxima of plots in Figure
10is 9.9 (cal/cc)V2.

The dependence of x,, on d,,, in accordance with the
Lipson and Guillet equation (7), has been used for esti-
mating the solubility parameter of the resin. The value of
d, obtained from the slopes of plots in Figure 11 for
polyamide resin is also found to be 9.90 (cal/cc)"2.

_The dependence of solution parameters, a, K, Kgq, and

2

(—fﬂl on §,, of cosolvent mixtures has also been used for
W

determining the solubility parameter of the resin. Plots of

(

5]
a, Kg, and E") as function of 3, pass through a maxi-

mum, while those of K vs 8, pass through a minimum
(Figures 12 and 13). Polymer-solvent interactions are
likely to be high in either maximum or minimum regions
and corresponding 3, is equated to that of the polymer.
Solubility parameter values of the polyamide resin de-
rived from these plots are equal to 9.90 (cal/cc)'/2.
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————APPENDIX—
DATA TREATMENT PROCEDURES
SOLUBILITY PARAMETERS OF SOLVENT MIXTURE, Oy 8, was
calculated by substituting volume fractions ¢, ¢, and solubil-
ity parameters 8, &, of individual solvents in equation (8).
INTRINSIC VIscOSITY, [n]: Dilute solution viscosity measure-
ments provide data on flow rate of solvent (t,) and resin solution
(t,). Specific viscosity s, is calculated as:

_ =t
M=\ T

Extrapolation of the plot of reduced viscosity, n—‘cL, Vs con-

centration, ¢, to infinite dilution provides [n] in accordance
with equation (9).

Mark-HouwINk consTaNTs a and K: On taking logarithms,
equation (1) becomes log [n] = log K + alog M,,. a and K are.
obtained from the slope and intercept of the plot of the equation.

Viscosity ExpansioN Factor: This can be derived from equa-
tion (10) in which [m]g is the value of intrinsic viscosity in theta
solvent when a = 0.5 and [n] is the intrinsic viscosity in non-theta
solvents.

SHORT-RANGE INTERACTION PARAMETERS: Stockmayer-Fixman
equation (3) has been used for estimating the short range interac-
tion parameters, Ko, and was obtained from the intercept of the

plot of%ll/]—vs M, [equation (3)]. Kg is the value of the Mark-
2. -

. . r? Kg\ 23
Houwink constant K in theta solvent. ( 2 ) = (I) ~ where

w
¢ is the Flory universal viscosity constant.

LONG-RANGE INTERACTION PARAMETERS: Values of B were de-
rived from the slope of the Stockmayer-Fixman equation (3) plots.
Xm is obtained by substituting B, partial molar specific volume of
resin v,, molar volume of solvent mixture v, and Avagadro’s
number N, in equation (5). The partial molar specific volume of
the resin was calculated from the relationship:
soln. volume — solvent volume

wt of resin

The second-virial coefficient, A,, was calculated by substitut-
ing values of v, Vy,,, and xy, in equation (6).

CHARACTERISTIC RATIO: C, was calculated by substituting val-
ues of Ky, ¢, molecular weight of repeating unit My, and bond
length ¢ in equation (4).

TotaL sorpTION POTENTIAL: Total sorption potential was calcu-
lated by substituting Vi, A,, and v, in equation (11) where the
function F(X) = 1.

Partial molar specific volume =
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Chemiluminescence Analysis:
A New Quality Assurance Tool
For Thermosetting Coatings

J. Philip Hysell and Joseph A. Farmer
Hi-Tek Polymers, Incorporated*

Chemiluminescence Analysis is described as a
method for the determination of nitrogen in thermo-
setting coatings systems. Its superiority to the Kjel-
dahl technique in the areas of simplicity, speed, and
safety is discussed. These advantages may make it
an obvious choice for the quality control laboratories
of coatings manufacturers who would like to verify or
certify the level of nitrogenous crosslinker in every
batch prior to shipment.

INTRODUCTION

Finding efficient and economically feasible ways of mak-
ing certain that a product or raw material meets custom-
er’s requirements can be a difficult task. Ideally, a test
should be fast enough to permit a smooth transition
through the various checkpoints of the coating’s manu-
facturing process or, for the user, fast enough to allow a
correction before hundreds of dollars worth of unuseable
coated product is generated. The test should also be sim-
ple and safe enough for plant quality control personnel to
handle with a reasonable amount of training.

From this standpoint, certifying the level of nitroge-
nous crosslinker in a thermoset coating system could be a
serious problem in many quality control laboratories,
particularly if these labs had to rely on the classic Kjel-
dahl nitrogen analysis.! Although very dependable and
accurate, the Kjeldahl technique requires the use of boil-
ing sulfuric acid, heavy metal catalysts, and a hood to
withdraw the fumes generated. It can also be extremely
labor intensive and time consuming. Waste disposal can
be an additional concern.

*Technical Center. 9800 E. Blucgrass Parkway. P.O. Box 99038. Jeffersontown. KY 40299
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However, more than 10 years ago, workers in the
petroleum industry began using a nitrogen analysis meth-
od based on combustion and chemiluminescence to moni-
tor the purity of various petroleum fractions.? Since that
time, the technology has found its way into applications
for dairy and agricultural products, wastewater, lubri-
cants, and drugs. Instrumentation is now commercially
available to perform such analyses routinely.

BASIC OPERATION OF THE
CHEMILUMINESCENCE INSTRUMENTATION

The technique involves the controlled combustion of a
nitrogenous compound above 1000°C in an oxygen at-
mosphere, with the subsequent production of water, car-
bon dioxide, and nitric oxide. Figure 1 is a schematic
diagram depicting what occurs chemically within the che-
miluminescence instrumentation. The sample undergoes
a two-stage controlled combustion process, the first stage
taking place in a partial oxygen atmosphere (chamber 1)
and the second in a pure oxygen environment (chamber
2). This reduces the possibility of explosive decomposi-

sensor sample compartment

pyrolysis compartment

Figure 1—Schematic of chemiluminescence nitrogen analyzer
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tion. A microprocessor controlled furnace with tempera-
ture ramping capability further adds to this control by
allowing a stepwise, incremental temperature increase to
gently boil off solvents before going to a “‘pre-burn’
stage to prepare the sample for outright pyrolysis.

Once the sample is pyrolyzed (chamber 2), the gases
are fed through a dryer to remove water and finally into a
reaction chamber. Also fed to the reaction chamber is
ozone gas from an internal generator. When the nitric
oxide from the combustion process reacts with the ozone,
it forms unstable nitrogen dioxide. This unstable species
quickly releases its energy in the form of light to return to
a stable state. The emitted light is detected and amplified
by a photomultiplier tube in the reaction chamber. The
following equation shows the sequence of reactions:

NO + Oy =->NO*, + 0y > NO; + 0» + Huv

Many of the chemiluminescence applications in current
use deal with parts per million or, at most, a few tenths of
a percent nitrogen. Since most thermoset coatings sys-
tems contain crosslinking materials with very high nitro-
gen levels, this presented a problem which is the opposite
of that usually faced by an analytical chemist. The instru-
mentation possessed too high a sensitivity for this type
product. This was easily remedied by the manufacturer by
placing a small, permanent mask over the photomultiplier
window to block out most of the light emitted by the
usually high levels of unstable nitrogen dioxide.

The instrument utilized for this work was the Antek
Model 707C Pyrochemiluminescence™ Analyzer. This
system consists of a Model 772C furnace, a Model 730C
microcontroller. and a Model 720C detector.

APPLICATION OF CHEMILUMINESCENCE
TO THERMOSET COATINGS

To show the applicability of chemiluminescence to the
monitoring of crosslinker levels in coatings, three differ-
ent types were selected: two solvent-based coatings and
one water-borne coating. One of the two solvent-based
coatings was pigmented, while the other coatings were
unpigmented. All were comprised of epoxy resin and an
alkylated melamine formaldehyde crosslinker and will be
referred to as coating A, coating B, and coating C.

Unlike the Kjeldahl analysis, the chemiluminescence
method does not give an absolute nitrogen value. Instead.,
a photomultiplier tube response, usually read as thou-
sands of counts on a digital meter, is obtained. This value
in itself, expressed in relationship to milligrams of a

54

Table 1—Kjeldahl vs Chemiluminescence Nitrogen Results—
Effects of Coating Type on Precision and Accuracy

Kjeldahl Chemiluminescence

Nitrogen Nitrogen RSD*
Coating Type (%) (%) (%)
Silme o e Solvent-based 7
epoxy/melamine  0.8% 0.89 3.6

unpigmented

Bl vl soure s i Solvent-based
epoxy/melamine  0.67 0.68 2.8

pigmented

[ G Water-borne
epoxy/melamine  0.85 1.12 2.2

unpigmented

(a) Relative standard deviation of chemiluminescence measurements

coating, would be perfectly acceptable for QA purposes
once a permissible range had been established with regard
to coating performance. However, if a customer requires
certification of a specific nitrogen level in the product,
then the response has to be correlated with an actual
nitrogen value from another analytical source. To accom-
plish the latter, a sample of the solvent-based. unpig-
mented coating A was analyzed via the Kjeldahl proce-
dure. This material was then used as a control with which
to evaluate the other products. The results of these analy-
ses are shown in Table 1.

In the course of this work, several things were learned
which may be used as guidelines in method development.
Samples can sometimes be diluted with acctone or water
to reduce the nitrogen level to within the instrument’s
operating range. A nitrogen level that is too high or too
low may result in a nonlinear photomultiplier response.
The dilution also allows more precise weighings to be
made to the quartz sample boat. Although dilution was
not feasible for the coatings studied here, the optimum
loading was found to be approximately 10-40 milligrams
of coating having a one percent or less nitrogen content.
Direct weighings using a four place analytical balance
were acceptable.

REPRODUCIBILITY AND SIMPLICITY
OF THE CHEMILUMINESCENCE TECHNIQUE

[n addition to determining the correlation of the chemi-
luminescence analysis with Kjeldahl, the reproducibility
of the technique under varying conditions was also evalu-
ated. Three key points become apparent when looking at
the data in Table 1. The reproducibility of the chemilu-
minescence method is excellent. Twenty-one determina-
tions on coating A exhibited a relative standard deviation
(RSD) of 3.6%. The sccond point is that pigmentation
had no effect on the nitrogen values obtained from the
chemiluminescence analysis. Coating B, the pigmented
system, showed the same excellent correlation with Kjel-
dahl and reproducibility as good as the unpigmented coat-
ing A. Finally, coating C, the water-borne system, did
not behave the same as the solvent-based systems cven
though the reproducibility was still very good. The appar-
ent nitrogen levels for the water-borne coatings were
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consistently higher via the chemiluminescence technique
than those obtained with the Kjeldahl method, even con-
sidering the nitrogen from amines present in the water-
borne coatings.

Contrarily, others who have worked with chemilu-
minescence®® have reported a reduced response for nitro-
gen in water-containing systems. This was theorized to be
due to the fact that water, unlike solvent carriers, did not
produce enhanced temperatures at the burner tip in the
combustion process. Indeed, Jones and Daughton felt that
their use of a 1100°C furnace temperature eliminated this
difference.

It should be pointed out that there are several variables
which can be changed in order to tailor the chemilumines-
cence instrumentation to a particular product type.* These
include oxygen and argon flow rates, temperature of the
pyrolysis compartment, ozone generator flow rate, sam-
ple compartment temperature, and carrier solvent.

Since it was highly desirable to develop a single meth-
od which a quality control laboratory could utilize for as
many coating types as possible, all these variables were
optimized in a fixed set, which included a single furnace
temperature profile. Then, a simple factor was developed
to address the different detector responses for the solvent-
based and water-borne products. The furnace profile rep-
resents only the temperature of the sample furnace com-
partment (chamber 1 in Figure 1). A fixed temperature,
1050°C, is maintained in the pyrolysis compartment of
the equipment which immediately follows the sample
compartment (chamber 2 in Figure 1). It is important to
start at a temperature that will not cause violent sample
vaporization or explosive decomposition. The tempera-
ture profile shown was designed to allow sample decom-
position, including solvent and/or water loss, to take
place gradually. It represents a compromise of parameter
settings to accommodate a wide range of both solvent-
based and water-borne coatings systems without further
modification. As can be seen from Figure 2, the entire
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Figure 2—Profile of chemiluminescence sample oven heating

and holding periods. Legend: A—First heating ramp starting at

100°C and increasing to 285°C at a rate of 50°C/min; B—30 sec

hold period at 285°C; C—Second heating ramp from 285°C to

750°C at a rate of 100°C/min; D—90 sec hold period at 750°C;
and E—Cool down to 100°C
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cycle from heat-up to cool down is completed within
about 16 minutes.

The real test of the chemiluminescence methodology
came about when several lab personnel were allowed to
generate data over several days with minimal training.
Figure 3 shows the results from this study. The work
included that of three different operators in five different
days over a period of one month. Average training time
was usually about one to two hours. Analysis of the data
plotted in Figure 3 shows excellent linearity between 10
and 50 milligrams of coating, with a correlation coeffi-
cient of better than 0.99.

Experience has shown that the instrument maintains its
calibration extremely well. The detector counts obtained
from a specific sample are normally reproducible within
plus or minus three percent from one day to the next.
Generating a standard curve about once every week using
three Cymel standards containing nitrogen levels 10 or
20% above and below the analyte should be sufficient if
the instrument is kept in a standby mode. If the instru-
ment is shut down to a cold start state, then a recalibration
would be needed more often.

SELECTION OF A CONTROL MATERIAL

Once the chemiluminescent approach to nitrogen anal-
ysis for thermoset coatings was shown to be feasible, a
decision was made to develop a method that would incor-
porate the use of a more appropriate standard material.
Since it was desirable to maintain a control matrix which
was as close as possible chemically to that found in the
coatings and which would be readily available, Cymel
303%, a methylated melamine formaldehyde from Ameri-
can Cyanamid, was chosen.

