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You can formulate your trade sales products, water reducible 
industrial coatin s and emulsion trim paints with Georgia 
Kaolin's Hydrite 5 F without sacrificing their high-gloss or 
semi-gloss properties. Hydrite UF has the finest particle size of 
any kaolin available. It offers all the other advantages of Hydrite 
kaolins: good flow properties, excellent suspension, good 
whiteness and dependable uniformity. 

Learn just what Hydrite UF can do in your paint systems. 
Contact your Georgia Kaolin distributor or write Georgia Kaolin. 

GEORGIA KAOLlN~eM~o~aGmt,o,~n 
433 North Grsad Styset, Elizabeth, N.J. 07207 
201 352-9800 
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Arolon" X8Ol Emulsion. 
The water-t hinned way to a solvent-li ke gloss. 

AROLON X801- an acrylic emul- 
sion resin system that offers the 
economy, energy saving, and 
ecological benefits of water-based 
coatings with performance that 
compares favorably with solvent- 
thinned systems. 

This higher solids, acrylic emul- 
sion resin system provides a good 
combination of gloss, resistance to 
popping (minimum flash off), film 
thickness, flow, chemical resistance, 
hardness, durability and flexibility. 

Coatings formulated with Arolon 
X801 offer important benefits to the 
user in terms of: 

easier application to obtain 
higher film build 
energy savings with lower bake 
and cure temperatures 
better ecological position be- 
cause of lower cosolvent re- 
quirements 
durability and flexibility 

Easier Application. 

Spraying heavier films 
with a water system 

and using less flash time 

a . A 
Solvenl acrylc Arolon XBOl Waler soluble acvllc 

E E E u, 

t: 

2: 4 ~ %  50% 60% 

I I 
2 0 R e l a t i r e  H-ld1ty.t TWF 

1.25 mils with a 5 minute flash 
period. Similar solvent systems will 
allow application of almost 2.0 mils. 
Arolon X801 delivers a film thickness 
approaching solvent acrylics without 
the popping problems associated 
with other water reducible systems, 
and with better film characteristics. 

Low Temperature 
Bake Saves Energy. 

Arolon XBOl works In 
low temperature 

bakes to conserve energy 

Bake 1 5 m i n  1 5 m 1 n  2 0 m 1 n  
Schedule 275 F 250 F 225 F 
P e n c ~ l  h a r d n e s s  H H H 
MEK 
( d o u b l e  r u b s )  100 100 80 
R e v e r s e  
~ m p a c t  p a s s  30 10 10 
Sal t  F o g  
resistance '300 250 150 
H u m ~ d t t y  
resistance '500 500 48 

(1) Hours to develop H Inch creepat score on zlnc phos 
hated metal (steel) 

(2) Roursw~thout bllsterlng on zlnc phosphate steel 

The table shows that good hard- 
ness and cure was obtained with a 
bake schedule of 15 minutes at 
250°F. By selecting fast curing 
melamine crosslinkers, Arolon X8O1 
may be formulated for baking in the 
range of 225-275°F with minimal 
bake time. Force dry lacquer for- 
mulas may be compounded by re- 
placing the melamine with a water 
soluble acrylic such as Arolon 557. 

Less CosolventIHigher 
Volume Solids. 

Arolon X801 formulates into 
Ordinary water solubles generally water-thinned enamels with less 

will blister or pop on baking at over cosolvent and higher volume solids 

than conventional water reducible 
systems. As low as 4%solvent in the 
effluent has been obtained, but is 
not common practice. As the table 
shows, water reducible acrylics 
need all the organic solvent allowa- 
ble by EPA standards. Plus it has 
lower solids. The solvent systems 
shown vary in solids content but 
both would require afterburners to 
meet EPA regulations. 

Arolon X801 bake enamels give 
less organic solvent 

Water Shorl 
Arolon Soluble S o l ~ e n t  Oil 

XBDl Acrylic Acrylic Alkyd 
% w e i g h t  
sol ids  50.4 37.8 57.6 38.9 
% v o l u m e  
sol ids  38.8 26.2 42.1 25.1 
% solvent  in 
ef f luent  b y  
v o l u m e  13.0 20 0 100.0 100.0 
(above enamels all have PI0 0 7 and are reduced to 20-25 
sec 1#4 Ford cup v~scosity I 

The Water Base Way To 
Gloss Bake Enamels. 

Water reducible resins make ex- 
cellent coatings, and one of the best 
is Arolon X801. This new acrylic 
emulsion resin system bridges the 
gap between solvent system film 
properties and water-base advan- 
tages and simplicity. 

And with Ashland's 20 years of 
technical experience in water reduc- 
ible systems, you've got the world's 
best technical advice at your beck 
and call. Contact us for more de- 
tailed data on Arolon X801, or on any 
other of our many water reducible 
resin systems. Resins & Plastics Di- 
vision, P.O. Box 2219, Columbus, 
Ohio 43216. 

-L 
Ashland, - 

Ashland Lhemical Company 
OlVlJDN O i  I S " L a N 0  011  I*C 
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BASF Wyandotte Corporation 
100 Cherry Hill Rd., P.O. Box 181 
Parsippany, NJ 07054 
(201) 263-0200 
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THE FUTURE OF 
OXYGENATED SOLVENTS - 

WILL MAKE 
GREAT HISTORY. 

We couldn't be more serious. 
In fact, we expect the coatings 

industry's demand for oxygenated 
solvents to remain in excess of 
2,000,000,000 pounds a year 
through 1980.ThatJs big business. 
And we're committed to it. 

Today, these exempt solvents 
provide an economical and 
efficient answer to environmental 
controls. Coatings of the future 
-like High Solids and Water- 
borne-will continue to depend 
on these same oxygenated 
solvents. 

We know because we've been 
in this business a long time. 

In fact, we've just celebrated 
our 50th Anniversary in 
glycol ethers. And we're looking 
forward to celebrating our 100th 
Anniversary in 2025. 

Our commitment to 
oxygenated solvents is a major 
factor in making us the leading 
supplier to the industry. And we 
intend to continue providing both 
our technical assistance and our 
broad line of products. 

You see, we expect the 
commitments we make today to 
make very good history 
tomorrow, 
PEOPLE PLANNING THE FUTURE. 

Coatings Materials 
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Performance is just 
another facet of experience. 

The more experience you can put into a resin, the better 
the performance you can expect to get out of it. Developmental 
resin XU 214, our new solid-flake epoxy for powder coatings, is 
agood example. 

From our experience with resins for powder coatings we 
knew that improved flow would be needed, so XU 214 was 
develo ed 

C ~ G E I G Y  technical expertise has endowed this new 
high-performance resin with both low viscosity in the molten 
stateand high melting point in thesolid state. 

Because of this unusual combination of desirable prop- 
erties, users enjoy a rare level of performance. 

Developmental resin XU 214 produces powder 

coatings noted for a unique combination of flow and leveling 
during cure and anti-blocking properties during storage. These 
properties are essential to the thinner films, lower cure temper- 
atures, and higher pigment contents now required by the 
powder coatings industry. 

Bottom line: exceptionally versatile powder coatings. dis- 
tinguished by outstanding adhesion and resistance to impact 
and chemicals. 

When you want to get a lot out of an epoxy, look to a com- 
~anvwitha lot of know-how to ~ u t  in. ' 

For data and samples', wr~te: Section JPT. ARALDITE. 
Resins Department, CIBA-GEIGY Corporation, Ardsley, 

New York 10502. 
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product 
You need Hilton-Davis 
fine quality colorants 
Pigment and dye colorant systems for ink, paint, 
textiles, plastics, paper, coatings, foods, drugs, 
cosmetics, household products. 

HILTON-DAVIS 
Division of Sterling Drug Inc 
2235 Langdon Farm Rd Cincinnati Ohio 45237 
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PIGMENTED MICROVOID COATINGS II. LUMINANCE 
AND COLOR OF THE CONCENTRIC SPHERE 
MODEL-M. Kerker and D. D. Cooke 

Journal of Coatings Technology, 48. No. 621. 35 (Oct. 1976) 

This theoretical calculation explores, for the concentric 
sphere model, the effect of particle size distribution upon 
the luminance and color of an optically thin pigmented 
microvoid film on a black background. The luminance 
and color are obtained from the tristimulus values of the 
Kubelka-Munk scattering coefficient. 

In this model, the film consists of a resin containing a 
logarithmic distribution of rutile spheres, each positioned 
at the center of a microvoid sphere. 

For a particular distribution of rutile spheres, the 
effect of increasing the size of the microvoid is to 
decrease the luminance to a minimum value as well as to 
shift the color toward spectrally pure violet. Beyond this 
minimum, further increase of the microvoid results in 
increased luminance and decreased spectral purity. For 
sufficiently small rutile particles (radius from 0.03 to 
0.09p.m) the reduction in luminance upon initial addition 
of microvoid may be quite dramatic, e.g. more than 2 to 3 
orders of magnitude, with a corresponding decrease in 
the hiding power of the film, and increase in its trans- 
parency. 

MODEL FOR THE CORRELATION OF RHEOLOGICAL 
MEASUREMENTS WITH THE LEVELING AND CURE 
OF THERMOSETTING POWDER COATINGS- 
M. J. Hannon, D. Rhum, and K. F. Wissbrun 

Journal of Coatings Technology, 48, No. 621, 42 (Oct. 1976) 

Measurement of the dynamic viscosity of a powder paint 
as a function of time at various temperatures can be used 
by means of a simple model to predict the nonisothermal 
viscosity changes which occur when a powder-coated 
panel is baked at various oven temperatures. The Orchard 
theory then predicts, using parameters from this model, 
the change of profile irregularity and wavelength with 
baking conditions and film thickness. Average rough- 
ness and gloss can be correlated by the same parameters. 
The rub resistance or cure of the films is also correlated by 
the nonisothermal viscosity model. 

The parameters of the model are the temperature 
dependent initial viscosity of the resin and its temperature 
dependent cure rate, and the heating rate of the panel. 
The use of a computer to evaluate the effects of varying 
any of these parameters independently should be useful 
in minimizing the experimental effort in optimizing 
formulations. 

ANALYSlS AND MEASUREMENT OF FOAMING 
PHENOMENA IN WATER-BASED COATING 
SYSTEMS-P. D. Berger and J. A. Gast 

Journal of Coatings Technology. 48, No. 621, 55 (Oct. 1976) 

Studies were conducted to establish scientific principles 
for the analysis of foaming phenomena in trade sales and 
industrial coatings. The fundamental thermodynamics 
that produce foam were considered. Five factors were 
found to stabilize foaming phenomena in water-based 
coatings. They were surface potential, surface trans- 
port, surface state, surface viscosity, and bulk viscosity. 
Theoretical formulas were established and measurement 
techniques were devised to evaluate these conditions 
and to develop defoamers that could counteract foaming 
phenomena. These principles make it possible for 
defoamer specialists to develop effective control agents 
without a knowledge of the exact product formulation 
under study. This information can be extended to 
coating technologists so they may minimize foaming 
tendencies in their formulations by choosing surface 
active ingredients wisely. 

ARTIFICIAL WEATHERING OF COATINGS ON 
ORGANOLEAD-TREATED SOUTHERN YELLOW 
PINE-H. M. Barnes 

Journal of Coatings Technology, 48. No. 621, 60 (Oct. 1976) 

The performance of three coatings on organolead-treated 
southern pine was investigated. Accelerated weathering 
tests indicated no discernible difference in coating 
durability between treated and untreated samples in any 
coating group. Wood treated with this class of preserva- 
tives should offer the advantage of paintability inaddition 
to increased service life in exterior exposure. 
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\..,I aperfectcolor match 

Try Pfizer's Easy Dispersing 

Salmon Red Pure Iron Oxide 
- Wriitehur Own Success Story- 

The lightest, brightest, and truest salmon red on the market-R-1299 
has won wide acceptance in single pigment formulations. More and 
more, however, it is also proving valuable in combination with 
higher priced pigments to lower cost. For example: 

Simulated above is a color that one of our customers was mak- 
ing, and selling in considerable volume. Pfizer's Color Laboratory, 
which contains the latest color measuring and computer color 
matching instruments, was called on for help. We matched the 
customer's color and cut his RMC costs 30Q a gallon. The before 
and after pigment formulae: 

Before After 
Zinc Yellow ...................... 43%. ..... 43% 
YLO-1888B Yellow ................ 29%. ..... 20% 
DNA Orange ..................... 21 % ...... 10% 
RO-6097 Red ..................... 7%. ..... - 
R-1299 Red ...................... - ...... 27% - - 

100% 100% 

Perhaps Pfizer could be of comparable help to you. If you think 
so, we're at your service. All of our copperas reds, incidentally, 
are now available in easy dispersing grades-not just R-1299 alone. 
They give improved production rates plus energy savings. 

MINERALS, PIGMENTS 6 METALS DIVISION 
Dept. 6C-4 235 E. 42nd Street New York, N.Y. 10017 

100 

m 

j so 
I 

M 

20 

$0 

wrvr~mi~m ININOUETEII] 

Lightness and Chromaticity Coordinates 
Y X Y  

Mass Color . . . .  12.08.. ,4893.. ,3478 
Tint- 25% .... 23.39.. ,4422.. ,3413 
Tint- 5% .... 42.84.. ,3893.. 3340 

Typical Properties 
Fez03 .................................... 99.2 % 
pH ....................................... 6.9 
Moisture .................................. 0.15% 
Hz0 Soluble Salts .......................... 0.08% 
Oil Adsorption ............................. 19.5 
Specific Gravity ............................ 5.15 
Hiding Power-sq. 11. per Ib. ................. .1000.0 
+325 Mesh Retention ....................... 0.01 O h  



Why you need acrylic 
for your interior enamels. . . 
adhesion and washability 

Don't risk customer satisfaction and your 
peace of mind by gambling on second-bes' 
vehicles in your latex interior enamels. Use 
Rhoplex AC-490 or Rhoplex AC-25 acrylic 
emulsions. Each offers this unmatched list 
of benefits: 

Adhesion under wet conditions. Outstanding 
-repaint adhesion to alkyd enamel surfaces, 
under dry or damp conditions. 

Tough films give elegance with ease of care. 
Resistance to alkali and detergents. Scrul: 
resistance. Easy stain removal. All lead to 
good gloss retention, long-lasting elegant 
appearance. 

Superb application properties. Smooth flow 
and leveling. Controlled film build promotes 
excellent hiding. 

Each emulsion makes a broad line of paints 
-economy and premium quality. Semi-gloss 
enamels, gloss enamels, eggshell enamels, 
flat wallpaints. Wide formulating latitude al- 
lows flexibility in choosing ingredients for 
achieving good performance at low raw 
material cost. 
Write for emulsion samples and formulating data. 

Coatln~s Department 

OHAAS Rohm and Haas Company 
Independence Mall West 

PHILADELPHIA PA 79105 Philadelphia, Pa. 19105 



'9490 For Satisfied 
Customers.. . 
Use ACRYLIC 



Announcing Wo new Carboser" 
resins for coatinas vou can 

pound harder andsaiak more. 
Hard coatings, made from 

formulations using Carboset resins, can 
be made even harder with new Carboset 
X L l l .  And newly developed Carboset 
XL19 will provide coating formulations 
with exceptional water resistance. 

Like all Carboset resins, XL-11 and 
XL-19 resins are water-soluble acrylic 
polymers for temporary or permanent 
coatings. Both protective and decorative. 
On metal, paper, plastics and wood. 
Ideal for industrial coatings, paints, 
paperboard coatings, printing 

inks and floor finishes. 
Carboset XL19 resin is also 

acceptable for use under FDA 
regulation 121.2526 "Components of 
Paper and Paperboard in Contact with 
Aqueous and Fatty Foods:' 

For additional information on any 
of the Carboset resins in formulations 
for coatings, including the new XL-11 
and XL19 resins, contact B.F.Goodrich 
Chemical Company, Dept. JP-35, 6100 
Oak Tree Boulevard, Cleveland, 
Ohio 44131. 

-B.E Goodrich chemical Company 
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curing agents - m- 

VEBA-CHEMIE AG supplies for epoxy curing agents can improve HHPA = Hexahydrophthalic anhydride 

hot and cold curlng dlamines and your products If you w~sh  we will THPA = Tetrahydrophthallc anhydride 
anhydrides g~veyouadditional lnforrnatlon,free 
VEBA Diamines samples and technical advice MTHPA = Methyl tetrahydrophthallc anhydnde 

IPD and TMD as well as the har- 
deners V 214 and V 215 are clear 
rather than colorless, low viscosity 
Ilqurds. They are of aliphatic or 
cycloaliphatlc structure 
VEBA Anhydrides 
HHPA, THPA, MTHPA, PMDA are 

PMDA = Pyromellitic dianhydride 
MHHPA = Methyl hexahydrophthal~c anhydride 

sol~d, pure wh~te products,MHHPA 
is of low v~scosrty and l~quld 
VEBA Special Hardeners 
1 highly 31. 0 66 enable and manufacure matt powder of VEBA-CHEMIE Dept.EP 103, P.0. Box 45, D-4660 Gelsenkirchen-Buer, F. R. Germany, Phone: AG (02 09) 

366-39 16, Telex: 824 647 vebc 
coat~ng systems Try how theVEBA 



Replace half your 
TiO, with economical 

Min-U-Sil. 
Now, you havean econom- only 5Ca pound, changing to nomical Min-U-Sil. Yourcustom- 

ical alternative to costly TiO, Min-USil can save you tonsof erswill like the change. And so 
powder coating fillers. It's PGS money. Savings that become will you. 
Min-U-Sil. profits at the sales end. For a free sample of 

Min-U-Sil is a high-purity Min-U-Sil also offers Min-U-Sil and more information, 
silica, available in four uniform important benefits to your cus- contact Pennsylvania Glass Sand 
micron sizesand meshes. You tomers. Like greaterfilm thick- Corporation, Dept. A-12, Three 
can use it to replace 50% of the ness per coat, resulting in higher Penn Center, Pittsburgh, PA 
titanium dioxide in powder coat- productivity than TiO, in fluid bed 15235. Telephone: (412) 
ing formulations with no loss in applications. And it's totally com- 243-7500. 
hiding power. Even higher patible with every known powder 
replacement rates are possible coating formulation. Epoxy, 
with adjusted formulations. acrylics, polyesters. You name it. 

SinceTiOs costs about Replace half theTiOn in m8  
47C a pound and Min-U-Sil costs your powder coatings with eco- A Subsidiary of ITT 

penny wise. 

11bT02 Ilb. Min=U=Sil 
(~pprox.~ost) (~pprox.Cost) 

Be sure to visit Booth 118 at the Paint Industries' Show, October 26-29 at the Sheraton Park Hotel, Washington, D.C. 
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Society Educational/TechnicaI Committee Chairmen Meet 

Simultaneous but separate meet- 
ings of Society Educational and 
Technical Committee Chairmen were 
hosted by the Federation on Sep- 
tember 17 in Cleveland. 

It was the third such event for 
Society Educational Committee 
Chairmen, the first for Technical 
Committee Chairmen. Purpose of the 
meetings was to provide each group 
the opportunity to discuss mutual 
problems, relate and compare ex- 
periences, and contribute new ideas 
for programs at both the local and 
national level. 

Sid Lauren, of Coatings Research 
Group, Inc. (Chairman of the Fed- 
eration Technical Advisory Commit- 
tee), presided at the meeting of the 
Technical Committee Chairmen. Fed- 
eration Treasurer John J. Oates, of 
Troy Chemical Corp., and Phil Hei- 
berger, of E. I. du Pont de Nemours 
& Co., Inc. (Vice-President of the 
Paint Research Institute) also were 
in attendance and addressed the 
group, along with Federation Execu- 
tive Vice-President Frank J. Borrelle. 
Major items of discussion were the 
reports on current projects by each 
Society, means of increasing mem- 
bership involvement and manage- 
ment support for Technical Commit- 
tee work, selection of projects, and 
the role of the Technical Committee 
Chairman. 

Presiding at  the meeting of the So- 
ciety Educational Committee Chair- 
men was Harry Scott, Jr. of Glid- 
den-Durkee Div. (Chairman of the 
Federation Educational Committee). 
Michael W. Malaga, of GliddenDur- 
kee Div. (Council Representative of 
the Cleveland Society), welcomed 
the group. Also in attendance was 
Thomas A. Kocis, Federation Direc- 
tor of Meetings and Communica- 
tions. This was the third annual 
meeting of the Society Educational 
Committee Chairmen (who make up 
the Federation Educational Commit- 
tee), and their agenda covered the 
major areas of current interest na- 
tionally, as well as an update of local 
programs. Topics discussed included 
the Federation scholarship program, 
Audio/Visual productions, proposed 
coatings correspondence course, and 
programming for an educational 
session at the 1977 Annual Meeting 
in Houston. Chairman Scott an- 
nounced the appointment of three 
new members of the Educational 
Steering Committee: Don Brody 
(New York); Carl Knauss (Cleve- 
land); and Bob Hopkins (Baltimore). 
They join Charles Miyada (Los An- 
geles) and Richard Gohman (Dallas) 

as representatives of the five geo- tional purposes. Chairman Scott and 
graphical areas into which the Fed- Federation Executive Vice-President 
eration's 24 U. S. and Canadian So- Frank J. Borrelle are also on the 
cieties have been divided for educa- Steering Committee. 

Members Attending Educational/TechnicaI Committee Meetings 

Educational Committee Chairmen 
ROBERT HOPKINS (Baltimore)-Glidden-Durkee Div. of SCM Corp. 
ARTHUR DALTON (Chicago)-Dow Chemical Co. 
CARL KNAUSS (Cleveland)-Kent State University 
RICHARD GOHMAN (Dallas)-Jones-Blair Co. 
BOHDAN MELNYK (Detroit)-Xhrysler Corp. 
KEN PROBST (Golden Gate)-San Jose Regional Vocational Center 
JOHN GAST (Houston)-Wittco Chemical Co. 
WILLIAM SMITH IV (Kansas City)-Conchemco, Inc. 
CHARLES MIYADA (LOS Angeles)-Reichhold ,Chemicals. Inc. 
LLOYD BROWNING (Louisville)-Guardsman Chemical Coatings, Inc. 
WALTER KOLANITCII (Montreal)-Sherwin-Williams Co. of Canada Ltd. 
DONALD BRODY (New York)-M & T Chemicals, Inc. 
PAUL PAYNE (Pacific Northwest)-Reliance Universal, Inc. 
BEN CHATZINOPF (Philadelphia)-Quaker City Chemicals, Inc. 
PETE TEAGUE (Piedmont)-Eastman Chemical Products, Inc. 
JOHN DAHL (Pittsburgh)-J. H. Matthews Co. 
J. D. MULLEN (Rocky Mountain)-J. D. Mullen Co. 
HERMAN LANSON (St. Louis)-Polychem Resins, Inc. 
DAN DIXON (Southern)-Freeport Kaolin Co. 
JAMES PROVAN (Toronto)--Chemetron of Canada Ltd. 

Presiding: 
HARRY SCOTT (Cleveland)-Glidden-Durkee Div., SCM Corp. - Chairman of Federa- 
tion Educational Committee 

Welcoming Remarks: 
MICHAEL W. MALACA (Cleveland)-Glidden-Durkee Div., SCM Corp. - Council Repre- 
sentative of Cleveland Society for Coatings Technology 

Technical Committee Chairmen 
ED COUNTRYMAN (Baltimore)-Baltimore Paint & Chemical Corp. 
RON DADE (Chicago)-Sherwin-Williams Co. 
CHARLES KUMINS (Cleveland,)-T'remco Mfg. Co. 
RAY PIERREHVMBERT (Dallas)-Jennat Cor~ .  
JOHN DICKMAN (Golden D ate)--~eichhoid Chemicals, Inc. 
JIM CAVE (Louisville)-Celanese Coatings Co. 
BOB WARREN (New England)-Waterlac Industries, Inc. 
THOMAS GINSBERG (New York)-Union Carbide Corp. 
RICHARD JOHNSON (Northwestern)-CargiII, Inc. 
JIM RIEDEL (Pacific Northwest)-Rodda Paint Co. 
STAN LESOTA (Philadelphia)-Rohm and Haas Co. 
EDWARD TROUSIL (Rocky Mountain)-Kohler-McLister Paint Co. 
RAY TACKETT (St. Louis)-P. D. George Co. 
GARY REYNOLDS (Southern)-Color Wheel Paint Mfg. Co., Inc. 
JAN GRODZINSKI (Toronto)-Dominion Colour Corp. Ltd. 
ROBERT MILLER (Western New York)-Jamestown Finishes, Inc. 

Other Society Attendees 
CHESTER STAHL (C-D-I-C)-Yenkin-Majestic Paint Co. 
JAMES VICK (Houston)-Shell Development Co. 
JOHN GORGON (LOS Angeles)-AMSCO Div. of Union Oil Co. of Calif. 
HORACE PHILIPP (Montreal)-Sherwin-Williams Co. of Canada Ltd. 
DENNIS ADAMS (Northwestern-Winnipeg)-Sherwin-Williams Co. of 
JOHN LUCAS (Piedmont)-The Lilly Co.. Inc. 

