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HE8UTEUYOU A JOKE 
HE*U UGHT UPYOUR SMOKE. 

BUT WHATCAN HE DO 
FORYOUR MARGINS? 

Any sales rep can take 
you to lunch, give you 
tickets to a ball game, or 

1 1 

send you a card on your 
birthdav But onlv a UCAR 
~crvlici Sales R& can 
offe; you someth;ng more. 

More profit. 
That's 'because UCAR 

Acryhcs can gve you 
performance that's equal 
1. 

to conventional acrvfics at 
an unconventionalfy low 
pnce. 

So you can continue 
malung hgh - quahty - paint, 

And at a much 
hgher profit 

To reach one of our 
UCAR Acrvlics Sales 
Reps, contakt your local 
Union Carbide Sales 
Office. Or write to Dept. 

I 

K3442, Danbury CT 

Well light up your 
smoke. Well tell vou a 
joke. And keep );ou 
laughng all the way to 
the bank. 

but at a much lower cost. Coatings Materials 

UCAR la a Reg~rtered Trademark ot Un~on  Carblds C o ~ o r a t ~ o n .  



Vancide TH is a highly effective, economical preserva- Vancide TH is extremely cost efficient. And because it's 
tive for latex paints. It prevents the growth of bacteria in liquid form, Vancide TH mixes quickly and easily into 
that causes latex formulations to turn thin and watery. your formulations. 
Latex paint with Vancide TH is just as thick when it leaves In the highly competitive market for latex paint, keep your 
the retailer's shelf as it was when it left your mixing room, products in the thick of it with Vancidee TH. 

R. T. VanderbiR Company, Inc. 
INDUSTRIAL MINERALS AND CHEMICALS 

.......................... 
r R . T  Vanderbill Company lnc., Paint Depl.. 30 Winfield St,  Norwalk, CT 

CT 1 I 
I'd like to see for myself that Vancide TH is a superlor bioc~de. i i Please send me a free sample of Vancide TH. 

I'd like to discuss arrangements for lesting my latex formulation wlth and without 
i I Vantide TH in your aloratortes I 
I i Name Tltie i i Company 

I Street 

i 
I 

State ZIP I 
Please attach this coupon to your company letterhead I 

L--,,,,--------------------A 
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1 CIBA-GEIGY k%%!!!~?k$~~ standard epoxy resin1 

poly (amidoamine) hardener 
formulations-substitutes that 

our chemists to work on a 
With new 100% solids solution. And why that solution 
Hardener XU 283, you can is available today as a 100% 
formulate an EPA- solids, modified 
acceptable coating with poly (amidoarnine) hardener 
improved performance. known as XU 283. 

~obody  has to tell you about More than just a replacement. 
EPA-mandated restrictions on A look at its properties 
,he volatile organic content should be sufficient to 
'VOC) of industrial coatings. convince you that XU 283 is 
j r  about the fact that these more than just a replacement 
,estrictions are being adopted for conventional 
state by state. poly (amidoamine) hardeners 

Ever since VOC be to achieve high solids coatings. . 
:oncern, formulators Because its viscosity ranges 
3een lookina to their b u u u ~ ~ a ~ s  between 3000-4500 cp at 

- 
came a 
have -....* I:....- 



25°C XU 283 requires 
significantly less solvent than 
standard poly (amidoamine) 
hardeners to reach a workable 
stage. Because XU 283 is 
compatible with solvent-free 
liquid epoxy resins such as our 
Aralditem 6010 epoxy resin, no 
induction period is necessary 
and, consequently, coatings 
can be applied immediately 
after mixing. In addition, 
XU 283 also resists blushing 
and exudation. 

But what about end results? 
In the final analysis, how does 
XU 283 compare to 
conventional products? The 
fact is, crosslinked with 
Araldite 6010 resin, XU 283 
actually improves the 
performance and application 
of coatings formulations. 
Compared to formulations 
using unacceptably high 

Chemical resistance 

lrnmerslon tests 
12-16 rnlls, Cured 7-10 days @ R T 

Formulat~on 1 2 
Parts bv wetoht 

' 1 Type Epoxy Resln - 100 
Conventional Polyamlde - 54 

Weeks to fallure (1 Year Test) 

Tap water >52 8 

Delonlzed water >52 8 
Sea water > 52 > 52 

5056 NaOH > 52 152 
10% NH40H > 52 1 

10% HzSOn >52 2 
10% HCL >52 1 

Unleaded gas >52 >52 
Dlesel fuel >52 >52 
SkydroI0 500BS >52 8 
Heptane 152  >52 
Xylene 152  16 

MEK 12 1 

lsopropanol > 52 26 

better chemical (see cha 
corrosion and abrasion 
resistance; and can provi 
excellent mechanical 
properties, especially 
adhes~on. Add all this to the 
h~gh sol~ds content of XU 283 
and ~ts elrmination of sweat-ln 
time, and you can understand 
why in~t~al response from 
formulators has been 
overwhelmingly enthusiastic. 

Technology and service. 
Faclng up to EPA-mandated 

restrictions on VOC IS an 
important challenge to the 
coatlngs Industry But it's a 
challenge we're prepared to 
help you resolve. Call the 
CIBA-GEIGY Reslns 
Department-your source for 
h~gh technology specialty 
reslns and hardeners, and 
res~onsive serv~ce-at (800) 

solvent levels, XU 283 50% Ethanol/H~O >52 
produces harder film; Note ~SZ=UnaItected after 1 year 

Substrate Sandblasted hot rolled sleel 
'Reg~stered trademark of Monsanto lndusfr~al 
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Education-Key to Preserving a Prime Asset 
Promoting educational activities has long been a priority item on the Federation 

agenda, and some current efforts in this regard are worth noting. 

FSCT scholarship funding has been raised to a total of $22,000 for the 1985-86 
academic year. These funds will be shared by six schools (North Dakota State 
University, Eastern Michigan University, Kent State University, University of Detroit, 
University of Missouri-Rolla, and University of Southern Mississippi) and used as 
grants-in-aid for students enrolled in their coatings technology programs, with 
preference given to qualified scholarship applicants who are children of Federation 
members. 

Additionally, an Ad Hoc Committee is currently investigating the possibility of 
establishing a Federation Chair at  one or more universities, to help upgrade and 
expand the faculty team serving the coatings program. 

And the newly-formed Professional Development Committee is initiating studies to 
provide for the continuing education af Federation members, as well as to attract 
needed new talent into the coatings industry. 

Meanwhile, work continues on development of a totally new Federation Series on 
Coatings Technology. The original Series, dating back to 1964, has served as a 
valuable teaching resource, but the many changes which have taken place in the 
industry underscore the need for the new booklets, the first of which are scheduled for 
publication early in 1986. 

These efforts continue the Federation commitment to serving the educational needs 
of coatings personnel, for people are our industry's most important asset. 

Thomas A. Kocis 
Contributing Editor 

Vol. 57, No. 724, May 1985 
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PREDICTION OFTHE SERVICE LlFE OF COATINGS ON 
STEEL. PART I: PROCEDURE FOR QUANTITATIVE 
EVALUATION OF COATING DEFECTS-J.W. Martin and 
M.E. McKnlght 

Journal of Coatings Technology. 57. No. 724.31 (May 1985) 

A new evaluation procedure based on spatial statistical 
techniques is demonstrated for quantitatively evaluating 
the degradation state of steel panels protected by an 
organic coating. Representative results from this proce- 
dure are presented. These results include changes in the 
number, sizerand location of defects as afunction of time. 
Attributes of the evaluation procedure are discussed in 
terms of an ideal evaluation procedure. It is concluded 
that the procedure (1) is simple to apply; (2) is systematic 
in itsapproach; (3) generatesquantitative measuresof the 
degradation state of a coated steel panel; and (4) outputs 
the raw data in a publishable format. Although not proven 
as yet, strong indications exist that the results of the 
procedure are reproducible and repeatable. At present, 
the major drawback of the evaluation procedure is the 
long time needed for evaluating each panel. Alternatives 
which could significantly reduce this time are discussed. 

PREDICTION OFTHE SERVICE LlFE OF COATINGS ON 
STEEL. PART II: OUANTITATIVE PREDICTION OF THE 
SERVICE LlFE OF A COATING SYSTEM-J.W. Martin 
and M.E. McKnlght 

Journal of Coatings Technology, 57, No. 724. 39 (May 1985) 

The applicability of a reliability and life testing procedure 
is demonstrated for quantitatively predicting the service 
lives of two coating systems. By subjecting an acrylic and 
an alkyd to three temperatures and 95% relative humidity, 
it is experimentally demonstrated that the proposed 
procedure is capable of quantitatively estimating the 
maximum service life, at 95% RH over a wide range of 
temperatures, beyond which a specified proportion, 1 -A, 
of a nominal coating population survives. Although the 
coating systems are very different, the same equations 
appear to be applicable to both systems. This indicates 
that the analysis might be generally applicable for 
predicting service lives for a wide variety of coating 
systems. 

PREDICTION OF THE SERVICE LlFE OF COATINGS 
ON STEEL. PART Ill: CATEGORIZING THE PER- 
FORMANCE OF COATING SYSTEMS ON THE BASISOF 
THEIR CORROSION AND BLISTER PATTERNS-J.W. 
Martin and M.E. McKnlght 

Journal of Coatings Technology, 57, No. 724, 49 (May 1985) 

The spatial pattern of defects (corrosion and blister spots) 
resulting from the aging of coating systems and the scals 
of clustering of thesedefectsarequantitatively determined 
for a clear acrylic and a pigmented alkyd coating system. 
For the acrylic, it is established that defects are randomly 
distributed over the surface of the steel test panels, 
whereas for the alkyd, the defects are clustered. For the 
two coating systems studied, a clear distinction exists 
between their defect spatial patterns. This suggests that 
an index based on the defect spatial pattern may be useful 
for categorizing the in-service degradation of different 
coating systems. 

DISSOLVING POWER OF SOLVENTS AND SOLVEN 
BLENDS FOR POLYMERS-P.L. Huyskens, et al. 

Journal of Coatings Technology. 57, No. 724, 57 (May 1985) I 
A convenient quantitative definition for the dissolving 
power, $, of a solvent for a substance, B, is the difference 
between the chemical potentials of B in its own phaseand 
in the solution, divided by RT (where R is the gas constant 
and T is the absolute temperature). When $ is positive, 
more solute can be dissolved. When $is negative, phase 
separation is expected. In the case of polymers, $can be 
replaced by $, calculated for one repeating unit. Accord- 
ing to the prediction method of Hansen using three 
solubility parameters, $, should be proportional to the 
difference R A ~  - 4 (S6d - (S6p - (S6+, 
where RA is the radius of the solutesphere of solubility. In 
this work a new prediction method based on $, is 
proposed. This method takes into account entropy 
changes and is based on a more correct treatment of the 
hydrogen bonds. The new equation giving $, contatns 
known characteristics such as the molar volume of the 
solvent (V,), the molar volume of the repeating unit of the 
polymer (V,), and the so-called "structuration" factor 
(b,), of the solvent, related to the presence orthe absence 

Journal of Coatings Technology L 



Look to Dow for the broadest line of epoxy powder 
coating resins and curing agents in the industry. We can Use Our provide all the epoxy products you need to 

enter and service the rapidly expanding powder line to market for decorative functional 
powder coatings. 

broaden your Owno DOW*epoxy powder coating resins 
offer batch-to-batch consistency for easy processing. 
They're manufactured to narrow epoxide equivalent 
weight and melt viscosity ranges for predictable re- 
acti;ity and handling properties. And, they meet 
stringent insolubles and gel contamination guidelines. 
Naturally, powder coatings made with DOW epoxy 
resins offer the high performance and long-term 
economy that have made powder coating technology 
increasingly popular among end-users. 

Explore the broad options our epoxy powder coatings 
resin line offers. Write: The Dow Chemical Company, 
Coatings and Resins Dept., Inquiry Services, 1703 S. 
Saginaw Road, Midland, Michigan 48674. Or call 
1 -800-258-CHEM Extension 2 1 ICoatinxs. 

v ' +  Mrrnbc,! of 

THE POWDER 
COATING INITITUTE 

'Trademarl< o f  The Dow Chemical Company 



of H-bond chains. This equation also contains a few 
parameters that must be measured (1) for the solvent: a 
modified solubility parameter ' S ' ,  determined from the 
solubility of solid alkanes in the given solvent; and (2) for 
the polymer: its modified solubility parameter P6', a 
characteristic constant, A, and the stability constants, K, 
of the hydrogen bonds the polymercan form with the main 
different groups of solvents. 

The predictions of the two methods are compared with 
the experimental data for three polymers-PVAC, PMMA, 
and PEMA-in some 25 solvents and their binary blends. 

EQUATIONS FOR CALCULATING HOMOLOG SOLU- 
BILITY PARAMETERS. II: SIMPLE EQUATIONS BASED 
ON CHAIN LENGTH-C.H. Fisher 

Journal of Coatings Technology. 57. No. 724. 69 (May 1985) 

Linear equations are provided for correlating homolog 
solubility parameterswith numbersof carbons, molecular 
weights, molar volumes, refractive indices, and boiling 
points. The linear equationscan be used toevaluate some 
published solubility parametersand toestimate newones. 
In some instances, logarithmic and reciprocal equations 
are superior to the linear equations. The limiting (or 
infinite-length n-alkane) solubility parameter may be8.2H 
or 16.8 (S.I.). 

USE OF A FLOCCULATION GRADIENT MONITOR FOR 
QUANTIFYING TITANIUM DIOXIDE PIGMENT DISPER- 
SION IN DRY AND WET PAINT FILMS-D.J. Rutherford 
and L.A. Simpson 

Journal of Coatings Technology, 57, No. 724, 75 (May 1985) 

The degree of pigment flocculation in a dry paint film can 
be determined by measuring the amount of infrared 
radiation which is back-scattered as a function of film 
thickness. This results in the calculation of flocculation 
gradient. However, the use of this technique has been 
limited by the necessity for a relatively expensivespectro- 
photometer. A simple and inexpensive apparatus for 

measuring flocculation gradient, which is referred to asa 
Flocculation Gradient Monitor, has therefore been de- 
signed, built, and tested. The advantages and disad- 
vantages of the useof flocculation gradient in practiceare 
discussed. 

In addition, pigment flocculation in the wet paint (or 
millbase) has been quantified using a similar principle to 
determine back-scatter measurement (Rw40) for only one 
wet film thickness. For this purpose, a wet cell, 40 Mrn 
thick, is used to encapsulate the paint. Since the 
technique is quick, i t  is suitable as an online quality 
control test which can be used at any stage of a paint 
manufacturing process. 

Papers to be Featured 
In the June Issue 

"What the Paint Formulator Should Know About 
Emulsion Polymeri7ation"-B. Henshaw, McCloskey 
Varnish Co. 

"Kinetics of Crosslinking Using Blocked Reagents and 
Blocked Catalysts"-W.J. Muizebelt, Akzo Research 

"Slime Films on Antifouling Paints: Short-Term Indi- 
cators of Long-Term Effectiveness"-M.G. Robinson. 
B.D. Hall. and D. Voltolina. Roval Roads Militarv I 1 

"New Isoindoline Pigments for High Quality Applica- 
tions"-J. von der Crone, Ciba-Geigy Ltd. I I 

Journal of Coatings Technology 1 
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Ruth Johnston-Feller, Color Scientist, 
Will Present 1985 Mattiello Lecture 
At Federation Annual Meeting in St. Louis 

The Federation of Societies for Coat- introduce instrumental color control in orimetry Laboratories of the Pigment 
ings Technology is pleased to announce the manufacture of paint. Department of CIBA-GEIGY Corp. in 
that color scientist Ruth Johnston-Feller Author of more than 45 technical Ardsley, NY, where she was responsible 
will present the Joseph J. Mattiello articles, Mrs. Johnston-Feller con- forthetestingandevaluationofpigments 
~ e m b r i a ~  Lecture at - 
the 63rd Annual Meet- 
ing of the Federation 
to be held at the 
Cervantes Convention 
Center, St. Louis, on 
October 7 to 9, 1985. 

Mrs. Johnston-  
Feller will speak 
about her work on 
paint film exposure, 
"Reflections on the 
Phenomenon of Fad- 
ing," at the morning 
session on Wednes- 
day, October 9. 

The lecture com- 
memorates the contri- 
butions of Dr. Mat- 
tiello, who did much to expand the 
application of the sciences in the decora- 
tive and protective coatings field. Dr. 
Mattiello, who served as President of the 
Federation, 1943-44, was Vice-President 
and Technical Director of Hilo Varnish 
Corporation, Brooklyn, NY, when he 
died in 1948. 

The lecturer is chosen from among 
those who have made outstanding con- 
tributions to science and is selected to 
present a paper on a phase of chemistry, 
engineering, human relationships, or 
other science fundamental to paint, var- 
nish, lacquer, or related protective and 
decorative coatings. 

Early Career 

Ruth Johnston-Feller has more than 
30 years' experience in industrial color 
technology. Before joining CIBA- 
GElGY in September 1973, she was 
Director of Application Services of the 
Color Systems Division of the Kollmor- 
gen Corporation. Prior to joining Koll- 
morgen in 1967, she was Project Leader 
for Color Research at the Coatings and 
Resins Division of PPG Industries, Inc. 
She was one of the first in America to 

tributed the major 
chapter on "Color 
Theory" in the three- 
vo lume  Pigment 
Handbook, edited by 
Temple Patton and 
published by J .  Wiley 
& Sons. She has 
taught  numerous  
courses on color and 
the  behav io r  of 
colorants and has lec- 
tured on color science 
at many universities. 

Ruth Johnston- 
Feller attended Car- 
thage College and is a 
graduate in Chem- 
istry from the Univer- 

sity of Illinois where she worked for the 
Chemistry Department in the develop- 
ment of spectrophotometric techniques. 
During World War 11, she was associated 
with the Penicillin Research Project 
at the U. S. Department of Agricul- 
ture's Northern Regional Research 
Laboratory. 

Research Work 

Mrs. Johnston-Feller, the former 
Ruth M. Johnston, is presently con- 
sultant in color science to the Research 
Center on the Materials of the Artist and 
Conservator at Mellon Institute, Car- 
negie-Mellon University, Pittsburgh, 
where she directs the color-science labo- 
ratory and the research program on 
fading of paints and textiles. The Re- 
search Center, which receives its basic 
support from the Andrew W. Mellon 
Foundation, is directed by her husband, 
Dr. Robert L. Feller, who, for 35 years, 
has been engaged in research on new 
methods and materials for the preserva- 
tion of artistic and historic works. 

Before joining her husband in Pitts- 
burgh in 1975, Miss Johnston was 
Manager of the Coatings and Col- 

for the coatings industry and for supervi- 
sion of the Colorimetry Laboratory's 
work on the application of color tech- 
nology in the plastics, paint, textile, and 
paper industries. 

In 1970 Ruth Johnston-Feller received 
the Federation's Armin J .  Bruning 
Award for her outstanding contributions 
to the science of color. In 1977, and again 
in 1978, Miss Johnston and her associate 
at CIBA-GEIGY, Dennis Osmer, were 
awarded the Dry Color Manufacturer's 
Award for the year's outstanding publi- 
cations in the JOURNAL OF COATINGS 
TECHNOLOGY on the subject of color 
science as applied to the paint and 
coatings field. Their two award-winning 
publications concerned the quantitative 
evaluation of various aspects of ap- 
pearance changes of paints following 
exterior exposure. In 1984, Mrs. 
Johnston-Feller received the Inter- 
Society Color Council's Macbeth Award 
in recognition of her outstanding recent 
contributions to the subject of color. 

Affiliation with the work of the Center 
at Mellon Institute has given Mrs. 
Johnston-Feller the opportunity to ex- 
pand her research interests in the evalua- 
tion and quantification of colorant fad- 
ing. In a series of papers with Robert 
Feller and Catherine Bailie, she has 
documented the way that both trans- 
parent and opaque paints fade in a 
predictable manner. It is this latter work 
which she will discuss in her presentation 
on October 9, summarizing these results 
and presenting some of her recent and as 
yet unpublished findings. 

Professional Organization Activities 

Mrs. Johnston-Feller has given many 
years of dedicated service to the Federa- 
tion. A former member of the Board of 
Directors, she has served as a member of 
the Publications Committee and of the 
Editorial Review Board of the JOURNAL 

(Continued on page 20) 
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Now.. . Hiah Gloss 
and Corrosion ~esistince in a 

Waterborne Paint for Metal around the House. 

acrylic polymer 

High gloss and corrosion protection. 
Have both in your waterborne paint for metal. 

Use Maincote HG-54 acrylic polymer. For primers and topcoats 
that also exhibit outstanding weatherability, gloss and tint retention, and 
resistance to chemicals and solvents. Direct-to-metal adhesion is excel- 
lent, even on galvanized steel surfaces. . . and under damp conditions. 

Pro~erlv formulated 3coat svstems withstand 3.000 hours salt 





Government and hdvstry 

U.S. Sales of Synthetic Latex Polymers Reaches $2.1 Billion in 1984 
Sales of syntheticlatex polymers in the 

U.S. during 1984 reached nearly 2.9 
billion dry Ib, valued at more than $2.1 
billion. These figures were released In a 
new survey issued by C. H. Kline & Co., 
marketing consultants in Fairfield, N.J. 
These polymers are supplied as water 
emulsions or colloidal dispersions and 
are critical raw materials in the manufac- 
ture of a wide variety of nondurable 
products, including coatings, adhesives, 
paper, and others. The five major latex 
polymer types-styrene-butadiene. acryl- 
ics, vinyl acetate homopolymer, v~nyl- 
acrylics, and vinyl acetate-ethylene- 
together accounted for almost 89% of the 
total pounds and over 85% of the dollar 
value. More than twelve additional minor 
products made up the balance of volume 
consumed. 

Latex consumption is concentrated in 
a relatively few major industries. Paint 
and coatings production leads all areas in 
latex use, accounting for over 23% of 
domesticconsumption in 1984. Theadhe- 
sive, paper,carpet, textile,and nonwoven 
industries follow in declining order, and 
together represent approximately 60% of 
all consumption. At least fourteen other 
consuming industries account for the 
remaining volume. 

Patterns of latex use vary considerably 
within the different industries. Each con- 
suming industry has its own major and 
uniaue requirements. However. with the 
large number of grades typically available 
for each major polymer type, interpoly- 
mer competition is frequently intense. 
This complex competitive relationship 
among latex types is determined by such 
grade factors as solids content, pH, par- 
ticle size, chemical/ mechanical stability, 
comonomer flexibility, and chemical de- 
rivatization. Furthermore, the situation 
has become increasingly complicated by 
the growth of such specialized, high- 
performance latices as polyvinyl chlo- 
ride, styrene-acrylics, neoprenes, poly- 
urethanes, and others. 

The competitive positions of styrene- 
butadiene, acrylic, and polyvinyl acetate 
latices are likely to change as a result of 
shifts in government regulatory policy, 
changing feedstock availabilities, and the 
emergence of acceptable alternative latex 
polymers. 

The direction of future prices for syn- 
thetic latex polymers is influenced by 
many factors. Principal among these 
are the price of crude oil and natural 

gas, from which monomer feedstocks are 
derived. The comparative prices of latex 
polymers will depend largely on any up- 
coming changes in the relationship be- 
tween crude oil and natural gas prices. 

Interpolymer competition will also re- 
sult from product technology. Foryears. 
the major acrylic latex manufacturers 
have promoted the excellent qualities of 
acrylic latex systems in paints and other 
major end uses. However, newer, less 
costly copolymer and terpolymer prod- 
ucts are now gaining greater acceptance 
as good performance substitutes. Many 
of these technical advances are being 
made in vinyl-acrylics. 

The outlook for latex polymers will be 
influenced by many factors, including 
raw material prices, technological devel- 
opments, government regulations, and 
consumer preferences. However. overall 
growth is projected to average 3% a year 
through 1988 when demand will reach 
over 3.2 billion dry pounds. The most 
rapidly growing major latices will include 
vinyl acetate-ethylenes, styrene-acrylics, 
and acrylics. Products projected to grow 

at below average rates include styrene- 
butadiene, polyvinyl acetate, and vinyl- 
acrylic latices. 

Major consuming industries where de- 
mand is projected to rise at above average 
rates include printing inks, adhesives, 
textiles, and caulks and sealants. Slower 
growth will be seen in carpet, paint and 
coatings, paper, and nonwovens. The 
only industry where latex consumption is 
expected to decline is leather. 

The market for latex polymers in the 
U.S. was served by about forty suppli- 
ers of commercial significance in 1984. 
The majority of these firms manufactured 
only a few of the many polymer types 
available. 

The Kline report is based on an in- 
depthstudy of thevarious latex polymers, 
consuming industries, and suppliers that 
make up the domestic market. Business 
level projections through 1988 are sup- 
ported by a full evaluation of the future 
outlook and opportunities in latex poly- 
mers. The survey is available onsubscrip- 
tion from Charles H. Kline & Co., 330 
Passaic Avenue, Fairfield, NJ 07006. 

USAF Seeks Coatings for Rockets 
The D / L  Laboratories, New York, 

NY, under contract with the U.S. Air 
Force, is actively seeking coatings 
which will either prevent corrosion of 
metal and composite motor cases or 
the migration of moisture and organic 
liquids within solid propellant air 
launched rockets. 

Corrosion inhibiting coatings 
should be durable, and designed to 
inhibit corrosion of metals and com- 
posite materials in marine environ- 
ments. 

Migration inhibiting coatings 
should adhere to elastomers, such as 
EDPM, hypalon, phenolic SBR, ure- 
thanes, or composite material resins. 
In addition, they should prevent 
migration of, as well as be resistant to: 
moisture; plasticizers, such as DOA, 

DOS, IDP; and nitroglycerine; curing 
agents such as IPDI, HMDI, and 
BITA; and catalysts such as catacene 
and ferrocene. 

All coatings should be stable and 
effective at temperatures from-65' to 
+145O F, in a vacuum, under vibration 
during flight, and in humid environ- 
ments. 

The Air Force prefers that these 
coatings be made of non-hazardous, 
readily available raw materials, easily 
processed in standard equipment, 
capable of application by spray or 
flow coat, and be reasonable in cost. 
Color is immaterial. 

Samples, with any available data, 
should be sent to: Saul Spindel, D/ L 
Laboratories, 116 East 16th St., New 
York, NY 10003. 
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H ~f f to ility 
Our new leaa cnrornale pigmenrs plan1 
will cover y s for year: :erne. reed! 



We've put $20 million into expand- 
ing and improving our Glens Falls, 
NY facilitv so vou can be sure of 
consisteh-quality lead chromate 
pigments whenever you need them. 

We installed the most modern 
process technology and equipment 
for the production of these pig- 
ments. And we built a plant for mak- 
ing our own litharge. As a result, 
you can expect the consistency, the 
quality and the quantity you need, 
well into the future. 

In addition to giving us more 
capacity, these facilities are an 
industry model of employee and 
environmental protection, in full 
compliance with current and antici- 
pated regulations. 

Our commitment to consistently 
high quality lead chromate pig- 
ments doesn't end there. A network 
of strategically located warehouses 
insures that you get what you need 
promptly And a team of technical 
sales and service people, who deal 
only with pigments, provides the 
expert support you need. 

For additional information-and 
a free booklet on our pigments- 
call 800 431-1900 (in New York, 
914 347-4700). Or write Pigments 
Department, CIBA-GEIGY 
Corporation, Three Skyline Drive, 
Hawthorne, NY 10532. To place 
an order, call 800 431 -2777 
(in New York, 914 347-4724). 

CIBA-GEIGY 



Johnston-Feller to Present Mattiello Lecture - 
(Continued from page 14) 

OF COATINGS TECHNOLOGY, and con- 
tinues to work on the Definitions Com- 
mittee. She served for several years as a 
member of the Board of Trustees of the 
Paint Research Institute. Currently, she 
is a member of the Federation's Profes- 
sional Development Committee. 

Much of her service to the Federation 
was associated with color science. For 
many years she was Chairman of the 
Federation's Inter-Society Color Council 
Committee and Chairman of the FSCT 
delegation to  the Inter-Society Color 
Council, as well as Chairman of the 
Bruning Award Committee. She assisted 
the FSCT Annual Meeting Program 
Committees, arranging many sessions of 
particular interest to  the ladies as well as 
to  the men of the Federation. She 
coordinated the work of the ISCC Com- 
mittee of the Federation in contributing 
definitions of more than 400 color terms 
in the PainrlCoatings Dicrionary, 1978, 

Cabot Corp. Names 
New Distributors 

The Cab-0-Sil@ Division of Cabot 
Corporation, Tuscola, IL, has appointed 
Pacific Coast Chemicals Co. as their 
distributor of its specialty chemical prod- 

a section that was published separately in 
1979 as the Glossary of Color Terms. She 
is past Chairman of the Problems Com- 
mittee of t h e  In ter -Socie ty  Color  
Council. 

In addition to  the Federation and the 
Inter-Society Color  Council ,  Mrs.  
Johnston-Feller is a member of numerous 
other professional Societies: American 
Chemical Society, American Society of 
Testing and Materials. American Asso- 
ciation of Museums, Optical Society of 
America, the American Institute for 
Conservation of Historic and Artistic 
Works, and the International Institute 
for Conservation of Historic and Artistic 
Works. She is listed in American Men 
and M'omen oj' Science. 

Special Discount Fares 
Available from TWA 
To Annual Meeting 

Special arrangements have been made 
with TWA to offer discounted fares within 
the U.S. to/from St. Louis, MO, for the 
October 7-9 Annual Meeting and Paint 
Showat the Cervantes Convention Center. 
These special fares are available only when 
you call the unlisted toll-free number (800- 
325-4933); in Missouri only, call (800-392- 
1673). Be sure to ask for lowest fare 
available! You must give the FSCT Con- 
vention number which is: 

Engelhard Completes Purchase of Freeport Kaolin 

Engelhard Corporation, Edison, NJ, technologies will allow Engelhard to ex- 
has completed the purchase of Freeport pand its product offering and strengthen 
Kaolin Co., Gordon, GA, from Freeport- its presence in key domestic and inter- 
McMoRan Inc. Freeport Kaolin Co. is a national markets, notably in Brazil and 
producer of performance minerals pri- Australia. 
marily for the paper, paint, and plastics 
industry. 

According to  L. Donald LaTorre, Se- 
nior Vice-President for the Performance 

ucts for the entiie west Coast region. Minerals Group, Specialty Chemicals 
Pacificcoast Chemicals is headquartered Div. of Engelhard, the added rnanufac- Premier Mil' Begins Construction 
in Berkeley, CA. turing, minerals reserves, products, and Of New Manufacturing 'Iant 

Premier Mill Corp., New York, NY, 
has announced the construction of a new 
manufacturing plant to  be located in 
Reading. PA. The facility will be used to  
manufacture and assemble the company's 
full line of high speed mixing, dispersing, 
and grinding equipment. 

The engineering staff, purchasing de- 
partment, and technical service group 
will also operate from offices in the 

CERVANTES CONVENTION CENTER 
ST. LOUIS, MISSOURI OCTOBER 7-9 

i 

building. Premier's testing and customer 
demonstration laboratory will be incor- 
porated and expanded in this location. 

PPG Acquires 
Ladywood Business 

PPG Industries, Pittsburgh, PA, has 
purchased the Ladywood Business Group 
of International Paint PLC, a subsidi- 
ary of Courtaulds PLC of the United 
Kingdom. 

Producers of automotive and indus- 
trial coatings, Ladywood has one plant in 
Birmingham, England. The business of 
the new acquisition will be conducted 
througha wholly-owned subsidiary, PPG 
Industries (UK), Ltd. 
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Paint Industries' Show 
October 7, 8, 9 
Cervantes Convention Center 
St. Louis, Missouri 

TO OUR MEMBERS AND FRIENDS: 

With much pleasure, 1 invite all those 
associated with the coatings manufac- 
turing industry to attend the Feder- 
ation's 63rd Annual Meeting and 50th 
Paint Industries' Show in St. Louis, 
October 7-9. 

In 1972, the Federation marked the 
50th Anniversary of its founding. In 
1985, we reach another milestone with 
the Golden Jubilee of the Paint Show, 
the largest and finest exhibit of materi- 
als, equipment, and services for paint 
and coatings manufacturers. 

The "Big 50" Paint Show will indeed be 
that-and another record-breaker. 

Matching the Show in quality of con- 
tent will be the Program Sessions un- 
der the chairmanship of Joseph A. 
Vasta. And how significant and timely 

is the theme: "Coatings R&D: Today's 
Investment in Tomorrow." 

I am pleased that our 1985 convention 
will get underway on a high note with 
the Monday morning Keynote Address 
by John P. McAndrews, Group Vice- 
President, F&F Products Dept., DuPont 
Co. 

Come join us in St. Louis for the Big 
Show, the Big Program, and a Learn- 
ing Experience well worth your time. 

Joseph A. Bauer 
President, FSCT 
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ATlON OF SOCIETIES FOR COATINGS TECHNOLOGY 
ANNUAL MEETING AND PAINT INDUSTRIES' SHOW 

CERVANTES CONVENTION CENTER, ST. LOUIS, MISSOURI 
MONDAY THROUGH WEDNESDAY, OCTOBER 7, 8 , 9  

The Combined Annual Meeting and Paint Industries' 
Show Is a Major Educational Activity of the Feder- 
ation. This Significant Coatings Industry Event Con- 
sists of Three Days of Technical Program Sessions 
and Exhibits, Running Concurrently. 

The outstanding program presentations being ar- 
ranged for the Annual Meeting Program will be cen- 
tered about the theme-"Coatings R&D: Today's In- 
vestment in Tomorrow." The theme emphasizes the 
need to shape, guide, and protect the future through 
innovative coatings science and technology. Invest- 
ments in coatings R&D will ensure continued ability 
to provide quality products to meet today's require- 
ments and anticipate tomorrow's challenges. 

Thirteen hotels have reserved blocks of rooms for the 
Federation. A map showing the location of the hotels 
and a scheduleof rates are included in this brochure. 

All reservations will be processed by the St. Louis 
Convention and Visitors Bureau. The Bureau will 
send you an acknowledgment, noting the hotel to 
whichyou have been assigned. ( ~ u r e a u  telephone # 
314-421-1 166). The confirmation of your reservation 
will come directly from the hotel, to whom you must 
direct all inquiries. 