Figure 4 shows the standard curve prepared from a
series of injections of from 1 to 15 microliters of an
acetone solution of Cymel 303. The Cymel was charac-
terized by Kjeldahl analysis as having 22.7% nitrogen.
Each injection of a certain amount of the Cymel 303
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Figure 4—Plot of responses obtained from injections of varying

concentrations of Cymel 303® showing excellent linearity of

standard curve. Legend: X = First injection series; O = Dupli-
cate injections of X; and »+ = Second injection series

could therefore be related to a specific amount of nitrogen
and plotted as such. Although a slight nonlinear nature is
present in the curve, there is not enough to cause a
problem as long as one operates within a reasonable span
of the curve. The minimal scatter of multiple injections
made at several points on the curve indicates a consistent,
reproducible integrator response. The correlation coeffi-
cient of the plot is better than 0.998.

Table 2 shows the results of using Cymel 303 as the
nitrogen control. Three lots each of coating A and coating
C were analyzed several times by both the chemilumines-
cence technique and the Kjeldahl method. Correlating
integrator counts obtained from the chemiluminescence

Table 2—Comparison of Kjeldahl and Chemiluminescence
Nitrogen Results Using Cymel 303 as a Control

Chemiluminescence Kjeldahl
Nitrogen RSD Nitrogen
Coating System (%) (%) (%) Factor
Coating A (Using calculation 1 below)
Lotl........ 0.87 35 0.89 —
Lot2........ 0.89 25 0.90 —
Lot3........ 0.88 2.9 0.87 —
Coating C (Also using calculation 1 below for comparison)
LOEL . orecms ma 1.10 4.1 0.87 0.79
LOt2 . oeses s 1.09 1.8 0.85 0.78
Lot3 . ccome s 1.05 0.8 0.81 0.77
Avg. 0.78

Calculations which would be used by the QA laboratory to determine
nitrogen levels in future batches of the thermoset coating systems shown
above:
1) mg of nitrogen from graph in Figure 4
mg of solvent-based coating
(2) mg of nitrogen from graph in Figure 4
mg of water-borne coating

X 100 = % N

X 100 X 0.78 = % N

Note: The numerator of each equation would be d: by matching the i
detector response from the pyrolysis of each coating with the milligrams of nitrogen from the graph
in Figure 4.
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instrument for the two coatings systems with those ob-
tained from the Cymel 303 standard curve produced the
values shown.

Since the photomultiplier response for the nitrogen in
coating A was identical to that for the nitrogen in the
Cymel 303, the percent nitrogen content could be deter-
mined from the standard curve shown in Figure 4 without
the use of a factor. However, as was pointed out in the
earlier example, coating A (the water-borne system) gave
an enhanced nitrogen count. Therefore, to obtain the true
nitrogen content, each value derived from the standard
curve had to be multiplied by a factor. This factor was
determined by dividing the Kjeldahl nitrogen result by the
apparent nitrogen level from the chemiluminescence
analysis. The average value of this factor, derived from
the three sets of determinations, was 0.78. In future
analyses, one can use this factor without resorting to
rerunning the Kjeldahl test. If needed, a factor can be
developed for any coating system. Whether or not this is
necessary should be the first judgment made in the pro-
cess of adapting the chemiluminescence technique to each
new thermoset coating system. Therefore, according to
the data derived from this experiment, the actual equa-
tions that a quality control laboratory would then need to
use to determine the nitrogen in future batches of these
two coatings are shown at the bottom of Table 2.

Although it was not tried, it would appear that by
utilizing the versatile temperature programming capabili-
ties of the chemiluminescence analyzer, one could selec-
tively pyrolyze lower boiling nitrogenous components
such as amines first and then proceed to the higher boiling
nitrogenous components. This would provide additional
QA certification information for products containing sev-
eral sources of nitrogen. This will be the subject of future
work with this instrumentation.

CONCLUSIONS

Chemiluminescence analysis has been utilized for a
number of years in the petroleum, agriculture, and drug
fields for the determination of nitrogen content in these
types of products. The work discussed in this paper shows
the technique to be a safer, faster, and easier approach
than the standard Kjeldahl method for maintaining quality
assurance standards of nitrogenous water-borne and
solvent-based thermoset coatings systems. At the same
time, it maintains the proven accuracy and precision char-
acteristics of the Kjeldahl analysis.
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Concept of Intrinsic Viscosity
And Its Practical Significance

Diana R. Provder*
Kent State University

The intrinsic viscosity of three acrylic acid-type co-
polymers was studied as a function of pH. The classi-
cal problem of the curvature, encountered in extrapo-
lating reduced viscosity values to infinite dilution,
was alleviated by using an ideal time value for sol-
vent flow obtained by doing a least squares plot on
concentration vs time data. From the molecular
weight dependence of the hydrodynamic volume, the
Mark-Houwink constants were determined. Results
indicated that the copolymers approximated a rigid
rod structure at a pH of 8.7.

INTRODUCTION

Characterization of polymer chain size as a function of
environment is important for understanding polymer/sol-
vent interactions. This basic knowledge is important for
understanding the relationship between coatings formula-
tion and application properties. Dilute solution viscosity
is an excellent way to probe polymer chain size as a
function of environment. Dilute solution viscometry is
widely used for the characterization of polymer molecular
weight because simple instrumentation is required and
measurements are rapid and precise. The viscosity of a
polymer in solution is higher than that of the pure solvent.
The viscosity increase depends on the temperature, the
nature of the solvent and the polymer, the polymer con-
centration, and the sizes of the polymer molecules.' The
polymer solution has a higher viscosity than the solvent
because the polymer solution is composed of many ma-
cromolecules, each surrounded by solvent molecules. In
this study, acid functional polymers are studied as a
function of ionic strength, concentration, and pH.

*Ms. Provder has graduated from Kent State University and currently is employed by
Sherwin-Williams Co.. Cleveland Technical Center, 601 Canal Rd., Cleveland, OH 44113.
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THEORY

A suspended particle or macromolecule in solution is
wetted by the fluid. The suspension is so dilute that the
disturbance of the flow pattern of the suspended medium
by one particle does not overlap with that caused by
another particle." When a fluid alone flows through a
tube, the tube’s dimensions are large compared to the
fluid elements. The fluid’s velocity is stationary on the
walls of the tube and flow is fastest in the center of the
tube. Equation (1) illustrates that when one layer of fluid
moves faster than the next layer, it undergoes a retarding
force, F, which is due to intermolecular attractions be-
tween the two layers.'

F = m (dv/dr) A [€))]

Equation (1) defines m as the coefficient of viscosity, A
as the innerlayer area, and dv/dr as the velocity gradient.
A fluid that has flow obeying equation (1) is denoted as a
Newtonian fluid. When a particle is suspended in solution
and flowing down a tube, it also is rotating. ‘‘Since the
particle surface is wetted by the liquid, its rotation brings
adhering liquid from a region with one velocity into a
region with another velocity and into a volume element
which is flowing at a different speed.””’! The resulting
readjustments of momenta cause an expenditure of energy
which is greater than that required to keep the same
volume of fluid moving with the particle velocity gradi-
ent, and with the suspension medium.' Equation (2) is
Einstein’s explanation for the viscosity increase

M =M (1 + o) (2)

where 7 is the suspension viscosity, 7, is the suspending
liquid viscosity, ¢ is the volume fraction of the suspend-
ed material, and w is a factor that depends on the shape of
the solvated macromolecule.'

A polymer in solution can be related to the suspended
particle in solution in the sense that the polymer in solu-
tion has a higher viscosity than just the solvent. The
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Table 1—Material Parameters for S/cMS/AA Copolymers

Molecular Acid Ty
Sample Weight (g/mole) Number (°C)
10,000 190+ 10 102
8,000 200+ 10 104
4,900 21510 84

polymer usually exists in solution as a random coil in
which the solvent can get trapped, which causes the poly-
mer and solution not to reach the velocities attained by
the solvent alone. The radius of a suspended particle is
constant, whereas the volume and shape of a polymer coil
is constantly changing because there is free rotation about
the single bonds of the chain. Equation (3) shows that the
solvent-swollen polymer can be taken to be equal to the
equivalent smaller, spherical particle,

0, — 1 =250 (3)

where o in equation (2) is 2.5.

Solution viscosities are measured in very dilute solu-
tion approximating infinite dilution conditions, so mole-
cules are far enough apart in order to eliminate the effects
of macromolecule-macromolecule interaction. The intrin-
sic viscosity () is defined in equation (4).

(m) = lim (l/¢) (m=m,/n,) = lim 25N, V/IM (4)

c=>0 ¢—0
This equation defines V as the equivalent volume of the
solvated molecule, M is the molecular weight, and N,, is
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Avogadro’s number. This equation shows the contribu-
tion of the polymeric solute to the intrinsic viscosity to be
the difference between the viscosity of the mixture and
that of the solvent.'

When a polymer is in its theta (8) condition, the poly-
mer coil is not perturbed by the solvent and, therefore, it
is not in a contracted or expanded state. Equation (5)
shows the relationship of intrinsic viscosity to the molec-
ular weight at theta conditions,

(m)p = Kg M2 (5)

where Ky is a constant for ¢ specific temperature, poly-
mer type, and solvent.? In a theta solvent, the exponential
value of the molecular weight is 0.5. This value is a
measure of the interaction of the solvent and polymer. If a
polymer is in a good solvent, it will expand and the
exponential value of the molecular weight can be greater
than 0.5.

Staudinger was the first to cite the viscosity of polymer
solutions as evidence of their long-chain and high molec-
ular weight character. He wrote 1 = KcM.* Staudinger’s
equation implied that the reduced viscosity is independent
of concentration, which is known today to be incorrect.
Later, Staudinger’s equation was modified, as shown in
equation (6),

(m) = KM* (6)
which is known as the Mark-Houwink equation, where K
and a are empirical parameters and M, is the viscosity
average molecular weight of the polymer.? Equation (6)
illustrates the dependence of intrinsic viscosity on molec-
ular weight.

The intrinsic viscosity of a polymer can be related to a
molecular volume through the Flory-Fox relation,’

() = 6 (SH"M (1
where S is the radius of gyration, ¢ is a constant, and M

is the molecular weight. From equations (4) and (7), it
can be seen that the product [(m)M] is dimensionally

Table 2—Experimental Viscosity Data at pH=8.72+0.1

Concentration Nsp/C t, Used m)

Sample (g/dl) (di/g) (sec) (di/g)
A 555 55 frte omenten s osmae ® 5.00 .075 58.25 042

3.30 .045

2.50 .040

2.00 .042

1.67 .042
B sag o s nev s 3 491 .074 61.24 .010

3.29 .035

2.48 .022

1:99 016

1.66 .013

1.42 .010

1.24 .009

0.99 .010
D e e avue swa s s i 4.95 .055 60.21 015

3.31 .032

2.49 .021

1.99 023

1.66 .021

1.42 .017

1.25 017

111 016

0.91 018
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Figure 1—Ubbelhode suspended level viscometer

proportional to a volume (5%)*2, known as the hydro-

dynamic volume. Often, the hydrodynamic volume pro-
vides a common basis for comparing polymers with dif-
ferent polymer chain configurations as a result of
different polymer chain architectures or differences in the
placement of polar pendant groups. For linear homo-
polymers, the hydrodynamic volume can be expressed as

[(MM] = KM*™! ®)

The value of a, therefore, is greater than 0.5 for poly-
mers in a good solvent, usually on the order of 0.7 for
random coils, and up to 2.0 for rigid rods.

EXPERIMENTAL

Three styrene-alpha-methyl styrene-acrylic acid copo-
lymers (S/aMS/AA) were obtained from S.C. Johnson &
Son Company, Racine, WI. The material parameters for
these copolymers are shown in Table 1. Stock solutions
were made as follows; 1.000 g of polymer was diluted in
10.0 mL of NaOH (1M) and 10 mL of NH,CI(2M). A
constant ionic strength was maintained during dilution of
the stock solution with the dilution solution composed of
equal volumes of H,O and NH,CI(2M) solution.

The measurements of intrinsic viscosity were done
with a glass capillary viscometer, specifically an Ubbe-
lohde suspended level viscometer, shown in Figure 1.
The viscometer was vertically suspended in a constant
temperature bath of 25°C. A timer with three significant
figure precision was used for measuring flow times. The
sample polymer solution was pipetted into opening A to
bulb B. By applying suction to F and closing off D, the
fluid used flowed through bulb E past the capillary and
the fiducial mark a. The time it took the solution to flow
from fiducial mark a to b was measured. The solution in B
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INTRINSIC VISCOSITY

was diluted directly by adding more solvent to the poly-
mer solution.

The intrinsic viscosity (n) is the ratio of specific vis-
cosity (np) to the weight concentration of the solute (c).
There are many equations which can be used to determine
(m) by calculation or by graphing. The best known equa-
tion for dilute solutions are those of Kraemer [in equation
(7)], Huggins [in equation (8)], and Schultz and Blaschke
[in equation (9)].

Inn/c = () + (K-0.5) (n)%c (7
nyplc = () = K(n)’c (8)
N/ = (m) + Km) ny, )

In equation (7), m, is the relative viscosity (which is the
ratio of solution viscosity of the solvent) and c is the
polymer concentration.?

In this investigation, the data was plotted by a noncon-
ventional method. A plot of flow time vs polymer con-
centration was made and is shown in Figure 2. A least
squares calculation was performed on the linear part of
the curve in the low concentration region in order to
obtain an ideal flow time for the solvent (t,). This value
was used to obtain reduced viscosity and a plot of my,/c
vs concentration is shown in Table 2 and in Figure 3. A
least squares calculation was performed on the linear part
of the my/c vs ¢ curve in order to obtain the intercept,
which is the intrinsic viscosity.