Technical Advisory Committee Members 
SID LA~REN-Chairman (Cleveland)-Coatings Research Group, Inc. 
MORRIS COFFINO (New York)-D. H. Litter Co., Inc. 
R. DREW BAKER (Detroit)-Reichhold Chemicals, Inc. 
THAD BROOME (Southern)-Precision Paint Corp. 
BERNARD KRANTZ (LOS Angeles)-BASF-Wyandotte Corp. 
LEON KUTIK (Chicago)-DeSoto, Inc. 

Canada Ltd. 



SPECIAL 
DELIVERY 

Here just when you need it. 
At a time when you are deciding 
whether to go with a non- 
mercurial or to stay with mercury. 
It's Troysan Polyphase Anti- 
Mildew, the most effective liquid 
non-mercurial fungicide developed 
to date. 
Available now in full production 
quantities. 
lt provides protection from mildew 
and mold growth that comes 
closer to mercury than anything 
we've seen. . . certainly surpassing 
any non-mercurial fungicide on the 
market today. 

What's more, Polyphase Anti- 
Mildew works beautifully in a wide 
range of water and oil-based 
paints. It's low in toxicity. And it's 
resistant to sulfide staining. 
We've proved its effectiveness 
over years of testing. And major 
paint companies have put it 
through its paces too. 
We have data available on 
request. And samples if you like to 
prove things for yourself. 
Troysan Polyphase Anti-Mildew. 
Special delivery to manufacturers 
who prefer not using mercury. 

troy chemical corp. 
One Avenue L, Newark. New Jersey 07105 

(201) 589-2500 
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The NL Rhe~logist has a whole 
stackof answers to vour 

product performance pioblems. 

The NL Family of 
Rheological Additives 

BentoneB 34 
Designed for low and 
intermediate polarity 
organic liquids. 

Bentone@ 38 
For non-polar and 
intermediate polarity 
organic liquids. 

Ben-a-gel@ EW 
Specifically designed for 
water-based systems. 

M-P-A@ 
For anti-settling control 
in non-aqueous paints. 

Rheotonem SA-38 
Self-activating for non- 
polar and intermediate 
polarity organic liquids. 

ThixcinB R 
For gelling hydrocarbon, 
vegetable and silicone 
oil systems. 

ThixatrolB ST 
For low to medium 
solubility parameter 
(aliphatic and aromatic) 
organic systems. 

Flow and leveling control 
Sag resistance 
Th~xotropy 
Reproducible consistency 
Flooding and floating Atlanta, Ga. 3031 8 

of colors Beta Bldg Two Northside 75 
404135213224 

Particle suspension 
Bayonne, N.J. 07002 

Penetration control 40 Avenue A 
Viscosity stability 201 1436l8800 

Gelling efficiency Deerfield, 111 60015 

Film reinforcement 104 W~lmot Road, Suite 302 
312194819550 

. .that's the time to talk to your Newport Beach, Calif. 92660 
NL Rheologist. He's a specialist 1300 Quail Street, Suite 207 
and can tell you which of the 714175210951 

broad line of NL Rheolog~cal Canada: Enelchem Products 

Additives w~ l l  do the best job of industrial chemicals Division 
he l~ lng  you produce a better NL Industries, Inc. 
product, more easily, more eco- P.O. BOX 700 
nomlcally. He's easy to reach: H~ghtstown, NewJersey 08520 
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reach the 
leadership 
readership 

One sure way to reach business and professional leaders 
-those who influence, buy and specify-is by advertising in 
association publications. 

SNAP member publications are read by the most influ- 
ential people in the world-more than 11 million business and 
professional leaders who depend on their association publica- 
tion for reliable, unbiased news . . . facts they must have to plan 
and buy wisely. More than 15,000 advertisers already rely on 
these important publications to get their advertising message to 
those who matter. 

You will like the results you'll get when you advertise in association 
publications. After all, have you ever known a business or professional 
leader who wasn't a member of an association? 

Aren't you? 

o n 

Society of National Association Publications 

representing over 11 million readers 



A crownina achievement u. u 
~n viyl acylic emulsions ... 

AMSCO-RES" 3077 
Your best latex paints are suddenly better than ever - with AMSCO-RES 3077. 

AMSCO-RES 3077 is a versatile polymer designed for use in both interior and 
exterior trade sales coatings. In comparative tests, AMSCO-RES 3077 outperformed 
other vinyl acrylic copolymers. It exhibits exceptional low temperature coalescence, 
enamel holdout, scrub, and gloss. By any comparison, AMSCO-RES 3077 is truly 
outstanding. 

Turn the page to read the "specs" and comparison test results. Then call your 
AMSCO man for samples. 

're the director.. . 
tell us what you want! 

unmn 
AMSCO 



Comparison Tests 
prove superiority of 
AMSCO-RES 3077 

.1 
achievemenf 

The unique combination of desirable properties makes 
AMSCO-RES 3077 a major advance in vinyl acrylic paint 
emulsions. This versatile new copolymer improves the 
quality of a wide range of interior and exterior coatings- 
w~thout increasing your raw material costs. It is the result 
of intensive research and development - backed by 
years of leadership In vinyl acrylic emulsions. 

AMSCO-RES 3077 was designed specifically to meet 
the growing demand for improved latex paint systems. It 
has been tested in comparison with a number of leading 
competitive vinyl acrylic copolymers. Test results prove 
the outstanding versatility of the AMSCO-RES 3077. All of 
the competitive products showed some outstanding 
properties, but the AMSCO-RES 3077 ranked with the 
best in all of the properties tested.And it proved clearly 
superior in most of them! 

Outscrubs them all! 
The exceptional pigment binding capacity of AMSCO- 
RES 3077 was proved in "one-to-one" scrub tests match- 
ing the AMSCO copolymer aga~nst twelve leading com- 
petitive vinyl acrylics. The test results shown below were 
achieved with a 60% PVC interior flat paint. 

Scrubs* I to 80% Removal 

AMSCO-RES 3077 
Copolymer H 

AMSCO-RES 3077 
Copolymer B 

AMSCO-RES 3077 
Copolymer C 

AMSCO-RES 3077 
Copolymer D 

AMSCO-RES 3077 I 1032 
Copolymer I 479 

1315 
91 2 

1495 
732 

1225 
41 5 

'TEST METHOD 
The paints were tested in pairs as shown above. Test panels 
were made by casting the paint films with a six-mil doctor blade 
on Leneta black plastic scrub panels. The panels were air-dried 
for 3 days at ambient temperature and then scrubbed on a 
Gardner Straight Line Scrub Tester using a 1-pound bristle 
brush. A 10% suspension of Ajax Cleanser in water was used as 
a scrub medium. A reading was taken of the number of scrub 
cycles when 80% of the film was removed. 

Highest quality all the way! 
Exceptional scrub res~stance is just one of the many 
outstanding properties of AMSCO-RES 3077. When you 
formulate paints with this remarkable copolymer, you 
never have to sacrifice one property in order to achieve 
another. AMSCO-RES 3077 has all the properties you 
want in a latex paint polymer. The following ratings are 
based on rigid test comparisons with leading competitive 
products. 
Touch-up. AMSCO-RES 3077 proved superior to all 
competitive copolymers In both room temperature 
touch-up and cold temperature touch-up. 
Gloss. AMSCO-RES 3077 was compared with all leading 
competitors in a23% PVC semi-gloss formula. With a60" 
gloss reading of 72 and an 85" sheen reading of 90, the 
AMSCO-RES 3077 ranked highest. 
Color acceptance and uniformity. AMSCO-RES 3077 
was rated equal or superior to all competitive products. 
Enamel holdout. The performance of AMSCO-RES 
3077 was rated excellent - superior to most of the com- 
petitors. 

TYPICAL EMULSION PROPERTIES 
Type (Copolymer) Vinyl Acetate-Acrylic 
Solids Content, % w 54-56 
Viscosity, cps 1500-2500 
Particle Slze, Microns - 0.2-0.4 
WeightIGallon 9.1 Ibs. 
Borax Stability Stable 
PH 4.5-5.5 

Run your own tests. It's the best way to get acquainted 
wlth AMSCO-RES 3077. Call your AMSCO man for de- 
tailed product data, starter formulas, and generous test 
samples. 

Amsco D~vlslon 
Un~on 011 Company of Cal~lornln 
Palatine, llllno~s 60067 



lndusmin resources brought you Minex, a proven 
extender for the paint industry.. . resources that include 
technical capability, production capacity and precision 
quality control. 

These, plus vast ore reserves, make lndusmin a raw 
material source you can count on. 

Minex is available from a network of distributors 
across Canada and the U.S.A. For information, please 
contact: 

365 Bloor St. East, Suite 200, Toronto, Canada M4W 1 H7 Telephone: (416) 967-1900 Telex: 06-2260p'- 
U.S. Subsidiary: American Nepheline Corporation, P.O. Box 14445, Columbus, Ohio 43214. Telephone: (614) 451-1525 

rn 



Nominees to Be Elected to Three Positions 
On the Federation Board of Directors 

The Nominating Committee has presented two sets of nominations for the Federation Board of Directors: Four nominees for two 
positions, 3-year terms each, as members-at-large (John A. J. Filchak, Howard Jerome, Ruth Johnston-Feller, and Horace Phiiipp); and 
two nominees for one position - ?-year term to fill the unexpired term of Treasurer-Nominee James A. McCormick - as a member- 
at-large (Donald J. Fritz and Dr. Thomas J. Miranda). Elections will be held on October 26, during the Federation Council Meeting at 
the Sheraton Park Hotel in Washington, D. C. 

JOHN A. J. FILCHAK 
(Pacific Northwest) 

has a B. S. Degree from the Uni- 
versity of Puget Sound, and is 
Director of Quality Control Div., 
Region 10. General Services 
Administration. A Past-Pres- 
ident of the Pacific Northwest 
Society, he is its current Coun- 
cil Representative. He was a 
founding member of that so- 
ciety's Specifications Commit- 
tee and has served as Chairman 
for 16 years. He has been Chair- 
man of the Federation'sspecifi- 
cations Committee since 1967 
and was a member of the Board 
of Directors, 1973-76. 

DONALD J. FRITZ 
(Ph~ladelphia) 

IS Plant Manager for Synres 
Chemlcal Corp , Ken~lworth, 
N J and holds a Chemlcal En- 
glneerlng Degree from Drexel 

, Unlvers~ty He 1s a Past-Pres- 
,, , ldent of the Phlladelph~a So- 

* '  1% - c~ety and reaplent ot ~ t s  Llberty 
#*- 4 Bell Award HIS Federation ac- 

\ $ \ tlvlt~es Include chalrmanshlp of 
sll the Golden Anniversary Meet- 

lngs Commlttee, and servlce on 
the Host, By-Laws, Corroslon. - 4i r . and Program Comm~ttees 

HOWARD JEROME 
(St. Louis) 

is Technical Director and Op- 
erations Manager for Vane-Cal- 
vert Paint Co..St. Louis, Mo., and 
is Council Representative of the 
St. Louis Society. He is a Past- 
President and Honorary Mem- 
ber of the New England Society 
(where he also served as Coun- 
cil Representative). and was 
Chairman of the Federation 
Technical Advisory Commlttee 
from 1969-70. He is a graduate 
of Northeastern University. 

RUTH JOHNSTON-FELLER 
(Pittsburgh) 

is former Manager of the Coat- 
ings and Colorimetry Labora- 
tories. Pigments Div., CIBA- 
GEIGY Corp.. and is now a 
Consultant. She is currently 
serving her fifth year chairing 
the Inter-Society Color Council 
Committee. Other Federation 
committee service includes 
Bruning Award (which she re- 
ceived in 1970), Program and 
Publications. She isgraduateof 
the University of Illinois with a 
B. S. Degree in Chemistry. She 
has contributed 450 definitions 
to the Paint/Coatings Diction- 
ary 

DR. THOMAS J. MIRANDA 
(Chicago) 

is Staff Scientist at the Elisha 
Gray II Research and Engineer- 
ing Center, Whirlpool Corp., 
Benton Harbor. Mich. He is a 
graduate of California State 
College and holds a Ph. D. from 
the University of Notre Dame. A 
former President of the Chi- 
cago Society, he has served 
since 1973 as Technical Editor 
of Journal of Coatings Tech- 
nology, and Chairman of the 
Federation's Publications Com- 
mittee. 

HORACE S. PHlLlPP 
(Montreal) 

received his B. S, and B. A. De- 
grees from Sir George Williams 
University, and is a Chemist 
with Sherwin-Williams Co. of 
Canada Ltd. He is a Past-Pres- 
ident of the Montreal Society, 
has served as Chairman of ~ t s  
Program Committee, and is 
currently Membership Commit- 
tee Chairman and Society 
Council Representative. He is 
Chairman of the Federation 
Membership Committee (a po- 
sition also held from 1967-72). 



One of our nine grades of Amorphous 
Silica, including three grades of IMSIL@ 
which is the ultimate in Micronized 
Amorphous Silica, can accomplish about 
99% of all fillerlextender jobs. And, do it 
better for less cost. Inert Amorphous 
Silica is the ideal fillerlextender for 
almost everything. You may think your 
product is one of the 1% that cannot 
use Amorphous Silica profitably. 
Don't make up your mind until you 
have experimented. 

FREE SAMPLES & BROCHURE 
Write for our brochure 
and prices which gives complete 
chemical and physical properties for all 
9 grades ... send for it now. 
Free samples always available. 

EL 
lllllfi MINERALS CO. 
2035 WASHINGTON AVE. CAIRO. ILLINOIS 62914 
(618) 734-4172 

SPECIFYING ILLINOIS MINERALS AMORPHOUS SILICA 
FILLERIEXTENDERS IS LIKE HITTING PAY DIRT 

VOL. 48, No. 621, OCTOBER 1976 



IF YOUR Y ELUIW Tr-=-IFIC r-- "IT DOESN'T 
CONTAIN OMGOR@V4'A rlGMENT, 

YOU'RE MISSING CSLE CII; E X T I S .  
The pigment used in your yellow traffic 
paint can make a telling difference. It can 
mean miles of extra economy, months of 
extra durabilitv. 

The pigment with these characteristics is 
ONCOR" Y47"A. Field performance under 
the toughest highway traffic conditions 
has proven its ability to provide traffic 
paints with a long, useful service life. 

So when you and your paint supplier dis- 
cuss specifications for your next order of 
yellow traffic paint, be clearly specific 
about the pigment-ONCOR Y47A. 

I f  you wo_..'-' yC- - - 'nformation about 
)NC( 
.A   st rial Chem- 

"- P.O. Box 



Thi id  UVITHANETM oligomers 
offer f lexibilii in 

radiation curable coatings and inks. 
Because the world isn't flat. 

The real world, with all its bends and more rigid oligomers in coatings for acrylic monomers with the UVITHANE 
folds, curves and corners, demands wood, metal, plastics, electroniccom- oligomers. We'll even custom-manu- 
coatings and inks that are flexible. ponents, paper and textiles; and in facture new monomers or oligomers 

And flexibility-plus abrasion resist- specialty inks and adhesives. for you. 
ance, aswell as all the time-saving and UVITHANE 788 curesto a non-yellow- Lynn Kippax, Marketing Manager 
energy-saving benefits of radiation ing, tough flexible film which resists for Chemical Specialties, is the man 
curing-is amply supplied by three scuffing, wear and cracking. That wlth all the lnformatlon on UVITHANE 
acrylated polyurethane oligomers makes it an  deal ingredient in coat- oligomers and REACTOMER acrylic 
from Thiokol. ings for vinyl floor coverings, flexible monomers. He'll be glad to share i t  

UVITHANE 782 cures to a soft exten- plastic containers and other applica- wlth you. Call him at (609) 396-4001. 
sible film and UVITHANE 783 to a tough tions where yellowing is a factor. Or write him: Thiokol/Chem~cal Divi- 
flexible film, both in a matter of sec- And we have the flexibility to cus- sion, 930 Lower Ferry Road,Trenton, 
onds. Use them alone or to upgrade tom-blendourfull lineof REACTOMER" New Jersey 08607. 

Specialty Polymers Off-the-Road Vehicles Synthetic F~bers . Sprayers. Propulsion Educational Services 
Friction Materials. Ski Lifts. Pyrotechnics. Closures. Rubber and Rubber Chem~cals Radiation Curable Polymers and Coatings 



News from Washington 
NPCA Proposes Occupational Health Research Program 

Details of an occupational re- 
search program, to be sponsored by 
the National Paint and Coatings As- 
sociation and designed to explore 
the effects of coatings products and 
their ingredients on workers and 
the work environment, were ex- 
plained to local associations, re- 
gional vice-presidents, and Board of 
Directors representatives at  a Sep- 
tember 2 meeting in Chicago, Ill. 

Association Chairman of the 
Board John L. Armitage, of John L. 
Armitage & Co., called the meeting 
to brief industry leaders on a pro- 
posed research program to be con- 
ducted over a three-year period (be- 
ginning in 1977) and costing in ex- 
cess of $200,000 annually. The study 
would be undertaken by Stanford 
Research Institute, Menlo Park, 
Calif., or other qualified research or- 
ganizations, and would involve a 
general mortality study of workers 
in paint manufacturing, a medical 
surveillance program and a general 
environmental study. 

Financing for the program would 
be through a proposed 15% dues in- 
crease recommended by the Execu- 
tive Committee, which will be voted 
on by NPCA members at  the 1976 
Annual Meeting in Washington, D.C., 
October 26. 

Stressing the need for an indu;try- 

wide commitment to occupational 
health, Chairman Armitage called 
upon the "unique horsepower" group 
to carry information regarding this 
program back and explain it to their 
local members and companies be- 
cause it is vital that "the grassroots 
- the members - understand the 
comprehensive nature of the plan." 

NPCA President Robert A. Roland 
also emphasized the importance of 
the program, noting that "The only 
way to respond to the government 
is with facts, and the paint industry 
needs facts concerning the epidemi- 
ology of its workers." 

He added, "We need to know how 
workers are affected by the raw ma- 
terials used in paint manufacturing 
and the diseases these materials 
may cause." 

The proposed program was out- 
lined by Francis Gaugush, of The 
Sherwin-Williams Co. (Mission Man- 
ager of the Occupational Health 
Task Force); Larry Keller, of PPG 
Industries, Inc. (Mission Manager of 
the Product Safety Task Force); and 
Donald W. Smith, of Pratt & Lam- 
bert, Inc. (Chairman of the Indus- 
trial Research Committee). 

The general mortality study is 
"hypothesis generating," to reveal 
any long-term effects of worker ex- 
posure in paint plants through a 

study of death records. The program 
would involve 19 months of studying 
approximately 60 plants and 150,000 
man-years of experience. 

The environmental study would 
characterize worker exposure and 
recommended controls. This study 
nrould take approximately 19 months 
and would involve 10 plants, ranging 
in size from those with over 100 
workers to those with less than 25. 

The medical surveillance program 
would involve the development of 
forms and procedures for use by 
member companies in monitoring 
occupational health; conducting field 
tests; and providing complete mono- 
qraphs, as well as designing a possi- 
ble morbidity (disease or illness) 
study. This program would also run 
approximately 19 months. 

"We need to gear up to compete 
under the conditions of social and 
moral revolutions which are taking 
place in our country," Mr. Gaugush 
told the participants. "The Depart- 
ment of Labor and its Occupational 
Safety and Health Administration 
(are imposing) upon the industry to 
provide a safe work place for every 
worker." He added, "This series of 
studies will put us in the position of 
accepting the mantle of industry 
stewardship. If we don't accept it, 
it will be put upon us. 

Spray Paints Declared Harmless to Ozone Layer 

The Chairman of the Spray Paint 
Manufacturers Committee of the Na- 
tional Paint and Coatings Associa- 
tion, Gus W. Leep (Illinois Bronze 
Paint Co.), has declared that the hy- 
drocarbon propellants (propane, ism 
butane, or combinations) used in 
95% of consumer spray paint prod- 
ucts pose no known threat to the 
earth's upper atmospheric ozone lay- 
er. 

Mr. Leep said that hydrocarbon 
propellants are substantially differ- 
ent from fluorocarbon propellants. 
Fluorocarbons have been the target 
of criticism based on the theory that 
they are rising to the earth's upper 
atmosphere and depleting the pro- 
tective layer of ozone which helps 
filter out the sun's ultraviolet rays. 
Spray paints, said Mr. Leep, have 
been unfairly linked to the fluoro- 
carbon/ozone issue. 

Mr. Leep's comments followed a 
September 13 press conference held 
by the National Academy of Science 

at which the Academy recommended 
up to a two-year delay before regula- 
tory action on fluorocarbons be im- 
plemented. The Academy stated that 
no significant damage to the ozone 
would result from such a delay. 

Expressing satisfaction with the 
NAS regulatory delay recommenda- 
tion, Chairman Leep commented, "I 
am pleased to see that the Academy 
has chosen to base its recommenda- 
tions on scientific facts and reason- 
ing, and that time is available for 
comprehensive research to be con- 
ducted." 

He observed that the controversial 
ozone depletion theory made public 
two years ago has subjected all aero- 
sol products to suspicion, whether 
or not they contain fluorocarbon 
propellants. "As far as spray paints 
are concerned," said Mr. Leep, "the 
vast majority already are labeled 
for propellant content, and have 
been for many years. Labeling helps 
consumers make product choices." 

Metric Conference 
Papers Available from ANMC' 

"Examining the Metric Issues," a 
collection of papers on U. S. 
metric conversion which were pre- 
sented at the 1976 annual confer- 
ence of the Amercian National 
Metric Council, is now available. 

Included are presentations by U. S. 
Secretary of Commerce, Elliot 
Richardson; Assistant U. S. At- 
torney General (Anti-Trust Div.), 
Thomas Kauper; Robert Paullin, of 
U. S. Department of Transporta- 
tion; Dale Tulloch, of Borden Co. 
Ltd., of Canada; and John Bene- 
dict, of Chrysler Corp. 

Twelve papers in all are included 
in the publication, which sells for 
$4.00. To order, write American 
National Metric Council, 1625 
Massachusetts Avenue, N. W., 
Washington, D. C. 20036. 



Where have all 
3 the bubbles gone. 

Agent i 
This walnut veneered panel is one of many that were spray coated with a 2-component 
polyurethane lacquer applied both with and without Henkel's Air Release Agent 7219 in 
extensive field tests. The same was done with nitrocellulose lacquers. 

Note how the untreated surface a t  the left is broken by entrapped bubbles and craters, 
while in the section a t  the right, which includes Air Release Agent 7219, there were no 
bubbles when the surface began to dry. Equally good results were obtained with curtain 
coating, spray and brush application. 

That's how Air Release Agent 7219 works. This new silicone-free defoamer is equally 
effective in all types of solvent paint systems and high solids coatings for wood and metal 
substrates. It is suitable for nitrocellulose lacquers, air- and oven-drying acrylic resin 
systems and cold hardening epoxy resin paints. 

Start off y m r  paint system to a bubble-free finish with Air Release Agent 7219. We'll 
gladly help with application suggestions and samples. Write, or call 201-659-1200. 

Chemrcal Spec~alt~es D~v~s~on 

Henkel lnc. 
VOL. 48, No. 621, OCTOBER 1976 

1301 ~effenon st, nowken, N.J. 07WO 
Teaneck. N J Charlotte. N C Chlcago. I l l  . Los Angeles. Cal 

3 1 



News from Washington (Continued) 

Thorough Analysis 
The Consumer Product Safety 

Commission has been urged by the 
National Paint and Coatings Associ- 
ation to engage in a thorough risk- 
benefit analysis on the question of 
a safe level of lead in residential 
paint products. 

In testimony before CPSC Com- 
missioners on September 13, NPCA 
President Robert A. Roland stated 
that the Commission should make 
its final decision on whether to low- 
er the 0.5% level of lead in paint to 
0.06% "based on reliable evidence 
and Spunded on a sufficient scientific 
base. 

If Limit Is Lowered, 
"No Lead Added 

Standard Recommended 

"If the Commission finds that it 
must lower the level of lead in paint 
below 0.5%," he said, "then we 
recommend that it adopt a standard 
which specifies that no lead may be 
intentionally added to residential 
paint formulations, and a specific 
regulatory standard of 0.2%." 

This 0.2% level would make al- 
lowance for the trace contaminants 
found in raw materials, manufactur- 
ing equipment, and the general en- 
vironment, and could minimize the 
product liability burden of the small- 
er manufacturer, which would be 
great at the 0.06% level. 

Mr. Roland urged a very careful 
analysis of all the data and evidence 
on the issue of a safe level of lead in 
residential paints, noting that the 
"Commission's own data show that 
the majority of residential paint 
products presently do not use lead 
driers or any other lead components 
in their formulations. Thus, the to- 
tal environmental exposure to lead 
in modern paints is far less than 
some may believe, under the existing 
standard, because of voluntary in- 
dustry action." 