Phone numbers of the hotels (Area Code 314) are: 

Marrlott Pav~l~on 421-1776 Hol~day Inn R~verfront 621 8200 
Sheraton St LOUIS 231-5100 Mayfa~r 231 1500 

The Paint Industr~es' Show-best known and largest Be1 Air Hllton 621 7900 Omnl Un~on Stat~on 241-6664 
exhlblt of products and servlces used in the formula- Best Western 421 4727 Rad~sson st LOUIS 421-4000 
tlon, testlng, and manufacture of palnts and related Clarlon 241-9500 Rodeway Inn 534-4700 

Embassy Sultes 241-4200 Unlverslty Plaza 534 8300 
coatings-wlH be another record-breaker In both Hollday Inn Market st 231 3232 

slze and number of exh~b~tors 
Requests for accommodat~ons at the Marr~ott Pavll- 

Exhlbltlng In the Show will be more than 220 compa- lon or the Sheraton St. LOUIS will be l ~ m ~ t e d  to f~ve 
nles whlch manufacture and supply a w ~ d e  variety of rooms per company A parlor counts as one room. 
raw materrals, productron equrpment, laboratory ap- 
paratus & testlng devlces, containers, and a varlety of 
servlces for the coatlngs manufacturing Industry 
The llst of current exh~b~tors IS rncluded ~n thls 
brochure. 

Key personnel from coatlngs manufacturers In the 
U.S, Canada, and several other countries attend 
each year The Palnt Show glves them the opportu- 
nity to learn of the latest developments in the Industry 
and to dlscuss them wlth the top techn~callsales 
staffs of the exh~b~tors. 

Show hoursw~ll be Monday-12.00-5 30, Tuesday- 
9.30-5.30, Wednesday-9.30-3 00. 

- - 

- cu * r T  
The Federat~on's Board of D~rectors meetlng will be 
held on Sunday, October 6, In the Marr~ott Hotel. 



No. on Doubles1 Parlor & Parlor & 
Map Hotel Singles Twins 1 Bedroom 2 Bedrooms 

(1 tMarriott Pavilion $74 $86 $1 85-$295 $225-$375 

(2) tsheraton St. Louis 74 86 275 
- - 

(3) Bel Air Hilton 

(4) Best Western St. Louisian 46 54 

(5) Clarion 72 84 195-31 5 325-405 
- 

(6) Embassy Suites 

(7) Holiday Inn Market St. 54 61 

(8) Holiday Inn Riverfront 70 80 

(9) Maytair 59 69 

(10) Omni-Union Station 83 96 250 & up 375 & up 

(1 1) Radisson St. Louis 65 81 110 380-450 

(12) Rodeway Inn 48 54 

(1 3) University Plaza 49 55 

" All room rates are subj-.ct to a City and State Tax of 9.75%. 
t Requests for accommodations at the Marriott Pavilion or the Sheraton St. Louis will be limited to five rooms per company. A 

parlor counts as one room. Additional reservations will be assigned to other cooperating hotels. 



FSCT 1985 ANNUAL MEETING AND PAINT INDUSTRIES' SHOW 
CERVANTES CONVENTION CENTER, ST. LOUIS, MISSOURI 
OCTOBER 7, 8, 9 (Monday, Tuesday, Wednesday) 

APPLICATION FOR HOTEL ACCOMMODATIONS 91 
Philadelphia, PA 19107 

Please indicate below the type of accommodations requested and choice of hotels. All reservations will be 
processed by the Housing Bureau of the St. Louis Convention & Visitors Bureau. Hotel assignments will be 
made in accordance with prevailing availability. The Housing Bureau will send you an acknowledgment, 
noting the hotel to which you have been assigned. (Bureau telephone # 314-421-1166). The confirmation of 
your reservation will come to you directly from the hotel, to whom you must direct all inquiries (phone 
numbers in this brochure). 

All reservations will be held until 6:00 p.m. and none can be guaranteed after September 6. 

, 
CHOICE OF HOTELS: 

Type of 
Room 

RATE REQUESTED TYPE OF ACCOMMODATION 

Single (1 person) 

Double (2 persons) 

NAMES OF ROOM OCCUPANTS AND DATES OF ARRIVAL DEPARTURE 

Suite (parlor and 1 bedroom) I 

Su~te (parlor and 2 bedrooms) ! 1 

NUMBER 

Name 

Twln (2 persons) 

Dates 
Arrive Depart 

Please Type Add~t~onal Reservations on a Separate Sheet and Attach to Th~s Form 

SEND CONFIRMATION FOR ALL RESERVATIONS TO: 

Name 

Company 

Address 

City State or Province 

Country Ma~ling Code 

Telephone 

Note: Requests for accommodations at the Marriott or Sheraton will be limited to five rooms per 
company. A parlor counts as one room. 
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JOHN P. McANDREWS, OF DUPONT, TWA NAMED OFFICIAL AIRLINE 
WILL GIVE KEYNOT"AOr35ESS FOR ANNUAL MEETING AND PAINT SHOW 

The Federation is pleased and honored to announce The Federation has appointed TWA as the official 
that John P. McAndrews, Group Vice-President- airline for the convention in St. Louis. For flights 
Finishes & Fabricated Products, DuPont Co., will within the United States, phone the toll-free number: 

present the Keynore Ad- 
dressat the Monday morn- 
ing opening session. Mr. 
McAndrews joined the Du- 
Pont Co. in 1947 as a 
chemical engineer at the 
Marshall Lab. in Philadel- 
phia. In succeeding years 
he advanced through sev- 
era l  posts  w i th in  the  
F & FP Dept. He was trans- 
ferred to Remington Arms 
in 1966 and elected Pres- 
ident in 1979. He was 

named Vice-President of the F& FP Dept. in 1982 and 
assumed his present position in 1983. 

ANNUAL FEDECIATI9W .-I'NCWEON 
TO 8E PELD OY !YE3&.IESn4v 

The Annual Federation Luncheon will be held on 
Wednesday in the Sheraton. It will feature a guest 
speaker and the presentation of the Paint Show, 
Heckel, Roon, and other awards. 

SPOUSES ACTIVITIES TO BEGIN 
WITH MONDAY AFTERNOON SOCIAL 

A get acquainted wine and cheese social in the Con- 
vention Center will open the Spouses Program on 
Monday afternoon. There will be continental break- 
fasts on Tuesday and Wednesday morning and a 
special tour with lunch on Tuesday. 

800-325-4933 (in ~ i s s o u r i  800-392-1673). You must 
give the Federation's account number: 9911077. Be 
sure to ask for the lowest fare available. Applicable 
dates of travel for the special fare are October 4-12, 
1985. 

The Federation's two Societies in Missouri (St. Louis 
and Kansas City) will serve as the official hosts for 
the Annual Meeting and Paint Show. The General 
Chairman is Howard Jerome, of Spatz Paint Indus- 
tries, Inc. Subcommittee Chairmen are: Spouses- 
Mrs. Howard (Gene) Jerome; Program Operations- 
John Folkerts, of Future Coatings; Registration 
Area-Joseph W. Wrobel, Jr., of Ciba-Geigy Corp.; 
Information Services-William Reckel, of Amteco, 
Inc.; and Liaison-Nick Dispensa, of Davis Paint Co. 

PROGRAM COMMllTEE 

Joseph A. Vasta, of the DuPont Co., F&FP Dept., Wil- ( 

mington, DE, is the Chairman of the Federation's 
Program Committee. The Vice-Chairman is Percy E. 
Pierce, of PPG Industries, Inc., Allison Park, 
PA. Other members of the committee are: Taki 
Anagnostou, of AKZO (Wyandotte) Paint Products, 
Inc., Troy, MI; William H. Ellis, of Chevron Research 
Co., El Segundo, CA; Richard Eley, of Glidden Coat- 
ings & Resins Div., Strongsville, OH; Stanley LeSota, 
of Rohm and Haas Co., Spring House, PA; John S. 
Ostrowski, of Valspar Corp., Minneapolis, MN; David 
Richie, of Midland Div., Dexter Corp., Waukegan, IL; 
and James Lee, of Lanchem Corp., E. St. Louis, IL. 

Shown above is the famous Gateway Arch. In the background is Busch Stadium. 
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1 9 4  ADVANCE REGlSTRATIOM 
FEDERATION OF SOCIETIES FOR COATINGS TECHNOLOGY 

1315 Walnut St., Philadelphia, PA 19107 

Please fill out this form and mail with a check in the correct amount (made payable to the FSCT) to the Federation 
address shown above. All checks must be payable in U.S. Funds. Any that are not will be returned. DEADLINE 
DATE FOR ADVANCE REGISTRATION IS SEPTEMBER 6. NONE WILL BE ACCEPTED AFTER THAT DATE. 

A $10.00 charge will be made for cancellations receivedprior to September 6. No refunds will be made after that date. 

INDUSTRY REGISTRATION FEES: INFORMATION FOR REGISTRATION BADGE: 

A MEMBER $50.00 NICKNAME 
4 I I l I I I l i  

BUSINESS CLASSIFICATION DATA FOR THE ABOVE REGISTRANT: 

YOUR COMPANY (CHECK ONE BLOCK ONLY) YOUR POSITION (CHECK ONE BLOCK ONLY) 

Please name the Federation 
Society in which you are a paid- FIRST NAME LAST NAME 

AA - Manufacturers of Palnts DD - Sales Agent for Raw KK Management PP _ Techn~cal Sales Service 
Varn~shes Lacquers Mater~als and Equ~prnent Admin~stratlon QQ - Sales and Market~ng 
Printing Inks Sealants EE - Government Agency LL _ Manufactur~ng and 

Engineering RR _ Consultant 
BB Manufacturers of R~~ FF - Research Test~ng 2onsultlng 

Mater~als GG Educational lnst~tut~on MM _ Qual~ty Control SS - Educator StudenV 

L~brary Llbranan 
CC Manufacturers of 

NN Research and 
HH t'slnt Consumer Development TT _ Other Equ~pment and 

Conta~ners JJ _ Other 

I 
I I up member: 

TICKETS FOR FEDERATION LUNCHEON, 
WEDNESDAY, OCTOBER 9 (@ $20.00) 

I 

SPOUSES REGISTRATION AND INFORMATION FOR REGISTRATION BADGE. 

NICKNAME 
D SPOUSE $35.00 1 1 I 1 ' I  

I 1 l l l . l  1 

NAME 
I 

ADDRESS 

Z NUMBER REQUIRED: 
$20.00 EACH. 

BUSINESS AFFILIATION 

IS ENCLOSED 

Federation Constituent Society 

I I I 

; I '  
I i I 1 1  

I ; 

I ' 

STREET 

SPECIAL FEE FOR THE 

B NON-MEMBER $65.00 
1 1  

SPOUSES OF RETIRED STATE 
MEMBERS ONLY: 

H $25.00 MAILING ZONE ?bxmamn COUNTRY (OTHER THAN a U S ) 
I 

I 

I 

I , 

llTi , , , I i I , , 
I 

I I isT/T!(u.s.on/y)' 
I I 

G SPECIAL FEE FOR 
RETIRED MEMBERS $25.00 ZONE COUNTRY (OTHER THAN U.S.) 

I 

Federation Constituent Society I 

0 . 1  



1985 Paint Industries' Show 
Current List of Exhibitors 

Aceto Chemical Co.. Inc. 
Advanced Coating Technologies, Inc. 
Air Products and Chemicals, Inc. 
Akzo Chemie America/lnterstab Chemicals. Inc 
Alcan Powders & Chemicals 
Allied lndustrial Tank 
C.M. Ambrose Co. 
American Chemical Society 
AMF Cuno, Gen. Filter Prod. Div. 
Angus Chemical Co. 
Anker Labelers Corp. 
Applied Color Systems. Inc. 
Arco ChemicalCo. 
Aries Software Corp. 
Ashland Chemical Co.. IC&S Div. 
Atlas Electric Devices Co. 

B.A.G. Corp. 
BASF Wyandotte Corp. 
Battelle Memorial Institute 
Bausch & Lomb, Inc. 
Beltron Corp. 
Berol Chemicals. Inc. 
Blackmer Pump Div., Dover Corp. 
Bonar Industries. Inc. 
Bowers Process Equipment. Inc. 
Brockway Standard. Inc. 
Brookfield Engineering Laboratories. Inc 
Buckman Laboratories. Inc. 
Buhler-Miag, Inc. 
Bulk Lift Internat~onal. Inc. 
Burgess Pigment Co. 
Byk-Chemie USA 

Cabot - Cab-0-Sil Div. 
Cdlgnn Corp., Div. of Merck & Co., Inc. 
Cargill. Inc. 
CasChem, Inc. 
Celanese Chemical Co. 
Celanese Specialty Resins 
CEM Corp. 
Certified Equipment & Mfg. Co. 
Chemische Werke Huls AG 
Chemtech. Inc. 
Chevron-American Gilsonite 
Chicago Boiler Co. 
Clawson Tank Co. 
Color Corp. of America 
Columbian Chemicals Co. 
Commercial Filters 
Consolidated Packaging MachineryIPfaudler 
Continental Fibre Drum Co. 
Cook Paint & Varnish Co. 
Cordova Chemical Co. 
Cosan Chemical Corp. 
Cray Valley Products. Inc. 
Cyprus lndustrial Mlnerals Co. 

Daniel Products Co. 
DataLogix Formula Systems. Inc. 
DeFelsko Corp. 
Deyssa Corp. 
University of Detroit 
Diamond Shamrock Chemical 
Disti, Incorporated 
D I L  Laboratories 
Dominion Colour Co. 
Dow Chemical USA 
Dow Corning Corp. 
Draiswerke. Inc. 
Drew lndustrial Div. 
DSET Laboratories, Inc. 
DuPont DEE Solvent 

Eastman Chemical Products. Inc 
Eastern Michigan University 
Ebonex Corp. 
Eiger Machinery. Inc. 
Elcometer. Inc. 
Elektro-Physik, Inc. 
EM Chemicals 
Engelhard Corp. 
Epworth Mfg. Co.. Inc. 

Erwin Sonware Co. 
Exxon Chemlcal Americas 

Fawcett Co.. Inc. 
FSCT 
Fillite USA. Inc. 
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the better carbon black for 
lacquers & enamels 

More and more manufacturers are turning to Cabot's Black Pearlsm 1300 (or the fluffy 
Monarchm 1300) for their black coating formulations. 
Why? Simply because it is the optimum high-color carbon black. It provides a sharp 
gloss, excellent blue tone, and a jetness equal or superior to that of the channel blacks it 
replaced. It disperses easily, permitting fast, economical processing. What's more, it is 
available at a very modest price. 
In short, you can't find a better all-round black for high-color lacquers, enamels and 
other coatings than Black PearlsB 1300. 
For other applications, of course, there are other fine Cabot black grades. For example: 

For MEDIUM COLOR... 
Black PearlsB 800 is the logical choice. 

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

For detailed information on the characteristics of 
Black Pearl8 1300 and MonarchB 1300, send 

properties of Cabot's complete family of special 
blacks, request "Cabot Carbon Blacks for Ink, 
Paint, Plastics, Paper. " 

SPECIAL BLACKS DIVISION 

125 High Street, Boston, Massachusetts 021 10, U.S.A. 
Tel: (61 7 )  423-6000 



PORTABLE TRISTIMULUS 
COLOR Dlf f ERENCE METERS 
DESIGNED FOR QUALIN CONTROL AND PRODUCTION-LINE USE. 

Now you can measure chromaticity and color difference in 
a portable hand-held meter. 
Four models are available for your specific application: 
a 3mm diameter measuring area with 45" illumination 

O" viewing 
8mm diameter measuring area with diffuse illumination 
O" viewing 

a 25mm diameter measuring area with 45" illumination 
O" viewing 
50mm diameter measuring area designed to measure 
color difference on non-glossy surfaces such as textiles, etc. 

CALIBRATION OPTIONS 
A standard white reflector plate is provided with the meter, 
but the user can calibrate to any desired standard. 

a Large selection of measuring modes: Chromaticity Yxy 
(CIE 1931) and L*a*b* (CIE 1976), for color difference 
A (Yxy), A (L*a*b*), and A E. 

a High accuracy pulsed Xenon Arc Lamp. Illurninant 
condition C (6774K) or illuminant 0 6 5  (6504K) may be 
selected by the user. The meter has six silicon photocells 
filtered to match CIE standard observer response. The 
doublebeam feedback compensates for any change in 

MINOLTA DATA PROCESSOR DP-100 
a Compact and battery-powered 
a LCD and data print-out capability 

Ability to store up to 300 sets of color measurements-in 
addition to the color space of the meter, Munsell and 
L*C*Ho 

a Four channels for calibration to user's standard 
Sixteen sets of color coordinates can be stored as 
reference for measuring color difference 

a Built-in timer, averaging function, and ability to compute 
maximum, minimum, mean and standard deviation of a 
series of measurements 
Data output terminal can transfer data to a computer by 
RS-232C format 

METERS 
CR SERIES 

the light source, to insure accurate measurement. 
DATA OUTPUT AND REMOTE CONTROL 

a Built-in terminals for remote operation or attachment to 
Minolta Data Processor DP-100 

MINOLTA 
For more information, write Minolta Corporation, Industrial Meter Div., 
101 Williams Drive, Ramsey, N.J 07446. Or call 201-8254000. 
O 1985 Minolta Cor~orat~on ONLY FROM THE MIND OF MINOLTA 



Prediction of the Service Life 
Of Coatings on Steel 

Part I: Procedure for Quantitative Evaluation 
Of Coating Defects 

Jonathan W. Martin and Mary E. McKnight 
National Bureau of Standards* 

A new evaluation procedure based on spatial 
statistical techniques is demonstrated for quanti- 
tatively evaluating the degradation state of steel 
panels protected by an organic coating. Repre- 
sentative results from this procedure are presented. 
These results include changes in the number, size, 
and location of defects as  a function of time. 
Attributes of the evaluation procedure are discussed 
in terms of an ideal evaluation procedure. It is 
concluded that the procedure (1) issimple to apply; 
(2) is systematic in its approach; (3) generates 
quantitative measures of the degradation state of a 
coated steel panel; and (4) outputs the raw data in a 
publishable format. Although not proven as yet. 
strong indications exist that the results of the 
procedure are reproducible and repeatable. At 
present, the major drawback of the evaluation 
procedure is the long time needed for evaluating 
each panel. Alternatives which could significantly 
reduce this time are discussed. 

INTRODUCTION 

In 1980, it was estimated that the cost for protecting 
highway structural steel bridges from corrosion was 
approximately $130 to $160 million per year.' Since 
bridges comprise only a small fraction of all public 
structures, society could realize considerable economic 

Presented althe62nd Annual Mecl~ngollhr FcderalianolSoeiet~e~forCaaltn~lcchnology 
in Chicago. 11.. Ocloher 25. 1985. 

'Center lor Bullding Technology. Rle. 270 and Quincc Orchard Kd . Gallhersburg. 
MD 20899. 

savings if the time interval between maintenance coatings 
could be increased. One way this can be accomplished is 
by improving the decision-making tools for selecting 
more durable coating systems. 

Purposeful selection or manufacture of more durable 
coatings implies that specific knowledge is available on 
the performance of candidate coating systems. Specifi- 
cally, it implies that a decision-maker can predict the 
service life of a coating system subjected to its expected 
in-service operating and environmental conditions, 
choose between or among coating systems on the basis of 
their service life and cost-effectiveness, and identify the 
causes of coating degradation by associating material 
properties of a coating system to its corresponding service 
life. This performance information should be required of 
any material or system prior to its large scale field 
application. One way of obtaining this information is 
through outdoor exposure tests. To conduct outdoor 
exposure tests in all representative exposure sites in the 
United States, however, would be prohibitively expensive 
and time consuming. A far better procedure is to acquire 
the necessary data via accelerated aging tests. 

Accelerated aging tests have two distinct advantages 
over outdoor exposures. First, the experimenter has 
complete control over the factors comprising his environ- 
ment; that is, he can control what degradation factors are 
present, set their intensity, and, if desired, vary their 
intensity over time. The second advantage of accelerated 
aging tests, and the major reason for preferring them over 
outdoor exposures, is that the degradation process can be 
speeded up. This is accomplished by setting one or more 
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of the degradation factors to intensity levels greater than 
that found in-service. The obvious benefit of this is that 
the service life data is available in a shorter period. The 
difficulty lies in selecting degradation factors and a stress 
regime from which the empirical results can be extrap- 
olated to an in-service environment. To make these 
extrapolations, the functional relationship between the 
imposed degradation factors and the performance of the 
coating system must be known. In the past, the lack of this 
knowledge has limited the usefulness of accelerated aging 

The objective of this series of papers is to 
demonstrate several methodologies which are capable of 
elucidating these relationships. 

The accelerated aging test procedure can be divided 
into three parts ( I )  experiment, (2) evaluation, and (3) 
anal-.Q:F. Each of these elements is vital. In the accelerated 
aging .,sts currently used for coatings, however, the 
em~has is  has been on the ex~erimental procedure with 
comparatively little emphasis being placed on either the 
evaluation or the mathematical analysis. The philosophy 
behind the currently used accelerated aging tests has been 
to develop a laboratory-based experimental program that 
correlates with the results from all o r  a large portion of 
outdoor exposures. It is generally agreed that this 
approach has not been successful? 

In the accelerated aging test procedures which are 
proposed in this series of papers, the emphasis is on 
mathematical analysis;' This emphasis should be ex- 
pected, inasmuch as the objective of the accelerated aging 
tests is to quantitatively predict the service life of a coating 
system. As is pointed out by the authors,) the mathe- 
matical analysis procedure selected was reliability theory! 
Before reliability techniques could be used, however, a 
more quantitative evaluation procedure had to be 
identified for evaluating the degradation state of coated 
panels. The evaluation procedure developed has a basis in 
spatial statistics and was used in place of the current 

Random Systematic nn . . . . . . . 
. . x i .  8 .  . . .  I .  I . . . . . .  

x . . .. ......I . . . . . . * . . 
POINTS 

Random ~ystemat lc  
(squares or clrcleal (squares or circles) Grid 

0 0 0 0  

QUADRATS 

Figure 1 -Alternative sampling plans for quantifying the amount 
of coating degradation 

visual evaluation procedures like ASTM D610.7 A 
description of this procedure and examples of the kinds of 
information that are obtained are included in this paper. 

REVIEW OF SPATIAL 
SAMPLING PROCEDURES 

Defects begin to appear after a coating is exposed to an 
adverse environment for a long period of time. These 
defects often form a complex spatial pattern over the 
surface of a coating. Each defect can be characterized by 
its size, type (corrosion or blister), and location. The total 
area of the defects can be determined by summing the 
areas of each of the individual defects. With increasing 
time, the number and the size of defects (hence, the area of 
the defects) increase. The total area of the defects is often 
used as the criterion for determining when a coating fails. 
The time at which failure occurs is called the service life of 
the coating. As is shown in "Part 111" of this series: the 
pattern of defects may also provide useful information, 
with respect to the causes of coating failures. 

The spatial analysis problem is not unique to coatings. 
It appears in many other disciplines. In ecology, one is 
often interested in the spatial distribution of plants, trees, 
or animals.9-" In geography and economics, the problem 
is couched in terms of the distribution of retail stored2 or 
the distribution of males employed in agriculture in a 
specified geographical region." Other examples include 
geology (e.g., the distribution of uranium deposits in a 
region,14 microbiology (e.g., the distribution of bacteria in 
a culture medium,I5 and micro~copy.'~ The problem arises 
so often, in fact, that an entire theory has been developed. 
This theory is called spatial  statistic^?".'^ Spatial statistics 
provides a systematic, quantitative theory for analyzing 
spatial phenomena. It also provides experimental sam- 
pling procedures. 

In general, two sampling procedures are available: 
points and quadrats. (The term quadrat is borrowed from 
e~ology '~) .  Points contain theoretically no area (see 
Figure 1). A quadrat, on the other hand, has area and 
shape, usually square, rectangular, or circular. Points are 
binary in nature; that is, either a point intersects a defect 
or it does not. For quadrats, defects are contained within 
its area. Within each quadrat, the number, size, and type 
of defects are recorded. 

Points can be distributed randomly or systematically 
(see Figure 2). Practically, points can be located by the 
intersection of a pin with the surface" or by an optical 
device with cross hairs. The major advantages of points 
are that the data collection is fast and the apparatus for 
locating points is simple. The accuracy of this procedure 
increases with an increasing number of points. Random 
points have a theoretical advantaget7 over non-random 
arrangements; however, this advantage is far outweighed 
by its disadvantages.I9 These disadvantages include: (I) 
the manual location of points, without the use of random 
number tables, introduces an indeterminable bias into the 
analysis; (2) locating random points in the x,y-plane is 
very time consuming; and (3) information on the location 
of individual points is lost, thus precluding many spatial 
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Figure 2-Cumulative number of defects as a function of time 

analysis techniques. The recommendation, therefore, is to 
use a systematic arrangement of points. 

As with points, quadrats can be located randomly or 
systematically. Unlike points, a grid of quadrats can be 
used to cover the entire sampling area. If a grid pattern is 
used, the accuracy of the sampling procedure is known. If 
a grid is not used, then the accuracy of the procedure 
again increases with an increasing number of quadrats. 
Thereare many advantages in usingquadrats, particularly 
with systematic or grid patterns. The first advantage is 
that the analysis can be c~mputerized.~'.~' A video camera 
or an infrared camera can be set up to take a picture of a 
study area (the picture area is equivalent to one quadrat). 
This picture can then be digitized and the digitized signal 
processed by the computer giving the number, size, type, 
and-location of each defect in the picture. This informa- 
tion can then be transmitted to a computer mass storage 
unit for future reference. This whole process would take a 
matter of seconds. After the data is transmitted, the 
camera can be repositioned and the process repeated. 
Another advantage of quadrats is that they permit the use 
of a variety of spatial analysis methodologies which are 
not accessible with point sampling.19 There are some 
disadvantages with quadrat analysis, however. Since 
quadrats have a boundary, some defects will intersect this 
boundary; thus a decision rule will have to be developed 
as to when to include or exclude a defect. This 
disadvantage is somewhat mitigated when a grid pattern 

is used, since a defect not included in one grid block falls 
into the adjoining block. Another disadvantage of 
quadrats is that the results are somewhat dependent on 
the size of the quadrat." 

In this research, a grid type sampling pattern was 
selected. 

EXPERIMENTAL 

The test panels weresandblasted, hot-rolled steel plates 
having dimensions 200 mm X 100 mm X 2.5 mm (8" X 4" 
X .125"). The panels were sandblasted according to 
SSPC-SP5 and had a surface profile ranging between 
0.05 mm and 0.13 mm (2-5 mils). Prior to the application 
of a coating, all panels were washed several times with 
acetone to remove any residual grease. 

Two coatings were selected-a clear acrylic and a 
titanium dioxide pigmented alkyd. Neither coating was 
commercial grade because both lacked inhibitors and 
some other additives. Otherwise, the formulations were 
close to those of typical commercial coatings. 

The test coatings were applied using a flat blade film 
applicator. Warped panels were flattened by placing them 
on a table with a very high magnetic flux after which the 
coating was applied. To prevent corrosion in non-test 
areas, the back and edges of each panel were coated with a 
very durable commercial epoxy coating. All coatings 
were allowed to cure at room temperature and 45% 
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relative humidity for approximately four weeks. The dry 
thickness of each panel was measured using a magnetic 
thickness gauge and an optical microscope. For the 
acrylic coating, the statistical mode of the dry thickness 
measurements was 45 pm (1.8 mils) and ranged between 
25 and 60 pm (1.1 and 2.4 mils). For the alkyd coating, 
the statistical mode of the dry thickness measurements 
was 55 pm (2.1 mils) and again ranged between 25 and 60 
pm (I. 1 and 2.4 mils). 

The experiments were conducted at three temperatures 
(60°C, 70°C, and 80°C) and at one relative humidity 
(95%). For each coating and at each temperature, 15 
panels were exposed. (15 panels X 2 coatings types X 3 
temperature levels = 90 panels.) The panels were exposed 
in one of two relative humidity cabinets. The cabinets 
differed with respect to their recovery to the 95% relative 
humidity level after the cabinet door was opened. The fast 
recovery cabinet (recovery time of approximately five 
minutes) was used for the 70°C and 80°C exposures. The 
slow recovery cabinet (recovery time to 95% relative 
humidity was approximately three hours) was used for 
the 60°C exposure. The cabinets were calibrated using 
sensors independent of the cabinet controls. Each cabinet 
was outfitted with 12 thermocouples and 12 calibrated 
electrical resistance humidity sensors (factory calibrated 
to an accuracy of f 112 percent). These sensors were 
placed in a two tier grid pattern covering the interior 

volume of the cabinet. The cabinets were then operated 
for about one week at  60°C, the maximum operating 
temperature of the humidity sensors. The temperature 
range during this period was within 1°C for all the 
thermocouples. The relative humidity sensor readings 
ranged between 93.5% and 96% relative humidity. These 
readings agreed with those of the cabinet; hence, the 
cabinet sensors were used during the experiment. 

At each temperature level, 15 panels were randomly 
assigned from each coating to one of four specimen racks. 
The racks oriented the panels in a vertical direction. Prior 
to insertion of the loaded racks, they were heated to a 
temperature approximately 5OC above the cabinet temp- 
erature. This prevented any condensation on the panels. 
Panels which were not on test were stored in a nitrogen 
atmosphere to minimize the effects of oxidation. 

The panels were evaluated by placinga transparent grid 
over each test panel. The grid was sectioned into a 3 X 8 
matrix of square blocks, each block havingdimensions of 
20 mm X 20 mm. A 20 mm border surrounded the grid. 
Defects falling in this edge area were not counted. The 
grid was located usinga hole in the border of the panel as 
a reference point. This hole ensured that all of the 24 
blocks covered the same area from one evaluation to the 
next. During each evaluation, the number, size, and type 
of defects in each block were tabulated for every panel. 
The location of the defects was known from the block 

Figure 3-Size of defects histograms 
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number. Five diameter size categories were designated for 
the defects: they were (1) 0.2 mm < S < .5 mm; 
(2) 0.5 mm < S < l .O mm; (3) l .O mm < S < 1.5 mm; (4) 
1.5 mm; (4) 1.5 mm < S < 2.0 mm; and (5) S > 2.0 mm, 
where S is the size of the defect. Defect diameters greater 
than 2.0 mm were only observed for the alkyd coating at 
80°C and at long exposure times. The total number of 
evaluations at 60°C, 70°C, and 80°C was 10, l  I, and I I, 
respectively. The maximum exposure time at 60°C, 70°C, 
and 80°C was 3065 hr, 1505 hr, and 660 hr, respectively. 
Panels were exposed for longer periods of time at the 
lower temperatures, because the rate of degradation 
decreases with decreasing temperature. At each tempera- 
ture, the exposure test was terminated when enough 
panels passed through a predetermined area percentage. 

RESULTS 
From the raw data, the following information on the 

deterioration of the coating system as a function of time is 
available: (I) the total number of defects, (2) the size 
density of the defects, (3) the percent area of defects, and 
(4) the location of the defects. Representative output is 
presented for each. 

In Figure 2, the total number of defects at 80°C is 
. plotted versus time for both the acrylic and the alkyd 

coating. Each line in Figure 2 represents the cumulative 

number of defects over time for one of the 15 panels. The 
cumulative number of corrosion spots tends to monotoni- 
cally increase with exposure time, while the cumulative 
number of blisters increases rapidly at first and then 
decreases. This decrease occurs because blisters either 
become corrosion spots or collapse upon removal of the 
panel from the 95% relative humidity environment 
leaving no visible sign of either corrosion or blisters. 
When the two defects are summed, the cambined 
corrosion and blister curve trends are controlled by the 
more numerous of the two defects. At 80°C, the number 
of corrosion spots controls the combined defect curves for 
the acrylic coating while the blisters dominate the early 
portion of the combined defect curves for the alkyd 
system. Regardless of the temperature, the number of 
defects for the alkyd system was always greater than that 
for acrylic system indicating that the degradation of the 
alkyd system is more temperature sensitiveat 95% relative 
humidity. 

In Figure 3, the size defect histograms at 80°C are 
shown for both coatings. In these histograms, the 
proportion of the total number of defects is plotted versus 
the median radius for the first four defect size categories. 
For both corrosion and blisters, the trend of the size 
distribution was the same. The proportion of defects 
exponentially decreases with increasing defect size. For 
the acrylic coating, the histograms at 80°C do not appear 

Figure 4-Cumulative area of defects as a function of time 
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to change significantly over time for either corrosion or 
blisters. For the alkyd system, the corrosion size distribu- 
tion appears to shift slightly to smaller diameter defects. 
Size distribution changes for blisters are more erratic. 
After 35 hr, the defects appear to become proportionally 
larger in size than they were after six hours' exposure; 
after 660 hr, however, the size distribution shifts to 
smaller defects. 

In Figure 4, the percent area of defects are plotted as a 
function of time for both the acrylic and the alkyd 
coatings. As with the number of defects, each line in 
Figure4 represents the cumulative percent area of a defect 
for an individual panel. These panels were exposed at 
80°C and 95% relative humidity. For comparison 
purposes, the percent ares of corrosion for the top four 
visual grades of ASTM D610 is superimposed in Figure 4.  
Area percentage of 0.03,O. I, 0.3 and 1.0% correspond to 
visual standards 9, 8, 7, and 6, respectively. Hence, the 
proposed procedure is fully compatible with the accepted 
ASTM visual standards. Given that some percent area is 
defined as a failure, then the time to failure is defined as 
the time at which the percent area defect for a panel first 
passes through this predesignated percentage. For ex- 
ample, if a visual standard of seven (equivalent to 0.3% 
area degraded) is defined as the failure area for corrosion, 
then the first two panels of the alkyd coating in Figure 4 
fail at 28 hr and the third one occurs at 80 hr. Using this 
same failure criteria for the acrylics, no failures were 
observed during the test period. Also of interest in Figure 
4 is the large variation in the rates of degradation for 
individual panels. Although the panels were exposed to 
the same service environment, one or more panels almost 

Figure 5-Location of corrosion spots with increasing exposure 
time for an individual alkyd panel exposed at 80°C and 95% 

relative humidity 

always have a rate of degradation much greater than that 
of the others. From the aspect of service life prediction, 
this disparity is very important for it directs the research 
to isolate the causes of failure for those panels having the 
highest rate of degradation. If this cause can be identified 
and corrected, then the service life of the coating will shift 
to longer times. This shift is equal to an improvement in 
the service life of the coating system. 

The last output from the raw data is the location of 
defects on a panel. In Figure 5, a time sequence is shown 
for the spatial location of corrosion spots for an alkyd 
panel exposed at 70°C and 95% relative humidity. The 
3 X 8 grid simulates the grid pattern used in evaluating a 
panel. The number in each block indicates the number of 
corrosion spots of all defect sizes located in that block. As 
before, the number of defects generally increases with 
increasing exposure time. Of interest is how the defects 
grow in time and space relative to each other. That is, can 
one detect any contagion iq the spread of defects? If this 
occurs, the properties of this location should be investi- 
gated to determine how the properties of this area differ 
from other areas in the panel where corrosion spots do 
not occur. 

DISCUSSION 

In thissection, theattributes of the proposed procedure 
and ASTM D610' are compared against attributes which 
the authors' consider to be ideal. These attributes are 
tabulated in Table I along with the authors'assessments 
as to whether the proposed procedure and ASTM Dl60 
satisfy each attribute. Both procedures were considered to 
be non-destructive. 