RESULTS AND DISCUSSION

Often, conventional methods of plotting and calculat-
ing data are not valid when low solution concentrations
are used. A conventional graph of m,/c vs ¢ may curve
upward at low concentrations.' This was the case with
this experimental data. This effect may be due in part to
absorption of the polymer on the capillary walls. Another
reason for the curvature in data at low concentrations is
due to the polyelectrolyte effect, which involves an ex-
pansion in the polymer coil size as the solution concentra-
tion decreases. ‘‘The origin of the molecular expansion is
now accepted to be the electrostatic repulsive force
among fixed charges on the poly-ion.”’? Therefore, this
electrostatic repulsion of forces caused an expansion of
the poly-ion to several times its original polymer size.
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t (sec)

Figure 2—Flow time vs concentration

This varies with the concentration of the added neutral
salt. When the amount of the solvent is increased, it
absorbs onto the polymer by hydrophobic attraction,
which causes the anionic heads to repel each other. As a
result, there is an expansion of the polymer and an in-
crease in viscosity.*

The data analysis procedure previously described to
obtain t, and (n) eliminates or reduces error from con-
tamination or absorption on the capillary walls. For sam-
ples A and B in Figure 3, at a pH of 8.7%0.1, the
molecular weight increases directly with the intrinsic vis-
cosity (the intercept value on the my,/c axis). Sample D
does not follow this pattern and may have a different

8
3

0.05

Tiep/! Co_((“ dl/g)

0.03

25
C (g/d)

spacing of acid groups on the polymer chain. Also, by
looking at the glass transition temperatures (T,) in Table
1, one notices that samples A and B have about the same
T, values, but sample D has a T, about 20°C lower. The
lower T, indicates that the backbone of sample D may not
be as stiff as that for samples A and B, possibly due to
different spacing of the pendant acid groups.

For samples A, B, and D of pH 8.7+0.1, the Mark-
Houwink parameters a and K were obtained from the
hydrodynamic volume relation in equation (8). This was
used in preference to equation (6), since the hydrodyna-
mic volume tends to measure the volume of the polymer
molecule on a common basis irrespective of differences in

Figure 3—Intrinsic viscosity-concentration
plot for S/aMS/AA copolymers at
pH=8.7+0.1 (H-A, @-B, A-D)
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the spacing of pendant acid groups along the polymer
chain. The data in Table 3 is plotted in Figure 4 along
with the corresponding least squares line. The least
squares calculation yielded a value of K=1.368 X
10~°mL/g and a=1.07 with a correlation coefficient of
0.77. With only three data points, there is a large error in
the calculated values.

With an a value of 1.07, this implies that the copol-
ymer solution conformation falls between a well-coiled
polymer with a=0.5 and a rigid rod polymer with a=2.0
if the polymer molecular weight was above the chain
entanglement molecular weight (=20,000). The a value
is significantly larger than for most high polymers in
nonaqueous solvents (0.6 < a < 0.7). Since the molecu-
lar weight of these polymers is well below the chain
entanglement region, it indicates that their lower molecu-
lar weight acid-containing polymers indeed have solution
conformations approximating rigid rods.

Intrinsic viscosity data for these three polymers as a
function of pH over a narrow pH range (7.34-9.26) was
obtained. The intrinsic viscosity for samples A and D
decreased as pH increased, while for sample B the intrin-
sic viscosity increased with pH. This anomalous behavior
requires additional experimentation to delineate the pH
dependence of the intrinsic viscosity for these samples.

APPLICATION TO COATINGS INDUSTRY

The intrinsic viscosity also has practical utility for the
coatings industry. For example, there are viscosity con-
siderations in choosing amine solubilizers for water solu-
ble acrylic baking enamels. To avoid water sensitivity of
cured coatings, the level of solubilizing groups in water
soluble polymers is kept as low as solubilization and
viscosity considerations will pc:rmit.5 Therefore, by water
dilution, the viscosity variations can be very useful in
determining the morphology of these systems.

o
©

log {[n]M}
26

22
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INTRINSIC VISCOSITY

Table 3—Hydrodynamic Volume—Molecular Weight Data for

(S/aMS/AA) Copolymers
LogM Log(m)M
4 260
39 1.90
3.69 1.87

Viscosity considerations are important for certain low
molecular weight resins like alkyds, urethanes, pheno-
lics, and epoxies which are used in the coatings industry.®
By using the viscosity-concentration relationship, the in-
trinsic viscosity of these resins at low concentrations can
be determined, which will aid in deciding the best solvent
to use for obtaining the lowest viscosity and best compati-
bility of the solvent and resin.

The knowledge of intrinsic viscosity for high solids and
UV-curable coatings is of practical importance to the
coatings industry. In high solids coatings, there is a need
to increase the percent solids and reduce the percent
solvent, while keeping the coating’s viscosity in a useable
application viscosity range. This is of critical importance
for low volatile organic compound coatings. One factor
which determines this application viscosity is the intrinsic
viscosity.”® Knowledge of the coating’s intrinsic viscos-
ity will facilitate the efficient use of reactive solvents for
decreasing the coating’s application viscosity.

SUMMARY

The concept of intrinsic viscosity and its practical sig-
nificance in dilute solution viscometry has been investi-
gated. The intrinsic viscosity behavior for three styrene-
alpha-methyl styrene-acrylic acid copolymers was
determined with respect to molecular weight and pH val-
ues. Existing equations and procedures for the graphical

Figure 4—Log [(n)M] vs log M for S/«MS/AA
copolymers
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determination of intrinsic viscosity were analyzed. It was
shown that conventional methods for determining intrin-
sic viscosity cannot be used because of the polyelectro-
lyte effect involved with the low polymer solution con-
centrations used. A new data analysis method was used in
order to eliminate this effect and to reduce errors from
contamination or absorption of the polymer on the capil-
lary walls. The data analysis method involved obtaining
an ideal solvent time from a plot of time vs concentra-
tions. The intercept obtained from a least squares calcula-
tion of the linear part of the curve was used as the
“‘ideal’” solvent time. Using this time value, the intrinsic
viscosity could be determined from a plot of the calculat-
ed myp/c vs c. From the linear part of this graph, a least
squares calculation yielded the intercept which was the
intrinsic viscosity. From the hydrodynamic volume and
molecular weight data, the Mark-Houwink parameters
were determined for the styrene-alpha-methyl styrene-
acrylic acid copolymers. The exponential parameter indi-
cated that the copolymers approximated a rigid rod struc-
ture at a pH of 8.7.
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Society Meetings

BALTIMORE.............. MAR.

“Predicting Coating
Failure”

The speaker for the evening was Larry
Masters, of the National Institute of Testing
Materials. The topic of his presentation
was “PREDICTING COATING FAILURE.”

The speaker stated that one reason for
not being able to predict coating failure
correctly is the use of irrelevant data; reli-
able data is a necessity. Also, many tests
are needed to accumulate that data. He said
to consistently predict service life, the pre-
viously mentioned requirements are needed.

In conclusion, Mr. Masters focused on
five ways to overcome technical barriers:
(1) lack of problem definition; (2) lack of
definition of measurable service life;
(3) lack of knowledge of properties;
(4) lack of adequate samples or data
points; and (5) lack of avoidance of the
correlation trap.

GARY MORGERETH, Secretary

BIRMINGHAM. ............ FEB.
Membership Amendment

An amendment to incorporate affiliate
(Class C) membership in the Club was pro-
posed by Membership Committee Chair-
man Gerry J. Gough, of Holden Surface
Coatings Ltd. The Article IV Membership,
3 Class C (Affiliate Membership) was car-
ried. The amendment reads as follows:
“any individual not eligible for Class A
Membership and who would normally
qualify for Class B Membership, but is
precluded by the condition under Article
IV, subsection 2c, shall be eligible.” The
Club voted to add the words “except Class
C” to various sections of the Club By-
Laws.

D.A.A WALLINGTON, Secretary

CLEVELAND ............. MAR.
Federation Visit

A moment of silence was observed in
memory of Robert F. Hall, Past-President
of the Cleveland (1952-53) and Southern
Societies.

The nomination of officers for 1989-90
is as follows: President—Ilona Nemes, of
Sherwin-Williams Co.; Vice President—
Richard J. Ruch, of Kent State University;

Vol. 61, No. 773, June 1989

Secretary—Benjamin J. Carlozzo, of
Tremco Corp.; Treasurer—Roy A. Glover,
of Jamestown Paint & Varnish Co.; Society
Representative—Fred G. Schwab, of Coat-
ings Research Group, Inc.; Assistant Trea-
surer—Freidun Anwari, of Coatings Re-
search Group, Inc.; and Member-at-
Large—Robert K. Schlatzer, of B.F.
Goodrich Co.

The meeting was attended by Federation
officers, including: President-Elect John C.
Ballard, of Kurfees Coatings, Inc.; Execu-
tive Vice President Robert F. Ziegler; and
JourNAL oF CoATINGS TEcHNoLoGY Editor
Patricia Viola.

Mr. Ballard talked about Federation ac-
tivities. He focused on the Federation-
sponsored Statistical Process Control semi-
nars conducted by Dr. Peter Hunt and
Spring Week 89 in Los Angeles, CA,
highlighted by the seminar Modern Analyt-
ical Resources. Mr. Ballard also spoke
about the possibility of additional foreign
membership in the Federation. In conclu-
sion, he noted the success of the Regula-
tory Update, a regular monthly insertion in
the JOURNAL OF COATINGS TECHNOLOGY
which features current environmental reg-
ulatory activity pertinent to the coatings
industry.

Executive Vice President Ziegler dis-
cussed the 54th Paint Industries’ Show to
be held in New Orleans, LA, on November
8-10, 1989 and gave a list of projected
locations for future shows. Also, he report-
ed on the progress of the Federation Build-
ing Committee in selecting a site for the
new headquarters. Mr. Ziegler gave a brief
outline of the building specifications, in-
cluding square footage and cost.

Mrs. Viola briefly spoke about the JCT
and its purpose—to communicate and edu-
cate. She announced that the 13th booklet
of the new Federation Series on Coatings
Technology would soon be published and
stated that the intent is to have a total of
35 new booklets in the Series.

Tom Holland, of the Ford Motor Com-
pany, was the meeting’s speaker. His topic
was ‘“‘Q-1, SPC, anp CoMPETITIVE NEW
VeHicLE QuaLiTy (CNVQ) Stubies.”

Mr. Holland commented on how CNVQ
studies are affecting production at Ford,
Chevrolet, and Chrysler. The CNVQ ques-
tionnaire contains 180 items and is sent to
persons who have owned a new vehicle for
three months. The speaker used graphs,
which showed Ford’s improvement in
quality over the past decade as indicated by
CNVQ, to illustrate his point.

Mr. Holland stated that Ford’s priorities
are quality, production, productivity, peo-
ple, plant, and safety.

Suppliers to Ford that do not have a Q-1
plant in effect by December will likely be
passed up for bids next year, according to
Mr. Holland. The importance of Q-1 is that
it reduces scrap and waste. A supplier has
to have 85-100 points to make Q-1 and
must have customer acceptance.

Also, Mr. Holland noted that all person-
nel at the Ford Sandusky, OH, plant had at
least 12-16 hours of training over the past
two years with Dr. Peter Hunt on Statistical
Process Control.

RicHARrD J. Ruch, Secretary

NEW ENGLAND .......... FEB.
“Titanium Dioxide”

Rebecca Craft, of Du Pont Co., was the
meeting’s speaker. Dr. Craft presented
“CROWDING AND SPACING, TITANIUM
DioxipE THEORY AND EXAMPLE.”

The speaker explained some tools used
to evaluate and develop hiding power and
scattering of light in paints. Dr. Craft said
the tools include the Kubelka-Monk theory
and PVC and its relationship to critical
PVC. Concerning PVC and critical PVC,
she stated that at a formula’s critical PVC,
the properties of the coating change dra-
matically due to the introduction of air
spaces into the dry film. Dr. Craft classi-
fied paints according to their range of PVC:
(1) paint formulas below 20 PVC (gloss

TECHNICAL SPEAKER—Southern Soci-

ety member Thad T. Broome, of J.M.

Huber Co., presents a talk on “Kaolin

Clays” at the Los Angeles Society
March meeting
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/ Constituent Society Meetings and Secretaries
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BALTIMORE (Third Thursday—Snyder’s Willow Grove, Linthicum, MD).
GARY MorGeRETH, McCormick Paint Works, 2355 Lewis Ave., Rockville, MD
20851.

BIRMINGHAM (First Thursday—Strathallen Hotel, Birmingham, England).
D.A.A. WaLLinG1oN, Ferro Drynamels Ltd., Westgate, Aldridge, West Midlands,
England WS9 8YH.

CDIC (Second Monday—Sept., Dec., Mar. in Columbus; Oct., Jan., Apr. in
Cincinnati; and Nov., Feb., May in Dayton). W.E. “‘Bupbpy’” WhitLock, Ashland
Chemical Co., P.O. Box 2219, Columbus, OH 43216.

CHICAGO (First Monday). KarL E. Scumipr, Premier Paint Co., 2250 Arthur
Ave., Elk Grove Village, IL 60007.

CLEVELAND (Third Tuesday—meeting sites vary). Richarp J. Ruch, Kent
State University, Dept. of Chemistry, Kent, OH 44242,

DALLAS (Thursday following second Wednesday—The Harvey Hotel, Dallas,
TX). Ruonpa MiLes, Union Carbide Corp., 2326 Lonnecker Dr., Garland, TX
75041.

DETROIT (Second Tuesday—Ukrainian Cultural Center, Warren, MI). Liana
Carras Roserts, A.T. Callas Co., 1985 W. Big Beaver, Suite 308, Troy, M1 48043.

GOLDEN GATE (Monday before third Wednesday—Alternate betwesn
Francesco’s in Oakland, CA and Holiday Inn in S. San Francisco). Jack Duis, Pacific
Coast Chemical, 2424 Fourth St., Berkeley, CA 94710.

HOUSTON (Second Wednesday—Look's Sir-Loin Inn, Houston, TX).
MichaAeL G. FaLcong, International Paint (USA) Inc., 17419 Little Shoe Ln., Hum-
ble, TX 77396.

KANSAS CITY (Second Thursday—Cascone’s Restaurant, Kansas City, MO).
Mark ALGAIER, Hillyard Chemical, P.O. Box 909, St. Joseph, MO 64501.

LOS ANGELES (Second Wednesday—Steven's Steak House, Commerce, CA).
James D. HaLw, Sinclair Paint Co., 6100 S. Garfield Ave., Los Angeles, CA 90040.