The NPCA President pointed out 
that much of the data used by the 
National Academy of Sciences and 
others to justify a lower lead limit 
is based on research using pure lead 
salts and not the lead compounds 
used in paints. 

He said that the reason the Lead 
Based Paint Poisoning Prevention 
Act, as amended by Public Law 93- 
151, spccifically instructed the CPSC 
Chairman to "conduct appropriate 
research on multiple layers of dried 
paint film, containing the various 
lead compounds commonly used, . . . 
is because research on pure lead 

of Lead Issue Urge 
compounds such as lead acetate was 
not sufficient to make such a de- 
termination." (emphasis added) 

"If this responsibility is fairly ex- 
ercised and the Commission deter- 
mines that the risks involved out- 
weigh the benefits,'' Mr. Roland said, 
"then not only will NPCA do every- 
thing it can to aid its members in 
complying with a lower lead stan- 
dard, it will fully support such a 
standard. This has always been and 
continues to be NPCA's position. 

Need Standard Test Method 
To Determine Amount of Lead 

In Paint 
NPCA also recommended that the 

CPSC thoroughly examine the cur- 
rent practices of the paint industry 
with respect to the use of lead in 
modern paints, and adopt a standard 
test method as a means of identify- 
ing the amount of lead contaminants 
in paints. 

"A truly critical question, which 
must be answered before a standard 
as low as 0.06% is adopted, is, Can a 
paint manufacturer, utilizing good 
manufacturing practices, meet such 
a standard even though no lead is 
deliberately added to his products?" 
Mr. Roland said. 

If the Commission decides to low- 
er the current lead standard for 
paint, it is critical that the problem 
of contaminants is adequately re- 
solved, he stated, and that it is im- 
perative that an accurate, standard 
test method be adopted as a part of 
the regulations relating to lead con- 
tent in paint. The lack of accuracy 
and the inability to achieve repro- 
ducible results with many test meth- 
ods raise "the spectre of tremendous 
and unnecessary statutory and prod- 
uct liability risk," he added. 

If the Commission decides to low- 
er the lead level, Mr. Roland asked 
that the possibility of a phase-down 
of the current level be considered. 
This phase-down could be in the 
form of either a general exemption 
for a specific period of time or a spe- 
cific exemption for individual com- 
panies with special problems. 

This phase-down would reduce the 
impact on those manufacturers who 
must find ways to reformulate their 
products which still need lead driers 
or revise their product mix. 

He also asked that any new stan- 
dard make a reasonable allowance 
for trace contaminants of lead which 
cannot be precluded from paint 

!d by NPCA 
products under good manufacturing 
practices. 

The CPSC hearings were required 
under S. 1466, the National Health 
Education and Disease Prevention 
Act of 1976. As enacted, Title I1 of 
this legislation required that the five 
Commissioners of the Consumer 
Product Safety Commission deter- 
mine by majority vote within six 
months of the date of enactment 
(December 23, 1976) whether a level 
of lead in paint greater than 0.06O/a, 
but not in excess of 0.50/0, is safe. If 
CPSC determines that such a level 
is safe, that level then would become 
the maximum permissible amount of 
lead in paint six months 'after the 
date of CPSC's determination. If 
CPSC fails to make the required de- 
termination within the specified six- 
month period, the maximum per- 
missible level of lead in paint then 
would be 0.06% twelve months after 
the date of enactment (June 23, 
1977). 

May 16-18 Conference at NBS 
To Discuss Corrosion 
Of Metals in Building 

A conference designed to promote 
dialogue between corrosion engi- 
neers and members of the building 
industry concerned with corrosion 
of metals is scheduled to be held 
at the National Bureau o£ Standards 
in Gaithersburg, Md., May 16-18, 1977. 

The conference is being sponsored 
by NBS, the National Association of 
Corrosion Engineers, and the Con- 
struction Specifications Institute. 

The first day of the conference will 
be devoted to presentations on the 
fundamentals of corrosion and cor- 
rosion control. The remaining day 
and a half will deal with specific 
corrosion problems, including socio- 
economic concerns, encountered by 
the building industry. 

A preliminary announcement of 
the conference will be mailed in 
November. Those wishing to receive 
this announcement, should contact 
Dr. Jerome Kruger, Chief, Corrosion 
and Electrodeposition Section, Room 
B252, Materials Bldg., or Dr. Geof- 
frey Frohnsdorff, Chief, Materials 
and Composites Section, Center for 
Building Technology, IAT, Room 
B348, Building Research Bldg., Na- 
tional Bureau of Standards, Wash- 
ington, D. C. 20234. 



Mold is remembered. 
A premium price is not. 
Add VANCIDEB PA to your premium solvent based paints and their mold resistance will 
match or surpass every other high standard you have achieved. The reason: VANCIDE PA 
is the most effective fungicide there is, pound for pound. And it has been since 1963. 
It's as simple as that. 

VANCIDE PA costs 30$ to 50$ per gallon for optimum loading, depending on 
formulation. Not a big investment for you or your customer - considering its superior 
performance. Actually, VANCIDE PA is more economical to use than other mold 
inhibitors on a cost effectiveness basis. You get more of what you pay for with VANCIDE 
PA. VANCIDE PA is available in powder and dispersion form. 

For complete information write to Paint Department, R. T. Vanderbilt Company, Inc., 
30 Winfield Street, Norwalk, CT 06855 (203) 853-1400.6279 East Slauson Avenue, Los 
Angeles, CA 90040 (21 3) 723-5208. 

R. T. VanderbiR Company, Inc. 
INDUSTRIAL MINERALS AND CHEMICALS 
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For latex paints 

Cut vour 
pigment di 
costs with 

l Long-lasting control of pH and viscosity 
*Minimum can corrosion 
*Less nailhead and flash rusting 
l Better acceptance of colorants 
*Mild odor 
l Used alone or with other surfactants 
F o r  interior or exterior latex paints 

For further information write: IMC Chemical Group, Inc., 
NP Division, 4415 West Harrison St., 
Hillside, Illinois 60162. 
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Pigmented Microvoid Coatings I I. 
Luminance and Color 
Of the Concentric Sphere Model* 
MILTON KERKER and DERRY D. COOKE 
C l a r k s o n  College of T e c h n o l o g y t  

This theoretical calculation explores, for the concentr~c 
sphere model, the effect of particle size distribution upon 
the luminance and color of an optically thin pigmented 
microvoid film on a black background. The luminance 
and color are obtained from the tristimulus values of the 
Kubelka-Munk scattering coefficient. 

In this model, the film consists of a resin containing a 
logarithmic distribution of rutile spheres, each positioned 
at the center of a microvoid sphere. 

For a particular distribution of the rutile spheres, the 
effect of increasing the size of the microvoid is to 
decrease the luminance to a minimum value as well as to 
shift the color toward spectrally pure violet. Beyond this 
minimum, further increase of the microvoid results in 
increased luminance and decreased spectral purity. For 
sufficiently small rutile particles (radius from 0.03 to 0.09 
cm) the reduction in luminance upon initial addition of 
microvoid may be quite dramatic, e.g. more than 2 to 3 
orders of magnitude, with a corresponding decrease in 
the hiding power of the film, and increase in its trans- 
parency. 

KEY WORDS: Microvoids; Pigment; Kubelka-Munk scat- 
tering function; Polarization; Rayleigh scatterers; Lumi- 
nance; Chromaticity. 

INTRODUCTION 
Incorporation of small bubbles, or  microvoids, into 
white pigmented films may affect the hiding power 
and brightness in striking ways, including a syn- 

This  work is based <,I? Paint Research Inrtilutc Frlloarhip No. 
54Hi, "Scattering o f  hficrnvoids in Paint." 

t Potsdam, N. Y.  I3fiiG. 

ergism, such that an appropriate mixture of pigment 
and microvoids may provimde greater opacity than an 
equal particulate volume comprised only of pigment 
particles. Thus, if enhancement of hiding power is 
the goal, there may be an advantage to replacing 
part of the pigment by microvoids. 

Following a suggestion by Seiner and Gerhart,' 
the possibility was explored, theoretically, that this 
synergism might arise from encapsulation of pig- 
ment particles within the microvoids. The model is 
depicted in Fzgure 1. A spherical core with radius 
a and refractive index m, is surrounded by a micro- 
void concentric shell with radius b and m,, which in 
turn is encased within a uniform continuous med- 
ium with m.,. Of course, this is not a realistic model 
since it depicts the particle suspended at  the center 
of the microvoid. The justification for this oddity 
is that calculations can be carried out for such a 
pair of concentric spheres,? and hopefully any inter- 
esting effects might carry over into the more realis- 
tic case where the pigment particle sits on the floor 
of the microvoid. 

Although microvoids are considered in this 
particular analysis, the phenomena which will be 
described occur whenever the szlrrounding medium 
has a refractive iizdex intermediate between the core 
and the shell. Indeed, there are systems such as 
phase separated glasses for which this model is 
quite realist ic.Yhe inverse configuration, where 
the microvoid (or constituent of lower refractive in- 
dex) is enclosed within a spherical shell of the pig- 
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this pigment exhibits lmaximum hiding power, there 
is a 400 fold decrease in hiding power when part of 
the pigment material (pigment 29% of the volume, 
inner radius 0.059pm, outer radius 0.090pm) is re- 
placed by a microvoid concentric shell. These ef- 
fects are also depicted in Figure 2. 

Obviously, this model does not predict the kind 
of synergism that had initially been anticipated. 
Quite tlhe opposite! 

In retrospect, the effect is not too difficult to 
understand. Small particles scatter light as if the 
particle were replaced by an oscillating dipole.The 
intensity of the scattering is related to the dipole 
moment and this in turn depends upon the polariza- 
tion of the particle by the electromagnetic field. 
When the refractive index of the particle is greater 
than that of the medium in which it is immersed, 

m3 the polarization is positive; when the refractive in- 
dex is less, the polarization is negative. The com- 
pound particles considered above consist of one part 

Figure 1-Concentric sphere model. in this Paper refractive with positive polarization (e.g., the pigment cores) 
dices cornspond to rutlie mi, microvoid mz and resin mz and one part with negative polarization (e,g., the Fraction of rutiie f = ( r~lb)~ where a and b are radii of rutiie par- 

ticle and microvoid. reswctivelv microvoid coating). Apparently, the nearly invisible 

ment material (or constituent of higher refractive 
index) all encased in a continuous medium (of in- 
termediate refractive index), gives rise to cmpa-  
rable effects. These effects will also occur for com- 
binations of confocal ellipsoids,4 and quite possibly 
for other nonspherical configurations. 

MICROVOID COATINGS 
Preliminary calculations carried out for mono- 

disperse dispersions illuminated with monochromat- 
ic light did show positive synergisms for certain 
 configuration^.^ For example, the hiding power in 
light with h = 0.534pm of a dispersion of particles 
with radius 0.30pm is doubled when an outer shell 
of each particle, equivalent to 15% of the volume, is 
replaced by a microvoid shell. This is illustrated in 
parts (a), (b),  and (c) of Figure 2. 

However, in many other cases quite the opposite 
effect was obtained, and more frequently films wm- 
prised of pigment particles encased in microvoids 
exhibited lower hiding power than films consisting 
only of pigment particles with the same total size. 
Indeed, when the particles are sufficiently small, 
this effect becomes quite dramatic. The Kubelka- 
Munk scattering function drops virtually to zero; 
the particles become nearly invisible; the films be- 
come nearly transparent. Thus, for a particle with 
radius a = 0.017pm and wavelength A = 0.534pm. 
the hiding power will drop by a factor of about 
40,000 when part of the pigment material is re- 

particles have a configuration for which the polar- 
ization of the positive region annuls that of the neg- 
ative region so that the effective dipole moment (and 

0 
f 

C 

Figure 2-Effect of microvoid coating on the volume normalized 
Kubelka-Munk scattering coefficient (vide Reference 5; this is 
the hiding power); pigment mi = 2.97, microvoid mz = 1.00, resin 

mr = 1.51, wavelength A = 0.534~111 
Inner radlus 0.28flm: outer radius 0.30pm 

placed by a microvoid concentric shell (pigment S = 1.8, 3.3, 0.9 for a, b, c, respectively 

42% of the volume, inner radius 0.013pm, outer Inner 0.059pm; Outer radius 0.090pm 
S = 31, 0.075, 1.33 for d, e, 1, respectively 

radius 0.017pm). The smaller the particle, the greater inner ,dlus ,).013rm; outer radius 0.017~m 
is thi,s effect. Even for a = 0.09pm, the size for which S = 0.19, 5.1 x 106, 0.036 for g, h, i, respectively 



PIGMENTED MICROVOID COATINGS 

hence the scattering) is close to zero. The conditions 
which must be satisfied in order to obtain the ef- 
fect are given in the earlier oited work.4.5 

Subsequent analysis has shown some additional 
curious featuresG The particles approach truly zero 
light scattering only in the limit of zero size. For 
finite, allbeit stmall particles, there is some residual 
scattering, even in those cases for which the scatter- 
ing is drastically reduced by the presence of the 
microvoid (or other) spherical shall. It  is this resid- 
ual scattering which we find curious. 

Rayleigh Scatterers 
Scattering by uniform small particles, so-called 

Rayleigh scatterers, is proportional to A-4 where 
h is the wavelength. Lord Rayleigh derived his 
famous theory (the dipde theory) in order to ac- 
count for the blue color of the sky. He demonstrated 
that the particular hue of the sky was a consequence 
of the A - ~  dependency. Our analysis indicates that 
the residual scattering, which occurs after the dipole 
scattering has been suppressed, follows a A-8 law. 
The consequences of this are shown in the results 
presented below. Actually, such A-"scattering had 
been observed in phase separated glasses by a num- 
ber of workers and a model quite comparable to the 
one considered here had been proposed to account 
for this cffect.3 

Another feature of Rayleigh scattering is the 
symmetry between scattering into forward and back- 
ward half-spaces. For dielectric particles larger than 
Rayleigh scatterers, there is preferential scattering 
into the forward half-space. However, the residual 
scattering from the concentric spheres studied here, 
for which the dipole scattering has been sup- 
pressed, shows preferentmial scattering into the 
backward half-space. This effect had also been ob- 
served in the phase separated glasses. 

COMPUTATIONS 
In this paper we extend the computations to 

more realistic conditions than had bwn treated in 
the earlier paper5 by asking the following question: 
What is the visual appearance in white light of a 
resinous film, upon a black background, containing 
polydisperse rutile spheres each encased within a 
microvoid sphere? More specifically, we calculate 
for each wavelength in the visible spectrum the 
Kubelka-Munk scattering coefficient defined below as 
Sf. This quantity is proportional to the reflectance 
of an optically thin layer of the dispersion viewed 
against a black background. The visual appearance 
is characterized by the luminosity and chromaticity 
of this reflected light and these in turn are obtained 
by calculating the tristimulus values of the Kubelka- 
Munk scattering coefficient as given by7 

Flgure 3-Procedure for lncrementlng mlcrovold coating. 
Fraction of particle comprised by core, f = 1.0.10 and 0.01; a is 

inner radius, b is outer radius 

where c,,, is the scattering cross section and 
< =0> is the asymmetry factor, each averaged 
over the normalized size distribution. Thus 

and 

f a )  0 0 d d 0 s  d o) 
-1 < cos 9 > = - -- 

Cso A 

where I, the scattered intensity for unpolarized unit 
irradiance, is a function of wavelength, radius, re- 
fractive index, and scattering angle 0. This is cal- 
culated from the Aden-Kerker theory as shown else- 
where."sVt should be recognized that the Sf is dif- 
ferent from the scattefing into the back hemisphere, - 
or at 180". Of course (1 - <=>) is one factor re- 
quired in going from Csoa to the Kubdka-Munk S.6 

The tristimulus values, X, Y, Z, are calculated 
by inserting Sf into the usual equations as if it were 
a refilectance using the 1931 CIE standard observer 
and the relative spectral irradiance of the CIE stan- 
dard source C, each as tabulated by Judd and 
Wyszecki.9 The reason for doing this is that Ro = 
Sx/(Sx+l) approaches Sx as the thickness of the 
layer x becomes small. The luminosity is propor- 
tional to Y and the chromatmicity coordinates are 
given by x = X/(X + Y + Z) and y = Y/(X + Y + Z). 

The wavelength range was 0.400 to 0.770 pm. 
The real part of the refractive index of the particles 
was obtained by averaging the values given by de 
Vorelo for rutile, weighbing those for the ordinary 
ray twice and those for the extraordinary ray once. 
This ranged from 3.131 to 0.400 ~m to 2.618 at 0.770 
pm. Cronemeyer'sn values of the imaginary part of 
the refractive index for rutile were used. These 
varied from 3.1 X at 0.400 ~m to 5.0 X loTG at 
0.430 ~ m .  Values for 'longer wavelengths were ob- 
tained by extrapolation, although these were so 
small that they did not infiluence the results. The re- 
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fractive index 01 the medium was taken from values 
for a thermosetting acrylic resin computed by E. L. 
Cairns of the E. I. duPont de Nemours & Co., Inc. 
Pigments Dept. from Fresnel reflectance measured 
in a Cary 14 spcctrophotometer.12 This varied from 
1.534 at 0.400Pm to 1.493 at  0.770am. 

The particle size distribution was described by 
a logarithmic distribution normalized so that the 
two parameters in the distribution were the modal 
radius, a,,, and a breadth parameter, c,,, which for 
the relatively narrow distributions used here is ap- 
proximately equal to the coefficient of variation.'3 
Calculations were carried out for a,, = 0.03, 0.06, 
0.09, 0.12, and 0.15, each with u,, 0.01, 0.10, and 
0.20; also for a,, = 0.20, v,, = 0.01; a,, = 0.25, C, 

= 0.01, and 0.10; and a,, = 0.30, C" = 0.01. Commer- 
cial grades of rutile pigments generally have number 
mean radii in the range 0.05 to O.lOPm. The coeffi- 
cient of variation in real pigment system ranges 

Figure 4-Luminance Y versus f, fraction of each particle com- 
prised of rulile for a~ = 0.03 pm and oo = 0.01 and 0.20 

from about 0.2 to 0.3, solnewhat broader than cal- 
culated. 

In the calculations, we start with a distribution 
of pigment spheres and then proceed to add on to 
each of lhesc a concentric microvoid shell, such 
that each configuration is comprised of the same 
volume fraction of pigment. The shells are incre- 
mented in this way until the volume fraction of pig- 
ment is 0.01, which corresponds to the radius of the 
pigment partiole in each microvoid being about 22Oh 
of thc total radius. The incrementing procedure is 
illustrated in Figure 3. Obviously, this is an arduous 
calculation. 

A comment is  in order regarding the nornializ- 
ation of S'. A measure of the hiding power is usually 
obtained by dividing the Kubelka-Munk scattering 
function by the particle volume. However, we have 
used the backward scattering function as defined 
above, so that the luminances reported here are not 

lo0 

Figure 5-Luminance Y versus 1, fraction of each particle com- 
prised of rutile for a~ = 0.06 pm and oo = 0.01 and 0.20 



normalized with respect to partide volume but 
rather relative to numbers of particle. There is the 
question, if these results are to be normalized rela- 
tive to volume, whether to select for the particle 
volume that of the rutile, the microvoid, or the sum 
of the two. In order to normalize in this way, it 
would be necessary to divide each luminance by the 
average volume per particle of rutile, micromid, or 
microvoid spherical shell. 

The limitations of these calculations should be 
olearly kept in mind. They apply accurately only to 
low concentrations, with the PVC of the composite 
particles (solid pigment and void combined) less 
than 0.1. It  is well known that in white enamels, as 
the concentration of TiO, is increased, its scatter- 
ing efficiency decreases su~bstantially. We cannot cal- 
culate this loss rigorously from theory. Perhaps the 
loss would be less when air is combined with the 

Flgure blumlnanca Y versus 1, fractlon of each particle com- 
prlsed of rutlle for a~ = 0.09,ao = 0.01 and 0.20; aM= 0.12,00 = 0.01 
and 0.20; aM = 0.15, 0.20, 0.25, 0.30 each for ao = 0.01 (only 

ao 10.20 Is Indicated) 

PIGMENTED MICROVOID COATINGS 

X 

Flgum 7-Chromatlclly diagmm (x = XIX + Y + Z and Y = YIX t 
Y + Z, where X, Y, Z are trlstlmulus values) for a~ = 0.03,00 = 0.01. 
Numbers alongside the elliptical curve are values of volume 
fractloi of rullle, S represents the source, A the bare mtlle par- 
ticle (f = 1) and B the conflguratlon for whlch the luminance Is. 
mlnlmum (f = 0.43). Numbers along the outer curve Indicate 

wavelengths (nm) of spectrally pure colors 

TiO,, as in the present picture. Perhaps as bubbles 
displace res$in, the dispersion will indeed behave 
more 1,ike TiO, in air, as we originally thought. But 
t'hat is beyond the reach of present theory. 

LUMINANCE 
Figure 4 shows how the luminance (in arbitrary 

units) varies as increasingly larger microvoid shells 
are added to two distributions of rutile spheres with 
breadth parameters U, =0.01 and 0.20, each with 
modal radius abf = 0.03 pm. For the neanly mono- 
disperse system (0" = 0.01) the luminance drops by 
a factor of 3,000 as the microvoid shell increases to 
the point where the volume fraction of pigment 
drops to about 0.43. The effect is s'lightly smaller 
for the more polydeisperse system, reflecting the 
somewhat greater nummber of larger particles present 
in this positively skewed size distribution. Similar 
results are shown in Figure 5 for a = 0.06 ~ m ,  and 
in Figure 6 for a = 0.09, 0.12, 0.15, 0.20, 0.25, and 0.30 
Pm. 

The effect of the m,icrovoid in sharply decreas- 
ing the lu~minlance becomes less with increasing 
pigment particle size. This is consistent with the 
fact that the dipolar scattering accounts for a lesser 
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rutile particles. Point B is where the rutile cores 
comprise 43Ob of the total volume of each particle. 
This represents the conliguration of pigment encascd 
in microvoid having the minimum luminance. 

The color coorctinates of the light source are 
indicated by S. The spectral colors are given by the 
outer boundary, the numbers indicating the wave- 
length (in units of pm). The linear bottom portion 
ol this curve indicates the nonspectral colors. The 
scale is such that the diagram shows only the lower 
Icl't corner ol' the chromaticity diagram. The hue of 
a particular point is the intercept obtained by ex- 

Y tending the line from the source to this point 
through to the spectral curve. Thus for the bare 
pigment particle (point A). the hue is 0.475 ~ m .  The 
purity is given by the ratio of the length of the line 
segment AS to the total length, in this case 509'0. 

The blue color of the film containing the bare 
pigment particles is quite consistent with expecta- 
tions s'ince particles of this size (radius about 0.05 
the wavelength) are Rayleigh scatterers and follow a 

,\-I dependence. Interestilngly, the color becomes 
niorc violet and much purer as the microvoid shell 
surrounding the rutile particles is expanded. Indeed 
for volume fraction f = 0.43 the color has shifted 
into the violet, A = 0.440um, and the ~ u r i t v  has in- 

Figure %-Chromaticity diagram for am = 0.15,oo = 0.01 

fraction of the scattering as the size becomes larger. 
The mechanism described above, in which the nega- 
tive polarization of the microvoid annuls the effect 
of the positive polarization of the pigment moiety 
no longer applies to the same extent. Yet even for 
particles as large as a = 0.30pm, there is a significant 
decrease in scattering as a microvoid shell is added; 
a trend quite opposite to what might be intuitively 
inferred were one to think about this process in 
terms of reflection-refraction of geometrical optical 
rays. 

One can conclude quite definitively that this 
particular model for inclusion of microvoids into 
pigmented coatings does not provide for enhance- 
ment of luminosity or of hiding power in this par- 
ticle size range. Indeed, the opposite is true. I t  of- 
fers, instead, a particularly powerful mechanism for 
rendering such a film more transparent. 

CHROMATICITY 
We now turn to a consideration of the chro- 

maticity of the reflected light. Figure 7 is quite 
typical for the smaller size cores (a, = 0.03pm, U" = 
0.01). The inner curve, in the shape of a partially 
closed ellipse, is the locus in the chromaticity plane 
of the Kubelka-Munk scattering function, which in 
turn is proportional to the reflectance. The numbers 
on this curve indicate the fraction of the particles 
which are comprised of the rutile cores. Thus the 
point designated A is for the distribution of bare 

creased to 88Oh. But, refirring back to ~ i g u r e  4, f 
1 0.43 corresponds precisely to the configuration for 
which the luminance goes through a deep minimum. 
And for this so-called residual scattering, the theo- 
rctical analysis referred to earlier (6) indicates a 
A-'! dependence. This higher order wavelength de- 
pendence accounts for the shift to the violet. The 
cut-off of visual sensitivity at  A = 0.38OPm accounts 
for the greater spectral purity. 

The chromaticity sweeps around very rapidly 
into the achromatic region as the microvoid in- 
creases beyond the size for which the luminance is 
minimal. This is because the weak residual scatter- 
ing is now swamped by "higher order" scattering, 
which in turn is essentially achromatic (6). 