The proposed procedure meets the requirements of 
being systematic and simple. In a short time both the 
professional and technical staffs became proficient with 
the procedure. As a testimony to this, the task of 
evaluating the panels was given to the technical staff after 
the first few evaluations. Before this could be done, 
however, a small problem had to be resolved as to 
defining the minimum defect size which should be 
counted. The problem arose because different observers 
examined the blocks for different lengths of time. In 
general, the longer the examination period, the greater 
the number of small defects observed. This problem was 
resolved by specifying a minimum defect diameter of 0.2 
mm, below which defects were not counted. With respect 
to being systematic and simple, ASTM D610 was 
considered to fall somewhere between satisfying and not 
satisfying this attribute. ASTM D610 is simple, but it is 
not really systematic. That is, the procedure does not 
break down into a logical sequence of steps, each of which 
is testable for its accuracy. Instead, the process results in a 
judgement of the degradation state of the coating. The 
mental steps taken to arrive at this judgement are 
untestable and are probably unique to each individual. 

As is shown in Figures 2-4, the proposed procedure is 
definitely quantitative. Quantitative estimates are avail- 
able both spatially (Figure 5) and temporally (Figures 2 
and 4). ASTM D610, on the other hand, is not a 
quantitative procedure; it is a comparative one. Although 
each grade number in ASTM D610 has a corresponding 
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percent area degraded, these 'percent areas have little 
meaning except to give the researcher a crude estimate of 
the corrosion area. The crudeness of these measures 
increases with increasing degradation, since the percent 
areas approximately follow a geometric series. This is 
pictorially demonstrated in Figure 4 in that the actual 
quantitative degradation often falls somewhere in- 
between two grades. 

The proposed procedure has yet to be tested in a round 
robin experiment; hence, the final assessment as to 
whether the procedure is reproducible and repeatible has 
not been made. Our experience is that the degradation 
assessments are at least repeatable. For visual procedures 
like ASTM D610, reproducibility and repeatability have 
always been major problems, because of the human error 
f a ~ t o r . 2 ~  In practice, evaluations for different observers 
can often range between plus or minus two visual grades. 
One way of mitigating this effect is to have several 
evaluators rate the same panels at the same time?2 

For any science or technology to evolve, the raw data 
must be publishable; that is, researchers must be able to 
compare their results and build on each other's results. 
This data base must be unquestionably accurate and must 
be in a format useful to both engineers and scientists 
interested in improving the service life of coating systems. 
Data obtained using visual standard, e.g., ASTM D610, 
partially satisfy this criterion. This is certainly the case 
with published results from researchers having a long 
history in coatings service life research.22 Problems arise, 
however, when service life evaluations are compared 
between laboratories, since the evaluations are seldom 
reproducible. The information from the proposed evalua- 
tion procedure is quantitively more precise than the 
traditional visual procedures, as is shown in subsequent 
papers. This information can be used in predicting the 
service life of a coating system. 

The last attribute is the speed of making the degradation 
assessments. Short assessment times are very desirable 
since the faster the assessment the lower the cost of 
running a durability program. This decrease in cost, 
however, must be tempered against the quality and the 
quantity of the data obtained. For currently available 
visual standards, the speed of making assessments is 
probably their greatest attribute. It usually takes less than 
two minutes to evaluate a panel. In comparison, the 
proposed procedure is slow; the average evaluation time 
was approximately 15 minutes per panel. After reviewing 
the temporal and spatial analysis results presented in 
forthcoming papers, a 15 minute evaluation time might 
not be considered excessive. This almost certainly will not 
be true in all cases, however. In these instances, changes in 
the proposed evaluation procedure must be made. Two 
possible changes include the use of systematic point or 
quadrat sampling procedures, and computerized image 
processing of the defect area. The systematic point or 
quadrat sampling procedures will reduce the evaluation 
time, because the defect area is only partially sampled. 
The computerized image processing has been mentioned 
previously. It will reduce the experimental time in two 
ways. First, the evaluations should be faster than doing 
them manually; and second, the raw data is entered 

Table 1-Llst of Ideal Panel Evaluation Attributes 

Altrlbule ASTM D610 Proposed Procedure 

Systematic and s imple . .  ......... . Y / N a  Y 
Nondestructive ................. Y Y 
Reproducible and repeatable ...... N Y 
Quantitative .................... N Y 
Publishable d a t a . .  ............... Y/ N Y 
Rapid .......................... Y N 

la) Y =ycr.N = no. Y N= yes and no 11 mcclsromeoleharaetenrltcso~theattr~bute, bnt 
not all. 

directly into the computer, thus foregoing manual entry 
of data. Work on computerized image processing of 
degraded panels is currently pr~ceeding?'.~' 

CONCLUSION 

In this paper, a new evaluation procedure was 
proposed and demonstrated. Representative output from 
this procedure is presented. This output included changes 
in the number, size, area, and location of defects as a 
function of time. The attributes of the proposed procedure 
were then discussed in terms of those of an ideal 
evaluation procedure. It was concluded that the proposed 
procedure (1) is simple to apply; (2) is systematic in its 
approach; (3) generates quantitative measures of the 
degradation state of a coated panel; and (4) outputs this 
raw data into a publishable format usable by both 
engineers and scientists. Although not proven as yet, 
strong evidence exists that the results from the proposed 
procedure should also be both reproducible and repeat- 
able. The major drawback of the proposed procedure is 
the long evaluation time for each panel. Alternatives to 
the sampling procedure used in this study which should 
significantly reduce this evaluation time were discussed. 
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Prediction of the Service Life 
Of Coatings on Steel 

Part II: Quantitative Prediction 
Of the Service Life of a Coating System 

Jonathan W. Martin and Mary E. McKnight 
National Bureau of Standards* 

The applicability of a reliability and life testing 
procedure is demonstrated for quantitatively pre- 
dicting the service lives of two coating systems. By 
subjecting an acrylicand an alkyd to three tempera- 
tures and 95% relative humidity, it is experimentally 
demonstrated that the proposed procedure is cap- 
able of quantitatively estimating the maximum 
service life, at 95% R H  over a wide range of 
temperatures, beyond which aspecified proportion, 
1-A, of a nominal coating population survives. 
Although the coating systems are very different, the 
same equations appear to be applicable to both 
systems. This indicates that the analysis might be 
generally applicable for predicting service lives for a 
wide variety of coating systems. 

INTRODUCTION 

It is generally recognized that making quantitative service 
life predictions for a coating system exposed to  its 
intended operating environment is a difficult task. To 
make these predictions, the interrelationships between 
the performance of the coating system, the expected 
environmental factors to which it will be expos-d in 
service, and the material properties of the coating system 
must be known. Due to the large number of material and 
environmental variables which should be considered, 

Prcsenledal the62nd Annual Meetingofthe Fcderalcan ofSoeielic\for Coatlngrl cchnologg 
in Chicago. 11. Ocloher 25. 1984. 

*Center for Building Technology. Rte 270 and Qutncc Orchard Rd . Gaslherrhurg. MD 
20899. 

these interrelationships have not, as yet, been identified 
for any environment. Some doubts exist, a t  least in the 
authors' minds, as to whether the currently available 
coating service life prediction techniques are sufficiently 
powerful to unravel these complex relationships. A 
search was made, therefore, to identify successful service 
life prediction techniques used for other materials and to 
apply these techniques to coatings. 

Accurate service life predictions using reliability theory 
and life testing analysis techniques have been made for 
many years for the materials, components, and systems 
used in the electronics, aerospace, and medical indus- 
tries.' Using reliability theory and life testinganalysis is a 
systematic, probabilistic procedure designed for the 
purpose of making quantitative service life  prediction^.^^ 
The output of theanalysis is a statement of the probability 
that a material, component, or system will perform its 
intended purpose for a specified period of time when 
subjected to its expected operating Eonditions. These 
predictions can be made from field test data for a specific 
in-service environment or by extrapolating accelerated 
aging results to in-service environments. 

In this paper, reliability theory and life testing 
techniques are applied to the prediction of the service lives 
of two coating systems. These systems were subjected to a 
95% relative humidity environment at each of three 
different temperatures-60°, 70°, and 80°C. Since only 
one degradation factor (temperature) is varied in this 
experiment, extrapolation to in-service environments 
cannot beexpected. Instead, it is intended that the results 
of this research demonstrate the power of the techniques 
and provide a foundation for future experiments. To  aid 
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in the design of these experiments, the generalized 
accelerated aging problem is presented in the following 
section. 

MATHEMATICAL PRESENTATION 
OF THE ACCELERATED AGING PROBLEM 

Let 2 denote a vector of degradation factors and their 
intensities to which a coating system is expected to be 
stressed in service. Let the i-th stress level (Si) be a 
combination of degradation factors having known in- 
tensities such that: 

where So is the stress level at normal operating conditions; 
S, is the stress level at the most severe laboratory 
conditions; and Si<Si+l indicates that the i-th stress level 
is less severe than the (i+l)-th stress level. Implicit in 
equation (I) is that an ordering in the severity of the stress 
levels can be made. Typically, this can be accomplished by 
eitherapriori knowledge of the failure mechanisms or by 
the results of a systematic experimental design. 

The experimental procedure for determining perfor- 
mance at So from stress levels greater than S o  is as follows: 
(I)  randomly select ni panels (i = 1, 2, . .. , m) from a 
nominal coating system population for each of m 
different stress levels; (2) at  each stress level, subject the ni 
panels to their predetermined level of stress and observe 
the times to failure (experimentally, failure is defined in 
terms of a maximum allowable percent area degradation); 
and (3) terminate the experiment at  the i-th stress lev,el 
when the ri-th failure (r, I ni) is observed. Since the n, 
panels are simultaneously exposed to the i-th stress level, 
the observed times to failure are ordered; that is, 

t , l < t , 2 S  ... 5t,,5 ... St , , )  (2) 

where t,, is the j-th time to failure for panels exposed to 
stress level S,; and r, I ni. For coating systems, the range 
in times to failure tends to be quite large. Panels not 
failing prior to terminating the life test (panels r , + ~ ,  
rit-2, . . . , ni) are called censored times to The 
analysis, which follows, can be performed with orwithout 
censored times to failure. 

From these ordered times to failure, an empirical 
cumulative distribution function at stress S ,  can be 
formed. To  this empirical cumulative distribution, a 

4 Estlrnate for true life 
distribution based on 
sample distribution 

,)  

t SL 

TIME TO FAILURE (h) 

Figure 1-Schematic representation of proposed reliability plan 

"theoretical" cumulative distribution function F(t;O(Si)) 
is fitted where 8 is the vector of parameters for this 
distribution function at  stress Si (see Figure 1). (Hence- 
forth, this "theoretical"cumulativedistribution is called a 
life distribution). In Figure 1, the solid dots are data 
points; the tails after the dots are used in evaluating the 
visual fit of the "theoretical" life distribution to the 
sample life distribution. If the "theoretical" life distribu- 
tion intersects most of the tails following the sample 
quantiles, then the "theoretical" life distribution is 
considered to fit the sample distribution well. To  simplify 
the notation, let the parameter vector for the i-th stress, 
0 = 8(Si), be denoted by 8,. Further, let the life 
distribution at  the i-th stress level, F(t;@(S,)) be denoted 
by Fi(t). 

At the i-th level of stress, the probability that a given 
coated panel will fail prior to an exposure time, t, is 

where T is a random variable; P( )is the probability of the 
event in parenthesis taking place at  stress S,, and t is a 
time. Complementary to this probability of failure is the 
reliability, denoted by R,(t). [As before, R(t;O(Si)) is 
shortened to Ri(t)]. The reliability at time t is the 
probability that a coated panel will not fail prior to time t, 
symbolically P(T > t). At the i-th stress level, the 
reliability is related to the life distribution by 

The reliability function is of interest because it is used in 
estimating the maximum service life for a coating system. 
In reliability analysis, the maximum service life for a 
material is defined as the time beyond which some 
specified proportion, I-A, of the population survives, 
where A is the proportion that fail prior to this time and 
0 I A 5 1. The maximum service life, t , ~ ,  is found by 
solving the reliability function for the 100(1-A) distribu- 
tion percentile (see Figure 1); that is 

For most applications, the value assigned to A is small; 
e.g., 0.01, 0.05, or 0.10. The selection of the A value 
depends on such factors as the accessibility of the 
structure to maintenance and the importance of the 
component being protected. For example, a small value 
of A might be selected for coatingsapplied to the towers of 
a suspension bridge while a high value of A might be 
applied to a coating protecting a small building. 

As the level of stress increases, the coated panels tend to 
fail in a shorter period of time. An acceleration of the 
degradation process is said to have occurred if 

for t > 0 and for i = 1,2, . . ., m-I. That is, for a given 
exposure time, the probability of failure at the higher 
stress level is greater than that at  the lower stress level. If 
equation ( 6 )  is followed, then a function p(t) exists, where 
p(t) = p(t;8i), relating the life distribution parameters at  
any elevated stress level, S, ,  to the life distribution 
parameters at normal conditions, S , ,  as follows: 

where p(t) is a time transformation function. Commonly, 
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the time transformation function, p(t), is defined as the 
product of an acceleration factor JI(S,O) and time? that 
is, 

Often, as  is the case here, an acceleration factor does not 
exist and equation (7) must be used. Regardless of the 
equation used, it is important that the equation relating 
the parameters of the life distribution to the applied stress 
have a basis in the time-dependent chemical/physical 
mechanisms of the coating system degradation. 

Before concluding this section, the effects of estimating 
the lifedistribution parameters withcensored data should 
be discussed. With censoring, some loss in confidence in 
the distributional parametric estimates, 8 ,  may occur. 
The confidence interval for a parameter (hence, our 
confidence in the estimate) is a function of both the 
number of panels tested, n,, and the number of observed 
times to failure, ri. Hence, the same confidence for an 
estimate can be obtained by having either a large number 
of panels on test with few observed times to failure or a 
small number of panels on test with many observed times 
to  failure. The advantage of terminating the life test prior 

to observing the failure of all of the panels failing is that 
significant reductions in the maximum exposure time can 
be obtained.' 

EXPERIMENTAL 

The experimental procedure, described in detail by 
Martin and McKnight,' is summarized here. In this 
experiment, each of two coatings were subjected to three 
different constant temperature/RH environments for 
exposure times up to 3000 hr. The two coatings were an 
acrylic and an alkyd. Both coatings were similar to 
commercial formulations. The coatings were applied to a 
thickness of 50 p m  (2 mils) over sandblasted, hot-rolled, 
steel plate substrates havinga surface profile between 51 to 
127 pm (2 and 5 mils). After curingfor at  least four weeks 
a t  22OCand 45% RH, the panels were subjected to one of 
three temperatures (60°, 70'. and 80°C) and 95% RH. It 
was assumed apriori that the severity of the test increases 
with increasing temperature [see equation (I)]. 

For each temperature/ RH level and for each coating 
type, a set of 15 panels was randomly selected (2 coating 

Figure &Change in percent area corrosion, blister, and corrosion plus blister as a function of time for the acrylic and alkyd panels 
subjected to 60°C and 95% RH 
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types X 3 temperature levels X 15 panels = 90 panels). 
Each set of panels was exposed at a constant temperature 
in a relative humidity cabinet for a predetermined period 
of time. At the end of this interval, the panels were 
removed, evaluated, and then put back into the relative 
humidity cabinet. This procedure was repeated 10 or 11 
times at each temperature/relative humidity level. During 
each evaluation, the number, size, and location of each 
defect (corrosion or blister) was ascertained using the 
evaluation procedure described in Martin and Mc- 
Knight.' 

RESULTS 

The cumulative percent area degradation for corro- 
sion, blisters, and corrosion plus blisters was determined 
for each panel after each exposure interval. Degradation 
tracks for all the test panels are depicted in Figures 2, 3, 
and 4 for the 60°C-95% RH, 70°C-95% RH, and 
80°C-95% RH environments, respectively. From Figures 
2 through 4, it is seen that percent area of corrosion 
tended to increase monotonically with increasing time. 

(Individual acrylic corrosion tracks sometimes showed a 
temporary decrease in percent area. This is probably due 
to the evaluators categorizing borderline defects into a 
higher size category duringan early evaluation and then a 
lower size category in successive evaluations.) The tracks 
of the percent area of blisters are more variable. 
Typically, the number of blisters increased rapidly at  first 
and then decreased. This decrease can be attributed to 
either the blister changing into a corrosion spot or 
collapsing, leaving no external sign of its previous 
existence. The percent area of corrosion plus blisters is 
obtained by adding the areas of the two types of defects 
together. The trends for these tracks are largely governed 
by the more dominant of the two defects. As a general 
observation, the variation in the rates of panel degrada- 
tion tend to be large; correspondingly, the range in times 
to failure is large. 

The service life or time to failure of an individual panel 
is defined as the time at which the percent area 
degradation reaches a predesignated maximum allowable 
amount. This definition of failure is in accordance with 
visual standards such as ASTM D610"r ASTM ~ 7 1 4 . ~  
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Figure 3-Change in percent area corrosion, blister, and corrosion plus blister as a function of time for the acrylic and alkyd panels 
subjected to 70°C and 95% RH 
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Panels having defect percents less than the maximum 
allowable amount at the termination of the test are 
said to be censored. For each coating type, two different 
coating failure criteria were applied. This was necessary 
because the acrylic degraded little, even at the highest 
temperature. For the acrylic, failure was defined as 0.02% 
and 0.03% degradation and for the alkyd, failure was 
defined as 0.25%and 0.30%. Lines corresponding to these 
percent areas of failure are superimposed on Figures 2 
through 4 .  The extent of blistering was not analyzed as a 
single evaluation criterion because it was felt that the 
analysis of the combined defects (corrosion plus blisters) 
would be of greater interest. 

ANALYSIS OF EXPERIMENTAL RESULTS 

The reliability analysis proceeds by first determining 
the ordered times to failure [see equation (2)] at each 
stress level from Figures 2 through 4. As examples, the 
ordered failure times for corrosion plus blisters are listed 
in Table I for the acrylic systemat 70°Cand 95% RH and 
for the alkyd system at 80°C and 95% RH. These failure 

times were taken from Figures 3 and 4 ,  respectively. From 
Table I ,  it is noted that the number of observed failures 
tends to decrease and the times to failure tend to increase 
as the percent area of the defect criterion increases, e.g., 
from 0.25% to 0.30%. Also, at 80°C, the alkyd coating 
tended to degrade in one of two ways. Half of the panels 
failed very quickly (less than 30 hr) while only two of the 
remaining specimens failed prior to the termination of the 
test at 660 hr. 

For each temperature/relative humidity level, and for 
each failure criterion, a sample life distribution was 
constructed from the ordered times to failure. In Figures 
5a and 5b, sample life distributions are depicted for the 
acrylic (0.02% corrosion plus blisters, 70°C, and 95% 
RH), and for the alkyd (0.3% corrosion plus blisters, 
80°C, and 95% RH). To each sample life distribution a 
"theoretical"life distribution was fitted [see equation (3)]. 
The Weibull distribution (see Appendix A) was selected, 
because it tended to visually fit the sample life distribution 
rather well. The Weibull cumulative distribution function 
is 

~ ( t )  = I - exp(-( -L )"T) 
BT (9) 

Frgure 4-Change in percent area corrosion, blister, and corrosion plus blister as a function of time for the acrylic and alkyd panels 
subjected to 80°C and 95% RH 

Vol. 57, No. 724, May 1985 43 

0.20 

ACRYLIC 95% RH 

0.15 

< 
$! 0.10- 
4 
L 

0.05 

0.00 

BLISTERS 
TEMPERATURE 80% 
ACRYLIC 95% RH ACRYLIC 95% RH 

- 

- 
I - 

0 0 200 400 600 800 
TIME (h) TIME (h) TIME (h) 

2.50 2.50 2.50 

2.00 2.00 2.00 

1.50 1.50 1.50 
W W 3 
4 4 < 
L 1.00 L 1.00 * 1.00 

0.50 0.50 0.50 

0.00 0.00 0.00 
0 200 400 600 800 0 200 400 600 800 0 200 400 600 806 

TIME (h) TIME (h) TIME (h) 



J.W. MARTIN and M.E. MCKNIGHT 

Coating: Alkyd 
Temperature: 80°C 

1.0- Defect: Corrosion 8 blisters 

i Coating: Acry l ic  Failure percent: 0.3% 
0.8 - Temperature: 70% 1.0 - Total samples: 15 

u Defect: Corros ion 6, bl is ters  2 Total failed samples: 11 

O,B 
Fai lure percent: 0.02 ? 0.8 - 
Tota l  samples: 15 8 
Tota l  fa i led samples: 8 g 0.6 - 

0.4 - 

Weibull 

0 
t o  100 1000 10.000 0.1 1 .o t o  100 1000 

TIME (h) TIME (h) 

Figure 5-Life distributions for (a) the acrylic coating system subjected to 70°C and 95% RH; failure criterion was 0.02% area corrosion 
plus blisters; and (b) the alkyd coating system subjected to 80°C and 95% RH; failure criterion was 0.30% area corrosion plus blisters 

where (YT and BT > 0 and (YT is the shape parameter at 
temperature Tand 95% R H  and /.?T is the scale parameter 
for the same conditions. The Weibull life distribution 
curve is superimposed on two different sample life 
distributions in Figure 5. Values for the Weibull shape 
parameter, (YT, and scale parameter, PT, are tabulated in 
Table 2 for corrosion plus blisters for both coating 
systems. In all cases, the fit of the Weibull distribution 
function was as good as that in Figure 5, indicating that a 
Weibull distribution adequately describes the times to 
failure for both coating systems. 

The maximum service life, t,!, for the two coating 
systems can be computed from the life distributions. After 
designating the fraction of panels which are allowed to 
fail, A,,one can compute the maximum service life by 
solving equation (9) for t; that is, 

t , ~  = PT [-Pn(l-A)]'lal (10) 

For example, the maximum service life for the acrylic at 
60°, 70°, and 80°C is 1958 hr, 251 hr, and 8 hr, 
respectively, using 0.03% corrosion plus blisters as the 
failure criterion and letting A equal 0.05. These service 

Table 1-Times to Failure for Acrylic Panels Subjected to 70°C and 95% Relative Humidlty 
And Alkyd Panels Subjected to 80°C and 95% Relative Humidity 

(All Times to Failure Are for Corrosion Plus Bllslers) 

Acrylic Alkyd 

Ordered Time to Defect Percent = 0.02% Defect Percent = 0.03% Defect Percent = 0.25% Defect Percent = 0.30% 
Failure Index (hr) (hr) (hr) (hr) 

No.  specimens 
tested..  ............... 

No.  specimens 
failed ................. 

Max. exposure 
time .................. 

(a) -1nd1carcr panel did no1 fall during Ilk lebt 
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Table 2-Welbull Parametric Estimates for Acryllc and Alkyd Coatlng Systems for Corrosion Plus Bl ls ten 

Acrylic Alkyd 

Defect Percent = 0.02% Defect Percent = 0.03% Defect Percent = 0.25% Defect Percent = 0.3O0/o 

60°C 70°C 80% 60°C 70°C 80°C 6OoC 70°C 80°C 6O0C 7O0C 80'C 

No. panels tested .. . . . . . I5 15 15 I5 I5 15 15 15 15 15 15 15 
No. panels failed . . . . . . . I I 8 14 3 7 11 4 10 12 3 10 11 
Weibull shape a~ . . . . . . . 2.97 0.58 0.71 4.58 1.67 0.74 1.75 0.46 0.49 10.00 0.53 0.47 

Weight assigned 
to ar . . . . . . . . . . . . . (1.70) (1.26) (2.26) (0.23) 6 )  (1.70) 5 5 )  ( 8 6  (0.23) (1.55) (1.70) 

Weibull scale PT.. . . . . . . 2810. 1969. 169. 3745. 1486. 431. 5034. 871. 69. 3056. 1056. 98. 
Weight assigned 

to fir . . . . . . . . . . . . . (3.36) (3.36) (3.02) (2.05) (3.27) (3.36) (2.54) (3.51) (2.83) (2.05) (3.51) (3.36) 

lives are computed using equation (10) and the tabulated 
(YT and PT values in Table 2. 

For corrosion and corrosion plus blisters, the logarithm 
of the Weibull scale parameter, PT, is a linear function of 
the reciprocal of the absolute temperature; that is, 

where a and b are the coefficients of the Arrhenius model. 
Several examples are plotted in Figure 6. In Figure 6, two 
numbers in parentheses are located by each sample 
parametric estimate. The first number indicates the 
number of panels on test, while the second number 
indicates the number of observed failures. When the same 
number of panels is put on test at all temperature levels, 
the confidence in the parametric estimate decreases with 
decreasing number of observed times to failure, as can be 
seen in Table 3. Weighted least squares regression 
coefficients, a and b, and the correlation coefficients are 
tabulated in Table4. In Table 4, the relationships between 
the scale parameter and reciprocal absolute temperature 
are nearly linear for both coating systems. This is 
important, for it implies that the equations relating the 
applied stress to coating system performance may have 

the same mathematical form for different coating sys- 
tems, differing only in the values of their coefficients. 

For corrosion and corrosion plus blisters (at least in the 
range of the experimental temperatures), a power law 
adequately describes the relationship between the Weibull 
shape parameter, or, and temperature; that is 

where c and d are the coefficients of the power law. 
Several examples are plotted in Figure 7and the weighted 
least squares regression and correlation coefficients are 
tabulated in Table 3 .  Note, from Figure 7 and Appendix 
A, that the probability density function at the highest 
temperature has a mode equal to zero for both the acrylic 
and the alkyd, since the shape parameter has a value less 
than one. As the temperature decreases, however, the 
shape parameter becomes greater than one; thus, the 
mode of thedistribution is greater than zero. This increase 
in the value of the mode with decreasing temperature is 
expected since the most probable failure time is generally 
greater than zero at low temperatures. However, the 
exponential growth of the shape parameter with de- 
creasing temperature, as predicted by the power law is not 

Figure 6-Regression line of common logarithm of the Weibull scale parameter vs reciprocal absolute temperature: (a) acrylic coating 
with failure criteria 0.02% and 0.03% corrosion plus blisters, and (b) alkyd coating with failure criteria 0.25% and 0.30% corrosion 

plus blisters 
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Defect: Corrosion 8 blisters 

Coating: Alkyd 

Failure percent: ~ 0 . 0 2  00.03 
Defect: Corrosion 8 blisters 
Failure percent: n0.25 00.30 
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Table )-Lower and Upper 95% Confidence Bounds Assuming Both the Shape and Scale Parameter 
Of the Weibull Distribution Are Unknown 

Scale Parameter (8) Shape Parameter (a) 
Coating and Failure 

Criterlon Scale Lower upper Shape Lower 
(Corrosion plus blisters) Estimate Bound Bound Estimate Bound 

- 
Upper 
Bound 

(I) Acrylic, 0.02% defect 
60" C ................... 
70" C ................... 
80°C ................... 

(2) Acrylic, 0.03% defect 
60" C ................... 
70" C ................... 
80" C ................... 

(3) Alkyd, 0.25% defect 
60" C ................... 
70' C ................... 
80°C ................... 

(4) Alkyd. 0.30% defect 
60" C ................... 
70' C ................... 
80°C ................... 

Figure 7-Power law regression fit of Weibull shape parameter vs temperature: (a) acryliccoating with fallure criteria of 0.02% and 0.03% 
corrosion plus blisters, and (b) alkyd coating with failure criteria of 0.25% and 0.30% corrosion plus blisters 

Coating: Acrylic 
Defect: Corrosion 8 blisters 
Failure percent: ~ 0 . 0 2  00.03 

Table 4-Weighted Linear Regression Coefficient for Regression Line of Weibull Shape 
And Scale Parameter vs Temperature for Acrylic and Alkyd Coatings 

5.0 

4.0 

3.0 
a 

2.0 

1.0 

0 

Welbull Scale logjofl= a + b(1lT) Welbuii Shape a = cTd 

Coefflclenb Correlation Coefficients Correlation 
Coating and Failure Coeftlcient Coefficient 

Criterion a b r c d r 

- 10- O(15.3) 

Coating: Alkyd 
- Defect: Corrosion 8 blisters 

Failure percent: 00.25 00.30 
- 

a 

- 

- 

I I I I 4 

( I )  Acrylic, 0.02%) corrosion plus 
blisters ...................... - 16.4 6644. 0.89 1.25 X lo9 -4.91 0.84 

60 70 80 90 60 70 80 90 

TEMPERATURE (F) TEMPERATURE (OC) 

(2) Acrylic, 0.03%) corrosion plus 
blisters ...................... - 13.2 5611. 0.99 5.94 X 10" -6.26 0.99 

(3) Acrylic, 0.03% corrosion ...... -15.4 6365. 0.99 2.96 X 10' -2.84 0.98 
(4) Alkyd, 0.25% corrosion plus 

blisters.. .................... -29.3 11019. 0.99 1.11 X lo6 -3.37 0.75 
(5) Alkyd, 0.30% corrosion plus 

blisters ...................... -23.6 9073. 0.97 2.06 X iO1' -7.23 0.76 
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expected because as the shape parameter increases, the 
Weibull probability density function becomes more 
attenuated (see Appendix A). If the power law fit is used 
the shape parameter value at low temperatures would be 
so high that it would attenuate the Weibull probability 
density function to the point where the maximum service 
lives at different failure proportions would converge. 
(This is shown in the probability of failure-temperature- 
time to failure diagram in Figure 8). For this reason, the 
accuracy of the power law fit at low temperature is 
suspect. One way to resolve this problem is to conduct life 
tests at low temperatures and to determine the Weibull 
parameter values. 

By substituting equations ( I  I) and (12) into equation 
(lo), the maximum service life can be computed as a 
function of temperature and A. When these computations 
are plotted as a function of temperature and exposure 
time, the result is a probability of failure-temperature- 
time to failure diagram (see Figure 8). The probability of 
failure-temperature-time to failure diagram gives the 
maximum service life at each temperature and at each 
survival probability, I -A. As an example, the maximum 
service life at 99% survival and 50°C for the alkyd (failure 
criterion, 0.30% corrosion plus blisters) is computed to be 
20000 hr or just over 2- 1 / 4  years. The importance of this 
diagram is its value in both predicting the maximum 
service life for a coating system and making selections 
between coating systems. This diagram can be generalized 
to include other stress conditions (e.g., Martin"). For this 
reason, the generalized diagram should be referred to asa  
probability of failure-stress-time to failure diagram. 

SUMMARY AND CONCLUSIONS 

The capabilities of reliability theory and life testing 
analysis are investigated for predicting the service lives of 
two coating systems subjected to 95% RH over a range of 
temperatures. To this end, an experiment was designed, 
executed, and the data analyzed in conformance with 
reliability analysis techniques. From this analysis, it is 
concluded that the proposed procedure is capable of 
quantitatively predicting the maximum service life at 95% 
RH over a wide range of temperatures such that a 
specified percent, I-A, of a nominal coating system 
population will survive. The success of this analysis is 
important in demonstrating that the procedure is capable 
of: 

handling the large variations in times to failure 
inherent in coating systems, 
drawing from relevant aspects of statistical theory, 
addressing the service life prediction problem in a 
format germane to engineers and scientists, and 
placing the parameters of the life prediction model in 
terms of the chemical kinetics of coating system 
degradation. 

Specific results of this research which should be 
highlighted include: 

the Weibull distribution adequately describes the 
times to failure ofthe two coatingsat 95% RH forthe 
three temperature levels studied. 

01 I I I I 10 100 1000 10000 100000 
TIME (h) 

Figure 8-Probability of failure-temperature-tlme to failure 
diagram for alkyd coating. Failure criteria was 0.30% corrosion 

plus blisters 

the Weibull scale parameter is related to reciprocal 
absolute temperature via an Arrhenius model. 
for both the scale and the shape parameter, the form 
of the dependence on temperature is the same for 
both coating systems. Only the values of the 
parameters differ. 

Since these results are applicable to two coating 
systems which are very different chemically they may be 
generally applicable to all organic coating systems. 
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APPENDIX A: Weibull Distribution = 

The Weibull distribution was originally proposed by 
Fisher and Tippett" in 1928 as the third asymptotic 
distribution of minimum values. The name Weibull was 
affixed to the distribution because Waloddi Weibull 
recognized the importance of the distribution and widely 
applied it to many engineering problems. At present, the 
Weibull distribution has "emerged as the most popular 
parametric family of failure distributions."' 

The Weibull cumulative distribution function is given 
by 

for t>O and the probability density function is given by 

where a ,  p and t > 0. In equations Al and A2, a is the 
shape parameter and /3 is the scale parameter. Plots of the 
Weibull probability density function, f(t), are given in 
Figure AI. Note that changes in the scale parameter, P ,  
tend to move the distribution horizontally along the 
time axis (the abscissa). The greater the value of P ,  the 
further out the density function is pushed. Changes in the 
shape parameter, a, tend to attenuate the distribution. 
For shape parameter valuesgreater than one, the mode of 
the distribution is greater than zero. For values less than 
or equal to one, the mode of the distribution is zero. For a 
shape parameter equal to one, the Weibull distribution is 
identical to the exponential distribution. 

Figure Al-Weibull probability density function plotsfordifferent 
shape and scale parameter values 

A wide variety of parametric estimators are available 
for the Weibull shape and scale parameters. Parametric 
estimates can be made for samples with or without 
censoring (a sample is said to be censored if not all of the 
experimental units fail during the experimentation 
period). In this paper, the parameters were estimated 
using maximum likelihood  estimate^.^,' 

ABBREVIATIONS AND LIST OF SYMBOLS = 

exp = ex, where e is the base of the natural system of logarithms 
F(t;B) = cumulative distribution function with parameter space 0 

F,(t) = shortened notation for cumulative distribution function 
F(t;B) at the i-th stress level (life distribution at stress 
level i) 

!?n = natural logarithm 
P(.) = probability of the event described within the parenthesis 

R,(t) = reliability function at the i-th stress level 
R H  = relative humidity 
ar  = Weibull shape parameter at absolute temperature of 

interest 
= Weibull scale parameter at temperature of interest 

0 = life distribution parameter space 
A = failure proportion 

p(t; 8)  = time transformation function 
r = random variable 

t(S.8) = generalized acceleration factor 
a,b,c,d = empirical constants 

i = stress level index 
j = panel index 

m = number of stress level 
n, = number of panels tested at the i-th stress level 
S i  = i-th stress level 
t = time 

tij = j-th ordered time to failure at the i-th stress level 
I,, = maximum service life 
T = temperature 

To = reference temperature 
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Prediction of the Service Life 
Of Coatings on Steel 

Part Ill: Categorizing the Performance 
Of Coating Systems on the Basis 

Of Their Corrosion and Blister Patterns 

Jonathan W. Martin and Mary E: McKnight 
National Bureau of Standards' 

The spatial pattern of defects (corrosion and blister 
spots) resulting from the aging of coating systems 
and the scale of clustering of these defects are 
quantitatively determined for a clear acrylic and a 
pigmentedalkydcoatingsystem. Fortheacrylic, it is 
established that defects are randomly distributed 
over the surface of the steel test panels, whereas for 
the alkyd, the defects are clustered. For the two 
coating systems studied, a clear distinction exists 
between their defect spatial patterns. This suggests 
that an index basedonthedefect spatial patternmay 
be useful for categorizing the in-servicedegradation 
of different coating systems. 