LOUISVILLE (Third Wednesday—Executive West Motor Hotel, Louisville,
KY). James Simpson, Reliance Universal, Inc., Resins Div., 4730 Crittenden Dr.,
P.O. Box 37510, Louisville, KY 40233.

MEXICO (Fourth Thursday—meeting sites vary). Gerarpo DEL Rio SEC.
G.B.W. De Mexico, S.A., Poniente 116 No. 576, Nueva Industrial Vallejo, 02610
Mexico, D.F., Mexico.

MONTREAL (First Wednesday—Bill Wongs Restaurant, Montreal). RoBerRT
Benoir, NL Chemicals Canada Inc., 4 Place Ville-Marie, Ste. 500, Montreal, Que.,
H3B 4MS5 Canada.

NEW ENGLAND (Third Thursday—Sheraton, Lexington, MA). ARTHUR
Leman, Samuel Cabot Co., 100 Hale St., Nebt, MA 01950.

NEW YORK (Second Tuesday—Landmark 11, East Rutherford, NJ). RoGer P.
Bracker, Whittaker, Clark & Daniels, Inc., 1000 Coolidge St., So. Plainfield, NI
07080.

NORTHWESTERN (Tuesday after first Monday—Jax Cafe, Minneapolis, MN).
TerrY STROM, Ti-Kromatic Paints, Inc., 2492 Doswell Ave., St. Paul, MN 55108.
WinnipeG Section (Third Tuesday—Marigold Restaurant, Winnipeg). Epwin R-
GaskeLL, Guertin Bros. Coatings & Sealants Ltd., 50 Panet Rd., Winnipeg, MB, R2J
OR9 Canada.

PACIFIC NORTHWEST (PortLaND Section—Tuesday following second
Wednesday; SEaTTLE SECTION—the day after Portland; Britisn CoLumMBia SECTION—
the day after Seattle). Joun BergHuis, NL Chemicals Canada Inc., 3450 Wellington
Ave., Vancouver, B.C., V5R 4Y4 Canada.

PHILADELPHIA (Second Thursday—Williamson’s GSB Bldg., Bala Cynwyd,
PA). CuristorHER H. Hunn, Loos & Dilworth, Inc., 61 E. Green Lu., Bristol, PA
19007.

PIEDMONT (Third Wednesday—Ramada Inn Airport, Greensboro, NC). Gary
L. Waters, Sadolin Paint Products, Inc., P.O. Box 669, Walkertown, NC 27051.

PITTSBURGH (Second Monday—Montemurro’s Restaurant, Sharpsburg, PA).
CaroL StormE, Valspar Corp., 2000 Westhall St., Pittsburgh, PA 15233.

ROCKY MOUNTAIN (Monday following first Wednesday—Holiday Inn
North, Denver, CO). Bruce REHMANN, Komac Paint, 1201 Osage St., Denver, CO
80204.

ST. LOUIS (Third Tuesday—Salad Bowl, St. Louis, MO). TerrY GELHOT,
Spatz Paint, 1439 Henley Industrial Court, St. Louis, MO 63144.

SOUTHERN (GuLr Coast Section—third Thursday; CENTRAL FLORIDA SEC-
TioN—third Thursday after first Monday; AtLanta SEcTION—third Thursday; Mem-
PHIS SECTION—bi-monthly on second Tuesday; and Miami SEcTion—Tuesday prior to
Central Florida Section). JAMES R. SaLisBury, Union Carbide Corp., 2043 Steel Dr.,
Tucker, GA 30084.

TORONTO (Second Monday—Cambridge Motor Hotel, Toronto). GERRY PAR-
sons, DeSoto Coatings Ltd., 895 Rangeview Rd., Mississauga, Ont., LSE 3E7
Canada.

WESTERN NEW YORK (Third Tuesday—meeting sites vary), Marko K.
Markorr, 182 Farmingdale Rd., Checktowaga, NY 14225.

/
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and semi-gloss paints); (2) paint formulas
between 20 PVC and critical PVC (semi-
gloss and duller finishes); and (3) paint
formulas over critical PVC (flat paints).

According to Dr. Craft, paints below 20
PVC get their hiding from refractive index
only (e.g., TiO, pigment). Paints between
20 PVC and critical PVC can get hiding
from the proper use of both TiO, and exte-
rior pigments. Paints over the critical PVC
can get their hiding from entrapped air in
the dry film.

The speaker presented some basic rules
to achieve higher hiding for a particular
paint formula, including; (1) apply over a
lighter substrate; (2) tint the paint; (3) ap-
ply a thicker film; and (4) improve light
scattering.

Dr. Craft stated that the new investiga-
tion in optimizing TiO, concerns the im-
provement of light scattering by optimizing
the spacing of TiO, particles. Extender pig-
ments that are used to help “space” TiO,
particles are most cfficient when they have
the same particle size and oil absorption as
TiO,.

Q. What is the best PVC for TiO,?

A. Optimum hiding and scattering from
TiO, is achieved below a TiO, PVC of
seven. At PVC above seven, the scattering
ability of TiO; begins to decrease. Howev-
er, above a TiO, PVC of 23, no significant
improvement in hiding is made by further
addition of TiO,.

Q. Why do you sometimes need more
than two pounds per gallon of TiO; in paint
Sfor full hiding?

A. Again, it all depends on the formula,
the extenders used, and the PVC of TIO-.
Also, if the paint is low solids or is applied
as a thin film, it will be difficult to achieve
full hiding.

ARTHUR A. LEMAN, Secretary

PHILADELPHIA ...........
“Isocyanates”

J. Richard Kiefer, Jr., of McCloskey
Corp., gave the second reading of the set of
by-law revisions to change the start of the
fiscal year and the officers’ term of office
from August 31-June 30 of each year. The
proposed changes were seconded and
unanimously adopted.

DEC.

Eric J. Percy, of Cray Valley Products,
Inc., was the evening’s speaker. Dr. Percy,
a member of the New York Society, gave a
presentation on ‘‘ISocYANATE — FREE
ALTERNATIVES TO Two-PACKAGE
URETHANES.”

The speaker discussed some of the bene-
fits of an acrylic/epoxy system: long pot-
life, fast drying, superior polishing proper-
ties, excellent weathering, good chemical
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PAST-PRESIDENTS—Attending Past-Presidents’ Night at the Los Angeles Society March meeting are: Standing (I-r): Kenneth J.
O’Morrow (1975-76); Albert Seneker (1979-80); Jan P. Van Zelm (1981-82); Fred Croad (1978-79); Earl B. Smith (1984-85); Clyde L.
Smith (1946-47); Gerald L. West (1976-77); William H. Ellis (1971-72); Donald |. Jordan (1980-81); and Alan U. Hershey (1961-62).
Seated (I-r): Dermont G. “Duke” Cromwell (1970-71); Romer E. Johnson (1982-83); Henry J. Kirsch (1986-87); Ray DiMaio
(1987-88); Trevellyan Whittington (1969-70); Michael Gildon (1985-86); Clarence J. Meyers (not a Past-President); and

resistance, and good color retention. Dr.
Percy noted that these characteristics indi-
cate a use in automotive finishes and
showed several slides for illustration pur-
poses. He stated that these systems are bet-
ter than previous urethane refinishing sys-
tems. Additionally, they provide excellent
adhesion to engineering plastics of the
G.PP, AB.P, and R..M. types.

Dr. Percy explained how several of these
types of products were developed in re-
sponse to specific requirements for more or
less gloss and for more or less open time.

The speaker said that, compared to pre-
vious urethanes, the initial test results are
similar. The acrylic/isocyanate retained
gloss longer, but the coating was never as
hard.

CuristopHER H. Hunn, Secretary

PITTSBURGH............. JAN.
“High-Solids Coatings”

Cliff Schoff, of PPG Industries, Inc.,
was the speaker for the evening. His topic
was “FLow BEHAVIOR OF HiGH-SoLIDS
CoATINGS.”

The presentation focused on high-solids
coatings and how the rheology is very de-
pendent on resin molecular weight and
glass transition temperature, solvent vis-
cosity, pigmentation, and resin-solvent in-
teractions. According to Dr. Schoff, a vari-
ety of flows are important in the use of
these materials and these can be controlled
through adjustment of the various compo-
nents and the use of additives. He stated
that such control is not simple, but it is
necessary to achieve superior appearance.

Q. Flow properties—how do they relate
to a high-solids formulation? Could you
briefly discuss flow characteristics of a
thixotropic coating?
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Leonard S. Feldman (1960-61)

A. A true thixotropic coating is a real
problem in the paint industry. When people
say thixotropicity, they mean shear thin-
ning. Thixotropicity means time effects. If
a coating is thixotropic, that means if you
shear it, viscosity goes down with time.
Or, you stop shearing and viscosity goes up
in time. It depends on how much of the
additive you put in. Put in a very small
amount and have almost no noticeable ef-
fect, or load it up and have it take quite a
lot of time to shear out and build up. It’s a
time effect. It takes time for the coating to
drop in viscosity at a given shear rate. It
takes times for it to build up. The types of
formulations we use for industrial coatings
tend to build quite rapidly. In fact, with
some of them, it is almost instantaneous.
Those are the ones where it just does not
flow at all. There are a lot of coatings that
when you spray them they do not look
good. We actually use the flow in the ovens
to give us some flowout and levelling. The
trouble is, if there is any contaminants, dirt
or gell or silicone, droplets of silicone flu-
id, or greasy substrate, then you will get
flow and levelling in some areas and sur-
face tension driven flow that hurts you in
other areas. The really thixotropic is a mat-
ter of what you use and what you put in.
You can have a situation that has so much
structure that nothing you do can change
that. It will shear out when you spray it and
set up immediately. So, it is really one of
these tests with any other formulating ac-
tivity; a matter of balancing things out.
Add a little bit and a little bit more until
you get the effect you want.

M. CAROLE STORME, Secretary

PITTSBURGH............. FEB.
“Defoamer Selection”

Chuck D’Amico, of Ultra Additives,
Inc., was the speaker for the evening.

Mr. D’Amico presented a talk and slide
presentation on ‘‘DEFOAMER SELECTION
AND TESTING.”

M. CAROLE STORME, Secretary

Reading worth
Writing for.

If you're looking for some good
reading, you've just found it.
The free Consumer Information
Catalog.

The Catalog lists about 200
federal publications, many of
them free. They can help you
eat right, manage your money,
stay healthy, plan your child’s
education, learn about federal
benefits and more.

So sharpen your pencil. Write
for the free Consumer
Information Catalog. And get
reading worth writing for.

*.
[ ]

Consumer Information Center
Department RW
Pueblo, Colorado 81009

U.S. General Services Administration.
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CLEVELAND

Active

Aziz, MoHAMMED A.—Sherwin-Williams Co.,
Cleveland, OH.

BoBerski, WiLLiam G.—PPG Industries, Inc.,
Cleveland.

CHRrisMAN, Davip W.—Sherwin-Williams Co.,
Cleveland.

Frano, DoucLas J.—Sprayon Products, Inc.,
Bedford Heights, OH.

HiLovsky, RowLanp T.—PPG Industries, Inc.,
Cleveland.

KinsTLE, GEORGE P.—Sherwin-Williams Co.,
Cleveland.
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WELKER, JACQUELINE K.—PPG Industries, Inc.,
Cleveland.

Associate

Novack, Craup A.—Cargill, Inc., Car-
pentersville, IL.

WhiTtTAKER, JAMES E.—Thor Chemicals, Inc.,
Norwalk, CT.

ZAMLER, Brian K.—Reliance Universal, Inc.,
Louisville, KY.

LOS ANGELES

Active

CaBRERA, GEORGE A.—Kop-Coat Inc.,
Commerce, CA.

Forster, WenDELL C.—Akzo Coatings, Inc.,
Orange, CA.

GriNT, GARY D.—Cardinal Industrial Finishes,
So. El Monte, CA.

King, Davio K.—Manville Sales Corp.,
Lompoc, CA.

Ray, Rosert W.—Crown Metro Aerospace,
Temple City, CA.

Sier, D. Scort—Byk Chemie, Fontana, CA.

Sty, EnriQue C.—Whittaker Corp., Bauer Div.,
Los Angeles, CA.

Associate

BerMOsk, GREGORY M.—Soco-Western
Chemical, Los Angeles, CA.

Hurchins, Waro E—P.T. Hutchins Co. Ltd.,
Los Angeles.

MarTiN, Jere S.—E.T. Horn Co., La Mirada,
CA.

Rissier, Henry A.—Ropak Corporation,
Fullerton, CA.

Van OrteN, Gary W.—Lipscomb Chemical
Co., Long Beach, CA.

NEW ENGLAND

Associate

Hesert, DoroTHY A.—Graco Inc., South
Windsor, CT.

PHILADELPHIA

Active

CumieLEwskI, BocumiLa—The McCloskey
Corp., Philadelphia, PA.

GINEZ, ANDRES RaraeL—M.A. Bruder & Sons
Inc., Philadelphia.

HerzeLL, RoBert L.—Reichhold Chemicals,
Inc., Dover, DE.

Truitt, Patricia W.—Reichhold Chemicals,
Inc., Dover.

Associate

Mack, THeopore C. Jr.—Engelhard/Harshaw
Color, Matawan, NJ.

Wisniewski, Tep—Drew Chemical, Edison,
NIJ.
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The Non-Trivial Pursuit of Coatings!

» What essential coatings industry tool provides the
~ greatest value per dollar?

{ A, ) Fourier Transform Infrared Spectrophotometer

(B ) Nuclear Magnetic Resonance

(c One of the NEW Monographs in the
" Federation Series on Coatings Technology

#f

If you answered (c), you know the value of these booklets, designed to serve as an
important fraining and reference resource for the industry.