The chromaticity diagrams tor somewhat larger 
sizes (a, = 0.06, and 0.09, and 0.12pm), and for some- 
what broader distributions (u,, = 0.10 and 0.20), re- 
semble that in Figcire 7, although the chroma of the 
residual scattering is not as great, and so these will 
not be discussed further. For still larger rutile par- 
ticle sizes (a,, = 0.15, 0.20, 0.25, and 0.30pm) high 
chroma no longer appear. This is illustrated in 
Figure 8 for a,, = 0.15; ",, = 0.01. In this case the 
luminance of the bare rutile particles is still blue 
(0.479pm), but the purity is only 19%. As the micro- 
void shell increases, the luminance decreases to a 
minimum value at  f = 0.24 of about onedhalf the 
initial value, at which point the chromaticity ex- 
hibits a principal wavelength of A = 0.482 and a 
purity of 5S0/o. The mechanirsm of scattering in this 
case involves higher order terms and is no longer 
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Figure 9-Chromaticity diagrams-I. Rutlle particles. 11. Rutiie 
particles in microvoid sphere for values off where luminance is 
minimum. Numbers on curves indlcate values of a~ ;oo  = 0.01 

amenable to the simple interpretation applicable to 
the smaller particles. Yet the film does become de- 
cidedly bluer with the initial growth of the micro- 
void. 

Figure 9 p~ovides an alternative view of these 
results. Curve I represents the chromatioity of bare 
rutile particles for a,, = 0.03 to 0 . 3 0 ~  with no = 0.01. 
These are quite monodisperse distributions, but the 
results are not greatly different for distributions 
which have been calculated with V, = 0.10 or 0.20. 

Curve I shows just how the chromaticity 
changes from the rather blue of the Rayleigh xat-  
terers (hue - 0.472pm; purity 50%) to the slightly 
yellowish tinge of the largest particles (hue - 
0.580pm purity 30%). The "whitest" films occur for 
a, = 0.20pm, where the purity of the greenish-blue 
light is only about 5%. This is about twice the radius 
normally used for painbs. 

Curve I1 represents the chromaticity for those 
configurations where the luminance is mlinimal (see 
Figures 4-6). We have already seen how this residual 
scattering for a, = 0.03 is shifted into the violet 
and how the purity is enhanced. This condition 
persists up to a, = 0.12 and, although the scattering 
at the minimum continues to be "bluer" for the 
lallger sizes, the effect is smaller. 

CONCLUSION 
lnterwting luminance and color effects have 

been calculated for thin films consisting of rutile 
spheres encapsulated in microvoid spheres all an- 
bedded in a resin. The rutile spheres are in the size 
range of 0.3 pm or less, with coefficient of variation 
of 0.20 or less. 

The luminance decreases by orders of magni- 
tude to a minimum value as the microvoid shell be- 
comes larger. With still1 larger microvoid shell (vol- 
ume fraction of rutile about 40%), the luminance in- 
creases in what might be considered the normal 
fashion. 

The decreasing luminance is accompanied by a 
shift in color towards the violet and to higher purity. 
Beyond the configuration for which the luminance is 
minimum, the color rapidly becomes achromatic. 
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Model for the Correlation 
Of Rheological Measurements 
With the Leveling and Cure 
Of Thermosetting Powder Coatings 
M. J. HANNON, D. RHUM, and K. F. WISSBRUN 
Celanese Research Company' 

Measurement of the dynamic viscosity of a powder paint 
as a function of time at various temperatures can be used 
by means of a simple model to predictthe nonisothermal 
viscosity changes which occur when a powder-coated 
panel is baked at various oven temperatures. The Orchard 
theory then predicts, using parameters from this model, 
the change of profile irregularity and wavelength with 
baking conditions and film thickness. Average roughness 
and gloss can be correlated by the same parameters. The 
rub resistance or cure of the films isalsocorrelated by the 
nonisothermal viscosity model. 

The parameters of the model are the temperature 
dependent initial viscosity of the resin and its temperature 
dependent cure rate, and the heating rate of the panel. 
The use of a computer to evaluate the effects of varying 
any of these parameters independently should be useful 
in minimizing the experimental effort in optimizing 
formulations. 

KEY WORDS: Thermoset; Isothermal process; Test 
panels; Gloss; Crosslink density; Elastic modulus; Vis- 
cosity; Orchard theory; Rheology; Wavelength. 

INTRODUCTION 
Two fundamental requirements of commercial coat- 
ings are good appearance and good physical prop- 
erties. The formulation variables whioh are responsi- 
ble for these two characteristics are often in con- 
flict; one that enhances one property diminishes the 
other. Appearance is strongly affected by the rheo- 
logical characteristics of the paint, and the rheology 
in turn is strongly affected by the formulation con- 
stituents. Thi,s is particularly true of powder paints, 
in which solvents are totally absent from the for- 

Box 1000, Summit, N. 1. 07901. 

mulation. In powder coatings the appearance, largely 
controlled by viscosity and the time available for 
leveling, must be primarily achieved via resin for- 
mulation. The flow necessary to form the smoothest 
surfaces is obtained with low viscosity formulations, 
but strong films are obtained from high molecular 
weight resins, which have high viscosity. With 
thermosetting formulations the viscosity varies from 
an initial value to infinity as the material cures, and 
the flow must occur well before the gel point. The 
final physical properties strongly depend on proper 
cure; development of crosslink density cannot be 
short-changed excessively in order to enhance ap- 
pearance development. As another example of con- 
flicting requirements, good flow requires as low a 
glass transition temperature (Tg) as posslible, while 
stability of the powder requires a Tg well above 
room temperature. 

An understanding of the process in which a de- 
posited powder paint is converted to a cured film 
requires the integration of several disciplines into a 
coherent theory. These disciplines are surface char- 
acterization, rheology, and cure characterization. 
With such a theory, the rheological and physical 
parameters can, in turn, be related back to the 
chemical structures of resin and curing agent and 
other formulation parameters of the paint system, 
permitting one to limit surface defects and maximize 
physical properties. 

Various attempts at  analyzing the leveling prop- 
erties of paints have been reviewed by Quach.' Most 
of the review deals with leveling in solvent and latex 
paint systems. Recently several authors have at- 
tempted to refine leveling measurements. Dodge? 
and later Hansen." and Quach and Hansen4 used 
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drawdown bars to simulate brush marks, and pro- 
filometers to measure the surface profiles of the 
dried films. One of the early attempts to apply a 
theoretical analysis of leveling to a powder paint 
system was made by Wolpert and Wojtkowiak,us- 
ing a thermoplastic acrylic powder. These authors 
used the Orchard-Rhodes analysis and found qualita- 
tive agreement with ltrhe theory. S~bsequent  work by 
Wolpe r t~ labora t ed  on the previous work and in 
addition purported to demonstrate the importance 
of a yield phenomenon in the paint in causing level- 
ing to stop. Additional work by Nix and Dodge7 
qualitatively showed the importance of pigment dis- 
persion, particle size, and particle size distribution 
upon leveling of powder paints. Finally, Spitzs ap- 
plied the Orchard-Rhodes theory to the leveling of a 
thermoplastic epoxy powder paint and found ex- 
cellent agreement with the theory. 

The application of a theory to the leveling of a 
thermoset powder paint has not been made. The re- 
lationship of final physical properties to the rheolog- 
ical changes during curing of a thermoset powder 
paint also has not been investigated. 

The purpose of the present work is to present 
a model for the leveling and cure of a thermoset 
powder paint sys'tem. The theory of leveling used is 
that of Smith and Orchard,g Orchard,1° and 
Rhodes.ll This is combined with a model of the 
cure of a thermoset system similar to that of Rol- 
ler,12 who investigated the viscosity-time-tempera- 
ture interacbions that relate to the curing of a 
thermoset system during a lamination process. The 
model is intended to correlate leveling performance, 
gloss, and cured film properties with rheological 
measurements made on a paint formulation before 
it is converted to powder form. Once such correla- 
tions are established for a given coating type the 
task of optimizing the formulation should be aided 
by use of the model to analyze the reasons for any 
deficiencies. Hypothetically improved formulations 
can be screened rapidly and inexpensively by com- 
puter simulation. Actual experimental formulations 
having the properties predicted to be desirable by 
the computer can then be prepared on a small scale 
and their rheological and curing parameters tested 
experimentally. The expensive and tedious necessity 
of preparing large quantities of a formulation, con- 
verting it to powder and spraying, baking, and eval- 
uating test panels can be restricted to formulations 
that have passed the computer and laboratory tests. 

THEORY 
Leveling 

The development of the theory relevant to the 
leveling process is amply reviewed by Quach.' The 
most widely accepted expression for the time de- 
pendent decay of sinusoidal brush marks was first 

given by Orchardu' and subsequently verified by 
Rhodes.ll 

Where A, r: initial amplitude of the brushmarks at 
time zero 

A = amplitude of the brushmarks at time t 
X = wavelength of the sinusoidal brushmarks 
h = mean film thickness 
u :: surface tension, assumed constant 
q = viscosity 

f(g) = a function whose value is given in equation 
X 

(2'). 

(2) 

For a film thickness, small compared with the wave- 
length of the disturbal~ces (which is usually the case 
in the coatings which were considered), the function 
becomes: 

and the expresslion for the amplitude becomes: 

This expression has been verified many times 
for paint systems, as mentioned in the introduction. 
However, in most of these cases i t  was assumed that 
the polymer was at  constant tempera,ture and had a 
constant viscosity, independent of time, so that 
equation (4) simplified to equation (5). 

In this work, however, the viscosity is not time 
independent, because the powder paint is thermo- 
setting, and its temperature varies during baking. 
The integral expression of equation (4) must be cal- 
culated explicitly for each curing system according 
to the kinetics of that system, as detailed below. 

Of interest, is the term in the Orchard equation, 

h3t , or, when dealing with time dependent viscosity, 
'l 

h . Later in this paper, this is abbreviated as 

0 

h3F, where F is the time integrated fluidity. Use of 
this term permits grouping of measurements made 
a t  different film thicknesses into a single function 
or  plot. 

From the same theory of Orchard the maximum 
shear stress, T, on the paint is: 

VOL. 48, No. 621, OCTOBER 1976 43 



M. J. HANNON, D. RHUM, and K. F. WlSSBRUN 

For many paint systems, this stress will be suf- 
ficiently large to cause continuous leveling accord- 
ing to the above equations. However, it has been 
shown by Patton13 and others that for systems with 
a significant yield stress, leveling will stop when the 
stress becomes equal to this yield value. Beyond 
this point no further leveling is possible. 

A theory relating the specular reflectance (gloss) 
to surface roughness lhas been derived by Bennett 
and Porteus14 from the basic theory of optics. The 
theory predicts that there is an exponential decrease 
of reflectance with increasing surface ro~ghness,1~J6 
which provides a theoretical basis for the relation- 
ship between gloss and surface irregularities ob- 
served by D ~ d g e . ~  Combining the above cansidera- 
tions, a relationship between the rheological charac- 
teristics of the coating and final film appearance is 
expected. 

Curing 

The sequence of events involved in the curing 
reaction of a thermoset resin system is described in 
detail by Flory.la In  the early stages of cure, the 
crosslinking reaction produces branches which in- 
crease the molecular weight of the polymer. At a 
certain point, approximately one crosslink per mole- 
cule, the polymer is converted into a three-dimen- 
sional gel structure. With increasing crosslink 
density, there is a reduction in the soluble content 
of the polymer. 

According to classical rubber elasticity theoryle 
the elastic modulus of the network is directly pro- 
portional to the crosslink density: 

where G = elastic modulus 
9 = crosslink density 
R = universal gas constant 
T = absolute temperature. 

I t  will be through this theory that the viscoelastic 
measurements are related, by means of the model 
for curing behavior, to final film properties. 

Rheology: Model for Nonisothermal 
Viscosity Variation 

In order .to predict the results of the noniso- 
thermal process of baking an initially cold powder 
coated object, a model is  needed to translate the 
results of the ,isothermal tests that are experimental- 
ly convenient to run. Such a model was constructed, 
making what was considered to be reasonable as- 
sumptions, and they are here stated explicitly in the 
form of equations. First, define 

This transformation simplifies the fitting of the 
theory to the experimental results. Then, i n  a time 

interval, a t ,  there is a change of temperature, AT. 
Now assume that X will change both because of the 
increased cure in the time, ~ t ,  and because of the 
change in temperature, AT. 

where the subscripts indicate parameters kept con- 
stant. 
In integral form: 

If the activation energy for viscous flow, E,, is as- 
sumed to depend only on temperature, then integra- 
Bion of the second term of equation (11) can be 
evaluated, and one arrives at  the expression pro- 
posed independently by Roller12 for curing of epoxy 
resins in lamination processes. This assumption has 
been made, and is stated 'in equation (12). 

The experimental results also suggest the assump- 
tion that the cure rate depends only on temperature, 

where E ,  activat,ion energy for the cure rate. 
Finally, it has been experimentally determined that 
the heating rate of a panel, whose instantaneous 
temperature is T, has an exponential dependence on 
time. 

T = Tb - (Tb - To )e-" (14) 

where To is the initial panel temperature and T, the 
bake oven temperature. 

Equations (11) to (15) then allows the calcula- 
tion of X (t, T) numerically, using the experimentally 
determined parameters, namely the Arrhenius pa- 
rameters for the initial viscosity and for the cure 
rate, and the final and initial oven temperatures. 

The Orchard theory of leveling states that for 
nonisothermal processes the term t/,, is replaced by 
the time integrated fluidity, F(t,), as described pre- 
viously in the development of the model. 

where t, = baking time. 
Knowing ?(t) from equation ( l l ) ,  F(t,) can also be 
calculated by numerical integration. 

Finally, it i~s also of interest to calculate the vis- 
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cosity at the end of the baking process, adjusted to 
permit comparison of results at different baking 
temperatures. Therefore, a cure parameter, C, is de- 
fined in equation (17): 

A computer program to perform these opera- 
tions has been written in the APL language, and is 
available from the authors. 

EXPERIMENTAL 
Rheological Measurements 

The powder paint used in this work was a com- 
mercial white, Ti0,-pigmented, epoxy powder. The 
time and temperature dependence of the viscosity 
was measured on a Rheometrics Mechanical Spec- 
trometer.l7 Sample discs were prepared by com- 
pressing 3.8 g of the powder in a 5 cm diameter plug 
mold at 50 ton force for about 10 min. Pressing was 
done at room temperature in order to avoid prema- 
ture curing of the resin before the measurements 
were made. The rheameter oven and fixtures were 
equilibrated at the desired temperature which was 
measured by a thermocouple embedded in the upper 
fixture. The sample disc was then inserted and the 
gap closed immediately. Sample residence time was 
counted from the time of insertion, although it is 
estimated that about 2 min are required for the 
sample to reach the oven temperature. When the 
sample was sufficiently soft, the excess material 
squeezed out from the plates was trimmed off, and 
the oven wm closed again. The measurement was 
started at this point, 4 to 5 mfin after sample inser- 
tion. 

Paint Application 

The following materials were used in the powder 
painting part of the work: 

(1) PANELS - 3" x 6" x 1/16" steel panels, 
Bonderitea 1000 treatment. 

(2) PAINT - The epoxy powder coating used 
was a conventional epichbrohydrin-bisphenol A con- 
densation polymer with an accelerated dicyandi- 
amide curing agent and pigmented with TiO,. 

(3) SPRAY EQUIPMENT - De Vilbiss electrostatic 
powder spray gun, model EHP-5101 ansd power s u p  
ply EPS-507. 

The panels were painted while mounted in a 
spray booth. Gun voltage was 90 KV; main air pres- 
sure 60 psig; material feed air pressure 10 psig, vor- 
tex air pressure 15 pig.  The paint was dispensed 
from a fluid bed. The panels were coated with a 
multiple~pass back-and-forth sweeping movement 

Bonderite is a TeRislered trademark of Hooker Chemical Co 
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Table l-Baked Film Thicknesses 
Nominal Thickness, mil Mean Thickness S.D. Range 

to give baked film thicknesses of approximately 1, 2, 
or 3 mils. Twenty-nine panels were sprayed at each 
of the three film thicknesses. The average values, 
standard deviations, and ranges for the three film 
thicknesses, measured to the nearest 0.1 mil, are 
shown in Table 1. 

Baking 

The panels were baked in a horizontal position 
in a forced air oven. They were kept in the oven 
for various time intervals to permit different ex- 
tents of flow to take place. 

The temperatures of the panels after being 
placed in the oven were determined by a thermo- 
couple taped to the powder coated panels. Two tech- 
niques were used: 

(1) The thermocouple was taped to the panel and 
then it was sprayed with powder before placing in 
the oven; and 

(2) the panel was sprayed with powder and the 
thermocouple was inserted through the powder into 
contact with the panel. 

G d  agreement was obtained between these 
two methods of themnocouple placement. The oven 
was maintained at 182' & 2°C for the heat-up rate 
determination. The rate of temperature increase 
of the panel was proportional to the temperature 
difference between the pand and the oven, i.e., the 
rate law 'for heating was: 

log (Tb-T) = log (TI,-To) - 2.303 (18) 

where T, = Bake temperature 
T = Instantaneous panel temperature 

T. = Initial panel temperature (Z0C) 
t = Time 
s = Rate Constant 

Table 2 shows bhe results of the rate constant de- 
termination. 

Table 2-Heatup Rate of Panel 

Description t~,n sec' s, sec-' 

Panel painted, then thermocouple attached 33 0.0212 
Thermocouple attached, then panel painted 32 0.0219 
Bare panel 27 0.0260 
Thermocouple alone 5.9 0.118 

(a) t112 represents the time for the temperature difference to halve. 
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Figure 1-Viscoslty change of a thermosetting powder paint at 
120°C (clrcies (L triangles = dupilcate runs, steady shear;squares 

= complex vlscoslty) 

Gloss and Cure Evaluation 

The extent of flow was evaluated8by glossiness of 
the panels. Using a Hunterlab Dl6 glossmeter, 20" 
gloss was determined on all panels. The degree of 
cure was evaluated by rubbing the panels with an 
MEK-saturated cotton swab in a back-and~forth mo- 
tion using a moderate amount of pressure. One cycle 
was called a double-rub. The number of double-rubs 
required to expose the metal under the paint was 
noted. 

MEK rub hardness is a complex qualitative test 
for degree of crosslinking. The greater the degree 
of crosslinking, the smaller the amount of soluble 
fraction in the film and the lower the amount of 
swelling which occurs in the nonsoluble fraction. 
Hence, it is reasonable to expect a correlation be- 
tween the MEK rub hardness and the modulus. 

Surface Profile 
And Roughness Measurements 

Roughness and wavelength measurements on 
the coated panels were performed with the Gould 

Surfanalyzer 150 system. The advantage of this sys- 
tem is that the short wavelength disturbances due to 
pigmentation can be filtered out, permitting the 
longer wavelength disturbances (orange peel) to be 
measured. A detailed description of the instrument 
and the ,description of how it is used to make mea- 
surements of this sort has been presented by Han- 
sen.3 The measurements were performed using the 
"waviness" setting which gave the wavelength, A, 
of the orange peel with the short wavelength "noise" 
filtered out; and on the "average" setting which 
gave a centerline-average (CLA) or arithmetric av- 
erage (AA) reading of the amplitude of the surface 
irregularities. 

RESULTS 
General Remarks 

Correlations between experimentally obtained 
property characterizations such as degree of cure 
as measured by MEK resistance, and extent of level- 
ing as measured by gloss and surface topography, 
on the one hand, and cahculated values of modulus 
and flow which were obtained with the rheological 
model, on the other, were obtained. T,hese quantities 
were related via the Orchard equation. Pertinent 

103 
0 5 10 I 5  2 0  25 30 
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Figure 2-Elasticity change of a thermosetting powder paint at 
120°C (circles = normal stress; triangles = dynamlc modulus) 
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data and calculated values are tabulated and plotted 
as described below. 

Rheology 

COMPARISON OF STEADY SHEAR AND DYNAMIC VIS- 
COSITY: Initially, viscosity measurements were made 
in torsional flow between coaxial parallel plates. A 
far more convenient operation is the "eccentric ro- 
tating disc" (ERD) or Maxwell Orthogonal Rheome- 
ter (MOR) mode of the instrument." The conven- 
ience becomes especially important as the resin 
cures, producing a highly viscous and elastic melt 
for which steady shear flow becomes unstable at  
high shear rates. This problem is not encountered 
in the ERD mode, which is essentially a small strain 
oscillatory experiment. 

However, it had first to be determined that any 
gain in operating convenience was not destroyed by 
a corresponding increase in difficulty of interpreta- 
tion of the results. The ERD mode results in two 
quantities, and <, which are the viscosities in- 
phase and out-of-phase, respectively, with the ap- 
plied shear, and which are the measures of energy 
dissipation and of energy storage per cycle of de- 
formation. These are related to the dynamic moduli 
G' and G", which are also often used to express the 
results of oscillatory measurements, by equations 
(19): 

where is the frequency of the oscillation. I t  is well 
established, theoretically and experimentally,ls that 

at  low frequencies, w, and low shear rates, y, there 
are relationships between the dynamic viscosity 4 
and the steady shear vislcosity 7, and between the 
dynamic modulus G' and the steady shear first nor- 
m d  stress difference Pll -P,, as given in equations 
(20) and (21). 

lim 7' = lim 7  (20) 

lim G' = % lirn P,,-P,, (21) 

Furthermore, many continuum models of poly- 
mer melt rheology predict that even a t  non-zero 
frequency and shear rate the predictions of equa- 
tions (20) and (21) hold, approximately. Experimen- 
tally, it has been found that a relation between the 
dynamic and steady slhear properties, originally pro- 
posed by Cox and Men,'S holds within the experi- 
mental error of the measurements. 

where 
q* = [ ( l l l ) a  + ( s " ) D ~ ' / 2  (23) 
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Figure 3-Complex viscosity changea of a thennosetting powder 
paint at 120°C (at frequency of 1.0 sedl) 
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Figure 4-Effect of temperature on rate of viscosity change 

The applicability of equation (22) to the powder 
coating during curing was tested experimentally by 
comparing the shear viscosity from torsional flow 
with the complex viscosity from the ERD measure- 
ment, as shown in Figure 1. Evidently, the agree- 
ment is quite satisfactory, especially in the earlier 
stages of the measurement. I t  is concluded that ,,* 
is an acceptable measure of the time dependent vis- 
cosity that should determine leveling. 

Figure 2 compares the normal stress from tor- 
sional flow with the ERD dynamic modulus. The 
agreement of these data with the relationship of 
equation (21) is not quantitative, but clearly both 
these measures of polymer melt elasticity are chang- 
ing with time in a similar fashion. 

Figure 3 shows how ,,', G' and ,,* individually 
ohange with time. Initially, t)' is much larger than oG', 
which means that the resin is primarily a viscous 
liquid, with only slight elasticity. As cure proceeds 
both t)' and G' increase, but eventually the curves 
cross and wG' becomes larger than ,,', reflecting the 
increased elasticity of the network of crosslinks. 
The complex viscosity, ,,*, essentially follows which- 
ever of its two components is larger, as required by 
its definition in equation (23). This behavior of n* 

suggested the possibility that it might be a usekl  
measure of the progress of two ilmportant aspects of 

Figure 5-Effect of temperature on initial viscosity 

TEMPERATURE ('C) 
110 105 100 95 90 

the coating process. At the early stages of cure it 
measures the viscosity which, together with the sur- 
face tension, determines the leveling. In the latter 
stages, ?* is a measure of the modulus, which in turn 
measures the degree of crosslinking of the resin and, 
therefore, its mechanical properties. 

ISOTHERMAL TIME DEPENDENCE OF COMPLEX VIS- 
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COSITY: Measurements weue made, as above, in the 
ERD mode. The temperatures used range from 90°C 
to llO°C in 5" intervals. For the particular formula- 
tion used in th'is work, t,his range was most conve- 
nient. At lower temperatures the cure rate was too 
slow to measure. At higher temperatures the cure 
rate was so rapid that small changes in sample 
handlting procedure and in temperature equilibra- 
tion made extrapolation to zero time very imprecise, 
although the slope of the viscosity-time plot, as in 
Figure 1, was still quite reproducible. 