INTRODUCTION 

When coated steel panels are exposed to an adverse 
environment, they degrade. This degradation is marked 
by the formation of corrosion and blister spots (defects) 
over the surface of the panels. For panels coated with the 
same coating and exposed to the same adverse environ- 
ment, the spatialarrangement ofdefects is usually similar. 
For panels coated with different coatings, however, the 
spatial arrangements of defects are often dissimilar. This 
implies that the pattern of defects may be controlled by 

Presented a1 the 62nd Annua l  Meeling of the Federation of Socier~cr far Coatings 
Technology. #n Chicap. IL. Odobcr 25. 1985. 

Ccntcrfor HuildingTechnology. Rt.270&QuinceOrchard Rd..Huild~ng225.Gsithcnburg. 
MD 20899. 

intrinsic chemical and physical properties of a coating 
system (a coating system, as defined here, is the collective 
characteristics of the coating, substrate, and interface). 
Hence, it may be possible to index spatial arrangements 
of defects for categorizing the performance of coating 
systems and for determining the causes and mechanisms 
of coating failures. This general approach has proved to 
be successful in other di~cip1ines.l.~ It has not been applied 
to coating degrzdation, however. 

SPATIAL ANALYSIS THEORY 

Defect arrangements (Figure I )  can be categorized into 
one of three basic patterns as follows: (1) regular, (2) 
random, and (3) clustered. 

In nature, few examples have been reported where 
objects have a regular spatial arrangement.' Based on the 
few cases where a regular pattern has been observed,' one 
would expect regular arrangements of defects to occur 
on a coating system if there is a systematic distribution of 
nucleation sites over the surface of a test panel, or 
competition for a small amount of remaining space on a 
panel resulting from the large number of defects already 
present on the panel. 

In a random spatial arrangement, the position of a 
defect is independent of the position of all other defects on 
the surface of the panel; that is, knowledge of the location 
of a particular defect yields no information on the 
location of any other defects. Because of this inde- 
pendence property, a random spatial arrangement of 
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REGULAR RANDOM PERFECTLY CLUSTERED 

Figure 1-Basic types of defect spatial arrangements 

defects is often very difficult to relate to any specific 
coating system property. For a random arrangement of 
defects to occur, one would expect that the physical and 
chemical properties would have to be very uniform and 
homogeneous over the entire surface of the coating 
system. 

For a clustered arrangement, in contrast to a random 
arrangement, the position of a defect is dependent on the 
position of other defects. Many possible cluster patterns 
exist. In the extreme (Figure I), defects are perfectly 
clustered; that is, all defects are grouped into asmall tight 
mass on the surface of the panel. The average area that 
circumscribes the defects can be used to further charac- 
terize cluster patterns. A measure of this is the scale of 
clustering. For a coating system displaying supercluster- 
ing, at least two scales of clustering are needed. The first 
characterizes the surface area covered by the individual 
defects while the second characterizes the surface area 
covered by the clusters. Estimates of the different scales of 
clustering are important, because they can be useful in 
helping to isolate the possible causes and mechanisms of 
coating failure. This can be accomplished by surveying 
thechemical and physical properties of the coating system 
to find those properties operating at the same scale as that 
of the defects. If these properties superimpose on the 
defect sites, then a possible causative agent for defects has 
been identified. 

Although these descriptive presentations are useful, 
they must be converted into a mathematical equivalent in 
order to perform any meaningful analysis. This is done 
through the use of an index. The mathematical basis for 
this index is as follows. 

In a random arrangement, it is assumed that the 
properties of a coating system are homogeneous over a 
surface area, S. This area, S, is divided into n identical 
subregions each having surface area s, where s = S/n.  
(Theoretically, it does not matter whether the subregions 
are identical in shape or equal in size. It is important that 
the sizes of the defects are small, relative to that of the 
sampling areas'). The panel is then placed into an adverse 
environment for a prespecified exposure time after which 
it is removed and evaluated to determine the n ~ ~ m b e r  and 
type of defects in each subregion. Assume that m defects 
are observed and are randomly distributed over S. It can 
be argued that, relative to the number of possible defect 
sites in S, the number of observed defects, m, is very small; 
thus the probability that any of these sites is occupied is 
small. Since the number of possible sites is very large and 
the probability that any one site will be occupied is very 
small, it caneasily be shown$"viaa binomial distribution, 
that the occurrence of exactly k defects (k 5 m) in any 
subregion is a Poisson variate with distribution 

 AS)^ 
P(k;As) -- for k = 0. 1. 2, . . . 

k! 
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Figure 2-Nested analysis of variance 
hierarchy 
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where 
P(k;As) is the probability of observingexactly k defects 

in a subregion s; and 
A is the expected number of defects in subregion s. 

The expected number and the variance of the defects in 
subregion s are determined from equation (1). The 
expected number of defects, E(k), or the mean number of 
observed defects in subregion s, is given by 

and the variance of the number of observed defects in this 
subregion is given by 

var(k) = As. (3) 

Hence, for a random arrangement of defects, the mean 
and the variance of the number of defects in a subregion 
are identical. 

The var-mean ratio,' which is obtained by dividing the 
variance by the mean number of defects, provides a 
convenient index for classifying the three types of defect 
spatial arrangements. Thus, for a random spatial arrange- 
ment of defects, the 

var-mean ratio = 1. (4) 

For a regular spatial arrangement of defects, the 
var-mean ratio < I ( 5 )  

and for a clustered pattern, the 
var-mean ratio > 1. (6) 

The var-mean ratio for a clustered pattern ranges from a 
value greater than one to infinity. In general, as the var- 
mean ratio increases, the defects become more clustered. 
As the var-mean ratio approaches infinity, the defects 
become perfectly clustered. 

The var-mean ratio is not the only possible index.5 
Many other indices are available and are often used to 
complement the var-mean ratio index. This is advan- 
tageous, because each index measures a slightly different 
attribute of the spatial arrangement. Regardless of which 
index or combination of indices is used, however, they all 
have at least two weaknesses, which are: 

(I) index results are greatly affected by the size of the 
sampling subregion8; and 

(2) the indices do not provide anindication of the scale 
of clustering. 

Since the estimate of the scale of clustering is important 
for helping to isolate possible causes and mechanisms of 
failure, this latter deficiency is critical in that it does not 
provide information which would be useful in determining 
the causes of coating system failures. 

These deficiencies can be corrected through the use of a 
nested analysis of variance procedure?-" (For this 
analysis, a square panel is better than a rectangle, since 
the blocks at each level are always formed by dividing by 
two and, more importantly, a square can only be 
sectioned in one way; while arectanglecan be sectioned in 
several different ways8). In the nested analysis of variance 
procedure, a hierarchy of sampling blocks (Figure 2) is 
created such that (1) the size and shape of the blocks at 
every level are identical, (2) the blocks at any level can be 
connected to form the block at a lower level, and (3) the 

ascale 
BLOCK AREA (cm2) 

BLOCK AREA (crn2) 
Figure 3-Hypothetical scale of clustering vs time curves 

total area of all of the blocks at each hierarchy levelis the 
same, but the number of blocks vary. As seen in Figure 2, 
the lowest level in the hierarchy is the sample grid pattern 
used in evaluating the coated panels (see Experimental 
Procedure). To get the next higher level in the hierarchy, 
the grid is divided into two or more adjacent groups of 
blocks, each group having the same size and shape as 
every other one at that level. This separation process 
continues until only the elemental blocks remain. 

Once the hierarchy of blocks has been established, the 
mean and variance of the number of defects (corrosion, 
blisters, or corrosion plus blisters) is computed at every 
level. The mean number of defects per unit area is the 
same at every level. The variance, however, depends on 
the spatial arrangement of defects. In the case of a 
random arrangement of defects, the variance is equal to 
the mean number of defects at every level; thus, the var- 
mean ratio is always one. If defects are clustered, 
however, the variance differs from one hierarchy level 
(block area) to another. The block area, at which the 
variance is at its maximum, is equal to the scale of 
~ lus te r ing .~ , '~  This has been verified via  simulation^.'^^'^ 
The scale of clustering can be graphically determined by 
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plotting the var-mean ratio vs block area (Figure 3). This 
diagram can be characterized by three parameters as 
follows: (1) the scale of clustering, asCale, (2) the intensity 
of the peak at the scale of clustering, h, and (3) the 
half-width range in block size area over which clustering 
occurs, w. In Figure 3, three hypothetical var-mean ratio 
vs block size area curves are plotted. In curve 1, the 
intensity of the peak is very sharp and the half width size is 
narrow. This indicates that the defects are clumped into 
clusters of one size having a scale of clustering equal to 
aScal,. In curve 2, the intensity peak is high, but the half- 
width is broad indicating that clusteringis occurring over 
several block sizes. A broad half-width is usually 
indicative of superclustering. In curve 3, clustering is 
occurring, but at a block area greater than that sampled. 

The nested analysis of variance procedure has proved 
to be very useful in many technical disciplines.' This 
analysis procedure is not without its weaknesses, however. 
As one goes toward the lower levels in the hierarchy 
(larger block sizes), fewer degrees of freedom are 
available for determining the variance. As the degrees of 
freedom decrease, the level of confidence in the estimate 
of the variance decreases; consequently, for large block 
areas, a maximum may be observed when, in fact, it is not 
a true Even with this weakness, the analysis 
procedure can be justified because it gives consistent, 
reproducible results in many applications7 and in ecology, 
the scale of clustering has been successfully correlated 
with both environmental and species factors.' 

EXPERIMENTAL PROCEDURE 

The experimental procedure was described in detail by 
Martin and McKnight in previous  report^.'^.'^ The parts 
of the experiment which are relevant to the proposed 
procedure are highlighted. 

In this experiment, two coatings were subjected to three 
temperature/relative humidity environments for exposure 
times up to 3000 hr. The two coatings were a clear acrylic 
and a pigmented alkyd. Both coatings were similar to 
commercial formulations. Both coatings were applied by 
a flat blade film applicator in a single pass to a thickness 
of 50 pm over sandblasted, hot-rolled, steel plate 
substrates having a surface profile between 51 and 127 pm 

5.0 + blisters 
Corrosion Corrosion + 

2.5 -------\---- L~NES- ----- Acrylic 
I I I I I I 1 

0 100 200 300 400 500 600 700 
TIME (h) 

Figure 4-Var-mean ratio vs time for corrosion plus blisters for 
the alkyd and the acrylic coating systems exposed at 80°C and 

(2 to 5 mils). The application procedures were the same 
for both coatings. After curing for at least four weeks at 
approximately 22OC and 45% relative humidity (RH), the 
panels were subjected to one of three temperatures (60°, 
70°, and 80°C) and 95% RH. 

For each temperature/RH level and for each coating 
type, a set of 15 panels was randomly selected (2 coating 
types X 3 temperature levels X 15 panels = 90 panels). 
Each set of panels was exposed in a relative humidity 
cabinet for a predetermined period of time. At the end of 
this interval, the panels were removed, evaluated, and 
then put back into the humidity cabinet. This procedure 
was repeated up to 11 times throughout the exposure. 

The panels were visually evaluated by placing a 
transparent grid over each test panel.I5 The grid was 
sectioned into a 3  X 8 matrix of square blocks, each block 
having dimensions of 20 mm X 20 mm. The grid was 
located using a hole in the border of the panel as a 
reference point. This hole ensured that all of the 24 blocks 
covered the same area from one evaluation to another. 
During each evaluation, the number, size, and type of 
defect were tabulated in each block for every panel. For 
the proposed spatial analysis, only the number of defects 
and their location are important. The locations of the 
defects were known from the block number. 

RESULTS AND DISCUSSION 

The var-mean ratio was computed for each coating 
system, defect type(corrosion and corrosion plus blisters), 
temperature, and exposure time. This index was then 
plotted against time for the two different coating systems 
and for both defect types. Two typical plots are displayed 
in Figures4 and 5. Figures4 and 5 show that defects in the 
acrylic system are randomly distributed (var-mean ratio 
value is close to one), whereas defects in the alkyd coating 
system are clustered (var-mean ratio value is far greater 
than one). Hence, for the two coating systems studied, the 
differences in the spatial arrangement of defects are 
distinct. In comparing changes in thevar-mean ratio over 
time for corrosion with that of corrosion plus blisters, it 
was invariably found that the two trends followed each 
other very closely (Figure 4). Hence, knowledge of the 
trend for one appears to be an adequate predictor for the 
other. 

, ---6OOC 
--7O0C - 
-80°C - 

Acrylic 

500 1000 1500 2000 2500 30003500 
TIME (h) 

Figure 5-Var-mean ratio vs time for corrosion at three 
temperatures 
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I I I I I 
80 90 100 

TEMPERATURE ('C) 

Figure &Average var-mean ratio vs temperature for the acrylic 
coating 

From Figure 5, a linear model of the form 
var-mean ratio = a + b X time, (7) 

where a and b are empirical constants, adequately 
describes changes in the var-mean ratio with time for all 
temperatures forthe acryliccoating system. For the alkyd 
coating system, changes in the var-mean ratio over time 
are more complex since the trends are not consistent from 
one temperature to another. Lacking a better model, 
however, equation (7) was used in modeling changes in 
the var-mean ratio of the alkyd coatingdefects over time. 
It was hypothesized that the slope, b, of the var-mean 
ratio is zero. This hypothesis was tested using appropriate 
linear regression techniques. In the majority of the cases, 
this hypothesis could not be rejected. The following are 
exceptions. For the acrylic coating, a negative slope for 
corrosion plus blisters is significant at 70' and 80°C. For 
the alkyd coating system, a positive slope for the 
corrosion and corrosion plus blisters is significant at 
70°C. 

Since the hypothesis of zero slope was usually true, the 
average var-mean ratio was determined for each coating, 
defect type, and temperature from all exposure times. 
These average var-mean ratios for corrosion and corro- 
sion plus blisters are tabulated in Table 1 and are plotted 
vs temperature in Figures 6 and 7. A 90% confidence band 
is located around each average var-mean ratio. For the 
acrylic coating system, the average var-mean ratio tends 
to increase with increasing temperature; that is, the 
defects change from a random vattern to one which 
borders on b i n g  slightly clustered. For the alkyd coating 
system. the average var-mean ratio tends to decrease; that 
i;, the defects teni  to change from being very clustered to 
being less clustered. At this time, sufficient data is not 
available to give a plausible explanation for these 
phenomena. 

60 70 60 

TEMPERATURE (OC) 

Figure 7-Average var-mean ratlo vs temperature for the alkyd 
coating 

The scale of clustering was determined for the alkyd 
coating system using a nested analysis of variance 
procedure. This was done for a hierarchical design like 
that depicted in Figure 2. The alkyd var-mean ratio vs 
block size diagrams for corrosion plus blisters are 
displayed in Figure 8 for all exposure times at all three 
temperatures. From Figure 8, two maximums are 
observed. The first occurs around 8 to 16 cm2, while the 
second occurs at a block size areagreater than96 cm2 (the 
maximum size of the test panel). The smaller scale of 
clustering (8 to 16 cm2) is observed at all treatment levels. 
The larger clustering scale (greater than 96 cm2) is not as 
consistent, especially at the 70°C exposure. From Figure 
3, the first scale of clustering describes the surface area 
covered by the individual defects while the second scale of 
clustering (superclustering) describes the surface area 
covered by the cluster groups. The inconsistency of the 
superclustering scale for different exposure times can not 

Table 1-Average Var-mean Ratio for Two Coating Systems 
On Steel by Defect Type and Temperature 

Acrylic Alkyd 

Avg. Avg. 
Temp. Var-mean Std. Var-mean Std. 

Detect Type ("C) Ratio Dev. Ratio Dev. 

(I) Corrosion . ... .. . .60 1.03 0.11 12.42 3.73 
(2) Corrosion . . . . . . . .70 1.23 0.20 10.86 6.16 
(3) Corrosion . . .. . . ..80 1.67 0.31 9.58 2.85 
(4) Corrosion plus . . . .60 1.14 0.20 13.59 2.07 

blisters 
(5) Corrosion plus . . . .70 1.65 0.42 12.15 3.21 

blisters 
(6) Corrosion plus . . . .80 2.27 0.28 8.36 1.63 

blisters 
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Figure 8-Corrosion scale of clustering curves at different 
exposure times for the alkyd coating exposed at 60°, 70°, and 

80°C and 95% RH 

be explained at this time. It is felt that a square test panel 
with greater surface area would have been more useful in 
studying this superclustering phenomenon. 

SUMMARY AND CONCLUSIONS 

The spatial arrangement of corrosion and blister spots 
over the surface of a panel appears to be characteristic to 
both the coating system and theenvironment to which the 
coated panels are exposed. For this reason, a morpho- 
metric transformation of the spatial arrangement of 
defects may be useful in categorizing the degradation of 
different coating systems. One such morphometric trans- 
formation is the variance-to-mean ratio (var-mean ratio). 
The var-mean ratio separates spatial patterns into three 
distinct classes-regular, random, and clustered. For 
clustered arrangements, it is important to determine the 
scale of clustering; that is, to have a measure of the surface 
area covered by an individual cluster. This descriptor 
should be useful in determining the causes and mecha- 

nisms of coating failure by helping to isolate those 
chemical and physical properties of a coating system 
which have the same scale as the scale of clustering. An 
estimate of the scale of clustering can be obtained through 
nested analysis of variance techniques. 

In this study, the spatial pattern and the scale of 
clustering were determined for two different coating 
systems-an acrylic and an alkyd. Panels from both 
systems were exposed to one of three temperatures (60°, 
70°, and 80°C) and 95% RH. The spatial analysis results 
of this experiment are as follows: 

(1) For short exposure times, the spots of corrosion 
and corrosion plus blisters on the acrylic coating appear 
to be randomly distributed over the surfaces of the panels, 
whereas defects on the alkyd coating system areclustered. 

(2) With increased exposure time, the arrangement of 
defects for the acrylic coating system shows either no 
significant change in the original var-mean ratio or 
becomes slightly clustered. For the alkyd coating, the 
arrangement of defects either displays no change or 
becomes less clustered. 

(3) Changes over time in the var-mean ratio for 
corrosion spots closely follow changes in the var-mean 
ratio for corrosion plus blister, implying that monitoring 
either might often be sufficient for predicting the trend of 
the other. 

(4) Finally, for the alkyd coating system, two scales of 
clustering were identified. The first scale occurs between 8 
and 16 cm2 and is associated with the surface area 
individual defects circumscribe. The second scale occurs 
at a surface area greater than 96 cm2 and is associated with 
the surface area by the individual clusters circumscribe. 

It is concluded, therefore, that the proposed spatial 
analysis techniques provide a useful method for cate- 
gorizing and predicting the performance of different 
coating systems with respect to the spatial arrangements 
of defects, and that the proposed analysis may provide an 
important tool for identifying the causes of coating 
degradation. 
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A convenient quantitative definition for the dissolv- 
ing power, $, of a solvent for a substance, B, is the 
difference between the chemical potentials of B in 
its own phase and in the solution, divided by RT 
(where R is the gas constant and T is the absolute 
temperature). When $is positive, moresolutecan be 
dissolved. When $ is negative, phase separation is 
expected. In the case of polymers, $can be replaced 
by $, calculated for one repeating unit. According 
to the prediction method of Hansen using three 
solubility parameters, $, should be proportional to 
the difference RA' - 4(S66-P6d)2 - (S6p-p6p)2 - 
(S6h-p6h)2 where RA is the radius of the solute 
sphere of solubility. In this work a new prediction 
method based on $, is proposed. This method takes 
into account entropy changes and is based on a 
more correct treatment of the hydrogen bonds. The 
new equation giving$, contains known characteris- 

tics such as the molarvolumeof thesolvent (K), the 
m_olar volume of the repeating unit of the polymer 
(V,), and theso-called "structuration"factor (b,), of 
the solvent, related to the presence or the absence of 
H-bond chains. This equation also contains a few 
parameters that must be measured (1) for the 
solvent: a modified solubility parameter '8, deter- 
mined from the solubility of solid alkanes in the 
given solvent; and (2) for the polymer: its modified 
solubility parameter a characteristic constant, 
A, and the stability constants, K, of the hydrogen 
bonds the polymer can form with the main different 
groups of solvents. 

The predictionsof the two methods arecompared 
with the experimental data for three polymers- 
PVAC, PMMA, and PEMA-in some 25 solvents and 
their binary blends. 

INTRODUCTION 

Solvent formulation is a major technical problem in  the 
coatings industry. A solvent blend must have a suitable 
viscosity, an appropriate evaporation rate, and i t  must 
satisfy economic and legislative constraints. But the first 
criterion for selecting a solvent blend should be its 
capacity to dissolve the resin. Because of these numerous 
requirements and the high number of resins and solvents 
available, the selection of the solvent blends will be best 
carried out with the aid of a computer program. Solvent 
characteristics such as viscosity and evaporation rate 
correspond to well-known concepts and can be presented 
in numerical terms. 

This paper ~sdedicarrdtc Professor C J.  Smetr.formcr Prcrcdcntafthc Intcrnalional Union 
of Pureand Appl~ed Chrminry. Portions oitheart~ele were proentcd at the 10th lnternai~onal 
Conference bn Organ~c Coat~ngs Scicnceand Technology. in Athcns. Grcrce(1984).rnd a, the 
17th FATIPEC Congress. in Lugano. Suttmrland 11984). and are reprinted here with theu 
permission. 

.Dept. of Chem~ary. Cele\tijnenlaan 20OF. 8-3030 Hercrlce. Relg~um. 
+ Emmanuellaan I. B-I830 Machelrn Belg~um. 
*.Groat-B~jgaardcnstraa~ 147. 8-1610 Sint-Pnelen-Lecuw. Belgium. 

The object of this paper is to propose a quantitative 
definition of the dissolving power of a solvent for a given 
polymer on the basis of thermodynamic considerations. 
We show the way in which this dissolving power is 
predicted i n  Hansen's method using three solubility 
parameters. We propose a new approach for estimating 
the dissolving power. Finally, we compare the predictions 
of the two methods with the experimental data. 

DISCUSSION 

Quantitative Definition for the Dissolving 
Power of Solvents and Their Blends 

A substance, B, dissolves in  a solvent when i t  has more 
affinity for the solvent and the solution than for its own 
phase. From a thermodynamic point of view, the affinity 
of B for a given phase is related to its chemical potential, 
p8, i n  this phase. The affinity is as high as the chemical 
potential is low. Therefore, i f  pl; is the chemical potential 
of B in its own phase and ~ B , , I  is its potential in  the 
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solution, B will have a greater affinity for the solution 
when the difference, p t i - p ~ ~ ~ ~  is positive. 

The dissolving power, $, of a solvent for B is 
quantitatively expressed by 

- /iBrot 
$B=- 

RT (1) 

where R is the gas constant (R = 8.3 15 JK-'mol-' ) and T 
the absolute temperature. The introduction of the factor 
RT in the definition of $makes this quantity dimension- 
less and avoids the choice of units. The chemical 
potential, ~ B S O I ,  depends on the volume fraction, C#IB, of 

Table 1-Known Characteristics of Solvents and Polymers 
Used In the Present Approach (Values at 2S0C) 

- 
Solvents V,/cm3mol-' b, 

Alkanes 
n-Pentane ............................ ,116.1 
n-Hexane ............................ .131.6 
n-Heptane.. .......................... .147.5 
n-Octane.. ........................... ,163.5 
n-Decane ............................ ,195.9 
n-Dodecane .......................... ,228.6 
n-Pentadecane ........................ .277.7 
n-Hexadecane ........................ .294.1 
Cyclohexane.. ........................ .108.8 

Aromatic Hydrocarbons 
Benzene.. ............................. 89.4 
Toluene. ............................. ,106.9 
p-Xylene ............................. ,123.9 

Halogenated Hydrocarbons 
Dichloromethane.. ..................... 64.5 
Chloroform ........................... 80.5 
Tetrachloromethane .................... 97.1 

Esters 
Methylformate.. ....................... 62.1 
Methylacetate ......................... 79.8 
Ethylacetate ........................... 98.5 
n-Butylacetate ........................ ,132.5 
n-Hexylacetate.. ...................... .165.8 
Ethyl propionate.. .................... .115.5 

Ketones 
Acetone.. ............................. 74.0 
Methylethylketone ..................... 90.2 
Diethylketone ........................ .106.4 
Methyl-isobutylket .................... ,125.8 
Di(isopropy1)ket ...................... ,140.4 

Monohydric Alcohols 
Methanol ............................. 40.7 
Ethanol.. ............................. 58.7 
I-Propanol ............................ 75.1 
2-Propanol.. .......................... 76.9 
I-Butanol ............................. 92.0 
2-Butanol. ............................ 92.4 
I-Pentanol ........................... ,108.6 
I-Hexanol.. .......................... .125.2 
I-Octanol ............................ ,157.7 
I-Decanol.. .......................... .191.6 

Water ................................ 18.1 
- 

Polymen v Jcm3mol-' 

PVAC ...... (MW = 86000) ......... 78.3 
PMMA ...... (MW = 60000) ......... 84.2 
PEMA ...... (MW = 126000) ........ ,103.8 

the solute in the solution and increases with this quantity. 
Therefore, $B will refer to a particular 4 ~ .  

When $B is positive, the affinity of B for the solvent is 
greater than that for its own phase, and more solute can 
be dissolved. The reverse occurs when $B is negative and 
phase separation can then be expected. When $B equals 
zero, an equilibrium is reached and this particular value 
of 4~ corresponds to saturation. 

From a thermodynamic point of view, $is the sum of 
two terms with a welldefined physical meaning 

The first term, AH,,,.,,, takes into account the heat 
absorbed by the system when one mole of the substance B 
is transferred from its own phase into solution. The 
second term is the corresponding change in entropy. 

When the substance B is a polymer with r repeating 
segments, the dissolving power, $,,can be represented by 
an equation of the form 

$, = r$, + end terms (3) 

where $, is the "segmental" solvent power defined as 

~ . S O I  and p i  are the chemical potentials of the repeating 
segment in the solution and its own phase, respectively. 
Note that $, characterizing the dissolving power of a 
given solvent for a given polymer segment is not 
necessarily the same for other polymers of the same type. 
For instance, it will decrease when an amorphous 
polymer becomes semi-crystalline. It also depends on the 
polymer molecular weight: $, will be larger when the 
molecular weight is lower. 

When the degree of polymerization is large (high value 
of r), the influence of the end groups can be neglected and 
$, will have the sign of $,. A polymer can therefore be 
dissolved at a given volume fraction, 4,. in a given solvent 
or solvent blend when $, is positive or zero. 

When the degree of polymerization is small, as in the 
case of oligomers, the contributions of the end groups to 
the dissolving power, $,, can no longer be neglected. 

D i s s o l v i n g  Power o f  Pure Solvents 
PREDICTION OF THE DISSOLVING POWER ACCORDING TO 

HANSENS APPROACH: The most widely used method for 
predicting the capacity of a pure solvent to dissolve a 
given polymer is that of Hansen.' In this method, each 
polymer and each solvent is characterized by three 
solubility parameters, namely: Sd, representing the dis- 
persion forces; S,, representing the polar forces; and Sh, 
representing hydrogen bonds. Therefore, polymers and 
solvents can be represented by points in a three- 
dimensional plot using the three solubility parameters as 
axes (with the Sd scale doubled). 

Each polymer point may constitute the center of a 
sphere, the so-called sphere of solubility, of radius RA, 
known as the radius of interaction. Solvents falling within 
this sphere should dissolve the polymer and those outside 
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the sphere should not. This sphere of solubility refers toa  
particular value of 4,. 

In terms of dissolving power, this means that all points 
inside the sphere are expected to have a positive $,, 
whereas the contrary should happen for the points 
outside the sphere. According to the approach with three 
parameters, the dissolving power, $,,can be given by the 
following relation: 

where C is a constant for a given polymer at a given 
temperature. 

The surface of the solute sphere of solubility is thus the 
"ensemble" of all possible combinations of ' a d ,  'a,, and 
' a h  for solvents with a dissolving power equal to zero. 

The values of the seven parameters appearing in 
equation (5) were recently compiled by Barton2 for a wide 
variety of solvents and polymers. Some values takenfrom 
this compilation are given in Tables mentioned later in 
this text (Tables 2 and 3). 

Let us, for example, calculate by means of equation (5) 
the dissolving power of methylethylketone (MEK) and 
that of benzene for polyvinylacetate (PVAC). For MEK, 
we find 

= t66 MPa 

For benzene: 

= -23 MPa 

According to these predictions, the dissolving power of 
MEK for PVAC is positive and this solvent should 
dissolve the polymer-which it actually does. The 
calculated dissolving power of benzene for the same 
polymer is negative. In fact, this solvent dissolves PVAC. 

The main weakness of Hansen's approach lies in the 
neglecting of entropy effects in the dissolving power. As 
shown by equation (2). the dissolving power depends not 
only on the changes in the energy of the cohesion forces 
when passing from one phase to the other, but also on the 
changes in the entropy. The approach of Hansen 
considers these additional effects of entropy changes as 
constant for agiven solute and includes them in the value 
of RA. But, as a matter of fact, these terms are not 
constant.-iey depend, among other things, on the molar 
volume, V,, of the solvenr. 

Let us give the following example: The normal alkanes 
do not dissolve PVAC or polymethylmethacrylate 
(PMMA) at room temperature, but they can be used as 
diluent ofa true solvent, such as acetone or methylacetate. 
According to Hansen's approach, decane would be 
alwaysa better diluent thanpentane because its solubility 
parameters are more favorable. A higher percentage of 
decane could then be used before phase separation 
occurs. As can be seen from the numerous examples given 
later in Tables 5 and 6 ,  the reverse isalways observed. The 
reason is that the effect of the solubility parameters is 

completely overshadowed by an entropic effect, related? 
the molar volume, V,, which favors the solubility when V, 
decreases. 

A second point that is highly questionable in Hansen's 
approach is the use of a "hydrogen bonding" parameter, 
6 h  .'-' A hydrogen bond is an interaction between two sites 
of opposite nature: a proton donor site, as the hydrogen 
atom of an 0-H group; and a proton acceptor site, as the 
electron pairs of a CO group. Some molecules, such as 
CHCI,, have only a proton donor site, whereas others, 
such as MEK possess only acceptor sites. A distinction 
should be made between the capacity of a molecule to act 
as proton donor and its capacity to act as proton acceptor 
and these two different characteristics can by no means be 
represented by a single parameter, 61,. The last term in 
equation (5) is therefore meaningless from a fundamental 
point of view. 

DISSOLVING POWER OF PURE SOLVENTS I N  THE PRESENT 
APPROACH: The new approach presented here takes into 
account the possible entropy changes that influence the 
dissolving power and replaces the hydrogen bonding term 
which appears in equation (5) with a more correct 
expression. As in the case of Hansen's approach, it uses a 
limited number of parameters which have to be deter- 
mined experimentally. However, it also introduces in the 
calculation of $ known characteristics of polymer and 
solvent. 

KNOWN CHARACTERISTICS OF SOLVENTS A N D  POLYMERS 
USED IN THE PRESENT APPROACH: These characteristics are 
the molar volumes V, of the solvent and V, of the 
repeating unit of the polymer. A new characteristic 
introduced here is the so-called "structuration"factor, b,, 
of the solvent which is related to the presence of H-bond 
chains between the molecules of the solvent. 

The V, of the solvent is obtained from its molecular 
weight, M,, and its density, p,, following the equation 

To o b t a i n K ,  one calculates the molecular weight, M,, 
of the repeating unit of the polymer from its formula and 
divides it by the density, p,,  of the pure polymer: 

The structuration factor, b,, is zero for all the solvents 
which do not form H-bond chains. This is the case for 
alkanes, aromatic hydrocarbons, ethers, esters, ketones, 
halohydrocarbons, nitroalkanes, nitrobenzene, acetoni- 
trile, and so on. 

The structuration factor, b,, equals -1 for all the 
solvents which form long single H-bond chains, for 
instance, alcohols 

Other cases with b, = - I  are phenols, formamide, and 
formic acid. 
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The b, equals -2 for the solvents where the molecules 
are involved in double chains like water 

The origin of this structuration factor will be reported 
elsewhere! A list of the known characteristics of solvents 
is given in Table I. 

EQUATIONS FOR T H E  DISSOLVING POWER OF PURE 
SOLVENTS: 

Dissolving power in absence of polymer-solvent and 
polymer-polymer hydrogen bonding-In the simple case 
where no hydrogen bond is formed between the polymer 
segments or between polymer and solvent, the dissolving 
power, $,, is given by the following equation: 

This equation is a simplified expression of a general 
equation we derived for the solubility of model crystalline 
compounds as solid alkanes in a great number of 
s0lvents.7.~ It only contains three a priori unknown 
parameters, namely A, O6' and '6'. 

The A parameter is related to the necessity of fluidizing 
the polymer before bringing it into the solution. A is a 
constant for a given polymer at a given temperature. 
Although different in nature, the A term plays a role 
similar to that of R A ~  in equation (5). 

The second term 

describes the changes of the non-specific cohesion forces 
accompanying the transfer of the solute from its own 
phase to the solvent. This term has the same meaning as in 
the method using three solubility parameters but it only 
refers to dispersion and dipolar forces at the exclusion of 
hydrogen bonds. The corresponding parameters, '6' and 
+"6', and thereforecalled "modified non-specific"solubility 
parameters of the solvent and of the polymer. 

The last term 
- 
V m 

B = (0.5 + b,) ( I  - 4,) -=- 
V, 

(10) 

corresponds to entropy changes. These are not considered 
in Hansen's method. It must be noted that equation (10) 
does not introduce unknown parameters. 

I he present approach will calculate the solvent power 
of MEK for PVAC as: 

In the case of benzene: 

Both values are positive, predicting that both solvents 
dissolve PVAC as is actually observed. 

Dissolving power in presence of polymer-solvent 
hydrogen bonding-In this case, a term has to be added 
to equation (8) 

where K is the stability constant (in cm3mole-') of the 
polymer-solvent hydrogen bond. 

As a matter of fact, (1 - 4,)/ V, is the concentration of 
the active sites of the solvent. This equation is similar to 
that used in analytical chemistry to describe the influence 
of a given concentration of ligand on the solubility of a 
salt. 

Equation (I I) holds at low polymer concentrations (a 
few percent). When 4, becomes larger, expressions that 
are more elaborate but which do not introduce new 
parameters have to be used. 