The rapidly expanding list of titles available includes:

Qry Qry
Radiation Cured Coatings Automotive anlings
J.R. Costanza, A.P. Silveri and J. Vona Bruce N. McBain
Film Formation Codtings Film Defects
Zeno W. Wicks, Jr. Percy E. Pierce and Clifford K. Schoff
Infroduction to Polymers and Resins __ Application of Paint and Coatings
Joseph W. Prane Sidney B. Levinson
—— Solvents Organic Pigments
William H. Ellis Peter A. Lewis
Coil Coatings

Inorganic Pigment Primers

Joseph E. Gaske Alan Smith

— Corrosion Protection by Coatings : /
Zeno W. Wicks, Jr. — Marine Coatings
Henry R. Bleile and Stephen D. Rodgers

Mechanical Properties of Coatings
Loren W. Hill

$5.00 EACH

Avdilable in the U.K. from: Birmingham Paint, Varnish and Lacquer Club,
c/o Ray Tennant,Carrs Paints Ltd., Westminster Works, Alvechurch Rd.,
Birmingham B31 3PG, England

Please make all checks payable in U.S. Funds (Pounds Sterling in England)
Pennsylvania residents please add 6% sales tax

Federation of Societies for Coatings Technology
1315 Walinut Street, Philadelphia, PA 19107
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New Orleans celebrates Mardi Gras or Fat Tuesday
only once a year, but by combining the Federation’s
Annual Meeting and Paint Industries’ Show—the premier
eventin the coatings industry—with an ad inthe Federa-
tion's Journal of Coatings Technology your business will
celebrate Fat Tuesday every day of the year. JCT readers
are the coatings industry: chemists, formulators, and
technicians who specify the right products needed for
today’s coatings. The special Paint Show Issues are:

SEPTEMBER 89—Featured are the Preliminary Pro-
gram of Technical Sessions, floor plan of show exhibitors,
registration forms, housing forms and hotelinformation,
as well as general show information.

OCTOBER 89—This special Annual Meeting and Paint
Show Issue, which is distributed at the show in addition
to our regular circulation, contains Abstracts of Papers
to be presented; the Program of Technical Sessions; floor
plan of show exhibitors; a list of exhibitors and their
booth numbers, classified by product/service; an
alphabetical list of exhibitors and their booth numbers;
and general show information.

T Y

‘Make Every Day

of

JANUARY 90—This Annual Meeting and Paint Show
Wrap-up Issue features information on all exhibitors,
with emphasis on products and special booth features;
photo displays of award-winning booths; as well as a
complete review ofimportant Annual Meeting and Paint
Show happenings.

To make effective use of your marketing dollars, call
today for details, or write:

Lorraine Ledford, Journal of Coatings Technology,
1315 Walnut St., Philadelphia, PA 19107
(215-545-1506)

~ JOURNALOF
@ OATINGS 5908
TE(HnOLOGY New Orleans Hitone

\,.
(o)
O —

«The Rivergate
New Orleans, Louisiana
November 8-9-10, 1989




People

Satish K. Wason has been named Presi-
dent of J.M. Huber Corporation’s Chemi-
cals Division, headquartered in Havre de
Grace, MD. Dr. Wason most recently
served as Vice President and Head of the
Chemicals Division. He has specialized in
the field for 18 years and is the author of
several publications.

In addition, Harold E. Vickers has been
appointed Plant Manager of the Chemicals
Division. He returns to Huber after 14
years with the P.Q. Corporation in Avenel,
NJ, where he was involved in plant oper-
ations management.

The Chemical Coatings Division of The
Sherwin-Williams Co., Chicago, IL, has
named Dolores Schauer Product Specialist
for the General Products Business Unit. In
this position, she will be responsible for
business relating to hardcoats technology
in non-automotive areas.

Dorothy Hazinski has been appointed
Technical Service Specialist for the Cus-
tomer Service Group of The O’Brien
Corp.’s South Bend, IN, office. In her new
position, Ms. Hazinski will provide techni-
cal information and assistance to dealers,
specifiers, architects, salespeople, and
end-users of the company’s products. She
has been with the firm since [984.

In addition, Sandra Kinne has joined
the staff of O'Brien as Paint Sundries Buy-
er in the Trade Sales Division. Prior to this
position, Ms. Kinne served as buyer of
paint, paint sundries, and associated deco-
rative items for a retailer in the northwest-
ern United States.

3M has announced the creation of a new
division with the elevation of its Do-It-
Yourself Business Unit to division status
and the appointment of Charles H. (Bud)
Dock as its General Manager. Established
in 1986, DIY manufactures and markets
household do-it-yourself products. The
product areas are abrasives, energy sav-
ings, caulk, wood refinishing, and retail
automotive, and Dr. Dock has managed the
business since its inception.

Fischer Technology, Inc., Windsor, CT,
has named John Stanwick to the position
of Sales Engineer. Mr. Stanwick will as-
sume responsibility for the areas of eastern
Massachusetts, New Hampshire, Vermont,
and Maine.
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S.K. Wason

D. Schauer

S.S. Mitchell

D. Heflin

Akzo Coatings Inc., Troy, MI, has ap-
pointed David Heflin to the position of
General Motors Account Manager. In his
new position, Mr. Heflin will be responsi-
ble for the sales and marketing activities of
the firm’s automotive coatings for the Gen-
eral Motors account.

Jeffrey Blaisdell and Paul Molvar have
been appointed to positions in the Research
and Development Group of Sanncor Indus-
tries, Leominster, MA. Both men will re-
port to Howard S. Bender, Director of
Research and Development. Dr. Bender is
a member of the New England Society.

William J. Hughes has joined Troy
Chemical Corporation, Newark, NJ, as
Purchasing Manager. He will be in charge
of purchasing all raw materials, production
machinery, laboratory equipment, and
packaging materials for the company.

Hercules Incorporated, Wilmington, DE,
has announced the appointment of Edward
L. Martin to the post of Northeastern
District Sales Manager of its Coatings &
Additives Group. Mr. Martin most
recently served as Product Supervisor—
Nitrocellulose. He succeeds Norman C.
MacArthur, who has retired after more
than 34 years with the firm. Mr. MacAr-
thur joined Hercules in 1954 as a Research
Chemist, earned numerous patents, and
switched to sales in 1973, where he was
involved with the company’s specialty
elastomers.

In addition, Jeffrey S. Wolff has been
named Product Supervisor—Nitrocellu-
lose, replacing Mr. Martin. He will report
to J. Stephen Bryce, Product Manager—
Nitrocellulose.

Samuel S. Mitchell has joined Red
Devil, Inc., Union, NJ, as National Sales
Manager of the Machinery & Instrument
Division. His duties will include sales and
marketing of the company’s paint mixers
and colorant dispensers for the U.S. mar-
ket.

Cabot Stains, Newburyport, MA, has
expanded its sales force in the southeast
with the appointment of a new regional
manager and three sales representatives:
Nelson Reynolds—Regional Sales Man-
ager; Bill Hanka—Sales Representative in
the state of Florida; Travis J. Dyer—Sales
Representative for Georgia, southeastern
Alabama, and the Florida Panhandle; and
Randy Duncan—Sales Representative for
both North and South Carolina.

Daniel N. Simon has been named Di-
rector of Marketing and Development for
Velsicol Chemical Corporation’s Chemical
Group. He joined Velsicol in 1987 as Prod-
uct Manager for dibasic acids.

As a result of the recent reorganization
of its Oleochemical Product Group, Uni-
chema Chemicals, Inc., Chicago, IL, has
announced several promotions. Alfredo
Islas, Vice President of Marketing, will
assume responsibility for oleochemical
and international sales. In addition, Brian
Shaughnessy has been appointed Market-
ing Manager for Performance Products,
which includes esters, dimers, isostearic
and fatty acid amides and Barbara Ulrich
has been promoted to Product Manager,
with responsibility for the company’s glyc-
erine product line.
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M.A. Bruder &
Sons, Inc., Broom-
all, PA, has ap-
pointed Orville E.
Brown to the posi-
tion of Corporate
Technical Director.
Mr. Brown for-
merly served as
Laboratory Man-
ager, Industrial
Coatings, with the
firm. Prior to this, he was employed by the
Rust-Oleum Corp. and with Union Carbide
Corp.

President-Elect of the Philadelphia Soci-
ety, Mr. Brown is a member of the FSCT
Corrosion Committee, as well as Chairman
of the Surface Tolerant Coatings Commit-
tee of the Steel Structures Painting Council.

Hitox Corporation of America, Corpus
Christi, TX, has appointed Andrew J.
Panozzo as Regional Sales Manager for
the midwestern United States and Canada.
He will be responsible for direct and dis-
tributor sales of the firm’s line of pigments.
A member of the Chicago and Detroit Soci-
eties, Mr. Panozzo has over 25 years of
experience in the coatings industry.

John J. McDevitt has been promoted to
National Sales Manager—Industrial Gases
for Liquid Carbonic Industrial/Medical
Corporation, Chicago, IL. In his new posi-
tion, Mr. McDevitt will be responsible for
pricing and policy for the company’s in-
dustrial gas products.

Bee Chemical Company, Chicago, IL,
has promoted William Kalnes to Director
of Materials. Mr. Kalnes brings more than
13 years of related experience to the posi-
tion. He will report to Rod K. Sohrbeck,
Vice President of Manufacturing.

SCM Chemicals, Baltimore, MD, has
announced the retirement of J. Corson
Smith, Vice President, Sales. Mr. Smith
joined the company in 1961 as National
Accounts Manager, served as Industry
Manager for Coatings, Marketing Man-
ager, and Vice President, Marketing, be-
fore assuming his most recent position.

Cron Chemical Corporation, Houston,
TX, has named Don Madere to the post of
Director of Corporate Sales and Marketing.
Bringing 18 years of experience in general
chemical distribution to this position, Mr.
Madere will be responsible for the develop-
ment and implementation of sales and mar-
keting strategies for the firm.
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Witco Corporation, New York, NY, has
announced the following five managerial
appointments in its Corporate Engineering
Department: Peter J. Colella—Director of
Project Operations; Joseph Kricena—Di-
rector of Corporate Engineering Services;
Stephen Kohlhase—Manager of Design
Engineering; Michael J. Grosso—Man-
ager of Cost Estimation; and Walter
Krzastek—Assistant Manager of Cost Esti-
mation.

In addition, Witco has appointed Kris-
ten Fitzpatrick to the position of Assistant
Manager of Corporate Public Relations.
She assumes responsibility for employee
communications, and will assist in share-
holder, community, and media relations.

Bill Simmonds has joined The Valspar
Corporation, Minneapolis, MN, as Vice
President, Consumer Group. In this posi-
tion, he has responsibility for all consumer
coatings sales, marketing, manufacturing,
and research functions.

Rick Fischer has joined Eiger Machin-
ery, Chicago, IL, as a member of its sales
and marketing team. Mr. Fischer brings
eight years of experience in colorants and
additives from the plastics industry to this
position.

Henkel Polymers Division, a wholly
owned subsidiary of Henkel KGaA, West
Germany, has appointed Bob Vora to the
position of Manager of International Sales.
He will serve as the key contact for all
export business, representing the line of
Henkel polymer products to customers lo-
cated outside North America.

Ellen P. Mann has been named Man-
ager of Colortrend Systems/Warehousing
& Distribution Center for Colwell/General,
Inc., Kendallville, IN. Ms. Mann pre-
viously has held positions in sales and as a
graphic artist and production supervisor for
graphic studios.

Obituary

Otto John Hartwick, formerly Techni-
cal Director of the Houston Paint Division
of PPG Industries, died on March 19. He
was 93 years old.

Mr. Hartwick began his distinguished
career in the coatings industry as a Lacquer
Chemist at PPG in 1928. Following assign-
ment to the Technical Department of the
firm’s Milwaukee plant in 1933, he was
transferred to Houston to assume the post
of Chief Chemist in 1941. Mr. Hartwick
was promoted to Technical Director in
1948. He retired from PPG in 1961, having
served the company for 33 years. Follow-
ing his retirement, he worked at Ribelin
Sales Co., in Houston, for 10 years.

Mr. Hartwick was a Past-President and
the first recipient of the Life Membership
Award of the Houston Society.

Svend Stubb, Vice President of Manu-
facturing for Kelly-Moore Paint Co., died
on March 17.

Mr. Stubb, a member of the coatings
industry for over 33 years, began his career
in Los Angeles with Dutch Boy Paints. He
joined Kelly-Moore in 1976 as Plant Man-
ager and was appointed Vice President in
1977. Mr. Stubb was active in the Coatings
Research Group and was a member of the
Golden Gate Society.

Louis A. Kaplan, former Vice Presi-
dent of Cellomer Operations of Reichhold
Chemicals, Inc., died on April 5. He was
65 years old.

Mr. Kaplan served as Vice President of
Operations for the Cellomer Division of
Polychrome Chemicals, Inc. from 1966
until it became part of Reichhold Chemi-
cals in 1988. Previously he held technical
positions with other coatings companies for
about 14 years. Mr. Kaplan received a
B.Ch.E. Degree from the City College of
New York. He was a member of the New
York Society, as well as the American
Institute of Chemical Engineers, and the
American Chemical Society.

Ed Teuscher, former Director of Pur-
chasing at Akzo Coatings Inc., died on
March 26. He was 61 years old.

Mr. Teuscher began his career in the
coatings industry at Cook Paint and Var-
nish. He later joined Pratt & Lambert
where he pursued his purchasing career. In
1972, Mr. Teuscher joined Wyandotte
Paint Co. (now Akzo Coatings Inc.) as a
Purchasing Agent. He remained in the Pur-
chasing Department for 17 years where he
served as Director of Purchasing until his
death. Mr. Teuscher was a Past-President
of the Detroit Paint and Coatings Associ-
ation.
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Meetings/€ducation

Paint Volatile Organic Compounds
To be Focus of ASTM Workshop

ASTM has scheduled a two-day work-
shop designed to assist participants in de-
termining if paints or coatings meet U.S.
Environmental Protection Agency VOC re-
quirements. The workshop will be held
July 19-20 in Chicago, IL, and on Novem-
ber 1-2, in Philadelphia, PA.

The workshop is intended for chemists
and others who use U.S. EPA tests to de-
termine VOC, as well as individuals from
the paint industry, governmental regulatory
bodies, commercial labs, and paint users.