' 
I 

- 

- 

- /@ - 

jl I I 

Points were read off the force-time traces at  2 
min intervals up to 40 min after beginning the run. 
The data were found to follow a linear relationship 
in the logarithm of ?* vs. time. The results of least 
squares fitting to the data are shown graphically 
in Figure 4, with the data points omitted for darity. 
The nusmerical values and the statistical data are 
given in Table 3. All of the correlations were hmighly 

2.60 2.65 2.70 2.75 2.80 

Table 3-lsothennal Variation of Complex Viscosity with Time (Linear Regression Data) 

Intercept (zero time viscosity) Slope (Cure Rate) Standard 
Error of 

Temp. "* k S.E. Estimate 
(OC) In n-• pose (min-') (min-') of In n..* 

90 12.95 4.20 x 10' 2.41 x 1V2 9.8 x lo-' 0.036 
95 11.50 9.86 x lo' 4.95 x lWO 6.3 x lo-' 0.0278 
100 10.85 5.16 x 10' 6.33 x 1V2 1.11 x 10- 0.041 
100' 10.75. 4.65 x 106 6.61 x lW1 1.03 x 0.045 
105 9.93 2.05 x 10' 8.49 x 1V2 1.20 x lo-8 0.053 
110 9.23 1.02 x 10‘ 1.W x lo-' 1.96 x lo-' 0.086 

Correlation 
Coefficient 

0.989 
0.999 
0.998 
0.998 
0.998 
0.997 

(a) Duplicate run 
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TEMPERATURE (*C) 
110 105 100 95 90 - 

Figure 6-Effect of temperature on rate constant of cure 

significant, statistically. The standard errors ot esti- 
mate of the viscosity were on the order of 5'10, which 
is approximately the precision of the measurements. 
The dotted line in Figure 4 shows the results of a 
duplicate measurement at  100°C. The statistics for 
this run are also presented in Table 3. 

The zero-time viscosity and the cure rate con- 
stant, k, were then fitted to Arrhenius equations, 
with results shown graphically in Figures 5 and 6 .  
The Arrhenius constants derived from these plots 
along with the correlation coefficients are presented 
in Table 4. As can be seen the statistical significance 
of the correlations is very high. The measured and 
predicted values agree fairly well over the telmpera- 
ture range studied, to about 20% for rl,," and 15% 
for the cure rate. The activation energy for the vis- 
cosity is somewhat higher and that for cure rate 
quite comparable to those reported in other stu- 
dies.12. 20. 2 1  

STEP CHANGE NONISOTHERMAL MEASUREMENTS: In 
order to test the assumptions of a model for the 
nonisothermal time dependence of viscosity, a num- 
ber of runs were done. The run was started normal- 
ly, and after cure had proceeded for some time, the 
oven temperature was increased 5°C. Three min 
later 3 points were measured a t  2 min intervals, and 
the temperature was then again increased, and so 
on. Two runs were begun at 90°C, and one at  100°C. 

Table 4-Arrhenius Constants 
For Initial Viscosity and Cure Rate 

(Linear Regression Data) 

1" ?,,* k 
(potse) (rnin) 

Slope 2.51 x 10' -9.84 x loa 
Standard error of slope 0.18 x lo' 1.29 x lo8 
Intercept -56.46 23.56 
Standard error of esrimale 0.20 0.15 
Correlation coefficient 0.990 0.967 
Activation energy (kcal/mole) -50 20 

1 2 3 4 5 6 
TIME 

Flgure 7-Schematic diagram illustrating step-change test of 
nonisothermal mode (time and ternperature in arbitrary units) 

For the polnts at  each temperature an estimate was 
made, by least squares fitting, of the slope and the 
intercept. 

The cure rate constant and the zero time viscos- 
ity were then calculated from these data, assuming 
that the viscosity changes instantaneously when 
the temperature is changed with the same activation 
energy as the initial (zero-time) viscosity, and that the 
cure rate (slope of log ?* vs. time) depends only on 
temperature. Figure 7 schematically illustrates the 
principle of the computation scheme. 

The results of these experiments are shown in 
Figures 8 and 9, where thev are compared with the 

0.02 
120 115 110 105 100 95 90 

TEMPERATURE PC) 
Flgure 8-Cure rates from stepwise ternperature increase ex- 
periments (solid circles = isothermal; open circles = run 1; 

triangles = run 2; squares = run 3) 

VOL. 48, No. 621, OC~~OLIER 1976 
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Table 5-Panel Treatments and Results 

Film MEK Film MEK 
Oven Bake Time Thickness, Hunter Double Oven Bake Time Thickness, Hunter Double 

Teme. "C Min mils 20° Gloss Rubs T e m ~ ,  O C  Min mils 20' Gloss Rubs 

isothermal results. In judging the adequacy of the 
comparison it must be remembered that this is a 
rather stringent test, for at  least two reasons. Only 
a few points were measured at each temperature,.so 
the precision of the data is generally poorer than 
that of the isothermal data. As for the extrapolated 
viscosities, they suffer further in precision because 
at  each temperature other than the first one, its 
value depends on the accuracy of the results at  all 
previous temperatures. 

With these reservations in mind, it was felt that 
the results were sufficiently encouraging to test the 
model against the truly nonisothermal conditions en- 
countered in baking a powder coated panel. The 
cure rates from the step-change and isothermal ex- 
periments in Figtlre 8 were in reasonably good agree- 
ment although extrapolation may be hazardous. The 
agreement of the viscosities was less good (Figure 9) 
and there seems to be a clear trend of increasing 

deviation with increasing amount of cure at  the 
higher temperatures. This is indicated by the com- 
paratively excellent agreement at 115' and 120" of 
the viscosities from Run No. 2 with those from the 
isothermal measurements. This run was started at  
100°C rather than 90°C as were the others, so that 
there had been less total cure at  low temperatures 
when the temperature was raised. 

It is interesting to note that the apparent acti- 
vation energy from these high cure nonisothermal 
experiments is lower. This behavior would be ex- 
pected as the contribution of ?" (or G') to $ be- 
comes larger, for the elastic modulus should be less 
temperature sensitive than the viscosity. This ob- 
servation also points up a possible defect of the 
model proposed below, a defect readily eliminated 
mathematically, but only at  the cost of much more 
experimental work to determine cure dependent ac- 
tivation energies. 
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TEMPERATURE ('C) 
120 115 110 105 100 

12 

Figure 9-Initial viscosities from stepwise temperature Increase 
experiments (same legend as Figure 8) 

CURE: The results of cure evaluations by MEK 
double-rub on baked panels are given in Table 5. 
The data cover temperatures of 120" to 230°C; bake 
tlimes of 0.5 to 20 min; and cured film thickness 
of 1 to 3 mils. The double-rub values are correlated 
with the calculated cure parameter, C, in Figure 10. 

LEVELING AND SURFACE TOPOGRAPHY: Appearance 
evaluation data, measured by Hunter 20" gloss, are 
presented in Table 5. Surface topography data, ob- 
tained with the Gould Surfanalyzer, are listed in 
Table 6. Results of measuring surface irregularity 
wavelength and amplitude are given. Table 6 also 
contains values of F, the time-average fluidity, whioh 
predicts the amount of flow whilch occurs during 

Table 6-Surface Topography and Calculated Flow Values 

Avg Avg 
Bake Bake Thick- Rough- Wave 
Temp Time ness ness Length 

( O C )  (min) (mils) F hsF (p  in.) (in.) 

190 4 3 0.11 3.0 34 0.063 
190 4 2 0.11 0.9 44 0.054 
190 4 1 0.11 0.1 44 0.043 

MEK RUB HARDNESS VS. C ( t b  
1 0 0 ~  I I I I I I 

21 I I I I I I I 
-60 -50 -40 -30 -20 -10 0 +I0 

C 
Figure 10-Correlation of MEK rub hardness and predicted ex- 
tent to cure, C (2 mil film thickness) (solid circles = 230°C; half 
closed circles = 210°C; open circles = 190°C; triangles = 168°C; 

squares = 120°C) 

baking; and haF, the product of the cube of the film 
thickness and the flow. 

The topographic measurements, wavelengahs, 
and roughness are correlated with h3F in Figures 11 
and 12, respectively. Gloss is shown as a function ol 
h3F in Figure 13. 

In general, one sees that gloss and smoothness 
increase as the predicted flow, F, increases. 

The gloss readings and average roughness mea- 
surements are plotted against each other in Figure 
14, and show the expected correlation of increasing 
gloss with decreasing roughness. 

The statdstical significance of the proposed cor- 
relations for Figures 10-13 is very high as shown by 
the data for the linear regression analyses presented 
in Table 7. 

TaDle 7-Statistical Significance 
Of Proposed Correlations 

(Linear Agression Analysis) 

Figure Correlation 
Correlated Variables Number Coefficient T-Value 

Dependent Independent 
Log (number Cure 10 0.939 12.5 
of double rubs parameter (C) 
Log (average Log (h8F) 11 0.949 113 
wavelength) 
Surface 
Roughness Log (hsF) 12 0.847 6.18 
Gloss Log (h8F) 13 0.891 7.51 
Gloss Average 14 0.886 7.39 

roughness 
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DISCUSSION AND CONCLUSIONS 

Leveling and Gloss 
To relate the rheological characterization just 

described, via the Orchard theory, to powder coat- 
ings would require complete determination of the 
surface topography, a task too time-consuming for 
this study. Two simpler, convenient measures of the 
progress of leveling were therefore used, namely 
average wavelengths and roughness from surface 
profile measurement, and gloss. 

Spit28 used the change of wavelength with time 
as a measure of isothermal leveling of thermoplastic 
powder coatings. He found that on a doubly logarith- 

h3t mic plot against -, the wavelength increased 
'I 

linearly with a slope of nearly 0.25. The results of 
this study, plotted in Figure 11 in the form of wave- 
length against h3F(t) are quite consistent with those 
of Spitz, but with some evidence in this case for 
systematic deviation at large values of the indepen- 
dent variable, h3F. Indeed, the linear least squares 
fit to the data gave a line with a slope of 0.18 as a 
best fit to the data. We have drawn the correlation 
shown in Figure 11 with the theoretical slope of 0.25 
and emphasized the deviation at  large values of h3F. 

For example, consider the situation when the 
parameter h3F has the value of 1 mi13 min poise-', 
corresponding to the smoothest samples prepared. 
Assuming a surface tension of 30 dyn/cm, one can 
calculate the wavelengths where amplitudes have 
been reduced to some given fraction of their original 
values with the Orchard equation. In this cave if 
A/A,, is 0.1, A = 0.11 in., and if A/A,, is as small as 
0.001, A = 0.087 in. A typical value of A,, at  the start 
of a baking is - 100 microinches or 2.5pm. In other 
words, irregularities with wavelengths much less 
than 0.1 in, will have disappeared almost complete- 
ly, whereas those with much longer wavelengths will 
not have been affected much at all. The estimate of 
0.1 in. corresponds very well with the visible ap- 
pearance of orange peel, and with the wavelength 
estimate from the waviness profile measurement. 

Figure 11-Correlation of average wave- 
length of surface profile and predicted level- 
ing-line drawn with theoretical slope of 0.25 
(legend: circles = 120°C; triangles = 168°C; 
squares = 190°C; open points = 1 mil thick- 
ness; half closed points = 2 mil thickness; 

solid points = 3 mil thickness) 

I t  is obvious trom the surtace profiles that the 
amplitudes of the irregularities do decrease with 
increased baking time and film thickness. The ampli- 
tude, as measured by average roughness, is plotted 
against the parameter h3F in Figure 12. Again, a 
reasonable correlation is obtained, with good over- 
lap of points at  different film thicknesses and baking 
temperatures. 

Hansen3 has found that gloss correlates with the 
center line average roughness. A similar correlation 
is observed from the data in Tables 5 and 6 shown 
in Figure 13. The correlation of gloss, which was 
measured on all of the panels prepared, with the 
flow behavior predicted by our model and the 
Orchard equation, is shown in Figure 14. In general 
the correlation is satisfactory except for some low 
results at  prolonged time at  high bake temperature, 
where loss of gloss is attributed to wrinkling of the 
film by over-curing. From the I-esults of the wave- 
length, roughness, and gloss measurements, and the 
assumed validity of our rheological extrapolations, 
we condhde that the Orchard equation provides a 
useful description .of the leveling process, not only 
for thermoplastic coatings, but also for nonisother- 
ma1 curing of thermosetting coatings. Furthermore, 
the integrated fluidity of the coating can be satis- 
factorily calculated from parameters isothermally 

, , , , ,,,I , , , , , , , ,, , , , , , 8 , '  I , , , 

Figure 12-Correlation of average amplitude of surface profile 
and predicted leveling (legend same as Figure 11) 



Figure 
dicted 

13-Correlation of 20" gloss and pre- 
leveling (legend same as Figure 11) 

CORRELATION OF RHEOLOGICAL MEASUREMENTS 

' O 0 0  

determined, at  temperatures convenient for mea- 
suremcnt, and extrapolated to the curing conditions 
for the coating. 

I t  may be appropriate a1 this point to empha- 
size some sobering conclusions from these results. 
The calculation above showed that a value of h3F 
equal to 1 mil3 min poise-' corresponds to a wave- 
length of 0.1 in. This means that one cannot expect 
the leveling process to remove any irregularities of 
longer wavelengths under any economically reason- 
able conditions for the paint used in this study. That 
is, baking for a few minutes, a coating whose thick- 
ness is on the order of a few mils will not cause the 
leveling of disturbances initially present in the de- 
posited coating whose wavelength is greater than 
0.1 in. Furthermore, according to Orchard, the max- 
imum shear stress in thin film is given by equation 
( 6 ) :  

For the conditions assumed above, and with a sur- 

. 
0 I I I 1 . 1  
0 20 40 60 80 1 0 0  120 

AVO. ROUGHNESS (MICROINCHES) 
Figure 14-Effect of surface roughness on 20' gloss (circles = 

120°C; triangles = 168°C; squares = 190°C) 

lace tension ot approximately 30 dyn/cm, this stress 
at  the measuxd roughness of 40 p in. is only 0.1 
dyn/cm2. Even assuming more severe conditions 
corresponding to quite noticeable orange peel, say, 
roughness of 95 p in. a film thickness of 3 mils and 
a wavelength of 0.145 cm, this stress is only E 4.5 
dyn/cmg. The existence of any yield stress of this 
magnitude would prevent any further leveling, if 
indeed it permitted even this extent of leveling. De- 
tection of such a low yield stress in a viscous ther- 
mosetting formulation is not possible with any 
known rheometers. Indeed, while no results are 
presented here, it is suspected from other data that 
the presence of a yield phenomenon can be impor- 
tant in some cases. 

Correlation of Cure 

Figure 3 shows that as the crosslinking reactions 
of cure proceed, the complex viscosity increasingly 
becomes a measure of the storage modulus, and 
therefore, approximately a measure of the extent 
of crosslinking. A test of this idea is shown in Figure 
10 in which the number of rubs a 2 mil film can sus- 
tain is plotted against the parameter C calculated 
Prom 'the reaction kinetics parameters by equation 
(17). Similar correlations were obtained with 1 and 
3 mil films. The correlation is far from perfect, but 
the extent of overlap of data covering a wide range 
of temperatures and baking times certainly indicates 
that the model proposed has some merit. As is also 
true for the leveling correlations, the predictions 
offered should be most useful in the formulation 
stage of product development, where even a crude 
measure of the effects of varying the formulation 
properties can save much experimental effort. 
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Analysis and Measurement 
Of Foaming Phenomena 

In Water-Based Coating Systems 
PAUL D. BERGER and JOHN A. GAST 

Witco Chemical Corporation* 

Studies were conducted to establish scientific principles 
for the analysis of foaming phenomena in trade sales and 
industrial coatings. Thefundamental thermodynamics 
that produce foam were considered. Five factors were 
found to stabilize foaming phenomena in water-based 
coatings. They were surface potential, surface trans- 
port, surface state, surface viscosity, and bulk viscosity. 
Theoretical formulas were established and measurement 
techniques were devised to evaluate these conditions 
and to develop defoamers that could counteract foaming 
phenomena. These principles make it possible for 
defoamer specialists to develop effective control agents 
without a knowledge of the exact product formulation 
under study. This information can be extended to 
coating technologists so they may minimize foaming 
tendencies in their formulations by choosing surface 
active ingredients wisely. 

KEY WORDS: Foam; Surface state; Viscosity; Defoamer; 
Bubble size; Wall curvature; Electrostatic repulsion. 

INTRODUCTION 
Foam has puzzled the physical chemist and, on a 
more practical basis, the production man for many 
years in thejir efforts to determine the causes of 
foaming and effective means of controlling it. This 
is particularly true ih the production and application 
of water-based coatings where foaming problems 
often prove to be troublesome. 

Recent development work has put the analysis 
of foaming phenomena in trade-sales and industrial 
coatings o i a  decidedly more scientific basis. Theo- 
retical formulas have been established and measure- 
ment techniques have been devised that allow de- 
foamer specialists to measure the surface conditions 
that promote foaming and to develop defoamer sys- 
tans that can be effective in counteracting this 
phenomenon. 

Surfactant RILD, Organics Di!,.. 5200 Brookfield St., Houston. Texas 
i7045. 

FOAM CHARACTERISTICS 
An understanding of the fundam,ental thermo- 

dynamics that cause foam will 'be helpful to this dis- 
cussion. Foams are common to solutions or suspen- 
sions of moderate concentration. They are not found 
in pure liqui,ds. They are two-phase systems consist- 
ing of a large gas phase dispersed in a small volume 
of liquimd. There are two principal kinds of foam- 
dispersion and condensation types. Dispersion foams 
are formed by the introduction of an external gas 
phase during pigment grind and application of 
water-based coatings. Condensation foams are 
caused by the generation of gas within the liquid 
through chemical or microbiologi,cal action or by a 
sudden increase in temperature which may render 
diss'olved gas insoluble. Beer foam is a typical ex- 
ample of this type. 

Foams are unstable systems which are constant- 
ly subject to three disrupting factors. These are: 
(1) redistribution of bubble size; (2) thinning of bub- 
ble walls; and (3) rupture of film walls. 

Redistribution of bubble size occurs because of 
the dependence of the internal pressure on the 
curvature of its walls. Figure 1 shows what occurs 
when a large and a small bubble stick together. The 
smdler bubble always penetrates the wall of the 
larger one. It has been demonstrated that the larger 
the radius of curvabure the higher the pressure with- 
in a bubble. Since the smaller bubble has the ,higher 
radius of curvature it has a greater internal pres- 
sure. The two bubbles would remain as they are if 
it were not for the fact that the film common to both 
is permeable to gases. Gas eventually diffuses from 
the smaller bubble to the larger so that the smaller 
bubbles become even smaller and the larger ones 
increase in size. This produces bubbles of large vol- 
ume which are easily disrupted. 

VOL. 48, No. 621, OCTOBER 1976 
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LESSER PRESSURE GREATER PRESSUR 

A P =4(11r - IIR) 
Figure 1-Redlstributlon 

Thinning of bubble walls is a consequence of 
drainage and evaporation. This phenomenon can be 
explained in terms of the intersection of three bub- 
bles as shown in Figure 2. The points of the inter- 
section, where there is a common wall between any 
two bubbles, are planar. Hence, the curvature is the 
same on both sides of the wall and the pressure, 
therefore, is the same in the liquid filling the walls 
as in the bubbdes. At the air-liquid interface, how- 
ever, the film is concave toward the air phase. This 
places the liquid under a negative capillary pressure 
which drives it from the inside wall to the intersec- 
tions (known as the plateau borders). This drainage 
causes the walls to thin until they rupture and form 
a larger bubble. 

Rupture of film walls occurs because of a de- 
crease in surface area which causes a large change 
in surface free energy. A bubble of 1 cm radius and 
10" cm wall thickness has a surface area of about 
25 sq cm2. The energy difference is so large that, 
when this film bursts, the liquid in it may acquire a 
speed of 20 mph.! 

Figure 2-Drainage lo plateau borders 

Figure 3-Transport mechanisms 

FOAM STABILITY 
Why do some foaming systems persist longer 

than others? Quite often it is the presence of a sur- 
face-active agent which may retard drainage by one 
or more of several mechanisms. I t  may increase the 
surface viscosity and, therefore, slow drainage to 
the plateau borders. Solutions of cellulose deriva- 
tives such as methyl cellulose have been found to act 
in this manner. 

The surfactant may also react with oxygen a t  
the airlliquid interface to form a solid skin as do 
proteins. These surfaces have no tendency to rup- 
ture. 

When a surface is stretched, a deficiency in sur- 
factant at  the surface is momentarily created. Sur- 
factant moves from within the bulk and from re- 
gions of higher concentrations on the surface to re- 
establish equilibrium. If the rate of surface migra- 
tion, r,, occurs more rapidly than that of bulk migra- 
tion, r,,, the solvent carried along with surfactant 
molecules helps to repair thin spots on bubble 
walls.' (Figure 3 ) .  

Another mechanism of foam stabilization is elec- 
trical in nature and is quite often present in high- 
speed industrial coating applications. If the surface- 
active material is charged, the film formed will con- 
sist of a layer of long chain molecules on both the 
outer and inner surfaces of the bubble. The solution 
within the bubble may contain excess counter ions. 
The electrostatic repulsion of the two equally 
charged walls prevents their mutual approach, and 
the film cannot become thin enough to burst spon- 
taneously. 

Table 1 lists the important causes of foam sta- 
bility and their effects. Figure 4 shows how these 
mechanisms operate. 

Table 1-Foam Stablllzation 

Cause Effect 

I-Surface potential Double layer repulsion 
2-Surface transport Healing 
3-Surface state Diffusion barrier 
4--Surface viscosity Slow drainage 
5-Bulk viscosity Slow migration to surface 
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FOAM DESTABILIZATION 
How can foam be destabilized? The various fac- 

tors that influence the surface free energy of a film 
are represented by the terms shown in equation 
(l)'.%here: GZSurface Free Energy; S-Entropy, 
TIAbsolute Temperature, y=Surface Tension, A- 
Surface Area, n' = Moles of Species i, pi = Chemical 
Potential, 11. = Electrical Potential, and e = Electri- 
cal Charge at Surface. 

dG = -SdT + rdA + dn' t +it. (1) 

These terms are similar to those used in the 
thermodynamic treatment of gases or liquids. In 
most cases, the entropy term can be omitted because 
the temperature will be constant. The next term is 
similar to the PdV term of gas thermodynamics. I t  
accounts for practically all the surface free energy 
in pure liquids. At constant temperatures equation 
(2) appl~ies. A decrease in surface area causes a de- 
crease in surface free energy which, in turn, causes 
coalescence to be spontaneous. Foam in pure liquids, 
which implies an increase in surface area, is therrno- 
dynamically unstable. 

In solutions, emulsions, and dispersions, how- 
ever, other terms must be considered. The third 
term in equation (1) accounts for the chemical po- 
tential of the liquid, and the last represents the 
electrical contribution. If these two terms are suf- 
ficient to counteract the ydA term and keep the free 
energy positive, then the process of coalescence will 
not be spontaneous and small bubbles will remain 
for extended periods. If surfactants are present in 
the system, they will be attracted to the surface as 
its area is increased by foaming. This process is fav- 
ored, since by definition surfactants are surface-ac- 
tive. 

How then, does one counteract this situation? 

Figure 4-Foam stabilization mechanisms 

Figure 5-Film balance and surface potential apparatus 

One approach-since pure solvents do not foam- 
is to neutralize all materials that detract from the 
surface properties of a pure solvent. This approach 
involves the addition of material that neutralizes 
the effect of the chemical potential and the electri- 
cal contribution-the last two terms in equation (1). 
Products have been developed that can reverse the 
electrical potential by over one volt by adsorption 
onto the surface or replacement of a charged mono- 
layer. 

Another approach is to add a surface active 
agent that effectively lowers the surface viscosity. If 
the surface drainage can be increased enough so that 
other stabilizing factors cannot keep up, then the 
film eventually becomes so thin that it no longer has 
the properties of a bulk solution and subsequently 
collapses. See Mechanism 4 of Figure 4. 

Lastly, the rate of surface transport can be de- 
creased to prevent bubble walls from repairing thin 
spots. This can be acmpl i shed  by adding a surfac- 
tant which is rapidly adsorbed from the bulk of 
the liquid (r, > r,, Figure 3) .  

MEASURING FILM CHARACTERISTICS 

The surface viscosity of a film may be measured 
quite accurately by using a torsional viscometer. 

AIR AIR 

Figure 6-Electrostatic repulsion 
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Table 2-Surface Properlies of some Water-Based Coatings 

5 10 15 20 25 30 35 40 
MILLISECONDS 

Figure 7-Effect of antifoam on dynamlc surface tenslon of a 
semigloss acrylic 

This is simply a sharp-edged cylinder of known mass 
and diameter whi'ch is suspended on a torsion wire. 
The water-based coating under study is placed in a - - - 
vessel larger than the torsion cylinder to eliminate 
wall effects. The cylinder is suspended so that its 
lower edge just penetrates the surface of the solu- 
tion and then is given a twist. 

A protractor is used to measure the angle torque 
on the wire, and the number of cycles vs. the torque 
are recorded. The log of the torque is plotted against 
the number of cycles and the decrement of the line 
obtained is inserted in equation (3),4 where I is the 
Moment of Inertia of the Cylinder, R is its Radius, - 
R is the Radius of the Container, T is the Period of 
Oscillation, and A is the Decrement. 