To a first approximation, it is assumed that K for a 
particular polymer at a particular temperature will have 
the same value for all solvents belonging to the same 
group (for instance, the alcohols). 

Equation (1 1) replaces the term ('6h -P&I,)~ of equation 
(5 ) .  

For polymers which form H-bonds with the solvent, 
the dissolving power can therefore be calculated from 

D, Band Hare being calculated from equations (9), (lo), 
and (I I), respectively. 

Dissolving power in presence of polymer-polymer 
hydrogen bonding-Hydrogen bonding between two 
polymer segments only takes place when the segments 
bear 0-H or N-H groups. 

In this case an additional term, C, must be subtracted 
from equations (8) or (12). This term depends on the 
stability constant K,, of the segment-segment H-bonds 
and is given to a good approximation by 

The complete equation giving $, is thus 
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DETERMINATION OF THE PARAMETERS USED I N  THE 

PRESENT APPROACH: The parameters required for the 
calculation of the dissolving power are: the modified 
solubility parameter '6' of the solvent; the modified 
solubility parameter O6' of the polymer; and the charac- 
teristic constant A for this polymer. Moreover, if the 
polymer segment bears specific groups which are active 
on hydrogen bonding, the stability constants K have to be 
known for the different groups of solvents. 

For polymers that can form segment-segment H-bonds, 
the term C (or the stability constant K,,) must also be 
known. 

Determination of the solubility parameters '6' of the 
solvents-The general form of equation (8) can be 
applied for calculating the solubility $B of solidalkanesin 
all possible solvents. For these crystalline substances, A is 
equal to the molar free energy of melting divided by RT. 
This quantity is accurately known from calorimetric 
measurements on the pure crystals. At the saturation, $ 
equals zero and, when measuring experimentally 4 6 ,  all 
terms in equation (8) are known at the exception of the 
difference ('8' - '6'). Taking arbitrarily a value '6' equal 
to 16.00 MPa'I2 for octacosane, the value of "'can then 
be deduced. The method works fairly well for most 
solvents, with the exception of liquid hydrocarbons. 

The solubility of solid alkanes in liquid hydrocarbons is 
generally less sensitive to the value of '6'. For these liquid 
hydrocarbons, we prefer to use '6' values which were 
found by trialand error methods and which fit at best the 
experimental solubilities of polymers. 

The values of 3' are listed in Table 2. They are 
compared with the Hansen's parameters compiled by 
Barton and with the Hildebrand parameter, 6H, of these 
solvents. 

As can be seen from Table 2, for solvents with a low 
polarity, the 6' values are not very different from the 
Hildebrand's values. However, for strong polar solvents, 
6' is generally two or three units larger. For hydrogen 
bonded solvents, 6' is always much smaller than 6~ 
because 6'only refers to the non-specific cohesion forces. 

Determination of the parameters characterizing the 
polymer-In principle, each polymer parameter, (A, OS' 
or the constants K for the hydrogen bonds with the 
various groups of solvents) can be determined by a single 
determination of a cosolvency limit, adding increasing 
amounts of a non-solvent to a good solvent and 
determining the cloud point by visual observation. The 
minimal number of such independent determinations is 
thus at least two and depends on the number of K values 
taken into consideration. For the determination of A and 

it is advisable to use solvent pairs which do not form 
H-bonds with the polymer. Of course, when a larger 
number of experimental cosolvency limits isavailable, the 
A, P6', and K values can be adapted so as to best fit the 
experimental data. In Table 3, we give the values 
determined for three polymers, namely polyvinylacetate 
Vinnapas UWI (Wacker Chemie, abbreviated PVAC), 
polymethylmethacrylate low molecular weight (Aldrich 
Janssen Chimica, PMMA,), polyethylmethacrylate sec- 

ondary standard (Aldrich Janssen Chimica, PEMA). 
For the sake of comparison, Table 3 also contains the 
Hansen's parameter of similar polymers taken from the 
compilation work of B a r t ~ n . ~  

Comparison between the predictions and the experi- 
mental data for pure solvents-For pure solvents, the 
validity of both Hansen's approach and the present one 
can be tested by checking if solubility or insolubility is in 
fact observed when the calculated values of $,/C 
[equation (5)] or $, [equation (14)] are respectively 
positive or negative. 

Table 2-Solublllty Parameters of Solvents at 2S°C' 

Solvent IY 

Alkanes 
n-Pentane ................. ,1547 
n-Hexane ................. .15.65 
n-Heptane.. ............... .15.75 
n-Octane .................. .15.82 
n-Decane.. ................ .15.89 
n-Dodecane ............... .15.92 
n-Pentadecane ............. .15.94 
n-Hexadecane. ............. .15.95 
Cyclohexane ............... .16.00 

Aromatic Hydrocarbons 
Benzene .................... 18.95 18.4 0.0 2.0 18.8 
Toluene .................... 18.50 18.0 1.4 2.0 18.2 
o-Xylene ................... - 17.8 1.0 3.1 18.0 
p-Xylene .................. .18.00 - - - - 

Halogenated Hydrocarbons 
Dichloromethane.. ......... .20.53 18.2 6.3 6.1 19.8 
Chloroform ................. 18.77 17.8 3.1 5.7 19.0 
Tetrachloromethane ........ .17.06 17.8 0.0 0.6 17.6 

Esters 
Methylformate .............. 22.87 - - - 20.9 
Methylacetate ............... 21.71 15.5 7.2 7.6 19.6 
Ethylacetate ............... .20.79 15.8 5.3 7.2 18.6 
n-Butylacetate .............. 19.73 15.8 3.7 6.3 17.4 
n-Hexylacetate.. ........... .19.17 - - - - 
Ethylpropionate ............ 20.07 - - - 18.2 

Ketones 
Acetone .................... 22.10 15.5 10.4 7.0 20.2 
Methylethylketone.. ........ .21.02 16.0 9.0 5.1 19.0 
Diethylketone.. ............ .20.28 15.8 7.6 4.7 18.0 
Methylisobutylketone ........ 20.02 15.3 6.1 4.1 17.2 
Di(isopropy1)ketone ........ .19.45 - - - 16.4 

Monohydric alcohols 
Methanol ................. .19.25 
Ethanol ................... .17.75 
I-Propanol ................ .17.32 
2-Propanol ................ .17.53 
I-Butanol ................. .16.96 
2-Butanol ................. .16.50 
I-Pentanol ................ .16.75 
I-Hexanol.. ............... .16.65 
I-Octanol ................. . I630  
I-Decanol ................. .16.37 

Water.. ................... ,2050 15.6 16.0 42.3 47.9 

la) "Modified Solubility Parameter" 6 " ~ ~ a '  2: HanxnS parameters 6d:M~a"~. 
6 p l ~ ~ a 1  2. and 6 h  M P ~ '  *. H11dcbrand.s p a r a m e l c r 6 ~ / M ~ a " ~  

(b) A.F.M. Banon. "CRC Handbook or Salubtlity Parameterr and Other Caheslon 
Paramcten."CRC Press. Baea Raron FI.. 1983. Table 5. p IS3 
(c) Ihid. Table 2. p 142 
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the systems considered here, the number of a priori 
Table 3-Parameten of the Polymen unknown parameters ("a', A, KCHCI,, KROH,  h 2 o )  

Hmsen's Parametem' used for the calculation of $, is not larger than in the case 
&,/Mpa112 6d~p1112 6,,/MPal/2 R ~ ~ ~ ~ 1 1 2  of Hansen's method (RA, 'ad, 'ap, 'ah, 'ad, 'ap, 'ah). For 

both methods. the calculation of the dissolvine Dower of -. 
PVAC. ...... .20.9 11.3 9.6 13.7 pure solvents only requires a few seconds with the aid of a 
PMMA ..... .18.6 10.5 7.5 8.6 

4.0 10.6 
pocket calculator. 

PEMA ...... .17.6 9.7 

Parametem Used in the Present Treatment 

Kcnc13 Knon KHZO 
A  IMP^^" (CIII~~OI-1) (cm31110i-1) (cm3moi-1) Dissolving Power of Binary Solvent Blends 

PVAC.. . .0.234 19.5 40 1400 
PMMA.. .0.247 20.3 40 95 50 750 
PEMA .. .0.212 19.2 40 100 900 

(a) Taken from A.F.M. Barton, "Handbook oiSolubility Parameters and Other Cohesion 
Pararnctcrr." CRC Press. B- Raton. FL 1983. p 296 

In Table 4, the values of $,I C calculated by means of 
equation (5) based on Hansen's approach and $, 
calculated according to the new method are compared 
with the observed solubility or insolubility for the three 
polymers cited above. 

For the 78 systems considered, the predictions based on 
Hansen's approach are correct in 61 cases (78%), whereas 
those based on the new approach correspond with the 
reality in 77 cases (99%). It must be emphasized that for 

DISSOLVING POWER AND COSOLVENCY LIMITS I N  BINARY 
BLENDS: The study of the solubility of polymers or other 
substances in binary blends allows us to test more 
quantitatively the validity of the different prediction 
methods. 

Consider a polymer dissolved in a good solvent 
(subscript 1) for which the dissolving power, $,, is 
positive. Now add to the first solvent a non-solvent 
(subscript 2). There will come a point where the polymer 
just starts to precipitate out of the solution. The 
composition of the blend at this "cloudpoinr" ( 4 2 1 , ~ )  is 
that for which the $, is zero. 

It is therefore possible to compare the calculated value 
of 421im corresponding to a zero value of the dissolving 
power with the experimental one obtained by performing 
the titration. This can be done for the Hansen's method 
and for the present one. 

Table 4-Predictions of Solubility or  lnsolublllty Based o n  Hansen's Parameters (equatlon 5) 
And o n  the Present Approach (equation 14) Experimental Solubility (Yes) o r  Insolubility (No). (4s = 0.10 at  25'C) 

PVAC PMMA PEM A 

Hansen Hansen Hansen 
WC Thlr SIC This WC This 

Solvent MPa t Exp. MPa t Exp. MPa S Exp. 

I Pentane.. ................ -196 
2 Octane .................. - 149 
3 Decane .................. -136 
4 Hexadecane .............. - 1 13 
5 Cyclohexane ............. -96 
6 Benzene ................. -23 
7 Toluene.. ................ -2 
8 Dichloromethane ......... +I21 
9 Chloroform .............. +66 

I0 Tetrachloromethane ....... -59 
I I Methylacetate ............ t 5 0  
12 Ethylacetate.. ............ +42 
13 n-Butylacetate ............ t I5 
14 Acetone ................. +64 
15 Methylethylketone ........ t 6 6  
16 Diethylketone ............ t 4 6  
17 Methylisobutylket. ........ +5 
18 Methanol ................ -109 
19 Ethanol.. ................ -19 
20 I-Propanol ............... + I  I 
21 2-Propanol ............... +I0 
22 I-Butanol ................ +22 
23 I-Pentanol ............... +27 
24 I-Octanol ................ +58 
25 I-Decanol +70 
26 Water ................... - 1016 

Correct Predictions.. ......... 16/26 

-0.35 no 
-0.36 no 
-0.39 no 
-0.44 no 
-0.22 no 
t0 .15  yes 
+0.07 yes 
t0 .29 yes 
+0.56 yes 
-0.02 yes 
+0.08 yes 
t0 .08 yes 
t0 .03  yes 
+0.07 yes 
+0.10 yes + 0.08 yes 
t0 .04  yes 
t 0.03 yes 
-0.01 no 
-0.06 no 
-0.04 no 
-0.12 no 
-0.17 no 
-0.25 no 
-0.30 no 
-1.84 no 

25/26 

-36 -0.28 no 
-15 -0.31 no 
-11 -0.35 no 
-4 -0.41 no 
+ I  -0.13 no 

+I2 +0.31 yes 
+39 t0.21 yes 
+95 t0.45 yes 
t 6 6  t0.73 yes 
+7 +O.11 yes 

t 7 6  t0.16 yes 
+70 f0.18 yes 
+58 +0.13 yes 
+85 +0.13 yes 

+I00 +0.19 yes 
t 9 5  +0.19 yes 
t 7 8  t0 .14  yes 

-254 -0.19 no 
-139 -0.15 no 
-86 -0.17 no 
-67 -0.14 no 
-53 -0.21 no 
-23 -0.24 no 
+8 -0.30 no 

t 2 7  -0.34 no 
-1410 -4.19 no 

23/26 26/26 

62 J o u r n a l  of Coatings Technology 



DISSOLVING POWER OF SOLVENTS 

Table 5-Cosolvency Llmlts In Volume Percentage of the Alkane [Experimental (Italics), 
Calculated Accordlng to the Hansen's Parameters (First Figure) and Accordlng to the Present Approach (Last Figure)] 

PVAC n-CsH12 ~-CIOHZZ nCl~H32 n-Cl6Hs 

Benzene ............................ 0 30 44 
Toluene ............................ 0 18 29 
Dichloromethane ................... .49 59 60 
Tetrachloromethane .................. 0 2 0 
Methylacetate ....................... 30 42 41 
Ethylacetate ......................... 24 39 40 
Butylacetate.. ....................... I0 28 27 
Acetone ... :. ...................... .39 43 38 
Methylethylketone .................. .35 39 43 
Methylisobutylketone ................ 3 22 30 

PMMA ~-CSHIZ 

Benzene.. ..................... 0 30 27 
Toluene.. ..................... 0 17 8 
Dichloromethane ............... 40 50 49 
Tetrachloromethane ............ 0 0 0 
Methylacetate.. ............... .25 38 36 
Ethylacetate ................... 15 29 32 
Butylacetate ................... 0 16 15 
Acetone.. ..................... - 
Methylethylketone.. ............ - 
Methylisobutylketone ........... - 

PEMA n-CsH12 

Benzene ...................... .58 
Toluene ............. .. ...... .68 

.............. Dichloromethane .85 
Tetrachloromethane ........... .66 
Methylacetate.. ............... .82 
Ethylacetate .................. .79 
Butylacetate .................. .74 
Acetone ....................... 
Methylethylketone.. ............ 

........... Methylisobutylketone 

D~SSOLV~NG POWER OF BINARY BLENDS ACCORDING TO 

THE THREE PARAMETERS METHOD: In Hansen's method, 
the parameters of the mixture are generally calculated 
from those of the individual solvent components using the 
linear relationship: 

where 41 and 42 are the volume fractions in the solvent 
blend. This can be done for the three parameters (8d, a,, 
8h). The values so obtained are put in equation (5) in order 
to calculate $,/C for the blend. 

Equation (15) is based on the assumption of a random 
mixing of the molecules of both solvents. Consider a 
50150 v/v blend of MEK and hexane. By introducing a 
solute in the blend, some contacts between solvent 
molecules have to be broken. In the hypothesis of random 
mixing, 50% of these contacts are ketone-alkane contacts, 
25% are ketone-ketone contacts, and 25% are alkane- 
alkane contacts. Such distribution leads to equation (15). 

But as a matter of fact, the dipole-dipole interactions 
will favor the ketone-ketone contacts. Consequently, the 
frequency of ketone-ketone contacts will be much greater 
than 25%. This leads to a segregation of the two solvents 
favoring the contacts between molecules of the same kind 

and decreasing the frequency of contacts between 
molecules of different kind. 

This effect is stillgreater when one of the solvents forms 
hydrogen bonded chains and the other does not, as, for 
instance, in the system ethanol-hexane. In this blend, at 
not too low values of 41, practically all 0 - H  groups are 
involved in H-bond chains with other ethanol molecules. 
This leads to a very important segregation of the 
molecules of both solvents. 

In such cases, the use of equation (15) becomes highly 
questionable. 

DISSOLVING POWER OF BINARY BLENDS I N  THE PRESENT 
APPROACH: 

Dissolving power in absence of polymer-solvent and 
polymer-polymer hydrogen bonding-The parameter A 
characterizing the pure polymer keeps the same constant 
value in pure solvents and in solvent mixtures (in the same 
way, R A  remains constant in the method of three 
parameters). 

The value of the B term is given to a good approxima- 
tion by the additive expression 
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wherein BI and 82 are the values of these terms in the pure 
solvents 1 and 2. 

When the random mixing of both solvents is assumed, 
the D term will be given by: 

If, on the contrary, a complete segregation of the two 
solvents is assumed, this means that the 1-2 contacts are 
completely negligible near the 1-1 and 2-2 contacts, and 
the equation will be 

In fact, the study of the solubility of solid alkanes in 
binary solvent blends showed that the real situation was 
intermediate between the complete segregation of the 
solvent molecules 1 and 2 and their random mixing. Of 
course, this was observed in the cases where the two 
solvents were sufficiently unlike from the point of view of 
the polarity. Introducing a Boltzmann factor and taking 
the solubility parameter "8' and '28' of both solvents into 
account, we calculated corrected values of fractions of 
contacts f i l ,  fi2, and f;2. These values are intermediate 
between the fractions of contacts of solvent molecules 
calculated using the random mixing model and those 
calculated using the complete segregation model. 

We so obtain an equation intermediate between 
equation (17) and (18), corresponding to a partial 
segregation of the solvents: 

This equation, which gives the value of D, is somewhat 
extensive but only makes use of the parameters appearing 
in the two previous equations with no new unknown 
parameters. This calculation of D for the blend can be 
easily performed with a computer. 

To find the values of A and '6' of a given polymer, the 
cosolvency limits 421,~ for two different blends of a good 
solvent and a non-solvent have to be determined 
(choosing systems where no polymer-solvent H-bonds 
can be formed). The values of A and P8'are then adapted 
to make the dissolving power 

equal to zero at the two cosolvency limits. 
With these values of A and PIS', the cosolvency limits 

can be calculated for all the other blends where no 
polymer-solvent H-bonding has to be taken into account. 

In Table 5 the cosolvency limits calculated in this way 
are compared with those predicted by equation (5) and 
with the experimental ones. 

The agreement between experiment and prediction is 
markedly better for the present method: the standard 
deviation between the calculated and experimental 
cosolvency limits is onlyfive volume percent, whereas it 
reaches 16 volume percent for the three parameters 
method. 

Table 6-Cosolvency Limits In Volume Percentage of the Second Solvent at 2S°C [Experimental (italics), 
Calculated by the Method of Three Parameters (First Figures), Calculated by the Present Method (Last Figures)] 

PVAC (Three parameters) 

Chloroform-Pentane .................... .0*-33" 
Chloroform-Decane ...................... O*-40' 

... Chloroform-Pentadecane. ........... .. O*-43' 
Methanol-Pentane ...................... . 2957  
Ethanol-Pentane ......................... 8-54 
Methanol-Water ........................ .ins. wh. range 
Ethanol-Water.. ......................... ins, wh. range 

..................... I-Propanol-Water.. .0*-3' 
2-Propanol-Water. ...................... .0*-4= 

PMMA 
Chloroform-Pentane .................... .Ob-13' 
Chloroform-Octane ..................... .0*-15a 
Chloroform-Decane ....... .. .......... O*-15a  
Chloroform-Pentadecane. ................ .O*-16' 
Chloroform-Hexadecane ................. .O*-16' 
Methanol-Water ........................ .ins. wh. range 
Ethanol-Water.. ......................... ins. wh. range 

..................... I-Propanol-Water.. .ins. wh. range 

...................... 2-Propanol-Water.. ins. wh. range 

PEMA 
Chloroform-Pentane .................... .08-79= 
Chloroform-Decane ..................... O*-91a 
Chloroform-Hexadecane ... .. .......... .0*-97= 
Methanol-Water ......................... ins. wh. range 
Ethanol-Water.. ........................ .ins. wh. range 

(a) 0'-rolublc in pure rolvcnt I .  

(Experimental) (This Method) 

0'-67" 
0*-51a 
0*-43= 
0'-3Ia 
ins. wh. range 
0*-37" 
4-51 
4-57 
4-55 

0*-6Ia 
0*-5Xa 
0*-54a 
0'-44" 
0'-42' 
ins. wh. range 
15-20 
8-34 
7-34 

0*-78' 
0'-74' 
0*-5ja 
ins. wh. range 
4-18 

0'-68" 
0'-65' 
0*-62' 
0*-36' 
ins. wh. range 
O*-43" 
0.2-47 
0.5-48 
0.3-49 

O*-54' 
0.-53' 
0'-52' 
0'-50' 
0*49' 
ins. wh. range 
9-16 
7-20 
6-22 

0*-76' 
0*-7Ia 
0'-67' 
ins. wh. range 
3-15 
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Hexane 

'1 
P Y I  

Flgure 1-"Red (R) and "Green" (G) solubility functions for 
PMMA in binary blends of MEK and hexane as a function of the 
volume fractions of hexane at 25°C. The solvent power, $,, of a 
given blend corresponds to the vertical difference between G 

and R 

0.5 

Dissolving power of binary blends with polymer- 
solven! hydrogen bonds-ln binary blends, the H term is 
given to a first approximation by 

- 
/ 

1 . 
K,' 

0 
/ 

0 

- / 
0 

I 
* ---_ - I 

I 
I - I 
I 

s o l u b l e  i n so l ub l e  
I 
I 

wherein K I  and K2 are the stability constants for the 
hydrogen bonds the polymer can form with solvent 1 and 
solvent 2. Again, this equation holds for small values of 
9,. At higher values of $,, a more elaborate expression 
(which does not contain new parameters) must be used. 

Solvents which can form hydrogen bonds with the 
polyvinylesters considered in this paper are, for instance, 
chloroform, alcohols, and water. Alcohols and water are 
structurated solvents for which, according to equation 
(lo), the corresponding B term is negative. The competi- 
tion between the positive H term and the negative B term 
in these structurated solvents often leads to the appear- 
ance of a "true cosolvency" related to the existence of a 
maximum in the dissolving power, $,as a function of 92. 
The polymer is then soluble neither in solvent I nor in 
solvent 2 but becomes soluble in binary mixtures of the 
two solvents between given limits of 42. 

In Hansen's approach the existence of a true cosolvency 
is explained by the fact that the points of the pure solvents 
lie both outside thesolutesphere but that thestraight line 
joining them crosses this sphere in two points. 

According to the present approach, the cosolvency 
limits correspond to the values of 92 for which the 
dissolving power given by equation (12) equals zero. 

The determination of one experimental cosolvency 
point with a solvent belonging to a given group allows us 

to find the Kvalue characterizing this group. Indeed, this 
K value is that which makes the previous sum, using the 
experimental &I,, value, equal to zero. 

This K value can then be used for all the solvents 
belonging to this group. This allows the prediction of the 
various cosolvency limits. 

In Table 6 ,  these cosolvency limits are compared with 
those deduced from the method of three parameters 
[equations (5) and (IS)] and with theexperimental limits. 

Again, the agreement between the predicted limits and 
the experimental ones is much better for the proposed 
methods where the standard deviation is of the order of 7 
volume percent. For the chloroform-systems, the stan- 
dard deviation for the method with three parameters 
reaches 27%. For systems with alcohols or water given in 
Table 6 ,  the quantitative predictions of the method with 
three parameters seem to be rather unreliable. 

Again it should be noted that the calculated values 
listed in the last column of Table 6 necessitate no more 
parameters ( A ,  P6', "6', s26', KCHCI,, KROH, K H ~ o )  than 
those computed by Hansen's method (RA, ,'6d2. 'Bp,, 
Vp2, '6h1, '6h2, '6d, 'dp, '&). 

Graphical representation of the dissolving power in 
binary blends-For this purpose, it is convenient to split 
the dissolving power, $, into two parts: 

n.Propano1 W a t e r  

w 

9 - 
w a t e r  

Flgure 2-"Red (R) and "Green" (G) solublllty functions for 
PVAC In binary blends of 1-propanol and water as a function of 
the volume fraction of water at 25'C. Appearance of true 

cosolvency: the G functlon cuts the R functlon In two points 

Vol. 57, No. 724, May 1985 



P.L. HUYSKENS, et al. 

is the sum of the factors which can exert a positive 
influence on the solubility, and 

is the sum of the factors which exert a negative influence 
on the solubility. 

The dissolving power is the difference between these 
two functions: 

From the characteristics of the polymz (A, P6', V,,, and, 
eventually, K), those of solvent 1 ("6', V,I, b , ~ )  and those 
of solvent 2 f26', Vrl, br2), the computer calculates 8, H, 
D and determines the G and R functions for a hundred 
different values of 42 going from 42 = O  (pure solvent I) to 
62 = I (pure solvent 2). This procedure is illustrated in 
Figure.: I and 2. When G lies beyond R, the dissolving 
power is positive and the polymer is expected to dissolve. 
The cosolvency limit corresponds to the value of 42 
where the two curves G and R cross each other. 

SUMMARY 

In order to be used in computers, the capacity of a 
blend to dissolve a given resin has to be presented in a 
numerical form. A convenient quantitative definition for 
the dissolving power of a solvent for a polymer is the 
difference 

where p,i, and p,,,~ are the chemical potentials of the 
repeating unit in its own phase and in solution. The last 
one refers to a particular value, $,, of the volume fraction 
of the polymer in the solution. When $, is positive, more 
polymer can be dissolved; when $, is negative for this 
particular value of 4,, phase separation is expected. 

According to Hansen's three parameter method, the 
sign of the dissolving power of a solvent for a polymer can 
be found from the equation 

where C is a constant, the value of which does not 
influence the sign of $,, RA is the radius of the solute 
solubility sphere, and the 6's are the various solubility 
parameters (dispersion forces, dipole-dipole interactions 
and H-bonds) of solvent and polymer. 

The weakness of Hansen's method lies in the fact that it 
neglects the entropy effects. In fact, $, always contains 
two terms 

AHt,,,( being the heat absorbed when a repeating segment 
of the polymer is transferred from its own phase into the 
solution and AS,,,,,i is the corresponding change in 
entropy. In Hansen's method, the last term is assumed to 
be independent of the solvent and included in the radius 
RA. A second point which is questionable in this 
approach is the use of the hydrogen bond parameter 6h to 
describe the influence of H-bonds on the solubility. 
Indeed, an hydrogen bond is an interaction between sites 

of opposite natureand it is meaningless to try to describe 
by an unique parameter the capacity to act as proton 
donor and the capacity to act as proton acceptor. 

A new method is then presented for the calculation of 
$,, which (I) takes entropy effects into account, and (2) 
replaces the last term of equation (5) with a more correct 
expression. 

The new equation giving $, contains characteristics of 
the solvent and of the polymer which are known apriori: - 
V,, the molar volume of the solvent; V,, the molar 
volume of the repeating unit of the polymer; and b,, the 
so-called structuration factor of the solvent. For all 
solvents that do not contain H-bond chains b, is zero; for 
solvents with single chains (alcohols) b, equals - 1; and 
for solvents with double chains (water) b, equals -2. The 
new equation also contains a few parameters: modified 
"non-specific" solubility parameters, '6' and of 
solvent and polymer; a so-called "fluidization" constant, 
A, which characterizes each polymer at a given tempera- 
ture; the stability constants, K, of the hydrogen bonds 
between the polymer segment and the main group of 
H-bond active solvents; and the stability constant, K,,, of 
segment-segment H-bonds. 

The equation giving the dissolving power is 

For pure solvents, the calculation of $, by means of this 
equation and the finding of its sign, from the values of A, 

'6'. K, Kpp, can be carried out in a few seconds with a 
pocket calculator just as that of $,I C from equation (5) 
using R A ,  'ad, '6h, '6d, '6p, '6h. 

The sign of $, for three polymers, PVAC, PMMA, and 
PEMA, in a wide variety of solvents is correctly predicted 
in more than 95% of the cases using equation (12), 
whereas the agreement is only 78% for equation (5). 

For binary solvent blends with volume fractions 41 and 
42, the three parameters method calculates the solubility 
parameters of the blend using the additive function in 
volume fractions: 

This equation is based on the assumption of a random 
mixing of the molecules of both solvents. 

In the present method, a computer program calculates 
the second term of equation (14) with an equation 
assuming partial segregation of the molecules of both 
solvents without introducing new parameters. The third 
and fourth terms are calculated from those of the 
individual solvents by weighting them on the volume 
fraction basis. 

In binary blends, the cosolvency limits are those for 
which $, is zero. The validity of the approaches can 
therefore be checked by comparing thecalculated and the 
experimental cosolvency limits. In absence of H-bonds, 
the method with three parameters predicts the limits for 
the considered polymers with a standard deviation of 16 
volume percent. This reduces to five volume percent in the 
present approach. For solvent blends containing alcohols 
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or water, where the quantitative limits predicted by the 
three parameters method are rather unreliable, the 
present approach still gives good results. 
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The newest fact in 
the Case for ARCOSOLV 
solvents: DPM Acetate 

THE FACT IS ARCO Chemical 
Company is introducing the latest 
addition to our line of propylene- 
based glycol ethers and acetates, 
ARCOSOLV@ QPM acetate. It 
is specially designed for those 
applications requiring a slow 
evaporating non-hydroxylic solvent. 

THE FACT IS research on propylene 
glycol ethers and acetates shows no 
evidence of reproductive organ toxicity 
even at high exposure levels. 

THE FACT IS a growing number of 
manufacturers have already moved 
from E-Series to P-Series solvents. 
They found ARCOSOLV solvents often 
could directly replace ethylene solvents 
in both performance and cost. 

PMAC 

Dipropy 
Methyl Et 

Ethylc 
Ethyl El 

Ethylc 
Butyl El 

:etates 

Propyl 

Ace 

Etb 
E 

Ace 

1 THE 

CASE 
PROPYLENE GLYCOL ETHERS AND ACETATES 

The CASE for 
ARCOSOLV Solvents 
In view of these facts, ARCO Chemical 
presents a strong CASE for switching 
from E-Series products to ARCOSOLV 
propylene glycol products: 

Propylene Glycol 
Methyl Ether (PGME) 90 1 

her(DPGME) 148 2 

ther (EGEE) 90 1 

DPMAC AC 8 3  12313.5 

Cost 
Similarity to the E-Series makes 
ARCOSOLV solvents a straight- 
forward, economical reformulation 
choice. 

Availability 
Our strona raw materials Dosition in 
propylene-oxide and methanol, our 
dedicated Drod~ction caDacitv, 
nationwide terminal network,and the 
addition of DPM acetate, make us 
ready to meet the needs of the 
marketplace. 

Safety 
Tests in the US., Japan and Europe 
have demonstrated that P-Series 
products have dramatically safer 
toxicological profiles than E-Series 
products. 

Effectiveness 
ARCOSOLV propylene glycol ethers 
and acetates offer solvency power for 
a wide range of substances, a good 
range of evaporation rates and excel- 
lent coupling and coalescing ability. 
Use the chart at left to compare 
properties. 

Facts Make the CASE 
for ARCOSOLV 
Solvents 
In Cost, Availability, Safety and Effec- 
tiveness, the CASE for ARCOSOLV 
ethers and acetates is a strong one. 
For more information-and details on 
our new DPM acetate-call ARCO 
Chemical Company today, toll-free, at 
1-800-354-1500. In Pennsylvania, call 
1-800-292-1500. 

ARC0 Chemical Company [-7 - - 

D~v~s~on  of Atlant~cR~chf~eldCompany 



Equations for Calculating 
Homolog Solubility Parameters 

II: Simple Equations Based on Chain Length 

Charles H. Fisher 
Roanoke College' 

Linear equations are provided for correlating 
homolog solubility parameters with numbers of 
carbons, molecular weights, molar volumes, refrac- 
tive indices, and boiling points. The linear equations 
can be used to evaluate some published solubility 
parameters and to estimate new ones. In some 
instances, logarithmic and reciprocal equations are 
superior to the linear equations. The limiting (or 
infinite-length n-alkane) solubility parameter may 
be 8.2H or 16.8 (S.I.). 

LINEAR EQUATIONS 

Because of the importance and u~efulness',~ of solubility 
parameters ($), many equations have been proposed 
for calculating them.'.' The simplest type of equation 
($ = b + mC, where b, m, and Care intercept, slope, and 
number of carbons, respectively) has been proposed' for 
the homologs shown in Table I. The present paper 
presents similar linear equations for correlating solubility 
parameters (solpars) with homolog chain length [(L), 
measured conveniently by number of carbons or mo- 
lecular weight, (M)] for many additional homologs 
(Table 2). 

Linear expressions [eq. (1)-(36) in Tables 1 and 21 are 
simple to use and have the additional advantage of 
providing a basis for correlating solpars with properties 
and property functions that also are linear with chain 
length, e.g., molecular weight, (M); molar volumes 
( V  = M/d); M/n;  and TZ; where d, n, and T are density, 
refractive index, and boiling point (K), respectively. This 

*Chem~\try Dept.. Salem. V A  24153 
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use of the linear relations for the C,-C15 n-alkanes is 
illustrated by eq. (37)-(40) and Table 3: 

$ = 6.8136 + 0.0064878M (37) 
(Corr. coeff., 0.996303) 

$ = 6.641 1 + 0.0055879V (38) 
(Corr. coeff., 0.996498) 

$ = 6.7729 + 0.0095504~/11: (39) 
(Corr. coeff., 0.996263) 

$ = 6.8201 + 0.000004606~~ (40) 
(Corr. coeff., 0.995051) 

Where expressions (such as P = b' + m'C) for corre- 
lating properties or property functions (P) with C are 
available, equations for correlating $ with P can be 
calculated (b" is b-mWb' and m" is mlm'): 

Another advantage of linear equations ($ = b -I- mC) is 
that they can be divided by other linear equations to get 
expressions that correlate $ / P  ratios with chain lengths: 

Dividing the P equation by the $ equation would give P/$ 
ratios. 

The intercepts (b) and slopes (m) of the Table I and 2 
equations are approximately related to each other by 
eq. (41): 

This suggests that the limiting solpar [indicated when m in 
eq. (41) is zero] is approximately 8.2H or 16.78 (S.I.). 
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Seymour6; the other solpars are from Hoy.' It was 
assumed the n-hexyl n-hexanoate solpar (8.29 Hilde- 
brands) is valid for the isomeric n-butyl n-octanoate. The 
n-hexyl ether solpar of 8.00 was used as the ethyl decyl 
ether value. A programmed calculator was used to 
develop least squares equations. Hildebrands can be 
multiplied by 2.046 to obtain S. I. solpars; equations can 
be multiplied by 2.046 to obtain expressions for calculat- 
ing S. I. solpars: 

n-Alkane Hildebrands = 6.7576 + 0.096606C (9) 

Table 1-Equations' Correlatlng Homolog Solubility 
parameters (S) with the Number of Carbons (c)~,' 

Eq. Homologs 

I ... R2NH 
2 ... RCI 
3 ... RC6HS 
4 ... Acetates 
5 ... RCHO 
6 ... Et ketones 
7 ... Vinyl esters 
8 ... Cyclohexanes 

Carbon 
Range 

6-12 
3-6 
9-16 
5-8 
4-6 
6-8 
4-6 
8-18 

Intercept 
(b) 

Corr. 
Coeff. (r) 

n-Alkane S. I. solpars = 13.826 + 0.19766C (42) 

The Hildebrand values calculated by the Table 2 
equations are compared with the literature solpars in 
Tables 4-6. 