At the workshop, attendees will be in-
structed on the basic principles of ASTM
methods used to measure VOC under the
U.S. EPA New Source Performance Stan-
dard. Topics to be discussed included how
to: obtain good representative samples;
prepare samples; run VOC measurements
of coatings; and identify the variables in
each test method. In addition, information
will be given on calculating VOC whether
it is to be reported as grams per liter, grams
per liter minus water, or as kilogram of
VOC as applied solids, etc., and on im-
proving the precision with which these test
methods can be run.

ASTM standards on which this course is
based were developed and are maintained
by ASTM Committee D-1 on Paints and
Related Coatings and Materials. Included
in the program outline are the following
subjects: Sampling Method: ASTM Stan-
dard D 3925; Density Measurements:
ASTM Standard D 1475; Volatile Contact:
ASTM Standard D 2369; Water Content by
Gas Chromatography: ASTM Standard D
3792; Water by Karl Fischer Method:
ASTM Standard D 4017, Halohydrocarbon

ACS Donates Equipment
To Univ. of Missouri-Rolla

Applied Color Systems, Inc., Princeton,
NJ, recently donated color control equip-
ment to the University of Missouri-Rolla
for use in its Coatings and Polymer Science
program, directed by Dr. Michael Van De
Mark.

The donation includes: a spectrophoto-
meter and a set of ACS Chroma-Calc Soft-
ware for the paint, plastics, and ink indus-
tries.

The equipment will be used for teaching
and research of coatings courses ranging
from the Bachelor’s through the Doctoral
degree as well as industrial short courses.
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Content: ASTM Standard D 4457, Calcula-
tion of VOC: ASTM Standard D 3960;
Volume of Nonvolatile Matter: ASTM
Standard D 2697; and Precision: ASTM
Standards E 180 and D 3980.

Instructors of the workshop are Hiroshi
Fujimoto. of BASF Inmont Division’s
Analytical Services Laboratory; Richard

W. Scott, formerly of Sherwin-Williams;
and William C. Golton, of the Marshall
Research Laboratory, E.I. du Pont de Ne-
mours & Co., Inc.

For additional information, contact
Kathy Dickinson, ASTM Standards Tech-
nology Training, 1916 Race St., Philadel-
phia, PA 19103.

Electrochemical Techniques Are Topic
Of Short Course, Offered June 19-23

EG&G Princeton Applied Research,
Princeton, NJ, in conjunction with the Bal-
timore-Washington Section of the National
Association of Corrosion Engineers, is
sponsoring a course on ‘‘Electrochemical
Techniques in Corrosion Engineering,”
presented by The Johns Hopkins Universi-
ty Corrosion and Electrochemistry Re-
search Laboratory. The seminar will be
held at Johns Hopkins University,
Homewood Campus in Baltimore, MD, on
June 19-23.

The five-day program will introduce the
use of electrochemical techniques in corro-

sion application. Special emphasis will be
placed on the proper use of modern instru-
mentation. Participants will have the op-
portunity to operate state-of-the-art instru-
ments in laboratory sessions designed to
complement the lecture material. Tech-
niques for the proper interpretation of data
for use in corrosion prediction and preven-
tion, and examples of where these methods
have been successfully utilized will also be
presented.

For additional details, contact Marc
Rothstein, EG&G Princeton Applied Re-
search, CN 5206, Princeton, NJ 08543.

CALL FOR PAPERS
13th Annual Meeting of the Adhesion Society \

February 18-21, 1990 Savannah, GA

Papers are being accepted for the 13th
Annual Meeting of the Adhesion Society to
be held February 18-21, 1990, at the
Sheraton Savannah Resort and Hotel, Sa-
vannah, GA. Papers in all areas of adhe-
sion science are welcome. Of particular
interest is work on the following topics:

Rheology of Adhesives—including pres-
sure sensitive adhesives, polymer/filler in-
teractions, adhesive processability, adhe-
sive curing, and adhesive toughening

Thin Film Adhesion—including coatings
and adhesion in electronics

Interfaces—surface analysis, surface
modification, and fiber-matrix papers are

| solicited

Adhesive Testing and Analysis—new

| tests, nondestructive testing, finite element
| analysis, evaluation of adhesive tests, and
| durability testing

‘ Adhesion—including papers on how to
'Qoid adhesion and lubrication.

U SIS

In addition, a poster session has been
scheduled for February 19 and posters are
being accepted for presentation.

Persons interested in presenting a paper
or poster should submit a title and one-page
abstract to the Program Chairman before
June 15. Long abstracts must be submitted
no later than November 1 for inclusion in
the Meeting Program. Papers and posters
should be forwarded to: Dr. David R.
Speth, 1712 Building, Dow Chemical,
Midland, MI 48674.

A short course on “The Principles of
Adhesion,” scheduled for Fedruary 17 and
18, will proceed the meeting. For addition-
al information on the course, contact Prof.
Gary Hamed, University of Akron, Dept.
of Polymer Science, Akron, OH 44325.

Further details on the Annual Meeting
are available from the President of the Ad-
hesion Society, Prof. Jim Wightman, Dept.
of Chemistry, VPI & SU, Blacksburg, VA

20461. /
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/—“— CALL FOR PAPERS——ﬁ
A Materials

merican Society for Testing and
Symposium on Analysis of Paints and Related Materials
May 14-15, 1990 Pittsburgh, PA

The ASTM Committee D-1 on Paints and Related Coatings and Materials is
requesting papers for a two-day Symposium on Analysis of Paints and Related
Materials, to be held May 14-15, 1990, in Pittsburgh, PA.

The purpose of the symposium is to present and publish the latest developments
in coatings analysis under the following headings:

® Overview of application of modern ® Separations

analytical techniques to paint problem ~ ® Vehicle characterization
solving ® Analysis of additives

® Analysis of volatile materials ® Pigment analysis

® Contaminant analysis

® Defects and other failures
Papers should be problem and/or formula oriented as opposed to being technique
oriented.

Prospective authors and requested to submit a title, a 300-500 word abstract, and
the ASTM Submittal Form by July 1 to: Dorothy Savini, Symposia Coordination,
ASTM, 1916 Race St., Philadelphia, PA 19103-1187. Paper Submittal Forms are
available from Ms. Savini.

A Special Technical Publication (STP) based on the symposium preceedings is
anticipated by ASTM. Papers not accepted for presentation may be considered for
publication. Final manuscripts for the STP based on this symposium are due by
March 1, 1990.

More information is available from Symposium Chairman William C. Golton,

Philadelphia, PA 19146.

Q du Pont de Nemours & Co., Inc., Marshall Laboratory, P.O. Box 3886,

Basic Coatings Sales Course
Offered by UMR, July 19-21

The short course ‘‘Basic Coatings for
Sales and Marketing Personnel’’ is being
sponsored by the University of Missouri-
Rolla, Rolla, MO. The course is sched-
uled for July 19-21, at the Ramada Inn
Westport, St. Louis, MO.

Due to an overwhelming response,
*‘Basic Coatings’’ is being offered a sec-
ond time. Course content has been modi-
fied based on feedback from the first
class.

The course is designed for sales or
marketing personnel in raw materials or
coatings. An introduction and history of
the coatings industry along with defini-
tions and basic science will be covered at
the outset of the class. Other topics to be
covered include: resins, solvents, pig-
ments, additives, testing, water-borne
coatings, high-solids coatings, labeling/
Material Safety Data Sheets, waste dis-
posal, manufacturing, paints of the fu-
ture, market share, new product introduc-
tion, and the technical market place.

For more details on the ‘‘Basic Coat-
ings”’ short course, write Coatings and
Polymer Science Program, Dept. of
Chemistry, University of Missouri-Rolla,
Rolla, MO 65401.

NETZSCH
THREE ROLLER MILLS
FILL THE GAP

PAINTS
& COATINGS

Technical
Support

CAULKS
N & SEALANTS

size

al size

ct, the

Is are ideally suited for a wide variety
of both initial and finish grinding applications.

Available in three sizes with output capacities ranging from
7 to 45 kg per hour, the 272 mills feature hard chrome or
porcelain rollers, wear-resistant sliding parts and ball bear-

D/L Laboratories is the leading
Independent Testing and

TESTING

Accredited by The National Bureau of
Standards for selected test methods for
paints, coatings, seals and sealants.

Consulting Lab

VOC

ing operation. In addition, they are silent running and main-
tenance-free. Variable speed motors are available if needed.

For more information on the three roller mills that fill the
gap, write or call today.

NETZSCH INCORPORATED
119 Pickering Way Telex: 532868
Exton, PA 19341-1393 Easylink: 62775745

Phone: 215/363-8010 Fax: 215/363-0971
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LABORATORIES

SEND FOR BROCHURE
Established 1932

116 East 16th Street,
New York, NY 10003
Tel: (212) 777-4410
TWX: (710) 581-6132
FAX: (212) 505-8419
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Literature

Color Measurement System

A new, six-page, four-color brochure de-
scribes an on-line spectrocolorimeter. The
system is designed to measure color con-
tinuously on the manufacturing line. To
receive the Spectra-Probe brochure, write
HunterLab, 11491 Sunset Hills Rd.,
Reston, VA 22090.

Safety Guide

A new resource guide detailing safety
training materials, seminars, and consult-
ing services designed to help companies
improve safety performance has been pub-
lished. The 57-page, spiral-bound guide
describes more than 30 safety courses and
features a matrix to help select the appro-
priate product or service to meet specific
safety and training needs. For a copy of the
publication, write to: Safety Services
Resource Guide, Du Pont Management
Services, Montgomery Bldg., Room 290,
P.O. Box 80800, Wilmington, DE 19880-
0800.

Fabrication Standard

A revised standard which recommends
practices for the design, fabrication, and
surface finish of metal tanks and vessels
that are to be lined for corrosion resistance
and to prevent product contamination has
been issued. The standard includes appen-
dices on acceptable and unacceptable de-
sign practices on tanks, a list of suggested
responsibilities for the coating applicator to
ensure the best protective coating system
available, and visual and written descrip-
tions of the degree of surface preparation of
welds in tanks and vessels prior to lining.
For Standard RP0178-89, write National
Association of Corrosion Engineers Publi-
cations Order Dept., P.O. Box 218340,
Houston, TX 77218.

Specialty Acrylic Polymers

Two new specialty acrylic polymers de-
signed for hard, block-resistant floor paints
and sealers are the subject of a product
bulletin. The latexes provide alkali resis-
tance, wet adhesion, and rapid develop-
ment of hardness. Further details on
UCAR® Latex 421 and 422, including for-
mulations for high sheen, semigloss floor
paints, and a clear concrete sealer, can be
obtained from Union Carbide Corp.,
UCAR Emulsion Systems, Dept, 14488,
39 Old Ridgebury Rd., Danbury, CT
06817-0001.
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Polymeric Resins

A data sheet provides information on
two versions of polymeric surfactants de-
signed for use by the coatings industry. The
surfactants feature water brush cleanup in
nonaqueous alkyd coatings and humidity
and water staining resistance in aqueous
coatings. For additional facts on Hyper-
mer™ ABC and WSR, contact Philip
Reitano, ICI Americas Inc., Wilmington,
DE 19897.

Filling Machine

A new style filling machine for paints,
coatings, and chemicals is highlighted in a
data sheet. The Machine is designed to fill
one to five gallon open top or closed top
metal and plastic containers. All wetted
parts are made of stainless steel. For more
information on the Mod 1 filler, write
Monmouth Tool & Machine Co., Inc.,
2-12Memorial Dr., Asbury Park, NJ 07712.

Color Control Systems

A product bulletin introduces a new line
of color control systems which features col-
or spectrophotometers. For more details on
the Series 2000 models, write Applied Col-
or Systems, Inc., P.O. Box 5800, Prince-
ton, NJ 08543.

Surface-Modified Particles

A product bulletin introduces new sur-
face-modified particles designed to enable
polymer composites to replace many engi-
neering plastics and metals. Initial uses of
the particles have been in cast polyurethane
parts for applications in materials handling,
mining, transportation, and mechanical
tools. Write Air Products and Chemicals,
Inc., Composite Products Business Area—
Advanced Materials, 7201 Hamilton
Blvd., Allentown, PA 18195-1501 for
more details on the Primax™ UH-1000 se-
ries or a complimentary one-pound sample.

Employer M/F/HIV.

CHEMIST

APPLICATIONS
SPECIALIST-BIOCIDES

Explore a new world at Olin Chemicals
Research Center in Cheshire, CT

It's a world of opportunity that will let you develop and commer-
cialize new Biocides products for the plastics and coatings markets
through in-house applications research and customer contacts.
Your responsibilities will also include providing technical service to
help commercialize the products.

Credentials should include a BS/MS in Chemistry, Biology, or
Chemical Engineering, and at least 5 years experience in applica-
tions research in the Biocides area.

Olin offers a competitive salary and a comprehensive benefits
and relocation package. For confidential consideration, please send
resume with salary history and requirements to: R.A. Barnes,
Personnel Supervisor, Dept. JC, Olin Research Center, 350
Knotter Drive, Cheshire, CT 06410. An Equal Opportunity

Clin
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Plant Floor Computers

A technical bulletin features two new
industrial computers designed to offer in-
creased memory and fast speed to plant
floor computing. The environmentally-har-
dened bench-top processors come rack-
mounted, which enables multiple proces-
sors to be housed together, resulting in
configuration flexibility and space savings.
Details on the Micro Channel™ architec-
ture-based computers can be obtained from
IBM Corp., US Marketing & Services,
1133 Westchester Ave., White Plains, NY
10604.

Commerical Silicones

A 23-page brochure which details sili-
cone fluids and their uses has been issued.
The booklet highlights six classes of sili-
cone fluids and a selection guide helps the
user choose the specific silicone for func-
tions ranging from antifoam to lubrication
to working media. A copy of the brochure
is available from Hiils America, Inc., 2570
Pearl Buck Rd., Bristol, PA 19007.