Bulk 
Potent. Trans. State Visc Visc 

Flcxographic ink -1400MV Mod. Solid High High 
Semi-Gloss acryl. -130MV Fast Liquid Mod. High 

tint base 
Acrylic-Epoxy +450MV Mod. Solid High High 

primer 
Acrylic-Epoxy t480MV Fast Liquid Mod. High 

Semi-Gloss 
Acrylic-Epoxy t305MV Fast Solid High High 

High gloss 
Neoprcne latcx -90MV Slow Solid High Low 

adhesive 
Clear epoxy +150MV Fast Liquid High Low 

dip coat 
Vinyl-Acrylic -230MV Mod. Liquid High Mod. 

Semi-Gloss 

liquid/airGnterface. These molecules may exist in 
the gaseous, liquid, or solid form. If in the soljd 
form, this material provides an energy barrier to the 
rising bubble which must bc overcome before the 
bubble surfaces. See Mechanism 3 of Figure 4. In 
other words, the compressibility of a surface gives 
an indication of its permeability. 

Surface potential stabilizes foam by mutual re- 
pulsion of like charges on opposite sides of the thin- 
ning bubble wall. As these walls are brought closer 
together through drainage, the electrostatic force of 
revulsion between them increases and thus retards 
any further thinning. (See Figure 6 ,  and Mechanism 

1. = 2.303 A I('/R'-'/R')/ 2 rT (3)  1 of Figure 4). 

The surface pressure of a film may be mea- 
sured by using the apparatus shown in Figure 5. 
The surface pressure is analogous to the pressure 
of three-dimensional gases. I t  is determined by 
placing a solution in a paraffined tray (a), so that the 
liquid level rises above the edge of the tray. A mov- 
able paraffined barrier (b) is used to compress the 
film against a floating mica barrier. This barrier is 
maintained in a position by a torsion wire (d). The 
angular torque on the wire is calibrated in milli- 
grams. 

The surface potential is measured by using a 
calomel electrode immersed in the bulk of the solu- 
tion and an air electrode suspended above the film. 
The air electrode contains an alpha particle emitter 
that ionizes the air between itself and the film and 

Surface transport is measured using a vibrating 
jet.",' This is simply an elliptical orifice of known 
major and minor radii through which is pumped 
the solution under study. As the stream emerges 
from the orifice, it is elliptical in cross section. Sur- 
face tension forces try to change the cross-sectional 
shape to circular. These forccs overcompensate, and 
an elliptical stream is formed with its major axis 
perpendicular to the original. The major axis oscil- 
lates back and forth at  rates proportional to the 
change in surface tension. If a known material, such 
as distilled water, is passed through the apparatus, 
it may be calibrated by using equation (4) where 
= Surface Tension (dyn/cm), p = Density (g/cm3) 
A = Wave Length (cm), V = flow rate (cc/sec) and 
K is a constant found by use of pure water. 

thus produces a complete circuit. The potential is 
7 = Kp(v/k)' 

recorded on a Beckman "Century" pH meter and 
(4) 

may be monitored automatically by a strip-chart Utilizing the vibrating jet apparatus, changes in 
recorder. The apparamtus should be shielded to elim- surface tension over millisecond intervals may be 
inate electrical noise. measured. Figure 7 shows the difference in the orig- 

Surface pressure-area curves are used to deter- inal surface tension of a semigloss acrylic tint-base 
mine the physical state of the molecules at  the before and after addition of 0.4Oh antifoam agent. 
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RESULT OF SURFACE PROPERTY 
MEASUREMENT 

Table 2 shows the result of surface property 
studies for several water~based coating systems 
which demonstrated high foaming tendencies. The 
results for transport and viscosity are reported 
qualitatmively. Surface viscosities above 600 cps were 
considered high; below 10 cps, low. Surface tension 
changes from initial to f i n i o f  100% or more were 
considered fast transport. Changes of 50% or less 
were considered slow. 

The results indicate that the stabilizing mechan- 
isms for foam are independent of each other and of 
bulk properties except viscosity. This is an impor- 
tant point, since it should be noted that bulk prop- 
erties do not give any indication concerning surface 
properties. This holds for viscosity, pH, concentra- 
tion, and physiscal state. 

The results help to determine what properties 
are necessary in an antifoam agent to sucessfully 
destroy the product's foaming tendencies. 

In the case of the flexographic ink, the surface 
potential, surface state, and viscosity are all contrib- 
uting factors in foam stability. This is true for the 
acrylic-epoxy primer and the acrylic-epoxy high 
gloss. The high gloss sample is also stabilized by 
surface transport. Surface transport is tche predmn- 
inant stabilizing factor along with high bulk vis- 
cosity for the semigloss acrylic tint-base. Surface 
viscosity is the problem in the neoprene latex ad- 
hesive and the vinyl acrylic semigloss. Transport and 
viscosity are stabilizing factors for the clear epoxy 
dip-coat. The acrylic-epoxy semigloss is stabilized 
by high surface charge and fast surface transport. 
Bulk viscosity appears to contribute to the foam 
stability of the first five samples from the table. 

The examples in Table 2 were ohosen because 
they represent cases where a successful antifoamer 
was found which decreased or eliminated the stabil- 
izing effect measured with our equipment. 

Several types of defoamer composi,tions are 
available commercially. These include: (1) silicone 
fluids and emulsions; (2) hydrophobic solid disper- 
sions in oil; (3) organic acid salts of calcium, mag- 
nesium, etc.; (4) fatty acids and glycerides; (5) or- 

ganic alcohols and esters; and (6) amide wax disper- 
sions. We have found that metallic soaps and hydro- 
phobic solid dispersions are most effective for sur- 
face potential problems. Fatty aci'ds and glycerides 
are useful where viscosity is a factor. Most of ,the 
above examples give expanded type films if for- 
mulated properly. To prevent surface hetiling, hydro- 
phobic solid dispersions are most suitable. 

CONCLUSIONS 
From this work it has been determined that 

theoretical considerations and experime,ntal data can 
be employed ,to develop effective defoaming formu- 
lations that capitalize on both physical and chemical 
properties. They provide paint chemists with a flex- 
ibility in alternatives so that factors such as cost, 
availability, and compatibili,ty can be considered in 
selecting products to eliminate or control foam. 

In more practical terms related to the coatings 
industry, the experimental data demonstrate that the 
foaming phenomena in water-base coatings are sta- 
bilized by five factors. The coating formulations 
tend to form highly viscous surface films that are 
resistant to drainage. The films are condensed and 
are therefore less permeable to gas. The films pos- 
sess a self-healing mechanism through surface trans- 
port. The films are charged so that the electrostatic 
repulsion between the inner and outer surfaces of 
the film reta~ds the rate of thinning. And finally, 
high bulk viscosity slows bubble coalescence and 
migration to the surface. 

An un,derstanding of these phenomena as well 
as a precise means of measuring them make it possi- 
ble for defoamer speciali,sts to develop control 
agents without needing to know the exact formula- 
tion of the product under study. 
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Artificial Weathering of Coatings 
On Organolead-Treated 
Southern Yellow Pine 

H. MICHAEL BARNES 
Mississippi State University* 

The performance of three coatings on organolead-treated 
southern pine was investigated. Accelerated weathering 
tests indicated no discernible difference in coating 
durability between treated and untreated samples in any 
coating group. Wood treated with this class of preserva- 
tives should offer the advantage of paintability in addition 
to increased service life in exterior exposure. 

KEY WORDS: Accelerated weathering; Vinyl acrylic; 
Alkyd; Phenolic spar varnish; Organolead compounds; 
Wood; Southern pine; Weather-Ornetera; Wood pre- 
servatives. 

INTRODUCTION 
The most widely used wood preservatives today are 
creosote, pentachlorophenol-petroleum solutions, 
and several inorganic salt solutions. Only wood 
treated with inorganic salt solutions or  pentachloro- 
phenol in LP gas or  light petroleum solvents yields 
a surface which is paintable. This fact, combined 
with the energy shortage, makes the search for new 
wood preservatives mandatory if we are to continue 
producing a durable wood product for use in high 
hazard conditions. Of the two major wood preserva- 
tives, one is petroleum-based and the other is  de- 
rived from coal. 

Organolead compounds may become a future 
source of wood preservatives. Some such compounds 
have g d  fungicidal properties in low concentra- 
tions and are not easily leached from wood.' For ex- 
ample, standard decay tests conducted on blocks 
treated with tributyllead acetate and then leached 
revealed a Threshold retention of 0.15 lbIft.3 Concen- 
tration losses due to the two-week leaching test av- 
eraged less (than 5%. 

This study was undertaken to determine the 

' Missisrippi Forest P r d u c t s  Uti l i~ation Laboratory, P.O. Drawer FP. 
Mississippi State. Miss. 39762. 

paint compatibility and durability on southern pine 
treated with several organolead compounds. 

MATERIALS AND PROCEDURES 

Selected southern pine lumber was cut into 
6.75 x 2.75 in. (17.1 x 7.0 cm) samples. The lum- 
ber was flat-sawn, clear, 6-in. (15.2 cm) kiln-dried 
boards. The samples, which contained no heart- 
wood and averaged 6-9 rings per in. were randomly 
assigned to treatment groups. Prior to treatment, the 
samples were conditioned at  7ZoF (22OC) and 50% 
relative humidity. They were then treated with one 
of four different organolead compound/solvent sys- 
tems a t  four concentrations. The compound/solvent 
systems were trimethyllead acetate (TMLA)/water, 
triethyllead acetate (TELA)/ethanol tributyllead ace- 
tate (TBLA)/ltoluene, and dibutyllead diacetate 
(DBLD)/water. Solu'tion concentrations were 0%. 
0.1%, 0.5O/o, and 1% on a weight basis. A treatment 
regimen of 30 min of vacuum (25 (in. Hg (635 mm Hg) 
or  better) and two hr  of pressure ar 160 psi (11.25 
Kg/cmZ) was used to impregnate the specimens. Af- 
ter treatment, the specimens were allowed 'to equili- 
brate a t  72OF (22°C) and 50% relative humidity prior 
to coating. After conditioning, the samples were 
edge-sealed with a phenol-resorcinol adhesive. 

Two propxlietary White pigmented coatings and 
one proprietary clear coating were included in the 
investigation. For the treated samples, four replica- 
tions for each coating x chemical x level combina- 
tion were used. This yielmded a total of 144 coated 
samples. Iln addition, 12 untreated (0% level) control 
samples were coated with each coating system. This 
yielded 36 coated control samples. Samples coated 
wilth the pigmented systems were first primed with 
one coat of a linseed-soya, alkyd-base primer fol- 
lowed by one coat of either an alkyd-modified vinyl- 
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Table 1-Average Coating Durability Parameter Values at Three Exposure Times 
For Samples Coated with a Vinyl-Acrylic Systema 

Treatment/ 
Solvent 

Checking Flaking Yellowing 
& & 8 

Level Reps Cracking Peeling Darkening 

Hours 
525 1001 1505 525 1001 1505 525 1001 1505 

Controls 0% 12 9 8 8  10 10 10 9 8 6  

Trimethyllead 0.1% 4 9  9  9  10 10 10 9 8 6  
Acetatelwater 0.5% 4 9 9 9  10 10 10 9 8 6  

1 .O% 4 9 8 7  10 10 10 9 8  5 

Triethyllead 
Acetatelethanol 

Tributyllead 
Acetateltoluene 

Dibutyllead 
Diacetatelwater 

(a) A rating of 1U indicates no defect. 

acrylic paint or one coat of a linseed-castor-modified 
alkyd paint. The clear system used was three coats 
of a phenolic spar varnish containing an ultraviolet 
absorber. Touch sanding was done between coats. 
All coatings were bmsh applied. 

Coated samples were placed in a twin carbon- 
arc Weather-Ometer@ and subjected to the ASTM 
E-42-64 cycle2 of 18 min of light and water spray and 
102 min of light only for approximately 1500 hr, or 
until failure occurred. Permiodic inspection for check- 

ing, cracking, flaking, etc., was done, and samples 
were evaluated us~i~ng exposure standards.8 The 
ASTM cycle was used in lieu of other accelerated ag- 
ing cycles since the purpose of this study was to 
evaluate the effect of treatment on coating perfor- 
mance under controllable conditions. 

RESULTS AND DISCUSSION 

Tabular results from the Weather-Ometer expo- 
sure of samples topcoated with the vinyl-acrylic 
paint are given in Table 1 for three exposure times. Weather.Ometer is a registered trademark of Atlas Electric Devices Co. 

Table 2-Average Coating Durablllty Parameter Values at Three Exposure Tlmes 
For Samples Coated with an Alkyd Systema 

Treatment/ 
Solvent 

Checking 
& 

Level Reps Cracking 

Flaking Yellowing 
& & 

Peeling Darkening 

Houra 
497 988 1502 497 988 1502 497 988 1502 

0% 12 9 8 7 10 9 8 8 5 4  Controls 

Trimethyllead 
Acetatelwater 

Triethyllead 
Acetatelethanol 

Tributyllead 
Acetate/toluene 

Dibutyllead 
Diacetatelwater 

(a) A rating of 10 indicates no defect. 
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Figure 1-Organolead-treated southern pine samples topcoated 
with a vinyl-acrylic and exposed for 1505 hr (A = TMLAIwater; 
B = TMLAIethanoi; C = TBLAItoluene; and D = DBLDIwater; in 

concentrations (left to right) of O%, 0.1%, 0.5%. 1.0%) 

The performance of this coating on treated wood is 
characterized as excellent. Only three of the sample 
groups were rated below the untreated conrtrols af- 
ter 1505 hr  of exposure. Using the Garlock-McMullen 
nomograph for determining repaint time: the DBLD 
samples at  uhe 0.5% and 1.0% treatment levels and 
the TBLA samples at the 1.0% treatment level re- 
quired repainting after 1505 hr  of exposure. All other 
treatment groups, includiing controls, did not require 
repainting. 

I t  is interesting to note the absence of any flak- 
ing, peeling, or  scaling of the vinyl-acrylic paint, in- 

Flgure 2-Aikyd-coated southern pine after 1502 hr exposure 
(A = TMLAIwater; 8 = TMLAIethanol; C = TBLAItoluene; and 
D = DBLDIwater; in concentrations (left to right) ot 0%, 0.1%, 

0.5%, 1.0%) 

dicative of the superior flexibihity and weathering 
characteristics of this type of coating. The most se- 
vere defect with this coating was darkening (stain- 
ing) of the coated specimens. Both treated and un- 
treated samples exhibited this staining phenomenon, 
as is evident from Figure 1. This leads to the con- 
clusion that this defect was caused by the exposure 
conditions used, and not from the interaction of 
treatment chemicals with the coating. Had only the 
treated samples shown darkening, one might have 
reason to assume a coating-treatment chemical in- 
teraction. 
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Specimens coated with the alkyd paint per- 
tormed less satisfactorily than those coated with the 
vinyl-acrylic system (Table 2 ) .  All samples, except 
the 0.1% TMLA samples, required repainting after 
1000 hr of exposure. However, there was no differ- 
ence in the performance of treated and untreated 
samples. A series of typical specimens is shown in 
Figure 2. The notable differences in the performance 
of this system, as compared to the previous coating, 
are the increased checking, cracking, and flaking. 
Checking and cracking were characterized as the 
"line" type. While this system yellowed more than 
the vinyl-acrylic, it did not exhihist the same degree 
of staining. The alkyd system exhibit a chalking 
rating of four after 1502 hr of exposure. This com- 
pares to an average rating of six for the vinyl-acrylic 
samples after the same time period; hence, the self- 
cleanling properties of the alkyd paict were better. 
Overall, the alkyd system was rated good. 

Performance of the phenolic spar varnish over 
treated and untreated wood was poor. No improve- 
ment in coating durability due to treatment was ob- 
served. No consistent pattern of coating perfor- 
mance with respect to treatment chemical or level 
was conclusively shown. There is an indication from 
Table 3 that DBLD treatment affected the coating 
durability since it is rated slightly below the control 
samples. Further experimentation is needed to con- 
firm this trend. 

The performance of this coating is typical of 
clear exterior finishes for wood with failure occur- 
ring by checking, cracking, and flaking. Checking 
and cracking were characterized as of the "alligator" 
type. The resultant surface did not lend itself to re- 
coating. Figure 3 shows a set of representative sam- 
ples after 892 hr  of exposure. 

SUMMARY 

The Weather-Ometer exposure results presented 
in this paper indicate uhat southern pine treated 
with organolead compounds is compatible with 
typical mating systems in use tqday. No discernible 
differences in the coating behavior of three organic 
coatings on treated and untreated southern pine 
were observed. While Weather-Ometer exposure con- 

Figure 3-Treated southern pine samples coated with a phenolic 
spar varnish after 892 hr exposure (A = TMLAIwater; B = TMLAl 
ethanol; C = TBLAItoluene; and D = DBLDIwater; in concentra- 

tions (left to right) of O%, 0.1%. 0.5%, 1.0%) 

ditions are not directly comparable to exterior ex- 
posure, nothing was shown in the present study 
which would indicate a reduction in exterior dura- 
bility due to treatment. Performance may, in fact, 
be better. I t  was pointed out earlier that these com- 
pounds are toxic to fungi (and hence mildew) in low 
concentrations. Therefore, any migration of these 
compounds into the coating should provide addi- 
tional protection to the coating by acting as a mil- 
dewcide. Additionally, the wood would be removed 
as a possible substrate for fungi and mildew. Cur- 
rent studies are being conducted to evaluate similar- 
ly treated and coated wood in exterior exposure. 
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Treatment/ 
Solvent 

Table &Average Coating Durablllty Parameter Values at Four Exposure Times 
For Samples Coated with a Phenollc Spar Vamlsha 

Checking 
Level Reps & 

Cracking 

Flaking 
& 

Peeling 

Hours 
206 459 637 892 206 459 637 892 

Controls 0% 12 9 7 6 3  10 8 7 4 

Trimethyllead 0.1% 4 8 6 5  4 10 8 8 5  
Acetatelwater 0.5% 4 8  6  5 4 1 0 9 6 5  

1 .O"h 4 8 6 5 3  1 0 9 7 4  

Triethyllead 
Acetatelethanol 

Tributyllead 
Acetateltoluene 

Dibutyllead 
Diacetatelwatel 

(a) A rating 01 10 indicates nu delett. 
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Pick the ZOPAQUE'pair 
that will do it all! 

Reduce and simplify your Ti02 inventory with the two topquality 
grades of ZOPAQUE Ti02 that can handle your total needs. 
RCL-7 for interior, flat coatings with high film integrity. And for 

semi-gloss coatings as  well. 
RCL-9 for high gloss and semi-gloss enamels and for exterior 

coatings requiring good durability. 
They'll give you the superior results you're after. And you'll save 
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GLIDDEN PIGMENTS 
SCM CORPORATION BALTIMORE MIRYLANO ,21226 

Chloride- and sulfate-processed titanium dioxide, cadmium lithopone and 
pure colors, titanium yellows, synthetic fine particle silica. 



lnvestment 
in Construction 
In 1973 there were only three of these 
silos at our New Johnsonville plant for 
storing Ti-Pure" TiO, (in powder form) 
before shipping as slurry. Now there are 
nine. This is merely a reflection Of our 
growth in the production of Ti02 slurry 
in this decade. Since this plant came on 
stream in 1959, its capacity has been 
increased through six major expansions 
to the present 228,000 tons a year. A 
significant portion of this capacity goes 
into slurry. 

lnvestment 
in Distribution 
We now have a fleet of 102 tank cars 
exclus~vely for Ti-Pure" TiO, slurry, carry- 
ing 10,000 gallons per car. Not rented. 
or leased, but our own cars. Which 
means we know where they are when 
we need them and can be sure they're 
in ideal condition for the job. We even 
helped to design some of these cars, so 
they have refinements which can, for 
example, facilitate smooth, trouble-free 
unloading. You can be sure that you get 
your pigment cleanly and quickly. 

lnvestment 
in Innovations 
It may not always be economically feas- 
ible for some users to install permanent 
storage and distribution facilities for 
utilizing the many advantages of Ti-Pure" 
TiO, slurry. Yet many companies would 
like to try it. For these medium-sized 
users, we have developed the Slurry 
Cube. This is a self-contained unit 
shipped to you by flatbed truck. It is then 
installed at your mill in a suitable loca- 
tion. Du Pont services it by tank truck 
at a fraction of the cost of a full-scale 
installation. 

More and more customers are taking advantage of the lower 
price, product uniformity, easier handling and space savings 
offered bv Ti-Pure" titanium dioxide slurrv. Chances are that ~, 

'F< , \ z,aT &. ,' 
you too can realize these benefits. Call your Du Pont Market- 
ing Representative or write to R. W. Porter, Du Pont Com- 
pany, Pigments Department, Wilrnington, Delaware 19898. PIGMENTS 



There's no substitute for the best 
lead-free substitute: ZircoaD. Since 
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successfully to lower costs and 
improve drying performance in millions 
of gallons of paint. No wonder. Zirco is 
a drier catalyst that is formulated 
differently from other zirconiums. It's 
more efficient. You can use less of it, 
get faster drying action, and save 

money on every gallon of paint you 
produce. 
To get the full story on Zirco and learn 
how you can reduce your drier cost per 
gallon, write or call Bill Schneider today. 

INTERSTAB CHEMICALS, INC.(apartof~lao) 
500 Jersey Ave., New Brunswick, N.J. 08903 
(201) 247-2202 

Fill UD with Zirco 
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C-D-I-C 
September 13 

Robert Van Doren, of N L Indus- 
tries, Inc., spoke on "FORMULATING 
AND TESTING NON-LEAD CORROSION IN- 
HIBITIVE COATINGS." 

The whole area of formulating 
alkyds and particularly water reduc- 
ibles for corrosion resistance is very 
complicated, said Mr. Van Doren. 
There are a number of variables that 
effect corrosion inhibition, such as 
PVC to CPVC relationship, pigment 
loading, resin type, thickeners, sur- 
Factants, pH, etc., he added. 

If PVC is bevond the critical 
(CPVC) amount of pigment, a por- 
ous film results. Pigment loadings 
with lead base inhibitors require one 
and one-half to two lbs per gallon 
while the non-lead inhibitors are not 
as level sensitive and require only 
one-half to one Ib per gallon. 

It was also noted that some samples 
show yellowing, but on close exam- 
ination surface cracking can be seen 
which is simply the resin failing. 
Thickners are important as the wa- 
ter sensitive cellulosics are not as 
good as the clays. Surfactants effect 
stability, viscosity, gloss and color 
development. A low pH tends to ac- 
celerate early rust. I t  is desirable to 
formulate in the range of the resin 
itself. In the acrylics pH of 9 to 9.2 
is desirable. 

LLOYD J. REINDL, Secretary 

Kansas City 
September 9 

Joseph Simunac, of Cook Paint 
and Varnish Co., spoke on "PROCESS 
OF RATIONAL SELF-COUNSELING.'' 

HUGO R. MANCO, Secretary 

Los Angeles 
September 8 

A moment of silence was observed 
for N. B. Woods, 11, of C.P.R. Div. of 
Upjohn Co., who died recently. 

The following slate of officers was 
elected for the year 1976-77: Presi- 
dent-Gerald L. West, of Ameri- 
tone Paint Co.; Vice-President- Rob- 
ert F. Koperek, of Mobil Chemical 

Members of the Cleveland Society for Coatings Technology Board of Directors for 1976- 
77. Front row (left to right): Past-President-Thomas H. Keene, of Harshaw Chemical Co.; 
Secretary-Charles K. Beck, of Addressograph Multigraph Corp.; President-Fred G. 
Schwab, of Coatings Research Group, Inc.; President-Elect-Helen Skowronska, of 
Sherwin-Williams Co.; Treasurer-Paul J. Houck, of Morgan Adhesives Co.; and Council 
Representative-Michael W. Malaga, of Glidden-Durkee Div., SCM Corp. Rear row (left to 
right): Assistant Treasurer-Jack Malaga, of Body Bros., Inc.; Member-at-Large- 
Thomas D. Tuckerman, of Devine Paint & Varnish Co., Inc.; By-Laws Committee 
Chairman-Robert H. Faud, of Osborn Mfg. Co.; Educational Committee Chairman-Carl 
J. Knauss, of Kent State University; Alternate Council Representative-Donald H. 
Fordyce, of Body Bros, Inc.; and Member-at-Large-James Broggini, of W. J. RuscoeCo., 

Inc. 

William Machemer, ot Troy Chem- 
ical Corp., spoke on "MICROBIOLOGICAL 
PROBLEMS ASSOCIATED WITH WATER RE- 
DUCIBLE INDUSTRIAL COATINGS." 

Mr. Machemer outlined the areas 
of microbiological problems: a bac- 
tericide is used to protect wet paint 
from bacterial growth; a fungicide 
prevents mildew growth on a dry 
film; and a serilizer kills fungal 
growth which is already present on 
a dry film. Industrial paints are 

much less subject to bacterial attack 
than are trade sales paints, said 
Mr. Machemer. 