(a) $ = b + mC. 
(b) From Ref. 3: agreement between literature and calculated values a goad even for the 

equaltons with low correlation coefficients. 
(c) R = n-dkyl. 

LOGARITHMIC AND RECIPROCAL EQUATIONS Fisher and Huddle4 have shown how limiting properties 
(Pw) can be used advantageously in calculations and in 
developing equations. 

The alkyl phthalate data are from BurrellS and 

The simple linear equations (Tables 1 and 2), which 
appear to be general for homologous series over 
substantial and useful chain lengths (except for the lowest 

Table 2-Equationsa Correlatlng Hornolog Solubility Parameters ($lb with Number of Carbons (C)' 

Carbon Total Intercept Corr. 
Eq. Homologs Range Members (b) Slope (m) Coeff. (r) 
- 

9 .......... n-Alkanes 
10 .......... 2-MeAlkanes 
I I .......... 3-MeAlkanes 
12 .......... I-Alkenes 

.......... 13 Cyclopentanes 
14 .......... o-R Toluenes 
15 .......... m, p-R Toluenes 

16 .......... EtOR 
17 .......... R O R ~  
18 .......... CH2:CHOR 
19 .......... ROCH2CH20R 
20 .......... CH3CO(OCH2CH2)2 OR 
21 .......... Esters, branchedC 
22 .......... RCOOBU' 

23 .......... RCOOR~ 
24 .......... R Acrylates 
25 .......... R Phthalates 
26 .......... Aldehydes, branchedg 
27 .......... MeCOR 
28 .......... EtCOR 
29 .......... R C O R ~  

30 .......... ROH 
31 .......... sec-Alcohols 
32 .......... iso-Alcohols 
33 .......... Acids, branchedh 
34 .......... RNHz 
35 .......... RzNH 
36 .......... R3N1 

(a) 8 = b + mC; The fit a reasonably good even for equations havtng poor correlation coefficients. 
(b) Except phthalata (Ref 61, data arc from Hoy.7 
(c) R = n-Alkyl. 
(d) Symmelrleal. 
(c) lrabutyl irobutyrare, 2-elhylbutyl ethylbutyrale, and Zsthylhexyl ethylhexanoate. 
(0 Hexyl compound aolpar used for C12. 
(g) Irobutyraldehydc, 2ilhybutyraldehyde, and 2ithylhcxaldehyde. 
(h) Isobayric, Zcthylbutyrie, and 2ithylheianoic acids. 
(11 (El), N; (Bull MeN; and (BuI3 N. 
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Table 3-Comparison of Literature and Calculated n-Alkane Solubility Parameters (Hildebrands)" 

Calc'd solpars 

Carbons M~ d?' V" ni' ~ l n ; '  Solpar T, K Eq. 37 Eq. 38 Eq. 39 Eq. 40 

(a)  Denrlties and r~fra~t ivc  indices from Rosmnl? bailing points from ~wolmski; and rolparr from ~ o y . '  
(b) Hildebrands can be mulliplied by 2.046 to obtain rolparr in S. I unlts. 
(e) Molecular wcnght = 2.016 + 14027C 

members), can be recommended for evaluating the $' = 70.71 I - 106.95/C. (r = -0.99272) (48) 

accuracy of many published solubility parameters and $' = 2.9146 - 1.31261C. (r = -0.99329) (49) 
calculating numerous new ones. 

However, solpars are not strictly linear with chain c/$ = 0.12881 t 0.11621C. (r = 0.99985) (50) 
length (L), and hence it would not be expected that the 
$ = b + m L equations will be found suitable in all C$ = -7.2883 + 8.4783C. (r = 0.99989) (51) 

instances. The logarithmic relation [eq. (44)] proposed by 
A linear expression [eq. (9), Table 21 is reasonably Seymour2.' gives a much better fit than eq. (43). The 

satisfactory for the C 6 - C 1 5  n-alkanes. When n-pentane is limiting solpar indicated by eq. (46)-(51) range from 8.41 
included. however, the linear relation [eq. (4311 is less to 8.61. These values are somewhat higher than the 
satisfactory than eq. (44)-(51) for the ~ ~ $ 1 2  n-alkanes limiting solpars (7.7-8.2) reportedL0 f i r  amorphous 
(Table 7). polyethylene. The reciprocal expressions [eq. (46)-(5 I)], 

(r = 0.96745) (43) which a;e relatively simple, give good agreement between $ = 6.5745 + 0.1 1476C. literature and calculated values. 
$ = 5.5682 t 2.1718 log C. (r = 0.98703) (44) Eq. (50) and (5 I) have the additional attraction that C$ 

and CI$  are linear with chain length. 
 LO^ $ = 0.76246 + 0.12625 log C. (r = 0.98484) (45) Eq. '(48) correlates cohesive energy density ($2) with 

Log $ = 0.93090 - 0.417641C. (r = 0.99330) (46) reciprocal carbons' 
For those instances in which the $ = b + m L equa- 

$ = 8.4638 - 7.1679lC. (r = -0.99319) (47) tions are inadequate, eq. (44)-(51) are recommended. Of 

Table 4-Comparison of Literaturea and Calculated Solubility parametersb 

Cyclo- 
n-Alkanes 1-Alkenes pentanes R Toluenes EtOR ROR ROCCOR 

Carbons Lit. Eq. 9 Lit. Eq. 12 Lit. 

(a) Ref. 7 .  
(b) Eguatlonr from MIe 2. 

Eq. 13 

- 
- 
- 

7.82 
7.88 
7.95 
8.02 
8.09 
8.16 
8.23 
8.30 
8.37 
8.44 
8.50 

LII. Eq. 15 Eq. 16 Llt. Eq. 17 Lit. Eq. 19 
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Table 5-Comparison of Literaturea and Calculated Solublllty Parameters ($)b 

Ether n-BU Estea 
esters ~sters' esters Sym. Acrylates Phthalales ~ l d e h ~ d e s ~  

Carbons LIt. Eq. 20 Lit. Eq. 21 Lit. Eq. 22 Lit. Eq. 23 Llt. Eq. 24 Lit. Eq. 25 Lit. Eq. 26 

(a) Phlhalalr data from Rds. 5 and 6, other rolpars from Ref. 7 
(b l  Thr ether esters are acetates of dinlvcol monosthers. . . -, 
lcj lrobulvl ~saburvralc 2sthvlbutvl ethvlbavrate. and 2sthvlhexvl elhvlhcxanoas. , , , ,  
(ul t lhb l  acrlrlc. out). bu1)ralc. and hrx)l hehanoate 
le) Iroout)rald~h~dc. 2.clh) b~t)rridehvdc. and 2=lhvlhexa arh!dc 

Table 6-Comparison of Literaturea and Calculated Solubility Parameters 

[so- 
MeCOR RCOR ROH Al~ohols A C ~ ~ S ~  RNH2 R3N 

Carbons Lit. Eq. 27 Lit. Eq. 29 Lit. Eq. 30 Llt. Eq. 32 Lit. Eq. 33 Lit. Eq. 34 Lit. Eq. 36 

(a) Ref. 7. 
(b) IEO~U~~IIC. 2sthylbutync. and 29lhylhexanoic acids. 
(c) The CI. Co. and C9 Me ketones were ornltted tn developing eq. (27). 

Table 7-n-Alkanes: Literature' and Calculated Solubility Parameter Fit Using Different Equations 

Equation Number 

Carbons Lit. 43 44 45 46 47 48 49 50 51 

fa) Ref. 1 

72 Journal of Coatings Technology 



HOMOLOG SOLUBILITY PARAMETERS 

DR. CHARLES H. FISHER received the B.S. Degree 
from Roanoke College and the Ph.D. Degree from 
the University of Illinois. He latertaught chemistryat 
Harvard Un~versity, and worked with the U.S. 
Bureau of Mines, USDA Eastern Regional Research 
Center, and served a s  Director of the USDA South- 
ern Reaional Research Center. Since 1972 he has 

calculations and equation development) is approximately 
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solpar indicated by the reciprocal equations is slightly 
higher than the solpar (7.7-8.2) of polyethylene. 
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Use of a Flocculation Gradient Monitor 
For Quantifying Titanium Dioxide Pigment 

Dispersion in Dry and Wet Paint Films 

D.J. Rutherford and L.A. Simpson 
Tioxide Group PLC* 

The degree of pigment flocculation in a dry paint 
film can be determined by measuring the amount of 
infrared radiation which is back-scattered a s  a 
function of film thickness. This results in the 
calculation of flocculation gradient. However, the 
use of this technique has been limited by the 
necessity for a relatively expensive spectropho- 
tometer. A simple and inexpensive apparatus for 
measuringflocculation gradient, which is referred to 
a s  a Flocculation Gradient Monitor, has therefore 
been designed, built, and tested. The advantages 
and disadvantages of the useof flocculation gradient 
in practice are discussed. 

In addition, pigment flocculation in the wet paint 
(or millbase) has been quantified using a similar 
principle to determine back-scatter measurement 
(Rw4") for only one wet film thickness. For this 
purpose, a wet cell, 40 pm thick, is used to 
encapsulate the paint. Since the technique is quick, 
it is suitable a s  an online quality control test which 
can be used at any stage of a paint manufacturing 
process. 

INTRODUCTION 

Pigment flocculation can adversely affect the optical 
perf~rmance',~. '  of a paint film, and certain protective1 
decorative properties such as durabilitv4 and metal 
marking5 A coating containing flocculated pigment will 
therefore invariably be inferior in performance to one of 

reprinted hcrc wlth lhelr permi.inan. 
'Cenlral I.ahoralorler. Porlraek I.anc. Cleveland. Slocklon-on-Tces. England TSlR 2NQ 
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similar composition but containing well dispersed 
pigment. 

Thus, there is a need to  quantify the degree of pigment 
flocculation in a paint system. It is well known that the 
scattering efficiency of electromagnetic radiation by 
spherical particles is, among other factors, a function of 
their diameter and of the wavelength of the incident 
radiation, such that for a given wavelength there is an 
optimum diameter for maximum scattering efficiency 
(e.g., see Kerker6)). If, for example, the mean diameter 
increases, the wavelength scattered most effectively will 
increase accordingly, and the converse applies. T o  
provide good opacity and whiteness, the mean particle 
size (approximately 0.24 pm) of titanium dioxide is 
therefore controlled to give maximum scattering of 
radiation which is in the center of the visible region of the 
spectrum (i.e., wavelength = 0.55 pm). However, if the 
mean particle size of titanium dioxide is increased by 
flocculation, then longer wavelength radiation will be 
preferentially scattered. This concept was used to  ad- 
vantage by Balfour and Hird7 to quantify pigment 
flocculation in a dry' paint film. 

The method used by Balfour and Hird involved 
measuring theamount of infrared radiation(wave1ength = 
2.5 pm) which was back-scattered by a paint film as a 
function of film thickness. The technique consisted of 
applying the paint under study to polyester sheet (125 pm 
thick) using wire wound applicator bars to give nominal 
wet film thicknesses of 24, 36, 50, and 60 pm. The paint 
was either oven-dried or allowed to air dry, then a 36 cm2 
square was cut out of each drawdown and the back- 
scatter (relative to barium sulphate) of radiation of 2.5 
pm wavelength was measured. Each square was weighed, 
the paint removed, and the polyester square re-weighed. 
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Figure 1-Relatlonshlp belween back-scatter and film thickness 
for a dispersed and a flocculated paint 

From this measurement, and the density of the dry paint, 
film thickness was calculated. A plot of percentage back- 
scatter (relative to barium sulphate) against film thickness 
produced a straight line (for film thickness values up to 
about 30 pm) whose gradient increased with increasing 
flocculation. Consequently, this gradient was referred to 
as flocculation gradient. 

In Figure I, typical plots are shown for two decorative 
alkyd gloss paints which are identical in composition 
except that one contains a flocculating agent, and it is 
evident that the well dispersed paint has the lower 
flocculation gradient. It is important to note that if 
thicker films were produced (i.e., greater than 30 pm) the 
relationship between back-scatter and film thickness 
would be non-linear. 

REVIEW OF PREVIOUS WORK 
ON FLOCCULATION GRADIENT 

As previously mentioned, pigment flocculation can 
affect the optical properties of a paint, and therefore 
flocculation gradient has been used extensively to 
determine if flocculation is responsible for a deterioration 
in certain properties, such as opacity, color and gloss. The 
following examples, which have been published by 
Balfour and Hird; and BalfourX will serve to illustrate the 
advantage in measuring flocculation gradient. 

Opacity 

To study theeffect of flocculation on opacity, a series of 
paints containing a general purpose rutile grade of 
titanium dioxide pigment at a pigment volume concen- 
tration (PVC) of 17.5% in a long oil soya modified alkyd 
was prepared. The paints varied only in the degree of 
flocculation, which was controlled by the quantity of 
flocculating agent incorporated in the paints. 

Opacity was measured by applying films in a similar 
manner to a polyester sheet at nominal wet film 
thicknesses of 50, 60, 75, and 100 pm using applicator 
bars, and measuring the reflectance of the dry films over 
standard black and white tiles using the green filter of a 
Gardner XL-23 Colorimeter. Contrast ratio was calcu- 
lated as follows: 

Reflectance over black substrate 
Contrast ratio = X 100 

Reflectance over white substrate 

Graphs of contrast ratio against wet spreading rate 
were produced, and the opacity takenas the contrast ratio 
at a spreading rate of 20 m2/liter. 

In Figure 2, opacity is plotted against flocculation 
gradient, and it can be seen that an increase in 
flocculation gradient results in a decrease in opacity, and 
that for a well dispersed paint (e.g., flocculation gradi- 
ent = 0.2) an increase in gradient of 0.1 leads to a 0.4% 
loss of opacity which would be visually evident. 

Color 

A similar series of paints to that above (i.e., 17.5% PVC 
pigmented alkyd) was applied to white art board at a 
nominal wet film thickness of 100 pm by means of an 
applicator bar. After drying, the color of each film was 
measured using a Gardner XL-23 Colorimeter, and a 
color index calculated as follows: 

Red reflectance-Blue reflectance 
Color index = X lo0 

Green reflectance 

where increasing values of color index indicate greater 
yellowness (Note: a pressed sample of magnesium oxide 
would have a color index of zero). 

Flocculation gradient was also measured, and in 
Figure 3 these values are plotted against color index. It is 
evident that flocculation has little effect on color for 
paints which are reasonably dispersed (i.e., for floccu- 
lation gradients up to 0.5), whereas a significant increase 
in yellowness occurs with the severely flocculated paints. 

Gloss 

The gloss exhibited by a gloss emulsion paint is 
particularly sensitive to the grade of titanium dioxide 
pigment ~ s e d . ~ T o  produce a range of gloss values, a paint 
based on an acrylic copolymer was selected and pigmented 
with various rutile grades of titanium dioxide pigment 
which were similar in crystal size, although the inorganic 
surface treatments were different. The PVC of each film 
was 20%. Films of each paint were drawn down on glass 
panels using an applicator bar to produce a wet film 
thickness of 100 pm, and after drying, gloss was 

89 0 0 0 ! 6  

Flocculation gradient 

Figure 2-Effect of flocculation on opacity 
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measured using a Byk-Mallinckrodt glossmeter with a 
20" head. 

Flocculation gradient was also measured and plotted 
against gloss as shown in Figure 4. It can be seen that the 
flocculation gradient values are relatively high (not 
unusual for emulsion paints) and that gloss decreases with 
increasing gradient. 

Correlation Between Dispersion, 
Assessed Using Electron Microscopy, 

And Flocculation Gradient 

The measurement of flocculation gradient is a sensitive 
and reproducible technique which quantifies the degree of 
flocculation of titanium dioxide pigment in a dry paint 
film. In order to give a visual appreciation of the meaning 
of flocculation gradient, the series of flocculated air- 
dryingalkyd paints previously described was prepared for 
examination by scanning electron microscopy. 

Specimen preparation for the electron microscope 
involved etching the surface of each film using excited 
oxygen so as to remove the organic binder, thereby 
leaving the pigment particles exposed and undisturbed. 
Gold was then deposited onto the etched surface to 
improve its conductivity, and the examination was 
carried out using an I.S.1. Super lllA scanning electron 
microscope. Further details about the etching technique 
for assessing pigment dispersion are given by Simpson." 

In Figure 5, flocculation gradient values are given 
together with typical electron micrographs of the etched 
films. It can be seen that there is a good correlation 
between flocculationgradient and the state of the pigment 
dispersion, although with the severely flocculated paints 
(i.e., those with gradients in excess of 0.68) the visual 
differences in dispersion are small. It is also interesting to 
note that flocculation gradient is sufficientlv sensitive to 
detect small changes indispersion (see, for kxample, the 
paints with flocculation gradient values of 0.25 and 0.27). 
although some of these differences would have, for 
example, little effect on opacity. 

FLOCCULATION GRADIENT MONITOR 

A spectrophotometer with an integratingsphereattach- 
ment was used by Balfour and Hird,7 to measure the 
scattered infrared radiation. However. because the 

Colour 

0.2 0.4 0.6 0.8 1.0 1.2 

Flocculation gradient 
Figure 3-Effect of flocculation on color 

I 
0.7 0.8 0.9 1.0 1.1 1.2 

Flocculation gradient 
Figure 4-Effect of flocculation on gloss 

measurement of flocculation gradient only involves 
monochromatic radiation, a complete spectropho- 
tometer, a relatively expensive piece of equipment, is not 
essential. Therefore, it was decided to design a simple 
flocculation gradient apparatus which is referred to as a 
Flocculation Gradient Monitor so that the technique 
could be more widely used. 

A schematic diagram of the apparatus which was built 
for measuring back-scattered infrared radiation from a 
paint film is shown in Figure6(a) and a photograph of the 
instrument is given in Finure 6(b). The infrared source is a 
tungsten filament lamp ( ~ e n e r a l  Electric Limited) which 
is powered by a regulated d.c. power supply (Coutant 
Electronics Limited) such that the operating voltage and 
current are approximately 5 volts and 6 amps, respec- 
tively. The infrared radiation passes through a collimating 
lens and a narrow band interference filter(Grubb Parsons 
Limited) transmittinga mean wavelength of 2.54 pm with 
a band width of 0.12 pm. This monochromatic radiation 
is then chopped at a frequency of 400 Hz (using a light 
chopper supplied by Rofin Limited) after which it passes 
through two collimating lenses into a barium sulphate 
coated integratingsphere (Macam Photometrics Limited) 
where it is incident on the surface of the paint film under 
study. The angle of incidence is approximately 5 O ,  and 
therefore a radiation trap is positioned in the sphere to 
remove the specular component. 

The back-scattered radiation which is incident on the 
interior of the integrating sphere is detected using a lead 
sulphide photoconductive cell (Mullard Ltd). The output 
from the detector is fed into a lock-in amplifier 
(Brookdeal Electronics Ltd) which also receives the 
chopped incident signal. Thus, amplification is only 
carried out on a signal which has a frequency corre- 
sponding to that of the chopper. The amplified back- 
scattered signal is displayed on a digital voltmeter. 

The percentage of back-scatter from a film relative to 
barium sulphate is measured by usinga disc of compressed 
barium sulphate initially placed over the specimen port, 
and noting the amplified detector signal (VB). The paint 
film (on its substrate) under study is then positioned over 
the port, and the new signal recorded (VF). The back- 
scatter value is calculated as follows: 
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Flocculation gradient = 0.25 Flocculation gradient = 0.44 

Fioccuiatlon gradient = 0.27 Flocculation gradient = 0.68 

Floccuiation gradient = 0.29 Flocculation gradient = 0.76 

Flocculation gradient = 0.38 Flocculation gradient = 0.80 

Figure 5-Relationship between pigment dispersion 
and flocculation gradient 
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When using this instrument, a warm-up period of 60 
minutes is required before steady state conditions are 
reached. 

FACTORS OTHER THAN DISPERSION 
WHICH AFFECT FLOCCULATION GRADIENT 

Apart from pigment flocculation, there are several 
factors which affect the absolute value of flocculation 
gradient, and therefore these must be taken into consider- 
ation before conclusions regarding the state of pigment 
dispersion in a paint can be made. 

Pigment Loading 

To study the effect of pigment concentration on 
flocculation gradient, a series of paints was prepared by 
Balfour and Hird7 at five levels of pigment concentration 
(i.e., 10.0, 12.5, 15.0, 17.5,and20.0%PVC)usingarutile 
grade of titanium dioxide pigment and a long oil soya 
modified alkyd. At each PVC, four levels of flocculating 
agent were used. 

The flocculation gradient of each paint was measured 
(including the additive-free paints) and the results are 
given in Table 1. The results show that for the dispersed 
paints, flocculation gradient is unaffected whereas for the 
flocculated paints, an increase in PVC produces an 
increase in gradient; the more flocculated the paint, the 
greater the increase in gradient. 

For thedispersed paints, the absenceof any pronounced 
effect of PVC on flocculation gradient is possibly because 
with increasing PVC there is an increase in the number of 
well dispersed pigment particles which increase the 
refractive index of the medium surrounding the few 
flocculates. Consequently, the scattering power of the 
flocculates tends to decrease. However, with a flocculated 
paint, there is very little increase in the refractive index of 
the medium with increasing PVC because there are a 
considerable number of large particles which only affect 
the scattering of the infrared radiation. Thus, increasing 
the PVC for a flocculated paint will increase the scattering 
between flocculates and dispersed pigment/medium. 

Thus, a comparison of flocculation gradients between 

Table 1-Relationship Between Flocculation Gradlent and PVC 

Flocculatlon Gradient 

PVC Increasing Flocculallon -----c 

flocculated paints should only be carried out if the 
pigment loadings are similar. 

Extender and Entrapped Air 

Extender particles are generally much larger in size 
than titanium dioxide pigment, and therefore one would 
expect the presence of extender to have a significant effect 
on flocculation gradient, although the relatively low 
refractive index of extenders would tend to reduce the 
expected value. 

To determine the effect of extender type and size on 
flocculation gradient, various extenders (i.e., two calcites, 
two china clays, one dolomite, and one talc) were 
incorporated into a long oil soya modified alkyd such that 
the PVC was 10%. Flocculation gradient was determined 
for each extender, with results given in Table 2, together 
with mean particle size data for the extenders. It is evident 
from Table 2 that particle size rather than extender type is 
the most important factor which affects flocculation 
gradient (i.e., flocculation gradient increases with particle 
size, and extenders with a mean size of 2.0 pm or less have 
zero gradient) and that the values are low compared with 
titanium dioxide pigment. 

However, if air is present in a film due, e.g., to the 
fact that the PVC is in excess of the critical" PVC 
(CPVC), then the infrared scattering efficiency of an 
extender particle would increase due to an increase in 
refractive index difference between extender and paint 
film matrix. In addition, the presence of microvoids 

l 

A 

A- Lock-in amplifier I - Integrating sphere 

C - Light chopper L- Collimating lens 

D- I.R. detector P - Power supply 

F - Filter S- Specimen 

0- I.R. source T - Specular trap 

Figure 6-The Flocculation Gradient Monitor: (a) schematic diagram and (b) photograph 
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Table 2-lnlluence of Extender Type on Flocculation Gradient 
For Paints at 10% PVC 

Extender 
Type 

Mean Size 
of Extender Fiocculatlon 

bm) Gradient 

Calcite. .................... .l5.O 
Calcite. ..................... 2.3 
China clay .................. 2.0 
China clay .................. 0.4 
Dolomite .................... 8.0 
Talc ........................ 6.0 

which are formed between the extender particles when the 
PVC is greater than the CPVC could also contribute to 
infrared scattering. The subject of scattering by micro- 
voids is discussed in some detail by seiner.I2 Thus, 
flocculation gradient would be expected to increase with 
increasing PVC, when a paint is formulated above the 
CPVC. This effect is shown in Table 3 where flocculation 
gradient values for "paints" (based on the same resin as 
above) containing only talcat PVC's of 10,20,40, and 50% 
are given. The CPVC for this series of paints was between 
10%and 20%, determined usinga GilsoniteTMstain, and it 
can be seen from the results that a significant increase in 
flocculation gradient has occurred when the PVC is either 
equal to or greater than 20%. Obviously, a similar effect 
would occur if the above paints containing only titanium 
dioxide pigment were formulated above the CPVC. 

The effect of adding extender to a titanium dioxide 
pigmented paint would, therefore, increase flocculation 
gradient, assuming the particle size of the extender was 
sufficiently large or that the paint was formulated above 
the CPVC. Thus, if it is intended to compare flocculation 
gradients of paints which contain extender and titanium 
dioxide pigment (e.g., semigloss/matt emulsion paints or 
undercoats), it is important to ensure that the same 
extender is used and that the paints are at a similar PVC. 

Apart from air which is formed when the PVC is in 
excess of the CPVC, there are other ways by which air 
entrapment in a film can influence infrared scattering and 
hence affect flocculation gradient. For example, if an 
emulsion paint exhibits incomplete coalescence, then, 
depending on the amount of air present, flocculation 
gradient could increase in value. Similarly, if titanium 
dioxide pigment shows poor wetting, then again one 
might expect that flocculationgradient would beaffected 
since microvoids may be present in some of the 
agglomerated pigment. However, titanium dioxide pig- 
ments generally disperse rapidly in most media, and if 

PVC 

Table 3-Effect of PVC on Flocculation Gradient 
For Paints Containing Only Talc 

Flocculation 
Gradient 

Table 4-Influence of Organic Tinter 
On Flocculatlon Gradlent 

Level 01 
nnter Flocculation 

Tinter (%) Gradlent L a b 

..... None (control) - 0.25 95.1 -1.2 4-2.2 

Tnluidine Red .... .0.05 0.25 93.8 t 1 . 5  t 2 . 6  
0.10 0.24 92.7 t 3 . 4  t 2 . 6  
0.20 0.24 90.90 t 6 . 0  t 2 . 4  

Phthalocyanine ... .0.05 0.25 92.4 -3.7 -2.5 
Blue 0.10 0.25 90.3 -5.0 -5.5 

0.20 0.26 87.3 -6.3 -9.6 

Carbon Black.. ... .0.05 0.22 90.8 -1.4 -0.2 
0.10 0.20 88.1 -1.7 -1.5 
0.20 0.19 84.2 -2.1 -2.9 

poor wetting/dispersion is evident, generally it is only a 
small percentage (e.g., 1% or less by weight) of the 
pigment which is responsible for this problem. Thus, the 
amount of entrapped air is small and its effect on 
flocculation gradient is minimal. Balfour and Hird7 
clearly showed that pigment agglomerates in an alkyd 
paint had little effect on flocculation gradient, which 
suggests that the flocculation gradient technique cannot 
be used to assess the degree of wetting of a pigment during 
milling. 

Tinter 

Since a considerable amount of paint is tinted, it is 
important to know the extent to which a colorant might 
affect flocculation gradient. Generally, the particle size of 
an organic tinter is either comparable with or less than 
that of titanium dioxide pigment. Thus, assuming the 
tinter is well dispersed and does not exhibit any unusual 
absorption characteristics in the infrared region, one 
would not expect any change in flocculation gradient. 

To investigate this, a 20% PVC alkyd paint based on a 
general purpose rutile grade of titanium dioxide pigment 
was prepared, to which was added 0.05,0.10, and 0.20% 
tinter, based on weight of pigment. The tinters examined 
were Toluidine Red, Phthalocyanine Blue, and Carbon 
Black. Drawdowns were prepared, from which floccula- 
tion gradient and color (i.e., L, a and b values-CIE 1976) 
were measured. In Table4, the measured values are given, 
and it can be seen that for the maximum level of tinter, a 
significant change in color has occurred for all three 
tinters. However, with regard to flocculation gradient, 
neither Toluidine Red nor Phthalocyanine Blue has 
affected the value, whereas with Carbon Black, a gradual 

Table 5-Wet and Dry Flocculatlon Gradients 

Flocculation Flocculation 
Pigment Gradient (Wet) Gradient (Dry) 

A .................... . O . I O  0.23 
B ..................... 0.15 0.33 
C ..................... 0.18 0.38 
D . .  ................. . .0.25 0.56 
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reduction in gradient has occurred with increasing level of 
tinter. This reduction is presumably due to the absorption 
of infrared by the carbon, since a microscopic examina- 
tion of the dried paint films showed no differences in 
pigment dispersion. 

Thus, if the flocculation gradients of paints which 
contain tinter are compared, it is important to ensure that 
the tinter composition is the same since the presence of 
Carbon Black in any of the paints will result in areduction 
in flocculation gradient. Obviously, if tinter (apart from 
Carbon Black) in a paint is extremely flocculated, then 
this could cause an increase in flocculation gradient, with 
the extent depending on the type and amount of tinter. 

MEASUREMENT OF FLOCCULATION 
IN THE WET PAINT 

Wet Flocculation Gradient 

Flocculation gradient gives an indication of the degree 
of pigment dispersion in a dry paint film. However, there 
is no reason why the technique cannot be adopted for 
examining wet paints. To  determine the possibility of this, 
it was decided to measure infrared back-scatter from wet 
alkyd paint films of varying thickness (i.e., between 6 and 
50 pm) which had been applied to glass using wire wound 
applicator bars. A cardboard spacer was placed around 
the perimeter of the wet film to prevent paint from being 
transferred to the integratingsphere. It was evident that a 
linear relationship between back-scatter and wet film 
thickness existed, just as with dry films, and therefore a 
wet flocculation gradient was possible. In an extension of 
this study, four different rutile grades of titanium dioxide 
pigment (i.e., pigments A, B, C, and D) which were 
known to exhibit different degrees of dispersion were 
selected, and dispersed in a long oil soya modified alkyd 
such that the PVC of the final paint was 17.5%. 
Flocculation gradients of both wet and dry paint films 
were determined, with the results given in Table 5. It is 
clearly evident from these results that the order of 
performance in terms of flocculation gradient value is the 
same for both wet and dry paint films, and that the 
gradient of the dry film is greater than that of the wet 
paint. The former result probably confirms that wet 
flocculation gradient is a significant parameter, whereas 
the latter finding suggests that pigment flocculation has 
occurred on drying, a result which is well known. 
However, it must be appreciated that there are differences 
between wet and dry paint films other than pigment 
dispersion that would inevitably affect flocculation gradi- 

*- ent (e.g., change in refractive index of medium and 
pigment loading on drying). 

Wet Cell Measurement (Rw40) 

The measurement of wet flocculation gradient has 
potential, but taking measurements from a drying paint 
film is obviously not satisfactory. Consequently, a cell 
was designed to encapsulate a wet paint of known 
thickness. A schematic diagram of the cell is shown in 
Figure 7(a) and a photograph is given in Figure 7(b). The 

Table 6-Paint Formuiatlons 

Parts by Welght 

Titanium dioxide.. 100 100 100 100 100 100 
pigment 

Long oil soya.. . . . 40 40 40 40 40 40 
modified alkyd 
(20% NV) 

Flocculating ..... 0 0.25 0.5 0.75 1.0 1.25 
additive 

TO the above mlllbase add 

Long oil soya ..... I67 167 167 167 167 167 
modified alkyd 
(70% NV) 

Driers ........... 13.9 13.9 13.9 13.9 13.9 13.9 
Methylethyl ...... 0.7 0.7 0.7 0.7 0.7 0.7 

ketoxime 

Pigment volume concentration in the millbase = 33.7% 

Pigment volume concentration in the wet paint = 8.7% 

PVC = 17.5% 

B P T N  

S 

T - Top plate B - Bottom plate 

N - End nut P - Polyester spacer 
G - Glass plate S - Paint sample 

Figure 7-The wet cell: (a) schematic diagram and (b) photograph 
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cell consists of a spacer, cut from polyester sheet of known 
thickness, which is clamped between two 16 cm2 glass 
plates. The cell is held rigidly between two 8 cm X 4 cm 
metal plates (with 9 cm2 apertures) which are compressed 
by means of end nuts. By varying the thickness of the wet 
paint film, it is possible to obtain a "wet flocculation 
gradient." However, since it was felt that the technique 
would be more applicable as a quality control test if only 
one film thickness was used, back-scatter measurements 
were carried out using only a 40 pm thick polyester 
spacer. Since some of the infrared radiation which is 
incident on the wet cell is reflected by the glass plates, 
back-scatter values are recorded when the cell is empty 
(VE) and full (VS). Knowing the back-scatter value for the 
barium sulphate disc (Ve), a percentage back-scatter 
value for the wet sample (Rw4') is obtained using the 
following equation. 

of solvent used in the paint affects the value since many 
solvents" absorb infrared radiation. 

Correlation Between R W" 

And Flocculation Gradient 

To compare wet cell measurements with flocculation 
gradient, a series of flocculated air-drying alkyd paints 
similar to the one illustrated in Figure 5 was evaluated in 
terms of R w 4 '  and flocculation gradient. Wet cell 
measurements were also carried out on the various 
millbases which contained increasing amounts of a 
flocculating agent (see formulation details in Table 6). 

In Figure 8, Rw4'  (paint) is plotted against flocculation 
gradient (dry film) and it is evident that the relationship 
between both measurements is good since an increase in 
R w4' results in an increase in flocculation gradient. It was 
mentioned in the preceding review section that, for a well 
dispersed paint, an increase in gradient of 0.1 would 
produce a 0.4% loss of opacity which would be visually 
evident. With reference to Figure 8, this means that an 
increase in R w 4 '  of 3.0% would produce a similar 
deterioration in opacity. Since the wet cell measurement 
takes only a few minutes, it is therefore an extremely 
quick method for quantifying pigment flocculation in the 
wet paint. 

The relationship between R W ~ '  (paint) and R w 4 "  
(millbase) is illustrated in Figure 9 where it can be clearly 
seen that the correlation between both measurements is 

where the subscript W is used to denote that a wet back- 
scatter value was taken, and the superscript 40 identifies 
the fact that the film was 40 pm thick. 

For a given paint system, increasing values of R w 4 "  
indicate an increase in pigment flocculation. Like dry 
flocculation gradient, Rw4'  is affected by pigment 
concentration, the type and amount of extender, and 
certain organic tinters. In addition, the type and amount 

0.2 0.4 0.6 0.8 1.0 

F l o c c u l a t i o n  g r a d i e n t  
Figure 8-Correlation between Rw4' and flocculation gradient, 

for a series of flocculated paints 
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Figure 9-Correlation between t7do (palnf) and RW" (millbase) 
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FLOCCULATION GRADIENT MONITOR 

BATCH NUMBER 

Flgure 10-Variation in R ~ ~ ~ a s a  functlon of batch number, for a 
thlxotropic alr-drying alkyd paint. Opacity and flocculation 
gradlent (in parenthesis) measurements were carrled out on 

selected palnts 

excellent. Although the absolute values cannot be directly 
compared since pigment loading and volume concentra- 
tion of solvent are different for both millbase and paint, it 
is evident that the presence of flocculation in a paint 
system can be detected at any stage during its manufac- 
ture. Thus, the measurement of R w40 could be used as a 
quality control test. Further work, which is not reported 
in this paper, has shown that the wet cell measurement 
can also be used to quantify pigment dispersion in other 
paint systems such as decorative aqueous-based paints 
and industrial stoving finishes. 