Viscometers

A new, 28-page booklet on the subject of
viscosity is in print. The booklet is an ex-
pansion of an earlier edition and features
information on new instruments and mea-
suring techniques. Intended as a handy di-
gest, the publication acts as a guide and
offers practical advice on viscometer use
and maintenance. For a copy of “More
Solutions to Sticky Problems,” write
Brookfield Engineering Laboratories, Inc.,
Dept. NR-67, 240 Cushing St., Stoughton,
MA 02072.

Control Valves

A 70-page handbook, written to serve as
a practical working tool for process engi-
neers who are responsible for cost efficient
operation of steam and water systems, has
been published. The text describes a
unique line of self-contained, temperature
actuated control valves. For a copy of the
“Temperature Control Valve and Steam
Trap Applications Handbook,” write
Ogontz Corp., 141 Terwood Rd., P.O. Box
479, Willow Grove, PA 19090.

Rust Preventive Concentrates

Three products in a line of rust preven-
tive concentrates are the subject of a tech-
nical bulletin. The concentrates qualify for
use on new motor vehicles and trailers un-
der MIL-C-62218. They are dispersions of
modified overbased sulfonates used to for-
mulate coatings for the automotive indus-
try. Further information on SACI® 552,
552A, and 2452 may be obtained from
Witco Corp., Sonneborn Div., 520 Madi-
son Ave., New York, NY 10022-4236.

Coatings and Additives

A new, 16-page, four-color brochure
which features current technology in coat-
ings and additives has been published. The
literature describes a series of cellulosic
and peroxide products used by many indus-
try segments. The publication is geared to-
ward the aerospace, automotive, plastics,
electronics, industrial finishes, wire and
cable, furniture, graphic arts, and tire and
rubber industries. For a copy of *‘Hercules
Coatings & Additives,” write Hercules In-
corporated, Product Information, Hercules
Plaza, Wilmington, DE 19894.

ANGUS nitro-
paraffins and
derivatives
function as
crosslinkers,
HCHO donors
or HCHO
scavengers.

Reduce Free Formaldehyde Levels
Improve Product Performance
Improve

XY
A )
o

Productivity

Are you sacrificing produc-
tivity or product performance
in response to regulatory
compliance laws regarding
formaldehyde (HCHO)?

ANGUS nitroparaffins and amino
alcohols can help you lower free
HCHO levels. ANGUS nitro
alcohols and oxazolidines can
help you improve productivity
and product performance
without the need for formalin or
paraformaldehyde.

CALL TOM 1-800-323-6209
(in IL 1-312-498-6700)

NGUS

CHEMICAL COMPANY
2211 Sanders Road
Northbrook, IL 60062
FAX: 1-312-498-6706

If you use resins based on urea-

ANGUS PRODUCTS PERFORM

formaldehyde, melamine-
formaldehyde or phenol-
formaldehyde systems, call Tom
Johnson to schedule the
ANGUS Formaldehyde Control
Seminar at your location.
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Quantity

FSCT PUBLICATIONS ORDER FORM

Price Total

Journal of Coatings Technology:

U.S. and

Canada
$27

Europe
(Air Mail)
$55
51 107
73 157

New Federation Series on Coatings Technology
“Film Formation" —Z.W. Wicks, Jr.

1yr,
2Yrs.
3Yrs.

“Solvents"—W.H. Ellis
“Coil Coatings"—J.E. Gaske

“Mechanical Properties of Coatings” —L.W. Hill
“Automotive Coatings"—B.N. McBane

HITHITT

“Organic Pigments”—P.A. Lewis
“Inorganic Primer Pigments”—A. Smith

Audio/Visual Presentations
Causes of Discoloration in Paint Films

The Setaflash Tester

High Speed Dispersion

Introduction to Resin Operation

A Batch Operated Mini-Media Mill
Operation of a Vertical Sand Mill

Laboratory Test Procedures (VHS format)
Federation Training Series on Test Methods

T

Paint/Coatings Dictionary
Infrared Spectrescopy Atlas

Pictorial Standards of Coatings Defects

Other

Countries

$40
77
112

($5.00 ea.)

“Radiation Cured Coatings"—J.R. Costanza, A.P. Silveri, and J.A. Vona
“Introduction to Polymers and Resins"—J. Prane

"Corrosion Protection by Coatings"—Z.W. Wicks, Jr.

“Coating Film Defects"—P.E. Pierce and C.K. Schoff
“Application of Paints and Coatings"—S.B. Levinson

(Slide/tape except where noted)

($40)
($100)
($65)
($65)
($60)
($75)
($50)
($70)

(Mbr.—$30; Non-Mbr.—$50)
(Mbr.—$75; Non-Mbr.—$100)

Complete Manual ($90)
Individual Standards ($3 ea., plus $3 per photo as noted)
Adhesion (1) Blistering (4) __ Chalking (1)
— Checking (1) _ Cracking (1) __ Erosion (1)
____ Fillform Corrosion (3) — Flaking (2)
___ Midew (3) Print (1) Rust (4)
Traffic Paint Abrasion (2) Traffic Paint Chipping (2)
Record Sheets (pad of 100 sheets) ($3.50)
Glossary of Color Terms ($6.00)
Subtotal .......

Pa. Residents please add 6% Sales Tax

Total

Available in the U.K. from: Birmingham Paint, Varnish and Lacquer Club, c/o Ray Tennant, Carrs
Paints Ltd., Westminster Works, Alvechurch Rd., Birmingham B31 3PG, England

Check the one block which applies
most specifically to the company or or-
ganization with which you are affiliated.

A
B
c
D
&
F
G
H
J

ALL INFORMATION BELOW MUST BE COMPLETED

YOUR POSITION:
Check the one block which best de-
scribes your position in your company
or organization.

YOUR COMPANY:

[] Manufacturers of Paints, Varnishes, A

(] Management/ Administration
Lacquers, Printing Inks, Sealants, etc.

[] Manufacturers of Raw Materials B 1] Manufacturing and Engineering
(] Manufacturers of Equipment and C ['] Quality Control
_ Containers D [ Research and Development
& ggljgrﬁgz{‘ ttarHav Meterals aid E | ] Technical Sales Service
[] Government Agency F ] Sales and Marketing
[] Research/Testing/Consulting G ] Consultant
r : I
‘,L} g:;iagg:::]m::"m'on Libeary H :] Educator/Student
] Other J L] Other
(please specify) (please specify)

[J FSCT Member  [J Non-Member

Signed Date

Name

Title

Company

Address.

City & State

Country Mail Code

Make checks payable to: Federation of S for C gs Tech

logy

Postage and handling charges will be added to all orders requiring billing.

All checks must be payable on a U.S. Bank

Federation of Societies for Coatings Technology

1315 Walinut St. e Philadelphia,

PA 19107 e 215/545-1506



Letters to the Editor

Addendum

The original figures (1-4) for *“Effect of Substrate and Paint Layers on the
Roughness and Appearance of a Silver Base Coat/Clear Coat System,”
which appeared in the March issue of the JourNAL oF COATINGS TECHNOL-
oGy, 61, No. 770, 65 (1989), did not reproduce well. Improved reproduc-

tions are given below.

Paint
Interface Thickness
Roughness AIR Range, pm
%
20-75
o5
10-20
o4
0-20
o3
10-50
)
Constant
s (2150 mg/m?)
L RT
Roughnesses
5-31 pm
Figure 1—Representation of a typical multilayer paint system

on metals

TOTAL PAINT
THICKNESS, MICRONS

APPEARANCE RATING: Good ¢
Fair ©
Poor ¢

1454

1104

754

23

APPEARANCE
ZINC PHOSPHATE
INITIAL ROUGHNESS, Rt, MICRONS

Figure 3—Effects of final clear coat roughness on appearance
ratings as a function of initial zinc phosphate roughness and
total paint thickness
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G. DALE CHEEVER
PHuoNG-ANH P. Nco
General Motors Corp.
Warren, MI

CLEARCOAT
FINAL
ROUGHNESS xm

> —
23277 28.270 30.743

4.976 5.489 6.991 11.574
ZINC PHOSPHATE INITIAL ROUGHNESS, ym

Figure 2—Predicted and observed clear coat final roughness as
a function of initial zinc phosphate roughness

TOTAL PAINT
THICKNESS, MICRONS

APPEARANCE RATING: Good &
Fair 0O

145

1104

1.70  CLEARCOAT
FINAL ROUGHNESS

14 Rt, MICRONS

ZINC PHOSPHATE
INITIAL ROUGHNESS, Rt, MICRONS

Figure 4—Appearance ratings as a function of initial zinc
phosphate and final clear coat roughness
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Book Review

INTRODUCTION TO PAINT
CHEMISTRY AND PRINCIPLES
OF PAINT TECHNOLOGY,
Third Edition

By
G.P.A. Turner

Published by

Chapman and Hall

29 W. 35th St.

New York, NY 10001 (1988)
xii + 252 Pages, $87.50

Reviewed by

Robert F. Brady, Jr.

Naval Research Laboratory
Washington, D.C.

The third edition of this respected book,
like the two before it, is intended to pro-
vide a textbook for students and an intro-
duction to paint technology for those with
little or no prior background in the field.

The book successfully achieves this goal
by demonstrating the connection between
paint technology and the chemistry and
physics which underlie it.

The book is divided into two parts. Part
one, on general science, contains six chap-
ters devoted to selected basic elements of
chemistry and physics. This part comprises
one-third of the book and is intended to be
an essential minimum preparation for the
materials which follow. The topics are se-
lected from a formulator’s point of view;
many of the most important, especially the
discussions on polymers and color mea-
surement, may well be missing from many
undergraduate chemistry degree programs.

The second part of the book contains 11
chapters on applied paint technology. The
first four of these discuss the desired prop-
erties of wet and dry paint; types and prop-
erties of pigments, including introductions
to dispersion and color matching; solvents;
and additives. The latter two chapters are
particularly strong, and offer useful in-
sights even to experienced formulators.
The following six chapters cover resins for
coatings, grouped according to the mecha-

nisms by which they form dry films. Each
of these chapters contains an admirably
clear and complete discussion of the chem-
istry of the particular resins being consid-
ered. Eleven major resins and many less
important ones are discussed, including
resins for water-borne, emulsion, baking,
and high-solids coatings. The chapters on
resins also contain many illustrative formu-
lations. A final chapter covers the chemical
treatment of plastic, wood, and metal sub-
strates prior to painting. This chapter con-
tains, for example, descriptions of the
chromating of aluminum, the phosphating
of steel, and the corona discharge treatment
of plastics.

The book is bound in a soft cover, and is
well written and easy to read. It contains 33
clear figures, many tables, a complete in-
dex, and an appendix giving suggestions
for further reading. This third edition
sustains and extends the reputation of its
earlier versions, and is strongly recom-
mended to those who seek an elementary,
clear, and readable introduction to paint
technology.

SERL

Cut th cst of cau th CAMEL—f.

The lowest cost filler with the least room for resin.

The problem with many fillers is that you end up using

more resin than you'd like.

But low-cost CAMEL:-FIL® is a calcium carbonate with a unique
particle size distribution that provides exceptionally high load-
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ing. So you reduce your resin costs, while using a filler that's

low in cost too. Genstar Stone Products Company, Executive

(301) 527-4225.

Plaza IV, Hunt Valley, MD 21031.

GENSTAR
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Coming €vents

FEDERATION MEETINGS

For information on FSCT meetings, contact FSCT, 1315 Walnut St.,
Philadelphia, PA 19107 (215-545-1506).

(Nov. 8-10)—67th Annual Meeting and 54th Paint Industries’
Show. New Orleans Hilton and The Rivergate, New Orleans, LA.

1990

(Oct. 29-31)—68th Annual Meeting and 55th Paint Industries’
Show. Convention Center, Washington, D.C.

1QQ4

(Nov. 4-6)—69th Annual Meeting and 56th Paint Industries’
Show. Convention Center, Toronto, Ontario, Canada.

=CIAL SOCIETY MEETINGS

1089

(June 19)—Golden Gate Society. “Conference '89—Image
Building through Communications.” Holiday Inn, S. San Francisco,
CA. (Ron Hughes, Ashland Chemical, 8600 Enterprise, Newark, CA
94560).

(Aug. 29-30)—Chicago Society SYMCO ‘89. “Coatings in Com-
pliance.” Holiday Inn, Lisle, IL. (Rich Braunshausen, Rust Oleum,
2301 Oakton St., Evanston, IL 60204).

(Mar. 14-16)— Southwestern Paint Convention. Houston and
Dallas Societies. Doubletree at Post Oak, Houston, TX. (Neil
McBride, P.O. Box 841156, Houston, TX 77284-1156).

(Apr. 4-7)—Southern Society. Annual Meeting. Sandestin
Beach Hilton, Destin, FL. (James R. Salisbury, Union Carbide Corp.,
2043 Steel Dr., Tucker, GA 30084).

(Feb. 18-20)—Western Coatings Societies' 20th Biennial Sym-
posium and Show. San Francisco Hilton, San Francisco, CA.

OTHER ORGANIZATIONS

{ GRO

@

(June 18-21)—63rd Colloid and Surface Science Symposium.
Sponsored by American Chemical Society Division of Colloid and
Surface Science. University of Washington, Seattle, WA. (John C.
Berg, Symposium Chairman, University of Washington, Dept. of
Chemical Engineering, BF-10, Seattle, WA 98195).
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(June 19-23)—"Corrosion Control by Coatings.” Short Course
sponsored by Lehigh University, Bethlehem, PA. (Henry Leidheiser,
Jr., Zettlemoyer Center for Surface Studies, Sinclair Lab #7, Lehigh
University, Bethlehem, PA 18015).

(June 19-23)—Electrochemical Techniques in Corrosion Engi-
neering course, sponsored by EG&G Princeton Applied Research
and the Baltimore-Washington Section of NACE. Presented by The
Johns Hopkins University Corrosion and Electrochemistry Research
Laboratory. Johns Hopkins University, Homewood Campus, Balti-
more, MD. (Marc Rothstein, EG&G Applied Research, CN 5206,
Princeton, NJ 08543).