Q. Have quaternan'es been evalu- 
ated as sterilizing agents? 

A. Past experience indicates that 
they are good sterilizing agents, but 
they are not lasting. 

ALBERT SENEKER, Secretary 

Co.; ~reaiurer-  red Croad, of En- Officers of the St. Louis Society for Coatings Technology for 1976-77. Left to right: 
gard Coatings Gorp.; Secretary-Al- President - James J. Koenig,of Alcoa;Vice-President- Bernard M. Brill, of P. D. George 
bert Seneker, of Ameron; and return- Co.; Secretary - Morris D. Gilliam, of Lanson Chemical Co.; Council Representative - 
ing as Council Representative-Wil- Howard Jerome, of Vane-Calvert Paint Co.; and Assistant Treasurer - Herbert 
liam H. E1,lis; of Chevron Research Rosenblatt, of Steelcote Mfg. Co. Treasurer - John W. Folkerts, of Plaschem Coatings, 
Co. not present for photo 



In Coatings or Plastics- 
- the Opportunities 

with .---. ..-- P@ 
are as broad as 

'ITION! 
%.*. .. - 

d,-' 

NOVAKUP* is a platey particulate mineral (99.5% SO2) treated with any one of a number of 
couplers. Could you use: Mercaptan, Titanates, Amino, HMDS, Polyamino, Methacryloxy, 
Epoxy.. .others? 
EXAMPLE: L-207A NOVAKUP@ TTS O.S/Methyl-vinyl siloxane polymer system which is used 
as a mold for making parts in a closed duty system at 850° to 900°F molded 250 parts before 
failure. 

WHEREAS. . . 
a methyl vinyl siloxane polymer system with untreated filler produced only 11 parts before 
failure. 
EXAMPLE: Nylon 12 filled with 50% L-337 NOVAKUPm 1100 1.0 has ultimate elongation of 
24.6% compared to 7.5% unfilled. 
Malvern Minerals. . . we're the only company able to offer acomplete family of custom treated 
functional and non functional extender-filler pigments for COATINGS and PLASTICS. 

Fill out and send in the coupon below for more technical information and samples. 

Electron micrograph 26,555X Novacite@-Microcrystalline Granular-Lamellar 

111 m....... 11111111.mmq 
Send me your comprehensive brochure on 
Novac1te3nd NovakupR . I 
Name I 
Company T~t le  a 
Address I 

E 
C~ty  State ZIP - I malvem MINERALS COMPANY 
220 Runyon St., P.O. Box 1246, Hot Springs, Ark. 71901 

1 1 1 1 1 1 1 1 1 . 1 1 1 m 1 1 1 1 1  i 
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WILLIAM T. COCHRAN, Bruning Paint Co., Inc., M)1 S. Haven St., Balti- 
more, Md. 21224. 

BIRMINGHAM (First Thursday-Imperial Hotel.). P. A. HARRIS, 
Midland Specialty Powders, Unit 8, Bilston Industrial Estate. Staffs, 
England. 

CHICAGO (First Monday-meeting sites in various suburban loca- 
tions) WALTER J. KRASON, JR., Enterprise Paint Mfg. Co., 2841 S. Ashland 
Ave., Chicago, Ill. 60608. 

C-D-I-C (Second Monday-Sept., Jan., Mar. in Columbus; Oct., 
Dec.. Apr. in Cincinnati; Nov.. Feb.. May in Dayton). LLOYD J RPTNDI 
Inland Div., GMC, P.O. B ,ton, Ohio 45'^' 
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taurant, San Francisco). KEN G. PROBST, San Jose Regional Vc 
Center, 760 Hillsdale Ave., San Jose, Calif. 95123. 

HOUSTON (Second Tuesday-Sonny Look's Sir-Loin Inn). 
RULAND, Cook Paint & Varnish Co., P.O. Box 3088, Houston, Tt,. . .,.. 

KANSAS CITY (Second Thursda] nn). HUGO R 
Farmland Industries, Inc.. P.O. Box 7 ,as City, Mo. 

LO5 ANGELES (Second Wednesc 's Steak Hoi 
BERT SENEKER, Ameron, Research & DI 4813 Firestor 
South Gate, Calif. 90280. 

LOUISVILLE (Third Wednesday-Essex House). J. B. L o r n ,  
Reynolds Metals Co., P.O. Box 1800, Plant 111, Louisville, Ky. 40201. 

MONTREAL (First Wednesday-Bill Wong's Restaurant). J. W. A. 
MELSBACH, Sico, Inc., 2505 de la Metropole Longueuil, Que., Canada. 

NEW ENGLAND (Third Thursday-Fantasia Restaurant, Cam- 
bridge). GEORGE MULEY, 0.. 85 Paris St., Everet 
02149. 

NEW YORK (Second ries between 
Jersey locations). GEORGE ,. u.r,,-, Hhittaker, C 
1000 Coolidge St., South Plainfield, N. J. 07080. 

NORTHWESTERN (Tuesday after first Monday-Jax Cafe). ROBERT 
HESKIN, Valspar Corp., 1101 3rd St., S., Minneapolis, Minn. 55415. 

PACIFIC NORTHWEST (Portland Section-Tuesday following 
second Wednesday; Seattle Section-the day after Portland; British Co- 
lumbia Section-the day after Seattle). MICHAEL GRIFFIN, Reichhold 
Chemicals Ltd., P.O. Box 130. Port Moody, B.C., Canada. 

PHILADELPHIA (Second Thursday-Williamson's Rea 
Presidential Apartments). LOTHAR S. SANDER, N L Industries, 
dustrial Chemicals Div., P.O. Box 700, Hightstown, N.J. 08520 

PIEDMONT (Third Wednesday-Howard Johnson's C 
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Point, N. C. 2 
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A moment of silence was observed 
for Dr. W. G. Vannoy, formerly of 
E. I. du Pont de Nemours & Co., Inc., 
who died recently. 

The following slate of officers was 
elected for the year 1976-77: Presi- 
ident-Wayne A. Krause, of Law- 
rence-McFadden Co.; President-Elect 
-Wayne N. Wood, of Allentown 
Paint Mfg. Co.; Secretary-Lothar 
S. Sander, of N L Industries, Inc.; 
Treasurer--Carl W. Fuller, of Cities 
Service, Inc.; and returning as Coun- 
cil Representative-J. Richard Kief- 
er, Jr., of McCloskey Varnish Co. 

Alex Siegel, of Silberline Mfg. Co., 
spoke on "THE USE AND MISUSE OF 
ALUMIN~M PIGMENTS IN SURFACE 
COATINGS. 

Aluminum pigments fall into two 
classifications: leafing and non-leaf- 
ing. Although both are made the 
same way there is a difference in 
the type of lubricant used in the 
manufacture of the two. 

Mr. Siegel said that preventing 
moisture contamination is the major 
problem associated with non-leafing 
aluminum pigments. However, if dry 
conditions a re  observed no problems 
should be encountered. 

LOTHAR S. SANDER, Secretary 

Piedmont 
September 15 

J. John Stratta, of Union Carbide 
Corp., spoke on  "SOLVENCY AND SOL- 
VENT RETENTION STUDIES FOR COMPLY- 
ING (EXEMPT) VINYL SOLUTION COAT- 
INGS." 

The following officers were in- 
stalled for the year 1976'77: Presi- 
dent - Johnny C. Lucas, of The Lilly 
Co.; Vice-President - James A. 
Martz, of The Lilly Co.; Secretary - 
Charles B. Wilson, of Reliance Uni- 
versal, Inc.; and Treasurer - John 
V. Hjanos, of Rohm and Haas Co. 

CHARLES B. WILSON, Secretary 

Toronto 
June 14 

The following slate of officers was 
elected for the year 1976-77: Presi- 
dent-Fred A. Pugsley, of Canadian 
Pittsburgh Industries Ltd.; President- 
Elect-Andy J. Jones, of Reichhold 
Chemicals Ltd.; Treasurer--1Paul D. 
F. Cooper, of Chemetron of Canada 
Ltd.; and Secretary-S. Palleschi, of 
Abrex Specialty Coatings Ltd. 

S. PALLESCHI, Secretary 



your latex aints 
against a L c k  

from 
cellulase, 

common enzvme, 
and other 

microbial monsters. 

- - -  

Send for Zanflo? 
With the controversy over certain long proven 
cellulase inhibitors it is imperative that you 
look into the brand new thickening product 
that nobody else makes. Zanflo. 

Zanflo not only will not degrade under 
cellulase attack, but it will rethicken a batch of 
paint that has. So it can come to the rescue of 
CMC, HEC and other cellulosic thickeners 
that are being destroyed by cellulase. 

It also protects you against those customer 
complaints that result from loss of viscosity. 

Zanflo can make uncommon a whole batch 
of problems that are now all too common to 
the paint industry. But none of those problems 
have quite the urgency of cellulase attack. 

So send for a sample, literature or technical 
assistance while there's still time. 

ZANFLO peace of mind 
batch after batch 

l am interested in Literature 
Sample Technical assistance 

Title Phone 

Company 
Kelm OIvIW*I(X UEKI( I cO I 

Address 

City S l a t e 7 ' i  20 N. Wacker Dr. 
Chicago. 111. 60606 

Application (31 2) 372-1 352 



Techniml Articles In Other PuWic~tIons 
Compiled by the Technical Information Systems Committee - H. Skowronska, Chairman 

COATINGS AND PLASTICS PREPRINTS FARBE und LACK 
(in German) 

Preprints of Papers Presented before ACS Division of Organic Published by Curt R. Vincentz Verlag, 3 Hanover, Postfach 
Coatings and Plastics Chemistry 6247, Schiffgraben 43, Germany 

San Francisco, Cal Aug. 30 - Sept. 3, 1976 Vol. 36 No. 2 Vol. 82 No. 8 August 1976 
Characterization of Coatings and Polymers (22 papers + 1 

abstract); 1-38, 121-155. 213-232. 353-386. 814-822. 
Flammability and Combustion of ~ o n : ~ e t a l l i c  Materials (37 

papers + 4 abstracts); 39-88, 156-190, 303-352, 387, 448-528, 
576-624. 715-742. 

water-Borne polymers (24 papers + 2 abstracts); 89-120, 191- 
212, 216, 273-302,417-447, 552-575. 
Chemistry and Properties of Crosslinked Polymers (30 papers 

+ 5 abstracts); 233-272, 387-416, 529-551, 587, 625453, 689- 
714, 746-780. 

General Papers and New Concepts in Coatings and Plastics 
Chemistry 411 papers + 2 abstracts); 654-685, 746, 781-813. 

Structure-Solubility Relationships in Polymers (21 abstracts); 
686-688, 743-745. 

Inquiries regarding price and availability of this preprint 
book should be sent to S.S. Labana, Research Lab, Ford Mo- 
tor Co., P. 0. Box 2053, Dearborn, Mich. 48121. 

DEFAZET 
DEUTSCHE FARBEN-ZEITSCRIFT 

(in German) 

Published by Wissentschaftliche Verlagsgesellschaft MBH, 
7000 Stuttgart 1, Postfach 40, Germany 

Vol. 30 No. 8 August 1976 

Landwehr, E.-"Corrosion Resistant Coatings;" 310-311. 
von Pokorny, G.-"Protection of Steel against Corrosion with 

Thick Coatings;" 312-316. 
Schwarz, H., ~ c i m a r ,  R., Seils, A., and Toussaint, A. - "Hot- 

Dip Galvanization Plus Coating. Practical Advice on the 
Protection of Hot-Dip Galvanized Steel by Coatings;" 317- 
319. 

van Oeteren K. A.-"Protection of Steel Structures against 
Corrosion. Types of Shop-Primer and Conservation of 
Rolled Steel:" 320-327. 

Penne, R. A. and Rautenberg, H. J.-"Improved Corrosion 
Resistance in Primers and High Build Coatings with Quali- 
fied Fillers;" 328-333. 

Zorll, U.-"Studies about the Possibilities of Measuring the 
Thickness of Coatings on Rough Surfaces of Steel;" 334- 
779 

~ i i i e n t r i t t ,  F.-"Coating Material for Nuclear Power Gen- 
eration Plants -The Facilities of Atucha (Argentina') as an 
Example;" 339-345. 

Linke, L.-"Guarantees for Coating Work;" 345-348. 
Daldorf, E.-"The 'Technical Committee for Corrosion Pro- 

tection' of the Working Group 'Corrosion Resistant Paints' 
of the German Paint Manufacturers' Association;" 348-350. 

DOUBLE LIAISON-CHIMIE DES PEINTURES 
(in Frelich) 

Published by Les Presses Continentales, Rue du Cherche-Midi, 
F-75006, Paris, France 

Vol. 23 No. 250 June 1976 

Pouchol, J. M.-"Influence of Pigment Choice in Vinyl Anti- 
corrosive Paints;" 19-26. 

Eyraud, G.-"Lipari's Pumice Stone;" 29-38. 
Caillierez, F.-"Recent Developments in Wet Milling;" 39-41. 

Wiinsche, 0.-"Mixing and Grinding Machines a t  the Achema 
1976. Attempt a t  a Trend Analysis;" 683484. 

Epprecht, A. G.-"Break Resistance of Epoxide Resin Adhe- 
sives;" 685-689. 
Gross, D., Kretzschmar, H.-J., and Wiegel, H.-"Identification 

of Benzene in Solvents and Preparation;" 690-692. 
Bv~kholz, A., Widder, J., Miiller, W., and Dislich, M.- 

Primary Droplet Size Distribution and Breathable Fines 
in Pressure Spraying;" 693498. 

Engels, K.-"New Machines and Methods of Mixing, Fine Dis- 
persion and Size Reduction Techniques;" 699-702. 

Brushwell, W.-"Technology of Polyurethanes (Literature 
Review);" 703-708. 

German Standard Draft DIN 53 243: Paints and Varnishes; 
Polymers containing Chlorine, Methods of Test - 709-710. 

German Standard Draft DIN 55 969: Pigments; Zinc Dust 
Pigments, Technical Delivery Specifications - 711. 

INDUSTRIE-LACKIER-BETRlEB 
(in German) 

Published by Curt R. Vincentz Verlag, 3 Hannover, 
Postfach 6247, Schiffgraben 43, Germany 

Vol. 44 No. 7 July 1976 
Himmler, R.-"Pretreatment Line Installation - Immersion 

or Spray - Waste Reduction:" 253-256. 
Wichmann, U.-"Experience in Application of Electrostatic 

Powder Coatings to Household Furnishings;" 257-262. 
Lambert, M.-"Why the Choice of a New Technique for 

Household Furnishings Supposes Close Cooperation of 
Planning Group;" 263-266. 

Anon.-"Coating Technology in Yugoslavia;" 267-270 . 
Anon.-"Autorefinishing. IX;" 271-274. 

JOURNAL of the OIL AND COLOUR CHEMISTS' 
ASSOCIATION 

Published by Oil and Colour Chemists' Association, Priory 
House. 967 Harrow Road, Wembley, Middlesex, 

England HA0 2SF 

Vol. 59 No. 6 June 1976 
Laws, A., Lynn, S., and Hall, R.-"Some Aspects of the For- 

mulation of UV-Curable Polyester Based Systems;" 193-196. 
Younger, J. R.-"Use of Polyfunctional Monomers in UV 

Curinn:" 197-201. 
~ h i l l i p s ~ ' ~ ~ " ~ e n s i t i z a t i o n  and Stabilisation in Monomer/ 

Polymer Systems;" 202-207. 
Hancox, R. J. and Hill, L. A.-"Determination of the Colori- 

metric Values of Colours to BS 381 C;" 209-221. 

Vol. 59 No. 7 July 1976 
McNeill, I. C.-"Photodegradation of Polymers;" 231-236. 
Knight, R. E.-"UV-Drying Equipment, Design and Installa- 

tion;" 237-239. 
Gamble, A. A.-"Ultraviolet Curing Inks;" 240-244. 
Hulme, B. E.-'Some Aspects of the Pigmentation of UV- 

Curable Systems;" 245-252. 
Ferguson, P. J.-"Painting Metal Bridges - Historical and 

Current Trends;" 253-258. 



Vol. 59 No. 8 August 1976 POLYMER PREPRINTS 

Reid, J. C.-"A Fracture Mechanics Approach to Lac~uer 
Cracking;" 278.284. 

O'Neill, L. A. and Christensen, G.-"Analysis of Polyamide 
Resins: a Co.Operative IUPAC Study;" 285-290. 

Badran, B. M., El-Mehelmy, F. M., and Ghanem, N. A.-"In- 
Situ Epoxidation of Linseed Oil in the Presence of Ion-Ex- 
change Resins;" 291-294. 

Howe, D. J. T.-"Industrial Carcinogens;" 295.296. 

La RlVlSTA del COLORE - VERNICIATURA 
INDUSTRIALE 

(in Italian) 

Published by La Rivista del Colore S.R.I., Via Imbriana 10, 
20158 Milan, Italy 

Vol. 9 No. 98 June 1976 

Antonioli, V.-"Saving of Energy during Pretreatment Opera- 
tions;" 195-201. 

PIGMENT & RESIN TECHNOLOGY 

Published by Sawell Publications. Ltd., 127 Stanstead Road, 
London SE23 1JE England 

Vol. 5 No. 7 July 1976 

Rackham, J. M.-"Dispersing of Titanium Dioxide in Non- 
Aqueous Media;" 11-17. 

Preprints of Papers Presented before ACS Division of 
Polymer Chemistry 

San Francisco, Cal. Aug. 30 - Sept. 3, 1976 Vol. 17 No. 2 

Relaxation Phenomena in Polvmers (36 oavers + 5 ab- - 
stracts); 1-212. 

Polymer Bound Reagents and Ligands (10 papers + 3 ab- 
stracts); 213-267. 

Water-Borne Polymers (9 papers + 1 abstract); 268-321. 
Structure-Solubilitv Relationship in Polymers (20 papers + 1 

abstract); 322-433. 
Charge-Transfer Polymerization (14 papers + 1 abstract); 590- 

67 1 
~ i i y i e r  Spectroscopy (19 papers); 672-778. 
General Papers (62 papers); 434-589, 779-953. 

Inquiries regarding price and availability of this preprint 
book should be sent to R. Saxon, P.O. Box 415, Bound Brook. 
N. J. 08805. 

SKANDINAVISK TlDSKRlFT for FARG och LACK 

Published by Dansk Bladfodag K/S, Holbersgade 20, 1057 
Copenhagen, Denmark 

Vol. 22 No. 6 June 1976 

Lindberg, B.-"Painting of Plastics. Part 1: Adhesion;" 182, 
195-6. (in Swedish) 

Progress Report Available on "Surface Profile" Project 
The Steel Structures Painting Council has an- PROFILE MEASUREMENT - A preliminary specifica- 

nounced availability of a 163-page progress report on tion has been drafted for a standard referee met,hod 
the project, "Surface Profile for Anti-Corrosion of measuring surface preparation profile using the 
Paints," which it is conducting under the co-sponsor- common microscope to measure peaklvalley profile 
ship of the Federation of Societies for Coatings Tech- height (either directly or  with a replica). 
nology and five other organizations: American Insti- RESEARCH MEASURING METHODS - Results show 
tute of Steel Construction; American Iron and Steel how four other methods of measuring profile.can be 
Institute; Federal Highway Administration; Pennsyl- used to good effect in research studies: mlcrosec- 
vania Department of Transportation; and Steel Plate tions; scanning electron microscopy; computer- 
Fabricators Association. related stylus traces; and a triangulation technique 

New concepts developed to date in this project are using transducers and a computer to analyze SEM 
expected to have important practical implications stereo pairs. 
for steel painting practice. In addition, the following EFFECTS OF BLAST CLEANING CONDITIONS ON PRO- 
conclusions are among those detailed in the report. FILE - It is shown that profile height tends to in- 

STATE OF THE ART - At the outset of the project, crease as the abrasive size increases, as the degree of 
a state-of-the-art survey revealed that the extensive cleaning is improved, and as the angle of abrasive 
technology available for defining surface profile has impingment increases. Profile height was relatively 
little relevance to blast-cleaned structural steel. insensitive to steel thickness and to normal differ- 

SCANNING ELECTRON MICROSCOPY - This portion of ences from one plant to another. 
the study made it possible not only to visualize for NEW AVENUES - Accelerated tests on paint per- 
the first time the true topography of structural steel formance need to be verified by outdoor exposures 
surfaces cleaned by various methods, but also to re- still in progress. Further scanning electron micro- 
construct the probable mechanism of profile forma- scopy (especially stereo) and related techniques can 
tion in blast cleaning. (A 3-D stereo supplement to be used to point the way to types of profile required 
this report will soon be available). by various paints in shop and field, to a better choice 

TRENDS - It was established that profile has less and control of abrasives, to faster, less expensive 
effect on paint performance than previously assumed. cleaning, and to prevention of premature rusting. 
Trends also show how this effect is moderated by the Copies of the report may be ordered from the 
degree of surface preparation, type of abrasive used, Steel Structures Painting Council. 4400 Fifth Avenue, 
type of paint, environmental exposure, and paint Pittsburgh, Pa. 15213. Price is $20; FSCT members 
thickness. pay $15. 



Specify 
CHEMLINK MONOMERS for: 
UV CURING OF: INKS, 
COATINGS, PAINTS, PRINTING 
PLATES 
ELECTRON BEAM CURING OF: 
INKS, COATINGS, ELECTRICAL 
INSULATION. TEXTILES 
PEROXIDE CURING OF: 
RUBBER, ADHESIVES 

Custom made monomers will be 
produced on a confidential basis 
to meet your specific requirements. 
The following products are now 
available commercially from Ware 
Chemical: 
C H E M L l N b  20 C H E M L I N F  29 
Ethylene Glycol Diethylene Glycol 
Dimethacrylate Diacrylate 
C H E M L I N F  22 C H E M L I N E  30 
Polyethylene Glycol Tr~methylol Propane 
200 Dimethacrylate Trimethacrylate 
CHEMLINKB 23 CHEMLINK@ 31 
Tetrahydrofurfuryl Tr~rnethylol Propane 
Methacrvlate Triac~late 
CHEMLINKB 24 C H E ~ I N K @  33 
Tetraethvlene GlvcolTr~ethvlene Glvcol 
Dimethacrylate . DimethacrylaG 
CHEMLINKB 27 CHEMLINKB 41 
1,3, Butylene Glycol Pentaerythritol 
Dimethacrylate Triacrylate 
CHEMLINKB 28 CHEMLlNK@ 127 
1. 6 Hexanediol Neopentyl Glycol 
Diacrylate Diacrylate 
For complete specifications and 
prices on these products and 
developmental monomers for UV 
applicators, write: 

CHEMICAL 
CORPORATION 
1525 Stratford Avenue 
P.O. Box 262 
Stratford. CT 06497 

Kent State Offering Two Organic Coatings Courses 
Two 3-hr creditlaudit courses in 

organic coatings are being offered 
this fall by the Chemistry Dept., 
Kent State University as a series of 
lectures on nine Saturday mornings, 
September 25 through November 20. 

Coatings I features as lecturers Dr. 
Walter Asbeck, formerly of Union 
Carbide Corp.. and Dr. John Weaver, 
consultant with Sherwin-Williams 
Co. This course is designed for jun- 
ior technicians, new employees, and 

individuals desiring an introduction 
to pigments, binders, solvents, addi- 
tives, coating types. film formation, 
rheology, etc. 

Coatings I11 features individual 
lectures at  the graduate level given 
by nine scientists covering funda- 
mentals of adhesion, color, curing 
and cross-linking, diffusion, electro- 
deposition, experimental design, 
molecular architecture, photochemis- 
try, and rheology. 

NACE to Host Corrosion/77 
In San Francisco, March 14-18 

The National Association of Cor- 
rosion Engineers (NACE) will hold 
its annual conference, CORROSION/ 
77, in San Francisco, Calif., March 
14-18. Headquarters hotel will be the 
San Francisco Hilton. 

The conference will feature over 
200 technical presentations in 33 
symposiums sponsored by NACE 
Technical Committees. Individual 

meetings of the Technical Commit- 
tees are also scheduled to provide a 
forum for discussion on all phases 
of corrosion control. The Corrosion 
Research Conference, a series of five 
sessions comprised of presentations 
on specific corrosion problems, is 
another featured segment of the 
program. 

For additional information, write 
National Association of Corrosion 
Engineers, 2400 W. Loop South, 
Houston, Texas 77027. 

DICTIONARY 
OF ARCHITECTURE 
AND CONSTRUCTION 

Edited by Cyril M. Harris 
McGraw-Hill Book Company 
New York. N. Y. 

keviewed by 
Stanley Le Sota* 
Rohm and Haas Company 
Spring House, Pa. 19477 

This is a wellurganized, compre- 
hensive reference work of building 
trade terms, reflecting the input of 
52 contributing editors. I t  contains 
concise, well-written definitions of 
architectural terms, along with ma- 
jor definitions from many associated 
fields. There are hundreds of defini- 
tions for coatings terms, as well as  
for building products and related 
terms dealing with their design, a p  
pearance, performance, installation. 
and testing. 