BATCH NUMBER 

Figure 11 -Variation in Rw" as a function of batch number, for a 
liquid alr-drying alkyd paint. Opacity and flocculation gradlent 
(in parenthesis) measurements were carried out on selected 

paints 

In contrast, results obtained for a liquid air-drying 
alkyd paint manufactured by the samecompany indicated 
that the reproducibility in terms of quality was good, as 
shown in Figure 11, where R W ~ '  values from 20 batches 
are plotted. Again, opacity and flocculation gradient 
measurements are given for selected paints, and it is 
evident that there is little variation in the optical 
performance of this product. 

Thus, these results and others which are not reported 
indicate the advantage in monitoring Rw" for quality 
control purposes, since an indication of paint performance 
can be rapidly obtained. 

Use of Rw40 as a Quality Control Test 

In an attempt to assess the online quality control 
features of the'~locculation Gradient ~ b n i t o ;  and wet - 
cell, the apparatus was set up in one of Europe's major t 

paint ma&facturing factories. A variety of aqueous and 
non-aqueous paint products were evaluated in terms of 
R W" duringa manufacturing period. The results obtained 
for one particular product (a thixotropic air-dryingalkyd 
paint) are shown in Figure 10, where R$" (paint) is 
plotted against batch number. In addition, opacity which 
was taken as the contrast ratio at a spreading rate of 20 
m2/liter and flocculation gradient were recorded for 
selected paints, and these values are given alongside the 
appropriate results in Figure 10. 

It can be seen that there are significant variations in 
Rw4" which are reflected in both opacity and flocculation 
gradient values. For example, the best batch of paint 
(number 1 I) exhibited a R w40 value of 9.8%, an opacity of 
94.4%, and a flocculation gradient of 0.27, whereas the 
worst batch (number 3) had Rw4', opacity, and floccula- 
tion gradient values of 15.5%. 93.4% and 0.74, re- 
spectively. Clearly, the pigment utilization in batch 
number 3 is poor due to flocculation (equivalent to 
wasting approximately 15% titanium dioxide pigment 
compared with batch number 11) and as a result its 
optical performance is inferior to all the other samples, 

n 1969,and currently supew~sesanappli- 
a cation developmentlweather~ng sectlon. 

For the past five years, Mr. Rutherford has 
I I & A worked on a varlet" of devel0Dment ~roi-  

which have 
wblished par 

duiminated'ir 
Iers. 

I lectures 

L. A. SIMPSON graduated from London 
University in 1969. and received a Ph.D. 
Degree in Polymer Physics from the Uni- 
versity of Surrey in 1972.Aftercarryingout 
one year's development work on powder 
coatings. Dr. Simpson joined Tioxide 
Group PLC, where he managesan applica- 
tion developmentfweathering section. Dr. 
Simpson has published various papers on 
topics such as gloss, metal marking and 
durability, and lectured at many major 
conferences. 

although batch numbers 16 and 23 are also not 1 
particularly good. 
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D.J. RUTHERFORD and L.A. SIMPSON 

SUMMARY References 

A Flocculation Gradient Monitor which enables one to 
measure flocculation gradient has been designed, built, 
and tested. 

Flocculation gradient is a sensitive and reproducible 
parameter which quantifies the degree of pigment 
flocculation in a paint, although factors such as pigment 
loading, and the presence of extender, air, and tinter (e.g., 
Carbon Black) may influence the absolute value. Thus, to 
compare the state of pigment dispersion between paints 
which may contain the above raw materials, it is 
important to ensure that the paints have a similar 
titanium dioxide, extender, and tinter composition. 

By using a wet cell, pigment flocculation in the wet 
paint can also be quantified, and since this measurement 
can be quickly carried out, it is suitable for use in online 
quality control work. 
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BALTIMORE.. . . . . . . . . . . . . JAN. 

Patrick J .  McDonald, of Reichhold 
Chemicals, Inc., spoke on  "THE PRACTI- 
CAI. APPROACH TO UNDERSTANDING 
EMULSIONS." 

Mr. McDonald stated that there are 
three basic types of emulsions made: 
water reducible; latex dispersion; and 
aqueous dispersion, made by condensa- 
tion and/or  addition. The first synthetic 
latex was made in 1909 in Germany as a 
replacement for rubber. He added that 
the amount of water in a latex could vary 
from 30 to  85%. and that, contrary to 
some old beliefs, it is not necessary to use 
deionized water. 

The monomer is the most important 
ingredient in the latex, emphasized Mr. 
McDonald. It is the monomer which 
gives the latex the basic physical proper- 
ties. Surfactants give critical functions to 
the latex by controlling the particle size; 
establishing CMC; helping the mechani- 
cal, chemical, and physical stability; and 
assisting in freeze-thaw stability. 

Mr. McDonald also discussed pro- 
duction and quality control. Production 
involves three stages: set-up time, reac- 
tion time, and filtering. In quality control 
both the wet and dry properties are 
checked. The wet properties checked 
include: pH, viscosity, non-volatile, sta- 
bility, surface tension, and particle size 
and distribution. The dry properties are 
color, dry, molecular weight and distri- 
bution, and end use properties. 

The presentation closed with discussion 
of the various effects coalescents can 
exert in the making of paint. 

H A R R Y  POTH, Secretary 

BIRMINGHAM.. . . . . . . . . . . JAN. 
"Wafer-Dllutable Coatlngs" 

President Roland Staples presented 
Charles Gilbert, a Past-President of the 
Club, with a Certificateof Honorary Life 
Membership in the Club. Mr. Gilbert 
joined Canning Materials Ltd. in 1933 
and retired from there in 1977. In 1943 he 
became a member of the Club and has 
held the following offices: Publicity Of- 
ficer. Secretary, Social Officer. Executive 
Committee member. and Club President. 

J.F. Roberts, of Dexter-Midland Ltd., 
spoke on "WATER-DILUTABLE COAT- 
INGS." 

Mr. Roberts' presentation focused on 
the advantages and disadvantages of 
water-dilutable coatings. He cited several 
advantages to the coatings manufacturer 
including: minimum cost for new equip- 
ment, established formulation technol- 
ogy, and solvent-based technology appli- 
cable to  water-reducibles. 

He also stated the advantages to the 
applicator which include: lower paint 
cost, reduced energy costs, no change in 
established coating processes, easy clean- 
up of spillages, reduced fire risks, reduced 
odor, minimum equipment changes, no 
solvent storage needed, and lower in- 
surance. 

Several disadvantages he discussed 
were: non-corroding equipment is neces- 
sary, frost protection is required in 
storage and during application/curing, 
and that thesubstrate needs to becleaner. 

Mr. Roberts then compared some 
properties of water-reducible alkyds, as 
used to coat agricultural machinery, with 
conventional solvent-borne alkyds. His 
presentation concluded with some typical 
end uses for water-reducible industrial 
finishes. 

Q. In terms ofpollution andsafety, are 
not the co~o lven t~  and amines used in 
water-reducible resins toxic? 

A. Yes, but compare that with the 
higher total of solvents present insolvent- 
borne coatings. Water reducibles con- 
tribute significantly in reducing the total 
toxicity/ pollution. 

Q. Is humidity level important during 
application? 

A. Yes. particularly with air-drying 
coatings. whichcould sometimes be stored 
under such conditions that they never 
dried! 

DAVID M. HEATH, Secretary 

BIRMINGHAM.. . . . . . . . . . . FEB. 
"Dolng Buslness In Japan" 

A moment of silence was observed in 
memory of Club Past-President David 
Lovegrove and Mr. F.D.H. Sharp, both 
of whom died recently. 

A presentation on "DOING BUSINESS 
I N   JAPAN."^^^ given by Mr. G. Clayton, 
of Ciba-Geigy. 

Mr. Clayton's discussion was based 
upon his personal experiences of Japan 
while working for Ciba-Geigy's Plastics 
and Additives business in Tokyo from 
1977 to 1983. 

The Japanese business ambition is 
market domination. Mr. Clayton stated. 
Their success to  date, however, has not 
been due to  innovative products since 
Japanese patents represent only 50/0of the 
worldwide total. According to  Mr. Clay- 
ton, the high quality and reliability of 
Japanese products are ensured by the 
high investment made in quality control. 

Mr. Clayton closed his talk by out- 
lining the requirements for successful 
business in Japan. He stated that contact 
should be maintained throughout busi- 
ness ventures and not limited to  contract 
acquisition. Also of importance are qual- 
ity control and the need to earn the 

Mr.  Gi lbe r t  was made an Honorary SOUTHERN SOCIETY OFFICERS for 1984-85. (Left to right): President-James E. 
Member in 1977 and Geiger; Vice-President-Sal G. Sanfilippo; Secretary-Ronald R. Brown; Treasurer- 
the position of Club Historian. C. Louis Davis; and Society Representative-Berger Justen 

Vol. 57, No. 724, May 1985 85 



respect of the Japanese through direct according to Mr. Woebkenberg, is that it 
competition at home. requires an annual workplace contents 

DAVID M. HEATH, Secretary list which is accessible to the public. A 
fact sheet on this legislation covering 
other key aspects was provided by Mr. 
Woebkenberg. 

CLEVELAND . . . . . . . . . . . . . JAN. 
Jolnt Meetlng wlth the CPCA 

At thejoint meeting with theCleveland 
Paint and Coatings Association, J. Woeb- 
kenberg discussed the proposed "Right to 
Know" bill which is presently being 
considered by theCleveland City Council. 
A key point of the proposed legislation, 

Jim La Rue, of the Housing Resource 
Center, spoke on "HAZARDOUS MATE- 
RIALS CONCERNS." 

Mr. La Rue, "Mr. Fixit," has been 
rehabilitating houses in the inner city, 
and recently opened the Housing Re- 
source Center. He explained that he has 
received many questions from people 
through his Resource Center on the 

high Viscosity Pastes 
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clearance construction guarantees in- 
tenslve m~xing and excellent tempera- 
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scraper blades. 
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mize adhesive mixing times, prepare 
smooth metal solders, quickly mix very 
hioh viscosity caulking compounds an1 
s&rten sealant batch mixing cycles. 

If vou need to mix thrck, heavy, high 
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30% faster! 
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PLANETARY MIXERS 
SAVE TIME.. .AND MONEY! 

Premier Mill Corp. 
220 East 23  Street I New York, NY 10010 
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safety and hazards of the materials used 
in rehabilitating houses. Examples of 
these concerns include: the presence of 
formaldehyde in insulation and in other 
building products; the safety of kerosene 
heaters in houses which are well-sealed; 
and the toxicity of materials as applied 
and when burned. Mr. La Rue expressed 
an interest in getting technical answers to 
his questions concerning coatings. 

MADELYN K. HARDING, Secretary 

CLEVELAND . . . . . . . . . . . . . FEB. 
"Colloldal Slllca " 

Richard Thorton, of Nalco Chemical 
Co., spoke on "COI.LOIDAI. SILICA: A 
UNIQUE PIGMENT FOR THE COATINGS 
INDUSTRY." 

Mr. Thorton outlined the chemistry 
involved in the preparation of liquid 
colloidal silica and the properties of the 
product. 

After describing several specific appli- 
cations for colloidal silica and the benefits 
derived from its use, Mr. Thorton enu- 
merated several other possible uses. 

MADELYN K. HARDING, Secretary 

KANSAS CITY.. . . . . . . . . . . FEB. 
"Palnt Examlnatlon Technlques" 

Society President Steve Bussjaeger an- 
nounced that the joint St. Louis-Kansas 
City meeting scheduled for June has been 
cancelled. 

James E. Corby, of the Federal Bureau 
of Investigation, spoke  PAINT EXAM- 
INATION TECHNIQUES UTILIZED I N  THE 
F.B.I. LABORATORY." 

JERRY P. HEFLING, Secretary 

LOUISVILLE.. . . . . . . . . . . . . FEB. 
"The Dlsperslon Pllot Plan" 

Dr. Marty Feldman, of Nuodex, Inc., 
spoke on "THE DISPERSION PILOT PLAN: 
THE SHORTEST DISTANCE BETWEEN THE 
LAB AND PRODUCTION." 

Dr. Feldman began his presentation by 
describing how pigments are received at 
coatings manufacturing plants, in either 
dry powder or pressed cake form. Both 
forms require a dispersion before the 
pigment can be used in a coating, ex- 
plained Dr. Feldman. The purpose of the 
dispersion is to break down particle size 
(commonly 20 microns or larger) to one 
micron or smaller. Without this disper- 
sion, the pigment has no color strength. 

The objective of dispersing pigments is 
to obtain the highest possible pigment 
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strength compatible with the equipment 
available and the time to  complete the 
project, stated Dr.  Feldman. He listed 
four coatings characteristics affected by 
less than optimum dispersion. They are 
brightness, gloss, transparency, and sta- 
bility. The higher the dispersion, the 
brighter the film and the higher the gloss 
of the finished coating, he explained. He 
added that while transparency improves 
with dispersion, the overall transparency 
of the film is limited by the inherent 
opacity of the pigment. Dr. Feldman 
concluded that the finer the particle size, 
the more stable the dispersion, because as 
the diametei of the pigment particle 
increases, so does its tendency to  settle. 

The presentation closed with a discus- 
sion of the four factors affecting the 
dispersion choices. 

KEN HYDE, Secretary 

NEW ENGLAND . . . . . . . . . . FEB. 
"Importance of Communlcatlons" 

Richard L. Connors, of Anna Maria 
College, discussed the "~MPORTANCE OF 
COMMUNICATIONS." 

T o  introduce his topic, Mr. Connors 
stated that one major problem in business 
today, stress, is due t o a  lack of communi- 
cation between administration and work- 
ing staff. 

In his presentation, Mr. Connors dis- 
cussed perceptions and how individuals 
act on their own perceptions. Because 
everyone is fixed in their own perception 
of the real world and feel that they 
communicate well within this perception, 
there is no common ground between two 
parties trying to communicate. According 
to  Mr. Connors, this can be related to  the 
underlying reasons of stress. T o  empha- 
size this point, Mr. Connors stated that 
35% of a group or gathering will actually 
hear exactly the opposite ofwhat is being 
said because these individuals come with 
a preconceived idea of what is being 
discussed. 

Mr. Connor stated two rules of good 
communication: be clear within yourself 
of what is your own goal and clearly 
communicate what you really need. 

KEVIN MULKERN, Secretary 

NORTHWESTERN . . . . . . . . FEB. 
"Classlflcatlon of Organlc Pigments" 

A presentation on "CLASSIFICATION 
OFORGANIC PIGMEYTS A N D  SOME BASIC 
M E A S U R E M E N T ~ E C H N I Q U E S , " W ~ S  given 
by Hugh Smith, of Sun Chemical Co. 

Mr. Smith explained that thereare two 
ways to  classify pigments: by color ipdex 
and by chemistry. Historically, organic 

-- 

LOUISVILLE SOCIETY OFFICERS For 1984-85. (Seated, left to right): Vice-President- 
Joyce Specht St. Clair; President-Ed Thomasson; and Past-President-John 
Lanning. (Standing): Society Representative-James Hoeck; Secretary-Ken Hyde; 

and Treasurer-Howard Ramsey 

pigments have been developed by syn- 
thesizing intensity colored, insoluble 
products. 

In closing, Mr. Smith stated that 
current product development means crys- 
tal development. More recent develop- 
ments include polymeric dispersants and 
chemical reactions on pigment surfaces. 

LARRY BRANDENBURGER, Secretary 

PHILADELPHIA.. . . . . . . . . . DEC. 
Vccelerated Weathering" 

Virgil Lyons, of the Atlas Electric Co., 
discussed "ACCEI.ERATED WEATHERING." 

Mr. Lyons gave a brief history on the 
development of techniques to test dye 
fading. In 1918. when the U.S. dye 
industry was just getting started, a U/V 
testing device using a carbon arc as the 
ultraviolet source was used. In 1927, the 
industry added water spray and called the 
device a Weather-Ometer. Mr. Lyons 
stated that other controls for temperature 
and humidity were added, as well as 
changes in the carbonarc to givedifferent 
radiance characteristics. 

Also discussed by Mr. Lyons were 
recent advances in testing techniques. 
Fluorescent sun lamps are a recent de- 
velopment and, in his opinion, not as 
good as a Weather-Ometer. Further 
accelerated testing is possible by outside 
exposure in Arizona or Florida through 
specialized test fences. Other sites are 
available for other conditions, including 
atmospheric contaminants. 

Mr. Lyons presentation came t o a  close 
with a n  explanation of the methods of 
timing the d-vices, the types of cycles, and 
equipment specifications. 

DONALD F. DENNY, Secretary 

PITTSBURGH . . . . . . . . . . . . FEB. 
"Job lnspectlon and Instrumentation" 

In thisjoint meeting with the Pittsburgh 
Section of the National Association of 
Corrosion Engineers. KenTatorand Eric 
Kline, of KTA-Tator, Inc., discussed 
"JOB INSPECTION A N D  INSTRUMENTA- 
TION" and "FAILURE." 

Mr. Kline addressed the topics of job 
inspection and instrumentation. Inspec- 
tion deals with surface preparation and 
designconsiderations. He mentioned tw:, 
kinds of surface preparation: chemical 
treatment and blast cleaning. According 
to Mr. Kline, therearesix elements which 
contribute to  a successful or unsuccessful 
job. They include clean air supply, the 
correct pressure at  the nozzle, the temper- 
ature at  the substrate, the dew point, the 
type of blast used, and thesurface profile. 
Instruments are available which can 
measure all of these factors. 

Mr. Kline pointed out that the appli- 
cation of the coating is inspected. First 
the method of application is examined to 
determine if the dry film thickness is 
adequate. He then discussed those factors 
which influence the dry film thickness, 
including: the machinery used-conven- 
tional or airless; the straining procedure; 
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the viscosity of the coating as it is being 
applied; and the proper mixing of the 
components. Several instruments are 
available to determine the toughness of 
the paint film, the thickness of thecoating 
on the substrate, the adhesion to the 
substrate, and the intercoat adhesion, he 
added. 

Mr. Tator presented a talk on "FAC- 
TORS CONTRIBUTING TO FAII.URE." His 
list of factors included dry spray, mill 
scale, peaks not covered, compatibility 
problems, and over-cure and under-cure 
of the coatings. 

ANTHONY J .  ISACCO, Secretary 

PITTSBURGH . . . . . . . . . .. MAR. 
Past-Presidents' Night 

President Clifford Schoff introduced 
the 13 Past-Presidents in attendance. 

Robert Feller, of Carnegie-Mellon Uni- 
versity, was presented with his 25-Year 
Membership pin. 

Technical Chairman Richard Trudel 
announced that a newsletter will be 
published in May containing information 
on software available for the coatings 
industry. 

George Goodwin, of Daniel Products, 
spoke on "COMPOSITE VS SINGLE DIS- 
P E R S A N T S  I N  C O L O R A N T S  A N D  
COATINGS." 

Mr. Goodwin began his presentation 
by stating that no single dispersing agent 
is good enough. Three benefits of com- 
posite dispersants discussed were: im- 
proved manufacturing process; improved 
product stability; and easier use of end 
products. 

To prove these points, Mr. Goodwin 
prepared beakers of long oil alkyd made 
with no dispersants, single dispersants, 
and composite dispersants. Various pig- 

ments were then added to the solution. 
Initial reaction and long term stability 
were watched, as were color development, 
viscosity, and other factors. 

According to Mr. Goodwin, the ex- 
periment proved that the manufacturing 
process was improved because the com- 
posite dispersant solutions showed faster 
pigment wetting, higher pigment loading 
in mill base at grinding consistency, 
reduced air entrapment, higher produc- 
tion rates and improved color develop- 
ment with less powerful equipment. 

The product stability improved with 
the composite dispersants as was shown 
by less change in the degree of defloc- 
culation of the pigment, improved gloss 
stability, less viscosity change, and less 
settling, he explained. 

Inconclusion, Mr. Goodwin mentioned 
that the experiment proved that com- 
posite dispersants allowed for an easier 
use of end products by showing a better 
flow from containers, an easier incorpor- 
ation into bases, and an improved com- 
patibility witha wider range of tint bases. 

ANTHONY J. ISACCO, Secretary 

ST. LOUIS.. . . . . . . . . . . . . ..JAN. 
"Barrier Pigments" 

Steve Stolts, of Mosel Chemical Co., 
presented a brief report on the HMlS 
(Hazardous Materials Identification Sys- 
tem) seminar which was held in Kansas 
City, MO. 

Dr. RolfOdenthal, of Mobay Chemical 
Corp., spoke on the "INFLUENCE OF 
BARRIER PIGMENTS I N  PERFORMANCE 
OF PRIMERS." 

Dr. Odenthal began witha brief history 
of natural and synthetic iron oxides, the 
mechanism of water permeation, param- 
eters in formulation, and new synthetic 
iron oxide pigments. He emphasized the 

advantages claimed for synthetic iron 
oxides including more uniformity, easier 
processing, more uniform color develop- 
ment and control particle size. 

Dr. Odenthal explained that critical 
pigment volume concentration (CPVC) is 
dependent upon oil absorption and that 
optimum pigment volume concentration 
is a key factor. 

Micronization was also mentioned by 
Dr. Odenthal. He stated that it does not 
change particle size distribution or pre- 
dominant particle size. Micronization 
does lower the residue for better per- 
formance. 

Dr. Odenthal discussed the important 
part played by particle size in salt sprays 
and in other moisture properties. He also 
mentioned that surface modification or 
combination with calcium and/or zinc 
enhances corrosion resistance. At close to 
CPVC, active pigments show superior 
results, while at low pigment volume 
concentrations, active and inactive pig- 
ments are approximately equal. 

According to Dr. Odenthal, water 
diffusion and permeation curves seem to 
be the same for both treated and untreated 
iron oxides. 

MERLE D. HELD, Secretary 

WESTERN NEW YORK . . . . FEE. 
"Acrylic Blend Lattices" 

Educational Committee Chairman Jim 
Price presented a $300 check to John Y. 
Yeager 111, the first recipient of the 
Society's Education Scholarship. 

Dr. Ted Del Donno, of Rohm and 
Haas Co., spoke on "ACRYLIC BLEND 
LATTICES." 

Dr. Del Donno centered his presen- 
tation around the problems in developing 
a blend of an acrylic emulsion with water 
reducible alkyds. The plan, according to 
Dr. Del Donno, was to speed up the slow 
dry times and early wate;resistanceof the 
alkyd without sacrificing its good gloss 
and metal protection. 

The compatibility of the alkyds with 
thermoplastic acrylic emulsions was 
checked by casting clear films on glass 
and recording the Y-axisvalue, stated Ilr. 
Del Dnnno. 'This was done by placing a 
hlack standard under the filmand read~ng 
the Y-values usinga tiuntercolor Meter. 
He added that the stability of the blends 
could he improved by lowering pH. 
loweringternpcrdture, loweringthetransi- 
tion metal driers, and or lowering the 
concentration nf the emulsion and type. 

PACIFIC NORTHWEST SOCIETY OFFICERS for 1984-85. (Left to right): Society Dr. Del concluded with an 

Representative-Deryk Pawsey; Administrative Secretary-William Shackelford; Presi- of the the ester 
dent-Ottwin Schmidt; Secretary-Dennis Hatfield; Treasurer-Yvon Poitras; and Past- linkage of the alkyds. 

President-Robert Hogg MICHAEL DEPIETRO, Secretary 
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FEDERATION SERIES ON COATINGS TECHNOLOGY 

Price 

Unit Title (@ $3.50) 

1 "lnlroducl~on l o  Coallngs Technology"-W 8. Fuller. (Oct 1964) (Revlsed May 1973) 

2 "Format~on and Structure of Paint Fllms"-W. R. Fuller. (June 1965) 

3 "Oils for Organ~c Coat~ngs"-F. L Fox. (Sepl 1965) 

4 "Modern Varnish Technology"-A. E. Rhelneck. (May 1966) 

5 "Alkyd Resins"-J. A. Blegen. (Mar. 1967) 

6 "Solvents"-W. R. Fuller. (May 1967) 

7 "Whlle H~dlng and Exlender P~gments"-W H Madson (Oct 1967) 

8 "lnorganlc Color P~gmenls"-W. R Fuller and C. H Love (Mar 1968) 

9 "Organlc Color P~gments"-J. G. Mone. (July 1968) 

"Black and Metallic P~gments"-W S. Stoy. E T. Usowsk~. L P. Larson. D Pass~gl~. W H 
10 Byler, R. Evdo, and W. von Flscher. (Jan. 1969) 

11 "Paint Drlers and Addit~ves"-W J Stewart. (June 1969) 

12 "Prlnc~ples of Formulat~on ahd Palnl Calculat~ons"-W R Fuller (June 1969) 

13 "Amlno Reslns in Coat~ngs"-W L Hensley and W E McGlnty (Dec 1969) 

14 "S~licone Reslns for Organlc Coat~ngs"-R. W Clope and M. A. Glaser (Jan 1970) 

15 "Urethane Coatings"-D Lasovick. (July 1970) 

16 "Dlsperslon and Grinding"-M. H. Schaffer. (Sept. 1970) 

17 "Acrylic ResinsM-Gerould Allyn (Mar 1971) 

18 "Phenolic Resinsu-R. D. McDonald. (Mar. 1971) 

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

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

"N~trocellulose and Organosoluble Cellulose Ethers In Coat~ngs"-E C Hamllton and 
21 L W. Early. Jr (Sept 1972) 

22 "Plast~c~zers"-J K. Sears (June 1974) 

23 "Interlor FlnlshesU-Murray Abrlss and Ollver Volk (Apr 1976) 

24 "Exter~or House Pa~ntV-G G. Schurr (May 1977) 

25 "Automot~ve Flnishese-Ralph W~lllams (July 1977) 

26 "Corrosion and the Preparation of Metall~c Surfaces for Pa~nt~ng"-Cl~ve H Hare (Feb 1978) 

27 "Antt-Corros~ve Barr~er and lnhlb~llve Pr~mers' -Cllve H Hare (Feb 1979) 

Handy flat back blade-type binders which will hold 18 units in the "Federat~on 
Series on Coatings Technology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . $10.00 each 

1 TERMS OF ORDER 

I - PLEASE MAKE ALL CHECKS PAYABLE IN U.S. FUNDS - I 

I PREPAID ORDER: 

Handling and Postage included in price 

ORDERS REQUIRING BILLING: 
Min~rnurn Order-$10.00. Postage and 
Handlina Charaes. Additional 

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

Pennrylrmnla rcmldenls plcwe add 6% r a l u  Imx 

AVAILABLE IN THE U.K. FROM: 
Birmingham Paint, Varnish and Lacquer Club 

c/o Mr. Ray Tennant, Carrs Paints Limited. Westminster Works, Alvechurch Rd. 
Birmingham 831 3PG, England 



f Constituent Society Meetings and Secretaries - 
BALTIMORE (Third Thursday-Eudowood Gardens, Towson, MD, 

EOWARO B. COUNTRYMAN, Bruning Paint Co., 601 S. Haven St., Baltimore, 
MD 21214. Virginia Section-Fourth Wednesday, Ramada Inn-East, Williams- 
burg, VA). 

BIRMINGHAM (First Thursday-meeting sites vary). D.M. HEATH, 
Holden Surface Ctgs. Ltd., Bordesley Green Rd., Birmingham 99 4TQ England. 

CHICAGO (First Monday-meetings alternate between Sharko's in Villa 
Park and Como's in Chicago). RON KLEINLEIN. Sherwin-Williams Co., 10909 S. 
Cottage Grove Ave., Chicago. IL 60628. 

C-D-I-C (Second Monday-Sept., Jan., Apr., June in Columbus; Oct., 
Dec., Mar., May inCincinnati;Nov., Feb., in Dayton). JOSEPH W. STOUT, Hanna 
Chemical Coatings, P.O. Box 147, Columbus, OH 43216. 

CLEVELAND (Third Tuesday-meeting sites vary). MAOELYN HARDING, 
Sherwin-Williams Co., P.O. Box 6027, Cleveland, OH 44101. 

DALLAS (Thursday following second Wednesday-Executive Inn, near 
Lovefield Airport). ASHWIN V. PARIKH, Union Carbide Corp., 2326 Lonnecker 
Dr., Garland, TX 75041. 

DETROIT (Fourth Tuesday-meeting sites vary). CAROLYN GESSNER, 
Inmont Corp., 26701 Telegraph, P.O. Box 5009, Southfield, MI 48086. 

GOLDEN GATE (Monday before third Wednesday-Alternate between 
Sabella's Restaurant on Fisherman's Wharfand Francesco's. Oakland. CA). KARL 
SAUER, Pfizer, Inc., 776 Rosemont Rd., Oakland, CA 94610. 

HOUSTON (Second Wednesday-Sonny Look's, Houston, TX) DAVIO 
SATZGER, OVBrien Corp., P.O. BOX 14509. Houston, TX 77221. 

KANSAS CITY (Second Thursday-Cascone's Restaurant, Kansas City, 
MO). JERRY P. HEFLING, Loctite Auto & Consumer, 3255 Harvester Rd.. Kansas 
City, KS 661 15. 

LOS ANGELES (Second Wednesday-Steven's Steak House, Commerce, 
CA). RAY DIMAIO, Koppers Co., P.O. Box- 22066, Los Angeles, CA 90022. 

LOUISVILLE (Third Wednesday-Breckinridge Inn, Louisville, KY). KEN 
HYOE, Reliance Universal, Inc., Louisville, KY 40233. 

MEXICO (Fourth Thursday-meeting sites vary). ROSA MA. ROJAS. Mobil 
Atlas, S.A. de C.V., Poniente 146 No. 700, 02300 Mexico, D.F., Mexico. 

MONTREAL (First Wednesday-Bill Wong's Restahant). VIJAY SHARMA, 
Swing Paints Ltd., 2100 St. Patrick St., Montreal, Que., Canada. 

NEW ENGLAND (Third Thursday-Hillcrest Function Facilities, Walt- 
ham). KEVIN MULKERN, Samuel Cabot, 229 Marginal St., Chelsea, MA 02150. 

NEW YORK (Second Tuesday-Landmark 11, East Rutherford. NJ). 
KENNETH DEPAUL, Whittaker, Clark & Daniels, 1000 Coolidge St.. S. Plainfield, 
NJ 07080. 

NORTHWESTERN (Tuesday after first Monday-Jax Cafe, Minneapolis, 
MN). LARRY BRANOENBURGER, Valspar Corp., 1101 Third St. S.. Minneapolis, 
MN 55415. 

PACIFIC NORTHWEST (Portland Section-Tuesday following second 
Wednesday; Seattle Section-the day after Portland; British Columbia Section- 
the day after Seattle). DENNIS HATFIELO, J.F. Shelton, 1067 Industry Dr.. 
Tukwila, WA 98188. 

PHILADELPHIA (Second Thursday-Dugan's Restaurant). DONALD F. 
DENNY, E.W. Kaufmann Co., P.O. Box 529, Southampton, PA 18966. 

PIEDMONT (Third Wednesday-Howard Johnson's, Brentwood exit of 
1-85, High Point, NC.) STEVE LASINE, McCullough & Benton, P.O. Box 29803. 
Atlanta, GA 30359. 

PITTSBURGH (First Monday-A.J. ISACCO, Puritan Paint & Oil Co., 
I N. Main St., Pittsburgh. PA 15215. 

ROCKY MOUNTAIN (Monday following first Wednesday-Bernard's, 
Arvada, CO). CRAIG HANSEN, George C. Brandt, Inc., 6500 Stapleton Dr. S., 
Denver, CO 802 16. 

ST. LOUIS (Third Tuesday-Salad Bowl Restaurant). MERLE D. HELD, 
Cyprus Industrial Minerals Co., 225 S. Meramec St., St. Louis, MO 63105. 

SOUTHERN (Gulf Coast Section-Third Thursday; Central FloridaSection 
-Third Thursday after first Monday; Atlanta Section-Third Thursday; 
Memphis Section-bi-monthly, Second Tuesday; Miami Section-Tuesday prior 
tocentral Florida Section). RONALD R. BROWN, Unionchemicals Div., P.O. Box 
26845, Charlotte, NC 28213. 

TORONTO (Second Monday-Cambridge Motor Hotel). PHILIP READ, 
Sico, Inc., 30 Bethridge Rd., Rexdale, Ont., Canada M9W IN2. 

WESTERN NEW YORK (Third Tuesday-The Red Mill, Clarence, NY). 
MICHAEL DE PIETRO, Spencer-KelloggDiv.,Textron, Inc., P.O. Box210, Buffalo, 
NY 14225. 

C 

Future 
Society 
meetings 

Birmingham 

(June ~ ~ ) - S Y M P ~ ~ ~ U M - " M I R A C L E  
85-MANAGEMENT AND ~NVESTMENT 
REQUIRED TO ACHIEVE COATINGS LAB- 
ORATORY EFFICIENCY." 

Cleveland 

(May  PAINT EXAMINATION 
TECHNIQUES USED INTHE F.B.I. LABOR- 
ATORY"-Jim Corby, Federal Bureau of 
Investigation. 

Golden Gate 

(May 20)-"EXTERIOR LATEX PAINT 
S T U D Y " - D ~ ~  Dixon, Freeport Kaolin 
Company. 

Los Angeles 

(May 1 5 ) - U E ~ ~ ~ ~ ~ ~ ~  LATEX PAINT 
STUDY"-Dan Dixon, Freeport Kaolin 
Company. 

(June 12)-ANNUAI. MEETING, ELEC- 
TION OF OFFICERS. 

Montreal 

(May 29)-SEMINAR ON "SUBSTRATES 
AND T H E I R  COATINGS." 

Pacific Northwest 

(May  EXTERIOR LATEX 
PAINT STuDY"Dan Dixon, Freeport 
Kaolin Company. 

Piedmont 

(May 15)-"INFLUENCE OF INACTIVE 
AND ACTIVE PIGMENTS ON THE CORRO- 
SION INHIBITING PROPERTIES OF PAINT 
FII.MS"-Dr. Rolf H. Odenthal, Mobay 
Chemical Corp. 

(June 19)-NOMINAT~ON OFOFFICERS. 

St. Louis 

(May ~~)-MANUFACTURINC NIGHT. 

Western New York 

(May 21)-"ORGANIC PIGMENTS: 
PAST, PRESENT, AND FuTuRE"Dr. 
Hugh Smith, Sun Chemical Corp. 

Journal  of Coat ings  Technology 



BALTIMORE 

Active 

MCADAMS, HUGH-Farboil Paint Co., Balti- 
more, MD. 