(June 21-23)—Qil and Colour Chemists’ Association Biennial
Conference. Grosvenor Hotel, Chester, England. (Mr. Christopher
Lacey-Day, Director, OCCA, Priory House, 967 Harrow Rd., Wem-
bly, Middlesex HAO 2SF, England).

(June 25-28)—ASTM Committee D-1 Meeting. Sheraton St.
Louis, St. Louis, MO. (David Bradley, ASTM, 1916 Race St., Phila-
delphia, PA 19103).

(June 28-30)—“Chemically Modified Oxide Surfaces” Sympo-
sium. Holiday Inn, Midland, MI. (W.T. Collins, Mail Stop C41C00,
Dow Corning Corp., Midland, MI 48686-0994).

(July 10-14)—15th International Conference on “Organic Coat-
ings Science and Technology.” Athens, Greece. (Angelos V. Patsis,
Institute in Materials Science, CSB 209, State University of New
York, New Paltz 12561).

THE INCREDIBLE VERSATOR

DEFOAMER/DEAERATOR

Also disperses, emulsifies, homogenizes, dehydrates,
distills and more . . . all in one operation
How it works: liquids travelling across a disc, rapidly spin-
ning inavacuum, form an attenuating thin film that permits
or causes all these processing actions to occur simultane-
ously. Handles all liquids, regardless of viscosity. Sanitary

or non-sanitary construction available, as required.

Hard to believe, but true. Write or call for brochure Cor-
nell Machine Co., 45 Brown Avenue, Springfield, NJ 07081
— Phone: 1-(201) 379-6860.

GS CORNELL

Machine Co.
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NEW QG
GOLOR SYSTEMS

NEW ACS CHROMA-QC System

Compact - Efficient
- Economical

NEW ACS CHROMA SENSOR CS-3
Compact spectrophotometer

NEW ACS CHROMA-QC Software
You choose what you want

Call 1-800-ACS-7899 now for
your brochure and free ACS
color poster “Principles
of Color Technology”

The leader in advanced color technology.

oo

color sy inc. pplied color sy gmbh
P.O. Box 5800 Erlbriiggestrasse 2a

Princeton, NJ 08543 D-4370 Marl, W. Germany
Telephone: (609) 924-2189 Telephone: (49) 2365-13057

Telex: 178276

Telex: 829763
Fax: (609) 896-3804 Fax: (49) 2365-16746
80

(July 19-20)—"Paint Volatile Organic Compounds (VOC)”"
Workshop sponsored by ASTM Standards Technology Training.
Holiday Inn—Chicago, Des Plaines, IL. (Kathy Dickinson, ASTM
Standards Technology Training, 1916 Race St., Philadelphia, PA
19103).

(July 27-29)—27th Annual Convention of the Oil and Colour
Chemists’ Association New Zealand. Rotorua, New Zealand. (Mike
Rowlands, OCCANZ, P.O. Box 5192, Auckland, New Zealand).

(Aug. 3-6)—31st Annual Convention of the Oil and Colour
Chemists’ Association Australia. Fairmont Resort, Leura, New South
Wales. (Peter Parsons, Tioxide Australia P/L, 2A/6 Tooronga Ter-
race, Beverly Hills, NSW, Australia 2209).

(Aug. 9-11)—"Radiation Curable Coatings.” Short Course spon-
sored by North Dakota State University, Fargo, ND. (Frank N. Jones,
NDSU, Fargo, ND 58105).

(Aug. 21-25)—12th Annual “Advances in Emulsion Polymeriza-
tion and Latex Technology” Short Course. Schatzalp Berghotel,
Davos, Switzerland. (Gary W. Poehlein, Graduate Office [Savant],
Georgia Institute of Technology, Atlanta, GA 30332-0265).

(Aug. 21-25)—"Electroplating and Surface Finishing for Elec-
tronic Applications.” Course sponsored by the American Electro-
platers and Surface Finishers Society. Hyatt Palo Alto, Palo Alto, CA.
(Sylvia L. Baxley, AESF, Central Florida Research Park, 12644
Research Parkway, Orlando, FL 32826).

(Aug. 22-26)—"Surface Phenomena and Fine Particles in Wa-
ter-Based Coating and Printing Technology.” International Sympo-
sium sponsored by the Fine Particle Society. Marriott Copley Place,
Boston, MA. (Mahendra K. Sharma, Research Laboratories, East-
man Kodak Co., Box 1972, Kingsport, TN 37662, or F.J. Micale,
Sinclair Laboratory, Bldg. 7, Lehigh University, Bethlehem, PA
18015).

(Sept. 6-7)—"Introduction to Electroplating and Surface Finish-
ing.” Training course sponsored by the American Electroplaters and
Surface Finishers Society. Ramada Inn Oakbrook 3, Eimhurst, IL.
(Sylvia L. Baxley, AESF, Central Florida Research Park, 12644
Research Parkway, Orlando, FL 32826).

(Sept. 11-15)—"Laboratory Corrosion Testing.” Short Course
sponsored by the Southwestern Ohio Section of NACE and NACE/
Fontana Corrosion Center at Ohio State. Ohio State University,
Columbus, OH. (John Beavers, 2704 Sawbury Blvd., Columbus, OH
43235, or Steve Corey, 1020 W. Park Ave., Kokomo, IN 46901).

(Sept. 12-14)—Haztech International Fourth Annual Conference
and Exhibition. Cincinnati Convention Center, Cincinnati, OH. (Ra-
chelle Scheinbach or Ursula Barril, Haztech International, 13555 Bel-
Red Rd., C-96870, Bellevue, WA 98009).

(Sept. 14-15)—"Waste Treatment Simplified.” Course spon-
sored by the American Electroplaters and Surface Finishers Society.
Ramada Inn Chandler, Chandler, AZ. (Sylvia L. Baxley, AESF, Cen-
tral Florida Research Park, 12644 Research Parkway, Orlando, FL
32826).

(Sept. 18-22)—"Electroplating and Surface Finishing.” Training
course sponsored by the American Electroplaters and Surface Fin-
ishers Society. Ramada Inn Oakbrook 3, Eimhurst, IL. (Sylvia L.
Baxley, AESF, Central Florida Research Park, 12644 Research
Parkway, Orlando, FL 32826).

(Sept. 23-28)—12th World Conferences on Non-Destructive
Testing sponsored by the Dutch Non-Destructive Testing Society.
RAl International Exhibition and Congress Center, Amsterdam, The
Netherlands. (RAI International Exhibition and Congress Center,
Europaplein, 1078 GZ, Amsterdam, The Netherlands).

(Sept. 25-27)—Third Annual Hazardous Materials Management
Conference and Exhibition of Canada (HazMat/Canada '89). Har-
bour Castle Westin Conference Centre, Toronto, Ont., Canada.
(Tower Conference Management Co., 800 Roosevelt Rd., Bidg. E—
Suite 408, Glen Ellyn, IL 60137-5835).

(Sept. 25-29)—"Electroplating and Surface Finishing for Elec-
tronic Applications.” Course sponsored by the American Electro-
platers and Surface Finishers Society. Sheraton University Center,
Durham, NC. (Sylvia L. Baxley, AESF, Central Florida Research
Park, 12644 Research Parkway, Orlando, FL 32826).

(Sept. 25-30)—American Chemical Society. 196th National
Meeting. Los Angeles, CA. (B.R. Hodson, ACS, 1155—16th St. NW,
Washington, D.C. 20036).
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(Sept. 26-27)—Finishing '89. Telford Exhibition Center, Telford,
Shropshire, England. (Nigel Bean, Turret Group Plc, Turret House,
171 High St., Rickmansworth, Herts, WD3 1SN).

(Sept. 26-28)—"Inspection of Coatings and Linings for Inmer-
sion Service” Course sponsored by KTA-Tator, Inc., Pittsburgh, PA.
(KTA-Tator, Inc., 115 Technology Dr., Pittsburgh, PA 15275).

(Sept. 27-29)—Liquitec Expo '89 (Carolyn Mesce, Liquitec
Expo, P.O. Box 630, West Paterson, NJ 07424).

(Sept. 27-29)—Haztech International Fourth Annual Conference
and Exhibition. San Francisco Civic Auditorium, San Francisco, CA.
(Rachelle Scheinbach or Ursula Barril, Haztech International, 13555
Bel-Red Rd., C-96870, Bellevue, WA 98009).

(Oct. 4-6)—National Coil Coaters Association (NCCA) Fall
Meeting. Hyatt Regency at O'Hare Airport, Chicago, IL. (NCCA,
1900 Arch St., Philadelphia, PA 19103).

(Oct. 23-25)—"High-Coatings.” 9th International Conference of
the Paint Research Association. Sheraton Hotel, Frankfurt, West
Germany. (Dip Dasgupta, Head of Information Dept., PRA, 8 Walde-
grave Rd., Teddington, Middlesex TW11 8LD, England).

(Oct. 24-26)—8th International Conference on the Internal and
External Protection of Pipes. Cosponsored by BHRA and Snampro-
getti. Florence, Italy. (Conference Organizer (Pipe Protection),
BHRA, The Fluid Engineering Centre, Cranfield, Bedford MK43 OAJ,
England).

(Oct. 31-Nov. 2)—"Maintenance/Industrial Painting Practices”
Course sponsored by KTA-Tator, Inc., Pittsburgh, PA. (KTA-Tator,
Inc., 115 Technology Dr., Pittsburgh, PA 15275).

(Nov. 1-2)—"Paint Volatile Organic Compounds (VOC)" Work-
shop sponsored by ASTM Standards Technology Training. ASTM
Headquarters, Philadelphia, PA. (Kathy Dickinson, ASTM Standards
Technology Training, 1916 Race St., Philadelphia, PA 19103).

(Nov. 6-7)—25th Annual Symposium of ASTM Committee G-1.
Orlando, FL. (Symposium Chairman Robert Baboian, Texas Instru-
ments, Inc., Electrochemical and Corrosion Laboratory, Mail Station
10-13, Attleboro, MA 02703, or Sheldon W. Dean, Jr., Air Products
and Chemicals, Inc., P.O. Box 538, Allentown, PA 18105).

(Nov. 6-8)—National Paint & Coatings Association Annual
Meeting. New Orleans Hilton Hotel, New Orleans, LA. (NPCA, 1500
Rhode Island Ave., N.W., Washington, D.C. 20005).

(Nov. 7-9)—Hazardous Materials Management West Confer-
ence and Exhibition. Long Beach Cc... .ntion Center, Long Beach,
CA. (Brenda O'Neal, Show Manager, Tower Conference Manage-
ment Co., 800 Roosevelt Rd., Bldg. E—Suite 408, Glen Ellyn, IL
60137-5835).

(Nov. 18-20)—National Decorating Products Show sponsored
by the National Decorating Products Association. McCormick Place,
Chicago, IL. (Lillian Smysor, NDPA, 1050 N. Lindbergh Blvd., St.
Louis, MO 63132-2994).

(Nov. 28-30)—"Level ll—Industrial Maintenance Course” spon-
sored by KTA-Tator, Inc., Pittsburgh, PA. (KTA-Tator, 115 Technol-
ogy Dr., Pittsburgh, PA 15275).

(Nov. 28-Dec. 1)—The Inter-Society Color Council Williamsburg
Conference. Williamsburg, VA. (Roy Berns, Rochester Institute of
Technology, P.O. Box 9887, Rochester, NY 14623-0887).

1990

(Feb. 18-21)—Adhesion Society Annual Meeting. Sheraton Sa-
vannah Resort and Hotel, Savannah, GA. (Adhesion Society Presi-
dent Jim Wightman, Dept. of Chemistry, VPI & SU, Blacksburg, VA
20461).

(Mar. 25-29)—RadTech '90—North America. Radiation Curing
Conference and Exposition. Hyatt Regency Chicago, Chicago, IL.
(RadTech International North America, 60 Revere Dr., Suite 500,
Northbrook, IL 60062).

(Apr. 2-6)—11th International Corrosion Congress. Florence,
Italy. (AIM—Associazione ltaliana di Metallurgia, Piazzale Rodolfo
Morandi, 2, -20121 Milano, ltaly).
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(May 14-15)—"Analysis of Paints and Related Materials.” Sym-
posium sponsored by ASTM Committee D-1. Pittsburgh, PA. (Mar-
sha Firman, ASTM, 1916 Race St., Philadelphia, PA 19103).

1991

(Feb.)—Inter-Society Color Council Williamsburg Conference.
Williamsburg, VA. (Louis A. Graham, Lou Graham & Associates,
Inc., 1207 Colonial Ave., Greensboro, NC 27408).
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about - &M

We’ll work with you! -

If it's mar resistance-you want, we have the product for you! Sure, we can ma
your clear topcoat for parquet floors more resistant to even a skateboard, but
don’t stop there! Daily, our applications lab is solving problems such as the
elusive fingernail mar resistance, and more! Two of our high-performance
problem-solvers, consistently relied upon by the industry, are:

FluoroSLIP 515 )
A fluoroethylene with just the right mix of PE and PTFE

S-232

a5 A specialty combination of natural and synthetic waxes
]

Shamrock responds!

Shamrock Technologies, Inc. U.S. Regional Office: Ohio Canada
ifi Chicago, IL (312) 629-4652 Sexton & Co. Industrial Colours & Chem.
':IZOta?If( P;c‘;ﬁg;:l‘ Sales Regions: Cincinnati, OH (513) 542-1925 Brampton, ONT (416) 453-7131
Wi . v
’ Georgia Pennsylvania

Phone: (201) 242-2999 Kinsmen Corp. S.E. Firestone Associates Europe:
Telex: 138691 Atlanta, GA (404) 355-9550 Philadelphia, PA (215) 635-1366 Shamrock Technologies S.A.

% Michigan Colombier (NE), Switzerland
Fax: 201-242-8074 AT Callas Co. J-M. Gillen Co +41(0)38 412464

Troy, MI (313) 643-9280 Chody:Fa (412), 2574930 Fax +41(0)38 411982

Missouri Texas
Cemsac Chemical Stamat, Inc.
St. Louis, MO (314) 532-4330 Dallas, TX (214) 333-2181
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