Like the American Heritage Dic- 
tionary, this handsome volume con- 
tains illustrations in the wide mar- 
gins of each page. There are 1775 il- 
lustrations, averaging about three 
per page, on such terms as acanthus, 

embrasure, plinth, reredos, sarco- 
phagus, torii, and withe. Many of 
these appear to be the obscure 
words used in crossword puzzles. I t  
appears to answer everything anyone 
wanted to know about architecture 
but didn't know what to ask. 

The definitions are well edited 
with a uniform style throughout. 
Each term to be defined is in large 
size, easy on the eyes, in boldface 
print. Trade jargon is avoided in the 
definition; however, in the few cases 
where it is used, it is in boldface 
print and defined elsewhere (alpha- 
betically) in the dictionary. Syno- 
nyms are also in boldface print and 
cross-referenced to a more common- 
ly accepted term. Metric equivalents 
are also given for measurements 
used in the definitions. 

The definitions are easily under- 
stood and the line drawings are well 
chosen to illustrate terms difficult to 
describe. The quality of the defini- 
tions are excellent. With certain 
terms, one would like to know more 
about the subject. An obvious and 
logical successor to this volume 
would be an Encyclopedia of Archi- 
tecture and Construction. 

This reference work would make 
a worthwhile addition to (or edition 
for) any coatings library. 

.Mr. LeSota is the Definitions Committee 
chairman of both the Federation and ASTM. 
D-I .  

JOURNAL OF COATINGS TECHNOLOGY 



Richard W. Clemens has been ap- 
pointed Marketing Manager - 
Resins Dept., for the Industrial 
Chemicals Div. of American Cyana- 
mid Co., located in Wayne, N.J. 

FRP Co., a subsidiary of Monsan- 
to Co., has appointed James E. Felt- 
ham Executive Vice-President. He 
was formerly Manager of Phos- 
phorus Technology at Monsanto's 
headquarters in St. Louis. 

Harry Heimann has been named 
Technical Director for the Polymer 
Div. of H. B. Fuller Co. He has re- 
cently been involved in new product 
development of specialty polymers. 

Hodag Chemical Corp. has ap- 
pointed Bjorn G. E. Mattsson Mana- 
ger-Technical Service, Process 
Chemicals. He will be responsible 
for both domestic and international 
technical service for the company's 
products. 

Kenneth Brown has been ap- 
pointed Group Leader of the Resins 
Research Development Dept. of 
Rust-Oleum Corp. 

William K. Dorn has been named 
Product Manager for Union Flonet- 
ics Corp., of Union Corp. 

Hodag Chemical Corp., in an ex- 
pansion move, has appointed Vladi- 
mir S. Teokarovic as Director of 
European Sales. Headquartered in 
Brussels, Mr. Teokarovic was most 
recently market research coordina- 
tor for Tenneco Chemicals, Europe. 

Gulf + Western Industries, Inc., 
in an administrative restructuring of 
its natural resources operations, has 
created a new unit, Gulf + Western 
Natural Resources Group, which will 
include four operating divisions: 
New Jersey Zinc Div., Titanium Div., 
Metals Div., and Coal Div. Richard 
W. Hogeland, formerly President of 
G+W's New Jersey Zinc Co., was 
elected Chairman and Chief Execu- 
tive Officer of the Group. A. Reid 
Eschallier is President; William E. 
Flaherty and Lawrence S. O'Rourke 
have been named Vice-Presidents. 
Both are former officers of NJZ. 

Kenneth E. Hyatt has been named 
President of Georgia Marble Co. He 
had served as Executive Vice-Presi- 
dent since 1974. 

R. W. Clernens J. E. Feltham H. Heimann B. G. E. Mattsson 

Charles A. Chilver has been named Stephen M. Malaga has been 
Sales Representative in the Los An- named Product Manager for special- 
geles area for the Organic Chemi- ized pigments for Hercules Incor- 
cals Div. of American Cyanamid Co. porated and will handle marketing 

to the coatings industry. 
Thomas G. Brown has joined the 

Minerals & Chemicals E v .  of En- Chemetron Corp. has made three 
gelhard Minerals & Chemicals Corp. appointments in its Pigments Div. 
as Product Manager, Marketing Peter G. Ritz has been named Direc- 
Dept. tor of Purchasing; Alan L. Haase 

was appointed Divisional Environ- 
Mooney Chemicals, Inc. has named mental Project Engineer; and Den- 

Timothy D. McLaughlin as Sales nis R. Reed was named Safety Co- 
Representative for the mid-western ordinator for the division's Holland, 
territory based in Chicago. Mich. manufacturing facility. 

test surface wear with the 

DUAL ABRASER 

455 Btyant Street, No.Tonawanda, N. Y. 14120/Tel. 716-694.4000/TWX 710-262-1264 

VOL. 48, No. 621, OCTOBER 1976 



Exxon Chemical U.S.A. has named 
Glenn A. Sampson Manager of Op- 
erations and Planning for the Sol- 
vents Dept. He will be responsible 
for the development and direction 
of strategies and plans for the opera- 
tion of the company's solvent busi- 
ness. 

In a series of managerial appoint- 
ments, C. M. Athey Paint Co. has 
named Myron 0. Beatty - Vice-Pres- 
ident, Technical; Wayne L. Morris - 
Vice-president, Sales; George J. Ross 
- Vice-president, Purchasing; and 
Maurice F. Spedden - Vice-Presi- 
dent, Regional Sales (South). 

The 
Macbeth 

indelible 

a new concept 
in color measuremente 

At Macbeth, we've been using color and its 
unchanging properties as a fingerprint- to measure, 
to identify, evaluate, classify, sort or separate. 

We're using color to change the way products 
are manufactured, processed or assembled. We're 
doing it now. We'll do a lot more of it in the future. 

We can show you color measurement concepts 
that are worlds ahead of today. Concepts which are 
guaranteed to make a lasting impression on you. 

See them at Macbeth's Booth #704 - 706 at 
the Federation Society of Paint Technology (FSPT), 
October 27-29,1976 in Washington D.C. 

Macbeth" 
A d~vis~on of 
Kollmorgen Corporat~on 

Little Bntaln Road, Drawer 950, Newburgh, New York 12550 Tel: (914) 561-7300 

N L Industries, Inc. has named 
Jean-Pierre De Vleeschouwer as a 
Vice-President of the company. He is 
presently head of N L Pigments Eur- 
ope, Inc. and a Director of Kronos 
Titan GmbH, West Germany, Kronos 
Titanium Pigments, England, Kronos 
S.A./N.V., Belgium, Kronos Titan 
AS., Norway, and Societe Indus- 
triclle du Titane, S.A., France. N L 
Industries has also appointed 
Thomas W. Zinsser to the newly cre- 
ated post of Director of Interna- 
tional Operations with the Industrial 
Chemicals Div. He was formerly 
Business Director for the division. 

The Polymer Div. of H. B. Fuller 
Co. has appointed Dale Noble as 
General Sales Manager in Cincinnati. 
He was previously Marketing Man- 
agcr of the company's Packaging 
Adhesives Div. Also in Cincinnati, 
Ronald L. Stafford has been named 
Technical Sales Representative for 
the division. 

G. 0. Stephenson, retired Editor of 
the America11 Paint Journal, has 
been appointed Executive Secretary 
of the St. Louis Paint and Coatings 
Association. Earlier this year the or- 
ganization had presented him with a 
merit citation for his many years of 
dedicated service to the coatings in- 
dustry. Mr. Stephenson, who retired 
from the APJ five years ago, is an 
Honorary Member of both the St. 
Louis PCA and the Society for Coat- 
ings Technology. 

Donald W. Fergusson, 54, Chair- 
man of the Board of Rust-Oleum 
Corp., died August 18. Directing the 
manufacturing, research, and tech- 
nical sales of the company, Mr. 
Fergusson became the first Chair- 
man of the Board of the company 
in October 1975. 

Wesley G. Vannoy, 76, former re- 
search associate with the Pigments 
Dept. of E. I ,  duPont de Nemours & 
Co., Inc., died September 3. Widely 
acclaimed as an expert on outside 
housepaints, Mr. Vannoy authored 
23 papers on the subject and was a 
frequent speaker at  both national 
and local Federation meetings in all 
parts of the U. S. and Canada. An 
active member of ASTM, he retired 
from the duPont Co. in 1965 after 38 
years of service to the industry. 



Acrylic Resin 

Literature has been published 
which discusses the availability of a 
100% solids acrylic resin developed 
for use as a pigment dispersing 
agent in industrial coatings for fin- 
ishing automobiles, appliances, pip- 
ing, and metal furniture. AcryloidB 
DM-54 is compatible with a wide 
range of film formers, and is re- 
ported to have excellent pigment 
wetting and dispersing capabilities 
and wide solubility. I t  also serves as 
a melt and flow modifier for plas- 
tics; and it can be employed as a 
dispersing and binding vehicle for 
colorants which are utilized in the 
plastic industry. For additional in- 
formation write Polymers, Resins 
and Monomers Marketing, Rohm 
and Haas Co., Independence Mall 
West, Philadelphia, Pa. 19105. 

Epoxy Curing Agent 

A bulletin has been released giving 
details of a new low-cost epoxy cur- 
ing agent. The proprietary product 
is composed of a mixture of aliphatic 
polyamines and is recommended for 
epoxy coal tar systems, epoxy pipe 
coatings, primers, and adhesives. For 
more information on Dione Harden- 
er 48, request Bulletin TPD-115 Rev. 
from the Rubber & Plastics Dept., 
Diamond Shamrock, Process Chemi- 
cals Div., 350 Mt. Kemble Ave., Mor- 
ristown, N.J. 07960. 

Bend Tester Mandrel Set 

A bulletin is available which de- 
scribes the capabilities and com- 
ponents of a new low-cost bend 
tester mandrel set. The purpose of 
the set is for studying the relative 
elasticity or flexibility of applied or- 
ganic coatings, air dried o r  baked, 
o r  multi-coat systems. For Further 
information write Paul N. Gardner 
Co., P. 0. Box 6633, Ft. Lauderdale, 
Fla. 33316. 

Color Comparator 

A brochure has been released in- 
troducing a new system of standards 
for the comparison of color rendi- 
tion of films, light conditions, cam- 
eras and lenses. An array of 24 col- 
ored squares, the Colorchecker may 
be used optically or with a densitom- 
eter. For more information write 
Dr. J. G. Davidson, Macbeth, Little 
Britain Rd., Drawer 950, Newburgh, 
N.Y. 12550. 

Flatting Agent 

A data sheet details a new flatting 
agent for use with water reducible 
coatings. It is reported that the dis- 
persion will not affect paint color 
and is compatible with all aqueous 
vehicle systems currently in use. For 
further information write Universal 
Color Dispersions, 2700 E. 170th St., 
Lansing, Ill. 60438. 

Organic Co-Solvents 

A new booklet is now available 
which lists organic co-solvents for 
use in water-borne coatings. The 
four-page booklet details the physi- 
cal properties of 26 co-solvents. For a 
free copy of Booklet F-45623 write 
Union Carbide Corp., Coatings Mate- 
rials, Dept. JLS, 19th Floor, 270 Park 
Ave., New York, N.Y. 10017. 

AVAILABLE 
from OSBORN 

M 
I R-8625 
R 
ACRYLIC MODIFICATIONS 
S 
0 R-8633 
L 

Mirasol R-8625 is designed for a variety of air-drying and baking 
applications, both interior and exterior. 

This resin, in Xylol solvent, has: 
Rapid drying characteristics 
Excellent adhesion 
Exceptional color retention 
Superior durability 

Mirasol R-8633 is designed for a wide spectrum of metal decorating 
coatings applications. 

This resin, in Amsco G solvent, has: 
Compatibility with other film formers 
Required combination of flow properties 
High cure rate at short production schedules 
Resistance to: pasteurization, processing, 
dry heat, overbaking, and fabrication 

C. J. OSBORN CHEMICALS, lnc. 
820 SHERMAN AVENUE, PENNSAUKEN, N. J. 08109 
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(Continued) 

Vinyl Acrylic Emulsion 
A recently published bulletin de- 

tails a new vinyl acrylic emulsion 
for use in both interior and exterior 
trade sales coatings. Developed spe- 
cifically to meet the growing de- 
mand for improved latex paint sys- 
tems without increasing raw mate- 
rials costs, AMSCO-RESB 3077 ex- 
hibits excellent scrub resistance, low 
temperature coalescence, and gloss 
and enamel holdout. For Bulletin 
No. 3077 write Market Manager- 
Paints, AMSCO Div., Union Oil Co. of 
Calif., 3100 S. Meacham Rd., Pala- 
tine, Ill. 60067. 

DOT Reg. Compliance 

On April 15, 1976, the Department 
of Transportation published sweep- 
ing revisions affecting the marking 
and shipment of hazardous mate- 
rials. In the process of consolidating 
the Regulations for Air, Highway, 
Rail and Water, approximately 700 

commodities have been added, in- 
cluding many Consumer Commodi- 
ties previously exempted. In addi- 
tion to new labeling requirements, 
there are completely new specifica- 
tions for placarding and shipping pa- 
pers. Mandatory compliance for 
much of the above is January 1 and 
July 1, 1977. A free, 16-page, full color 
catalog describing many of these 
changes is available from Labelmas- 
ter. 6001 N. Clark St., Chicago, Ill. 
60660. 

Color Measurement 

Newly published literature is 
available which describe two new 
color measurement aids. The MC- 
1010 Colorimeter is a complete color 
and appearance measurement sys- 
tem which utilizes a self-contained 
microprocessor with no moving 
parts. Taking advantage of the latest 
electronic devices, the MS-2000 
Spectrophotometer is a self-con- 

tained unit which covers the 380 - 
720 nm range. For more information 
write Marketing Manager, Color 
Data Products, Macbeth, Little Bri- 
tain Rd., Drawer 950, Newburgh, 
N.Y. 12550. 

Specialty Gas 

Air Products and Chemicals, Inc. 
has introduced through its Specialty 
Gas Dept., a multi-facet communica- 
tions program to inform users of its 
line of specialty gas products. Fea- 
turing segments on components, 
technical and safety information, 
conversion data, personnel, and ref- 
erence material, "The Program" is 
prepared to meel "nearly all custom- 
er needs," according to department 
manager Willard E. Ent. The pro- 
gram is summarized in a new bro- 
chure called "The Story." To obtain 
a copy write Specialty Gas Dept., 
Air Products & Chemicals, Inc., Box 
538, Allentown, Pa. 18105. 

CLASSIFIED ADVERTISING 

FIELD SERVICE I REPRESENTATIVES I 
Technical SalesIMarketing Experience 

In Solvent Ink or Paint Coatings I 
Here's an opportunity to join the Pigments Division of Chemetron, a tech- 
nological leader in the field of organic pigmentsfor printing inkand paint coat- 
ing manufacturers. We're looking for 2 creative individuals who can create 
and coordinate new product and new market developments. Technical repre- 
sentatives work unaided to the extent possible, but do receive guidance on 
major matters. Qualified candidates will have 3-5 years technical sales1 
marketing experience in the areas of solvent ink (Flexo-Gravure) or paint 
coatings. Some pigments background desirable. BS - Chemistry or Chemical 
Engineering essential. Availability for 40-50% travel is also required. 

I f  you have experience in either area-we have an exceptional growth oppor- 
tunity for you. There's activity here-plus an attractive starting salary, com- 
bined with a generous fringe benefit package. For prompt consideration, send 
detailed resume including salary history and requirements to C. Lowstuter 

PIGMENTS DIVISION 
CHEMETRON CORPORATION 

CHEmETROn 
491 Columbia Ave. 

Holland, Michigan 49423 
An Equal Opportun~ty Employer M/F 

No Employment Agency Response Please 

- -- 

TRAFFIC PAINT FORMULATOR 

Well-known chemical raw material 
trading company in Switzerland is 
seeking powder coating formulator 
for traffic paint. Applicants with ex- 
perience in production and applica- 
tion of such formulations and inter- 
ested in expanding markets in Eur- 
ope, are invited to reply. Write Box 
601, Journal of Coatings Technology, 
1315 Walnut St., Philadelphia, Pa. 
19108. 

LABORATORY SECTION LEADER 
A large Eastern Ontario Canadian 
furniture finishes supplier requires 
qualified laboratory section leader. Ap- 
plicant should have chemical back- 
ground: however, experience in furni- 
ture finishing is essential. Duties involve 
formulation development, testing, eval- 
uations, etc. Send resumes to Box 602, 
Journal of Coatings Technology, 1315 
Walnut St.. Philadelphia, Pa. 19108. 

USE JCT 

CLASSIFIED ADS 

FOR BEST RESULTS 



FEDERATION MEETINGS 

(Oct. 26)-Fall Council Meeting. Sheraton Park Hotel, 
Washington, D. C. 

(Oct. 27-29)-54th Annual Meeting and 41st Paint In- 
dustries' Show. Sheraton Park Hotel, Washington, D. C. 
(FSCT, Suite 830, 1315 Walnut St., Philadelphia, Pa. 19107). 

SPECIAL SOCIETY MEETINGS 

Web. 13-16)-Water-Borne and High Solids Symposium. 
lnternational Hotel, New Orleans, La. (Southern Society and 
University of Southern Mississippi, Dept. of Polymer Science). 

(Mar. 2-4)-Western Coatings Societies' Symposium and 
Show. Marriott Hotel, Los Angeles, California. (Romer E. 
Johnson, Dorsett 8 Jackson, Inc., 3800 Noakes Tr., Los An- 
geles, Calif. 90023). 

(Mar. 11)-Symposium on "Accelerated Weathering: 
Myth vs. Reolity." Technical Education Committee, Cleveland 
Society. (Carl J. Knauss, Chemistry Dept., Kent State Uni- 
versity, Kent, Ohio 44242). 

(Mar. 23-261-Southern Society Annual Meeting. Foir- 
mont Roosevelt Hotel, New Orleans, La. (Thomas E. Marek, 
Coronado Paint Co., P. 0. Box 308, Edgewater, Fla. 32032). 

(Moy 57)-Pacific Northwest Society Spring Symposium. 
Thunderbird Motor Inn, Portland, Ore. (John Hatfield, Re- 
liance Universal, Inc., 1660 Cross St., S. E., Solem, Ore. 
97302). 

OTHER ORGANIZATIONS 

(Nov. 2-4)-ASTM Symposium on Adhesion Measure- 
ment of Thin Films, Thick Films, and Bulk Coatings. ASTM 
headquarters, Philadelphia, Pa. (American Society for Test- 
ing and Materials, 1916 Race St., Philadelphia, Pa. 19103). 

(Nov. 8-10)-Fall Conference on Fundamentals of Ad- 
hesion - Theory, Practice and Application. Monk Mountain 
Resort, New Paltz, N. Y. (Dr. A. V. Patsis, Dept. of Chemistry, 
State University of New York at New Paltz, New Paltz, N. Y. 
12561). 

(Nov. 9-10)-Society of Plastics Engineers Seminar on 
Fundamentals and Problems of Color. (Michael J. Dunn, H. 
Kohnstamm 8 Co., Inc., 161 Avenue of the Americas, New 
York, N. Y. 1001 3). 

(Nov. 19-21)-29th Annual National Decorating Products 
Show. H. Roe Bartle Center, Kansas City, Mo. (National Dec- 
orating Products Association, 9334 Dielman Industrial Drive, 
St. Louis, Mo. 631 32). 

(Jon. 9-12)-75th Annual Meeting American Society for 
Testing and Materials, Committee D-1. Philadelphia, Pa. 
(ASTM, 191 6 Race St., Philadelphia, Pa. 191 03). 

(Feb. 13-16)-Symposium on Water-Borne and High- 
Solids Coatings, co-sponsored by Southern Society and Uni- 
versity of Southern Mississippi. lnternational Hotel, New 
Orleans, La. (Dr. B. George Bufkin, Dept. of Polymer Science, 
University of Southern Mississippi, Hattiesburg, Miss. 39401). 

(Mar. 14-1 8)-National Association of Corrosion Engi- 
neers Annual Conference and Materials Performance and 
Corrosion Show. San Francisco Hilton, San Francisco, Calif. 
(NACE, 2400 West Loop South, Houston, Texas 77027). 

(Mar. 22-25)-OCCA - 29. Oil and Colour Chemists' 
Association 29th Annual Technical Exhibition. Alexandra 
Palace, London, England. (The Director 8 Secretary, Oil and 
Colour Chemists' Association, Priory House, 967 Harrow 
Road, Wembley, Middlesex HA0 2SF, England). 

DELIVERS 
Pigments, Colors, and Talcs for 
the Coating Industry 

399-Lo Micron Magnesium Silicate 
S.F. 

Engineered for Versatility 
Sheen control 
Viscosity modifier 
Promotes film integrity 

290-Lo Micron Barium Sulfate 
(Barytes) 

Controlled micron size 
Intermediate brightness 
Low oil demand 

Ultramarine Blue Reckitts 
Consistent uniformity of: 

Color value 
Ease of dispersion 
Complete spectrum of shades 
Maximum tinting strength 

Clay-Custom Engineered 

Plus a complete line of func- 
tional pigments designed and 
engineered for the coating in- 
dustry and supplied from 
extensive stocks in prin- 
cipal cities. 

Whittaker, Clark & Daniels, Inc. 
1000 Coolidge St., South Plainfield, N. J. 07080 
(201) 561-6100 Telex 138248 
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Coming Events 
(Continued) 

(Apr. 25-26)kWashington Paint Technical Group's 17th 
Annual Symposium. Marriott Twin Bridges Hotel. (Mildred 
A. Post, c /o  U. S. Dept. o f  Commerce, National Bureau of 
Standards, Washington, D. C. 20234). 

(Moy 19-20)-1977 Internotional Symposium on Flam- 
mobil ity and Fire Retardants. Sheroton-Park Hotel, Washing- 
ton, D. C. (P. 0. Box 1779, Cornwall K6H 5V7, Ontario, 
Canada). 

(June 16-19)-Oil and Colour Chemists' Biennial Con- 
ference. Grand Hotel, Eastbourne, Sussex, England. (The 
Director & Secretary, O i l  and Colour Chemists' Association, 
Priory House, 967 Harrow Road, Wembley, Middlesex H A 0  
2SF, England). 

(June 26-29)-American Society far  Testing and Mate- 
rials Annual Meeting. Denver, Colo. (ASTM, 191 6 Race St., 
Philadelphia, Pa. 191 03). 

(July 10-15)-Third Congress o f  the International Colour 
Association, "Color 77." Rensselaer Polytechnic Institute, 
Troy, N.Y. (Dr. Fred W. Billmeyer, Jr., Dept. o f  Chemistry, 
Rensselaer Polytechnic Institute, Tray, N.Y. 12181). 

(July 14-15)-European Conference on Flammability 
and Fire Retardants. Sheraton Hotel, Brussels, Belgium. 
(P. 0. Box 1779, Cornwall K6H 5V7, Ontario, Canada). 

(Sept. 25-28)-First lnternational Convention of O i l  & 
Colour Chemists' Association o f  Australia. Canberra, Aus- 
tralia. (Oil & Colour Chemists' Association o f  Australia, P. 0. 
Box 93 Punchbowl, 2196, Australia). 

.. ?. -4 

The best wet-ground mica extender for ?- 
' you. Call or write for sarnpfes and specs 

b 
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387,000,000 tons proven ore reserves. 
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I Meet the NCSmO. 

It's their job to beyour linkwithl.5 billion tons 
of TiO, rl so 
When the NL-5 talk about NL as a dependable source of 
titanium pigment, there's plenty to back up what they say 
Like the world's largest proven reserves of Ti0,-bearing 
ores. And since ~~ownsorcontro lsal l  of its 1,500,000,000 
tons of ore reserves, it is uniquely able to provide not only 
an assured source of supply, but also rigid quality control 

1 at every step of the way, frbm mine to finished product. 
Titanium Pigment Division 
NL Industries, Inc. 
100 Chevalier Avenue ' "1 Titanium 
south Amboy, N.J.08879 WIII IIIIIIIII Pigments - 



SHELL RESINS AT THE HEART 
OF THE PAINT INDUSTRY 

Shell's contnbubon tothe pant indusiry conbnues 
to grow With our new research and development 
facibbes at the Polymers Centre,Amsterdam,we shall be  
developing new formulae, introducing new products 
and buldmg on our already extensive product range. 

Epikote resins mth thelr excepbonal anb-con- 
osion quahbes have become essenbal raw materials 
for industnalpnmers and many other types of coabngs 
Supplies are assured from plants in nine countries, and 
major expansions are under way m Europe. 

VeoVa monomer gives improved emulsion 
formulabons in domesbc paints for both internal and 
external use,and the charactensbcs of VeoVa are now 
being introduced to industnal pants.A new plant 
in the Netherlands mll help meet lncreaslng world- 
vvlde demand. 

I-hgh performance Cardura based resins are 
being mdely used for automotwe top coats. Newer 
developments,parhcularly in hgh-solids systems, offer 
simlar outstandng gloss and durability 

For further informabon ~ l e a s e  contact your Shell 
Company - 

Shell Chemicals rl 
Better resins make better paints 
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