ROBERTS, JAMES F.-Laykold Corp., Balti- 
more. 

Rossl, WILLIAM-Laykold Corp., Baltimore. 

Associare 

HUDDLESTON, MIKE-Callahan Chemical Co., 
Richmond, VA. 

JORDAN, ALFRED F.-W.R. Grace & Co., 
Baltimore. MD. 

BIRMINGHAM 

Active 

BERRY, STEPHEN J.-M.C.I.F. Ltd., West 
i Bromwich, West Midlands. 

BROOKES, PETER R.-M.C.I.F. Ltd., West 
Bromwich. 

COTTON. MALCOLM-Sand07 Products Ltd., 
West Yorkshire. 

HASSALL, P.-M.C.I.F. Ltd., West Bromwich. 
RAINE,  CLINT-Bayer U.K., Berks. 
SIMMONS, GARNETT C.-Becker Paints Ltd., 

West Midlands. 
SINGH-PALL, HARGURTEK-Holden Surface 

Coatings Ltd., Birmingham. 

CHICAGO 

Active 

FENWICK, MARC B.-Nalco Chemical Co., 
Naperville, IL. 

HASTIE, JOHN F.-The Enterprise Cos., 
Chicago, IL. 

LUKANICH,  JOSEPH-DeSoto, Inc., Des 
Plaines, IL. 

MARTIN, JAMES W.-Bradshaw Praeger Co., 
Chicago. 

MILLER, MICHAEL F.-U.S. Gypsum Co.. 
Chicago. 

MILLS, FRED B.-The Enterprise Cos., 
Chicago. 

NEWELI., KEVIN A.-DeSoto, Inc., Des 
Plaines. 

SHAH, ASHOK A.-The Enterprise Cos., 
Chicago. 

SHTEYNBERG, VLADIMIR-D.C. Franche & 
Co., Chicago. 

SKERRY, BRIAN S.-Sherwin-Williams Co., 
Chicago. 

STREZO, RICHARD M.-Stepan Chemical Co., 
Northfield, IL. 

TSE, RAYMOND-DeSoto, Inc., Des Plaines. 
VAN WINKLE, CHARI.ES-EI~~CO Chemical 

Coatings. Elkhart, IN. 
WILLIS, VICTOR M.-Ace Paint Div., Ace 

Hardware, Matteson, 1L. 

Associate 

FRITZE, CHARLES B.-UCD Div., Lansing, IL. 
MAGETT, ROY L.-S.C. Johnson & Son, Inc. 

Oakbrook, 1L. 
SCIMECCA, FRANK-NLIndustries, Inc., Downers 

Grove, IL. 
WAREHIME,  GARY C.-Spencer-Kellogg, 

Schaumburg, IL. 

LOUISVILLE 

K A ~ F .  FRAKKLIN G.-Whirlpool Corp.. 
Evansville, IN. 

OVERSTREET. DENISE D.-Olympic Home 
Care Products, Louisville, KY. 

Wll.SOK, T E R R Y - O I Y ~ P ~ C  Home Care Prod- 
ucts. Louisville. 

ZAMI  E R ,  BRIAN K.-Reliance Universal, Inc.. 
Louisville. 

Associale 

BYRNF. THOMAS J.-ASARCO Inc.. Colum- 
bus. OH. 

KIDWEI.I.. CLARK-Kidwell Associates, Ver- 
sailles. KY. 

KROCK. LAWRENCF M.-BASF Wyandotte 
Corp.. Louisville. KY. 

SHUMATF. THOMAS E.-ChemCentral Louis- 
ville. Louisville. 

NEW YORK 

Active 

BRODY, DONALD E.-Maas & Waldstein Co., 
Newark, NJ. 

FELLER, SHERMAN-Norton & Son, I ~ c . ,  
Bayonne, NJ. 

LEWIS, JOSEPH-Ell-Bee Chemical Co., Inc., 
East Hanover, NJ. 

SHAH, JITENDRA-R&A Specialty Chemical 
Corp., Brooklyn, NY. 

SLATER, WILLIAM W.-International Paint 
Co., Inc., Union, NJ. 

Associate 

KRANIS, JEFFREY M.-Degussa Corp., Teter- 
boro. NJ. 

RUMER, RAYMOND S.-Thor Chemicals, Inc., 
Norwalk. CT. 

NORTHWESTERN 

B O E S P F I . ~ ~ .  DONAI I) W.-Valspar Corp.. 
Moundsview, MN. 

COI I IKS, S l t ~ ~ ~ ~ . - S i e r r a C o r p . ,  Minnetonka. 
MN. 

FERLA~JTO, EDWARD C.-Valspar Corp., 
Minneapolis. MN. 

LOPEZ, DAVID-Worum Chemical Co.. St. 
Paul. MN. 

TAYLOR, LAURENT-SCM Corp.. Minne- 
apolis. 

WALGRAVF, SUSAN L.-Cargill. Inc., Wayzata, 
MN. 

WALTER. MARK C.-Cargill. Inc., Wayzata. 

GUNDRY, JEFF-Horton-Earl CO., St. Paul. 
MN. 

KARNOPP. P A T R I C I A - A S ~ ~ ~ ~ ~  Chemical Co., 
Shakopee. MN. 

VAN STONE, R O B E R T J . - H O T ~ ~ ~ - E ~ ~ ~ C ~ . .  St. 
Paul. 

PHILADELPHIA 

Active 

CALDWELL, RICHARD A.-Reichhold Chemi- 
cals, Inc., Dover, DE. 

GUTTERIDGE, WILLIAM H.-Lawrence-Mc- 
Fadden Co., Philadelphia, PA. 

JACKSON, HAROLD L.-DuPont Co., Wil- 
mington, DE. 

LICCIARDEI.LO, R ~ s ~ ~ ~ ~ - W i ~ m i n g t o n  Chem. 
Co., Wilmington. 

MILLER, MICHAEL W.-Whittaker Corp., 
North Brunswick, NJ. 

NGUYEN,TRACH DANG-M.A. Bruder& Sons 
Inc., Philadelphia. 

SALMON, HOWARD J.-Clement Coverall Co., 
Camden, NJ. 

SCHILLER. ROBERT M.-Reichhold Chemi- 
cals, Inc., Dover. 

WILLS, PAUL E.-DuPont Co., Philadelphia. 

Associate 

LAUBLE, HAL-HL Industries, Ottsville, PA. 
SOLOMON, JANICE D.-Sanncor Industries, 

Plainsboro, NJ. 
VAN DER POL, P~u1.-Whitco Chemical 

Corp., Yardley, PA. 

PIEDMONT 

Active 

BEANE, BOBBY E.-Lilly Co., High Point, NC. 
BOYI.AN. WILLIAM G.-Blue Ridge Talc Co., 

Henry. VA. 
BRIGHT, JOHN I.-Reliance Universal, Inc., 

Roanoke. VA. 
GATLIN, KATHY G.-Ashland Chemical Co., 

Charlotte, NC. 
KECK, FRANCIS D.-Reichhold Chemicals 

Inc., Charlotte. 
PEAKE, THOMAS H.-Reliance Universal, Inc., 

High Point. 
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WINKLER, SAMUEL N.-Reliance Universal, 
Inc., Roanoke. 

Associare 

EDELMAN, RALPH E.-Heubach, Inc., Char- 
lotte, NC. 

ELIOT, PAUL H.-Alchemy South Ltd., Dora- 
ville, GA. 

FAUST, RON A,-NL Chemicals, Greensboro, 
NC. 

LOGUE, DON H.-AZS Chemical Co., Greer, 
SC. 

MARTIN, EDWARD L.-Hercules Incorporated, 
Norcross, GA. 

WEST, RICHARD 0. JR.-Filter Specialists, 
Charlotte. 

PITTSBURGH 

Active 

SIERADZKI, RAYMOND-PPG Industries, Inc., 
Allison Park, PA. 

Associare 

HOOVER, RICHARD M.-Neville Chemical 
Co., Pittsburgh, PA. 

KRESS, MICHAEL A,-Mobay Chemical Co., 
Pittsburgh. 

SOUTHERN 

Active 

COLBY, JOANN M.-Coronado Paint Co., 
Edgewater, FL. 

GUSTAVO, Gu~RR~-Pintex Chemicals Corp., 
Hialeah, FL. 

HARDCASTLE, RUSSELL R.-Anvil Paints & 
Coatings, St. Petersburg, FL. 

MCDOWELL, Scan-Spectrum Paints Inc., 
Decatur, GA. 

RECTOR, FRANKLIN D. JR.-AMP, Inc., 
Winston-Salem, NC. 

WEISS, ROWLETTE Q.-Weatherproofing 
Products Co., Inc., Hialeah. 

WENTINK, STEVEN G.-AMP, Inc., Winston- 
Salem. 

WONDERLING, M.B.- 
Fayetteville, TN. 

G T W  Coatings, Inc., 

Associare 

DALTON, DENNIS-Buckman Labs, Inc., 
Memphis, TN. 

EULER, MARYBETH-Union Chemicals Div., 
Tarpon Springs, FL. 

HISLOP, ROBERT-McWhorter, Inc., Carpen- 
tersville, IL. 

MARSH, BRADLEY K.-Union ChemicalsDiv., 
Tampa, FL. 

MCLAURIN, MICHAEL C.-Buckman Labs, 
Inc., Memphis. 

RAMPEY, JOSEPH F. JR-Union Chemicals 
Div., Charlotte, NC. 

SKAGGS, PAMELA J.-P/S Chemical Inc., Ft. 
Lauderdale, FL. 

SPITZER, RONALD G.-Cosan Chemical 
Corp., Carlstadt, NJ. 

WILSON, DENNY A.-Manville Corp., Nor- 
cross. GA. 

TORONTO 

Acrive 

BOONE, PEGGY-K-G Packaging Ltd., Con- 
cord, Ont. 

GREY. JAMES-London, Ont. 
QURESHI, ASLAM NIZAM-Niagara Paint & 

Chemical Co., Ltd., Hamilton, Ont. 

Associare 

RANA, VIK-Reichhold Ltd., Toronto, Ont. 

Whenvou need a 
pigmeiit extender, 
youneed GENSTAR. 

CAMEL-WtTE"c&CAMEL-WITE SLURRYoD The industry CAMEL-(NUFA quality extender that's economically 
standard. Exceptionally white, fine particle size, wet-ground priced. Produced from white Calcite. Provides uniform 
product produced from high-grade calcite limestone. low vehicle demand, good color, high brightness. 
CAMEL-TEX: Fine ground general purpose grade of call CAMEL-CAL"&CAMEL-CAL S L W . "  New from Genstar: 
cium carbonate produced from extremely white Calcite. Ultra-fineground calcite limestone with extender efficiency 
Low vehicle demand, rapid dispersibility. and hiding power of precipitated calcium carbonate. 



People 

Richard M. Gallas has been named 
Market Manager, Industrial Coatings 
Polymers, U.S. Specialty Chemicals, 
Johnson Wax, Racine, WI. He is a mem- 
ber of the Southern Society. 

In addition, the firm has named Gor- 
don S. Wolfe an Industry Specialist, In- 
dustrial Coatings. Mr. Wolfe, a member 
of the Louisville Society, will be working 
on technical service activities for the 
company's industrial coating polymer 
intermediate customers and field sales 
force. He will report to M.K. (Hal) 
Yousuf, Senior Industry Specialist. Mr. 
Yousuf is a member of the Chicago 
Society. 

Mobay Chemical Corp., Pittsburgh, 
PA, has announced that Sheila I. Mc- 
Carthy, Sales Representative for the Pig- 
ments Dept. of the company's Dyes and 
Pigments Div. has been transferred to 
St. Louis, MO. This move is in line with 
the department's efforts to expand sales 
coverage to the plastics,ink, and coatings 
industries. 

Spencer Kellogg Division of Textron, 
Inc., Buffalo, NY, has announced the 
appointment of new accounts representa- 
tives: John J.  Falsone has been trans- 
ferred and assigned to the New York sales 
area with headquarters in Newark, NJ 
and Robert C. Jakosh will be the accounts 
representative in the southern California 
area with headquarters in Long Beach. 

TheGilbert SpruanceCo., Bryn Mawr, 
PA, has promoted Philip ErwinPayne to 
Executive Vice-President of the firm's 
Southern Division of Winston-Salem, 
NC. Prior to his promotion, Mr. Payne 
was Technical Director of the Southern 
Div. 

Myron 0. Batty, Vice-President 
and Technical Director of C.M. 
Athey Co., was therecent recipient 
of the Herman Shuger Memorial 
Award of the Baltimore Society. 
The award was presented in recog- 
nition of Mr. Beatty's service to the 
Baltimore coatings industry. 

R.M. Gallas S.I. McCarthy J.D. Boggess D.J. Subach 

At a recent meeting of the Materials 
Marketing Associates, Art Benton, of 
McCullough & Benton, Inc. and Eugene 
Daigle, of Mehaffey & Daigle, lnc. were 
elected to serve on the MMA Board of 
Directors. Both men are members of the 
Southern Society. 

Serving the second year of the two-year 
term of office on the Board are James D. 
Boggess, of Wm. B. Tabler Co., Inc., and 
James A. Grierson, of APCO Industries, 
Ltd. Mr. Boggess is a member of the 
Louisville Society. 

In addition, John F. Boorman, of Van 
Horn, Metz & Co., Inc., was elected 
Chairman of the MMA Awards Commit- 
tee. The MMA Awards are presented 
annually at the Federation Annual Meet- 
ing in recognition of Society achieve- 
ments in education, manufacturing, and 
training procedures, technology, public 
service, and other achievements deemed 
proper and desirable. Mr. Boorman is a 
member of the Philadelphia Society. 

As part of its major marketing reorga- 
nization, NYCO, Willsboro, NY, has 
appointed Joseph Copeland to the posi- 
tion of Division Vice-President, Market- 
ing. Ron Bauer has been named to the 
position of Vice-President, Manufactur- 
ing. Both men recently were named Joint 
Managers of NYCO's Business Develop- 
ment Group, created to expand the scope 
of the company's products line. 

The Midland Division, The Dexter 
Corp., Waukegan, IL, has promoted 
Araceli Q .  Dahan to the position of Se- 
nior Development Chemist in the lndus- 
trial Products Laboratory. Ms. Dahan, 
who has been with Midland since 1979, 
has been involved in the development of 
military camouflage products and release 
coatings. 

NL Chemicals/NL Industries, Inc., 
Hightstown, NJ, has appointed Daniel J. 
Subach to the position of Manager, New 
Business Development. Dr. Subach will 
be responsible for developing and imple- 
menting programs to promote the growth 
of the specialty chemicals business of NL 
Chemicals. 

Michael W. Huber, President of the 
J.M. Huber Corp., Edison, NJ, since 
1957 has been elected Chairman and 
Chief Executive Officer. George Schenk, 
who has been named President and Chief 
Operating Officer succeeds Mr. Huber. 

Kraft ChemicalCo., Melrose Park, IL, 
has named Wilfred P. Brandes to the 
position of Vice-President and General 
Manager. Mr. Brandes has served the 
company for over 35 years. 

Inaddition, Kraft hasappointed Mari- 
anne Lerch a Sales Representative serv- 
ing the coatings field. A member of the 
Chicago Society, Ms. Lerch is based at 
corporate headquarters in Melrose Park. 

Roy Ingleston, Frank Suddaby, and 
Brian Addenbrooke, of the Birmingham 
Paint, Varnish, and Lacquer Club were 
awarded the Club's Distinguished Service 
Certificate at the December meeting. 

Mr. Ingleston, of Drynamels Ltd., 
joined the Club in 1973 and has been a 
member of the Technical Committee 
since 1976. He was Treasurer from 
1977-79 and President in 1980-81. 

Mr. Suddaby, retired from Blundell 
Permoglaze Ltd., has been a member 
since 1957, was Secretary from 1963-70, 
and President in 1970-71. 

Mr. Addenbrooke, of Croda Paints 
Ltd ,  joined the Club in 1960 and has 
served the Technical Committee since 
1972. He was President in 1976-77. 
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John R. Krajcech has been promoted 
to Director, Management Information 
Systems at McCloskey Varnish Co., 
Philadelphia, PA. Mr. Krajcech is 
responsible for all corporate information 
processing operations, including the 
plants in Los Angeles and Portland, as 
well as in Philadelphia. 

Sadolin & Holmblad, Ltd., Denmark, 
has named Dr. Jesper Nielsen as Presi- 
dent of its three companies located in 
North Carolina: Sadolin of America, 
Inc., Sadolin Technology, and Sadolin 
Paint Products. 

Andrew Doroskin has been appointed 
to the position of Field Sales Manager of 
CasChem, Inc., Bayonne, NJ. Mr. Doro- 
skin will be headquartered in Chicago. 

The Process Chemicals Div. of Dia- 
mond Shamrock Corp., Morristown, NJ, 
has appointed Dr. Thomas M. Cawthon 
as Director, Research and Commercial 
Development. In this position, Dr. 
Cawthon will he responsible for busi- 
ness planning and future growth of the 
division through the development of 
new products, business ventures, and 
acquisitions. 

Gerald T. Noel has been named a Re- 
search Leader in coatings and electronic 
materials research at Battelle Memorial 
Institute's Columbus Laboratories. In his 
new position, he will provide technical 
direction and management to photo- 
voltaic programs aimed at implementing 
solar-powered systems. He continues to 
serve as a Group Leader in physical depo- 
sition research on the development of 
thin film coatings and coating techniques 
using physical vapor deposition. 

Obituary 

Lyman P. Hunter, Past-President of 
the Federation, died on March 5 at the 
age of 86. 

Mr. Hunter entered the paint industry 
as a Paint Chemist for Bennett's in Salt 
Lake City in 1928. He was an instrumen- 
tal figure in thedevelopment of the firm's 
Colorizer Paint Tinting System. At the 
time of his retirement from Bennett's in 
1968. he was Vice-President and Techni- 
cal Director. 

One of the organizers of the Rocky 
Mountain Society, Mr. Hunter served as 
its Society Representative to the Federa- 
tion for many years. He was President of 
the Society from 1962-63 and was elected 
to Federation Honorary Membership in 
1970. 

Charles H. Parker, retired member of 
the New England Society, died on Janu- 
ary 24. He was 78 years old. 

A veteran of the coatings industry, 
"Charlie" Parker joined the American 
Cyanamid Co. after his graduation from 
Purdue University. There, he performed 
research on alkyd sand aminoplast resins. 
He was employed by Monsanto Co. in 
1950, managing surface coatings resins 
technical service. Following his retire- 
ment in 1962, Mr. Parker served as a 
Consultant to paint companies, and then 
to Springhorn Laboratories. He was the 
author of papers on melamine and urea 
formaldehyde resins, and more recently, 
on waste management and environmental 
issues. 

Frederick 0. Volgenitz, retired Tech- 
nical Manager of TheValspar Corp., died 
on December 22. He was 75. 

Mr. Volgenitz joined Valspar in 1956 
as Assistant Technical Director after be- 
ingemployed by Sears, Roebuck and Co. 
in Chicago as a Chemist in charge of trade 
sales. 

He was President of the Chicago Paint 
and Coatings Association in 1970-71. 
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Record Attendance and Exhibits Set 
At 1985 West Coast Symposium & Show 

New attendance and exhibit records 
were established at the 17th Western 
Coatings Societies'Symposiumand Show 
(WCSSS) in Anaheim, CA, February26- 
March I. This biennial event is sponsored 
bv the Federation's four West Coast So- 
deties ( ~ o s  Angeles. Golden Gate. Kocky 
Mountam, and Pacific Northwest). The 
Los Angeles and Golden Gate societies 
alternate as hosts/managers at a Califor- 
nia site chosen by them. 

Richard C. Sutherland 11, of the E.T. 
Horn Co., was General Chairman of the 
1985 WCSSS. Co-Chairman was Earl B. 
Smith, of Spencer Kellogg Div.,and Pres- 
ident of the LA Society. 

Mr. Sutherland reported a registration 
of about 3,000-a new record for the 
WCSSS. 

Exhibits 

There were a record-breaking 109 ex- 
hibitors and 171 exhibit spaces in the 
show, managed by Robert M. Abrams, of 
Major Paint Co. The show ran for four 
days. Winners of the plaques for the best 
exhibits were: EM Chemicals, Lorama 
Chemicals, Inc., Morehouse Industries, 
Inc., McCloskey Varnish Co., and Nor- 
ton Containers. 

Program Sessions 

The Technical Program Sessions were 
under the direction of Philip C. Bremen- 
stuhl, of Fredericks-Hansen Co. The pre- 
sentations were: 

"French Processzinc Oxide in Primers 
for Hand Cleaned Structural Steel7'- 
W.C. Johnson, Consultant. 

"High Performance From Lead- and- 
Chrome-Free Anticorrosive Paints"- 
A. Smith, of NL Chemicals. 

"Application for Thick-Walled Ceramic 
Microspheres in Coatings"-T.G. Brown, 
of Zeelan Industries. 

"Polyurethanes-State of the Art" 
H.A. Kasprzak, of Spencer Kellogg Div. 

"Polyols for High Solids Novel Vinyl 
Coatingsn-G.D. Shields, of Union Car- 
bide Corp. 

"Directions for Coatings Technology" 
-A. Banov, of the American Paint 
Journal. 

"Chlorinated Polyolefins-New Devel- 
opments in Coatings Plastics"-T.E. Par- 
sons and S.B. ~ i l l e r ,  of Eastman Cherni- 
cal Products, Inc. 

"Formulation of Solvent-Based Paints 
Pigmented with Titanium Dioxide" 
J.E. McNutt, of the DuPont Co. 

"Polyester and Polyurethane Wood 
Finishes-High Solids AlternativesLS. 
Siranovich, of Mohay Chemical Corp. 

"New Coating Systems for Wood and 
Metal Based on Modificationof Urethane 
Finishes With Urethane Grade Nitro- 
cel1ulose"E.W. Gryger, of Hercules 
Incorporated. 

"Mixed Ether of Melamine Resins in 
High Solids Coatings"J.W. Santer, of 
Monsanto Co. 

"New Generation Acrylics for Elas- 
tomeric Roof Mastic"-W.A. Kirn, of 
Rohm and Haas Co. 

"Formulating Acrylic Water Borne 
Coatings for Plasticsv-J.E. Fitzwater, 
Jr., of Polyvinyl Chemicals. 

"Fundamental and Practical Aspects 
of Adhesion in Water-Borne Coatings" 
K.C. Sehgaland M.A. Sherwin, of Union 
Carbide Corp. 

"The Role of Paint Additives in the 
80's"-B.M. Ganand E.M. Antonucci, of 
Drew Chemical Corp. 

"Corrosion Resistant Water-Borne 
Coatings Through Resin Selection, For- 
mulation, and use  of Additives7'-A. 
Heitkamp, of Cargill, Inc. 

"Biocide Resistance Bacteria Ferment- 
ing and Causing Gassing Paint"-C.C. 
Versfekt, W.E. Machemer, and W. Sin- 
ger, of Troy Chemical Corp. 

"Latex Testing for Coating Applica- 
ti0ns"R.D. Athey, Jr., of Athey Tech- 
nologies. 

"High Solids Epoxy/ Polyamide Coat- 
ings"-V. Brytus, of Ciba-Geigy Corp. 

"A Unique Extender Pigment for Low 
VOC Industrial Coatings7'-C.J. Stone- 
back, of Engelhard Corp. 

A Hazardous Materials Handling Panel 
Discussion was moderated by Al Aronow, 
Consultant. Panel members were: M.D. 
Sands, of McKession Environmental Ser- 
vices; H.H. Kim, of Major Paint Co.; 
M. Uziel, of Enviropro, Inc.; A. Probi- 
zanski, of Ampro Technologies; and S.S. 
Sherrill, Assistant Chief of the Los Ange- 
les County Fire Dept. 

Other Events/lnformation 

The featured speaker at the WCSSS 
Luncheon was Willie L. Brown, Jr., 
Speaker of the California Assembly. 

Other Chairmen of Symposium Com- 
mittees were: Publicity-Lee W. Foster, 
of Mobay Chemical Corp.; Entertain- 
ment-Andrew R. Ellis, of NL Chemi- 
cals; Registration-James A. Dye, of 
Transwestern Chemicals, Inc.; Advisor- 
Tony Rumfola, of TCR Industries; and 
Secretary-Treasurer-Geneva H. Wells, 
of H.M. Royal, Inc. 

1987 WCSSS 

The 18th WCSSS will be held at the 
Monterrey Convention Center. Monter- 
rey, CA, February 23-25,1987. For infor- 
mation contact: Barry Adler, of Koyell, 
Inc., 1150 Hamilton Court, Menlo Park, 
CA 94025 or Ted Favata, of TLT, Inc., 
318 Pendleton Way, Oakland, CA94621. 

Recipients of plaques for best exhibits were (left to right): Bill Moore, of Norton 
Containers; Don Arntfield, of Lorama Chemicals; Doug Melton, of Morehouse Industries; 

Bob Buvall, of McCloskey Varnish Co.; and Joseph Feldman, of EM Chemicals 
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"Polymers" and "Coatings and Films" Among Topics Explored 
At 1985 Gordon Research Conferences in New Hampshire 

The 1985 Gordon Research Confer- 
ences, designed to foster and promote 
education and science by organizing 
meetings of research scientists with com- 
mon interests in the fields of chemistry 
and related sciences, have been scheduled 
in various locations in New Hampshire 
from June 10 to August 30. Among the 
many topics scheduled are "Coatings and 
Films" and "Polymers." 

On July 1-5, Colby-Sawyer College(N) 
in New London, NH, will present "Poly- 
mers." Norbert M. Bikales will serve as 
Chairman for the following discussions: 

July 1 

"Metal-Catalyzed Polymerization and 
Routes to Metal-Containing Polymers" 
-T. Katz. 

"Model Copolymerization Reactions" 
-D.A. Tirrell. 

"New Developments in the Field of 
Tailor-Made Macromolecules"-P. 
Rempp. 

July 2 

"Mechanism of Alternating Copolym- 
erizations in the Presence of Complexing 
Agents"-P. Sigwale. 

"Miscible Polymer Blends: Recent In- 
frared Spectroscopic Studies"-M.M. 
Coleman. 

"Molecular Motions in Bulk Polymers 
by Solid-State NMR"-L.W. Jelinski. 

July 3 

"Electronic Excitation Transport and 
Excimer Formation as Probes of Poly- 

mer Structure and Dynamics7'-C.W. 
Frank. 

"Surface Forces in Polymer Solutions" 
-J. Klein. 

"Influence of the Molecular Structure 
on the Macroscopic Properties of Glassy 
Vinyl Polymers"-U.W. Suter. 

"Recent Studies on the Composition 
Heterogeneity of Copolymers"P. Kra- 
tochvil. 

July 4 

"Quasi-Elastic Light Scattering 
for Network Characterization"S.J. 
Candeau. 

"Intra- and Intermolecular Scattering 
from Polymer Solutions as a Function of 
Concentration3'-R. Ullman. 

Round Table Presentation on "Where 
Is Polymer Science Headed7'-B.M. Cul- 
bertson, Discussion Leader. 

July 5 

"Formation and Properties of Polymer 
Networks7'-R.F.T. Stepto. 

"Single-Molecule Gas-Phase Polymeri- 
zation Kinetics"-H.M. Reiss. 

From August 5-9, the Conference pro- 
gram at Plymouth State College (S), in 
Plymouth, will focus on "Coatings and 
Films." Chaired by Loren W. Hill, of 
Monsanto Co., the following presenta- 
tions have been scheduled: 

Georgia Institute of Technology to Sponsor 
Emulsion Polymers Course in Switzerland 

The eighth annual short course on 
emulsion polymers will be presented by 
the Georgia Institute of Technology in 
Davos, Switzerland, on August 19-23. 
Entitled "Advances in Emulsion Polym- 
erization and Latex Technology," the 
course will offer an in-depth study of the 
synthesis, characterization, and proper- 
ties of high polymer latexes. 

The subject matter includes a balance of 
theory and practical problems. Designed 
for engineers and scientists who are 
actively involved inemulsion work as well 
as for those who wish to develop expertise 
in the area, lectures will begin with intro- 
ductory material and reviews and will 
progress through recent research results. 
Lectures will be given in English. A basic 
background inchemistry will beassumed. 

Course organizers are Dr. Gary W. 
Poehlein, Professor of Chemical Engi- 
neering, Georgia Institute ofTechnology; 
and Dr. John W. Vanderhoff and Dr. 
Mohamed S. EIAasser, Co-Directors of 
the Emulsion Polymers Institute, Lehigh 
University. 

Registration fee for the course is $575 
for five days or $175 per day for any 
portion of the course attended. This fee 
covers course attendance and a set of 
course notes. Registration will be limited 
to 50 participants. 

For further information, write to Dr. 
Gary W. Poehlein, School of Chemical 
Engineering, Georgia Institute of Tech- 
nology, Atlanta, GA 30332. 

August 5 

"Latent Catalysts for Thermoset Coat- 
ings"-S.P. Pappas. 

"Reaction Mechanisms in High Solids 
Coatings7'-E.W. Meijer. 

"Chemistry and Characterization of 
Cure in Blocked Isocyanate Coat- 
ing"-G.M. Carlson, C.M. Neag, and 
T. Provder. 

"Benzoxazine Crosslinkers for Coat- 
ings"H.P. Higginbottom. 

August 6 

"Formation and Properties of Thermo- 
setting Po1ymers"J.B. Enns. 

"Transport in and Physical Aging of 
Polymeric Glasses"-H.B. Hopfenberg. 

"Synthesis and Characterization of 
Functionally Reactive Polymers"-J.E. 
McGrath. 

"Photodegradation of Aromatic Diiso- 
cyanate-Based Polyurethanes"-C.E. 
Hoyle. 

August 7 

"Characterization of Core-Shell Emul- 
sion Polymersm-J.W. Vanderhoff. 

"New Developments in Water-Borne 
Coatingsv-Y. Sasaki. 

"Separating Solubility Parameters of 
Polymers into Their Components" 
K.L. Hoy. 

"Recent Investigations on IPN Coat- 
ing"-K.C. Frisch. 

August 8 

"Use of Acoustic Emission in Charac- 
terizing Degradation of Coatings7'- 
T.A. Strivens. 

"Fundamentals of Impact Phenomena 
in Coatings Systems7'-M. Oosterbrok. 

"Single Crystal Coatings: High Tech- 
nology Applied to Coatings and Coating 
Processes"-S.E. Rickert. 

August 9 

"Cationic Electrodeposition of Primers 
Over Zinc Coated SteelLC.  Schoff. 

"Correlation of Application and Ap- 
pearance with Rheological Measure- 
ments"R.J. Barsotti and C. Scopazzi. 

For more information on these and 
other topics to be presented, contact Dr. 
Alexander M. Cruickshank, Director, 
Gordon Research Conferences, Gordon 
Research Center, University of Rhode 
Island, Kingston, RI 02881. 
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I Paints and Coatings Technology Collection 
Available at Redwood City Library 

The following index has been submitted by members of the Golden Gate Society for 
Coatings Technology as a reader service. I t  lists available publications from the paints 
and coatings technology collection of the Redwood City Public Library, located in  
Redwood City, CA. Additional information may be obtainedby contacting the Library at 
(415) 369-3737 or 369-3738. 

Procedures for Borrowing Books 

Any Society member residing in San Mateo County, CA, who holds a library card 
issued by any of the public librariesin thecounty can come totheRedwood City Public 
Library and borrow books. 

Should non-San Mateo County residents be in Redwood City and desire to borrow a 
book, they may do so by identifying themselves through Society membership cards. 
Books will be loaned under a library card issued to the Society. 

Borrowers are responsible for the return of the books. Society members residing in 
San Mateo County may return the books to any of the public libraries in the County. 
Those members who reside outside of San Mateo County who borrow books on the 
Society card must return the books directly to the Redwood City Public Library. 

The preferred method of borrowing for non-residents is through interlibrary loan. Go 
to your nearest public library and have that library borrow the book for you. Also, if your 
company hasa library, have yourcompany librarian relay the requestto Redwood City 
Public Library. Redwood City Public Library will honor all interlibrary loan requests. 

Interlibrary loan is the preferred method for loaning books to Society members who 
do not have library cards from any of the public libraries in San Mateo County.Through 
this method all transactions, including the return of books, are handled by the 
requesting library. There is a further advantage since the loan period of a book is one 
month. A direct borrowing loan period is three weeks. 

Cat. No. 
R5OO C 
R540 C 
667 C 
667 C 
667 C 

668 E 
668 E 
541 E 
667 F 
668 H 
668 H 
667 1 
667 1 
R668 M 
667 P 
676 P 
R6169R 

671 S 
668.48 
668.4s 
542 T 
USDOCS 
USDOCS 

363.1P 

677 U 
677 C 

Title of Llterature 
The Condensed Chemical Dictionary 
Concise Chemical and Technology Dictionary 
Corrosion Control by Coating 
Coatings for Corrosion Prevention 
Corr. Control Thr. Bet. Under Mtl. Sub. Org. 

Ct. Inter. 
Epoxy Resins 
Epoxy Resins Technology 
Emulsion, Latices and Dispersion 
Fed. of Soc. for Ct. Tech. Series in Coating 
Handbook of Water Soluble Resins 
Handbook of Plastics and Elastomers 
Industrial Color Technology 
Industrial and Specialty Paper 
Modern Plastic Encyclopedia 
Paint Testing Manual 
Pulp and Paper Science Technology 
Registry of Toxic Effects of Chemical Substances 

Surface Preparation and Finishing for Metals 
Soviet Urethane Technology 
Synthesis and Physical Chemistry of Urethanes 
Techniques of Physical Chemistry 
Suspected Carcinogens 
Survey/Compounds Tested for Carcenogenic 

Activity 
Precautions/Usage Polyureth., Polyisocyn., Rel. 

Mat. 
Urethanes in Coated Fabrics 
Coated Fabrics Technology 

Publisher Information I 
VNR, 1977 
Chem. Pub. Co., 1971 
Science Press, 1979 
American Soc. for Metals, 1978 
NTIS, 1980 

ACS, 1970 
Interscience, 1968 
Dekker, 1978 
1-26 
McGraw, 1980 
McGraw, 1975 
ACS, 1971 
Chem. Pub. Co., 1968. Vols 1 & 4 
Modern Plast~cs, Latest Year 
ASTM, 1972 
McGraw, 1972 (Vol. 2 only) 
GPO (NIOSH), 19791 Paper Cp. 

Microfiche 
McGraw, 1977 
Technomic, Vol. 1, 1973 
Technom~c, Vol. 2, 1975 
W~ley, 1971-Vol., Pt. 1-5 
GPO (HEW.NIOSH), 1976 
GPO (HEW:NIOSH), 1970 

1972-73, 1978 
UpJohn Co., 2nd Rev. Ed., 1981 " 

Technomic, Vol. 2, 1979 
Technomic, Vol. 2, 1979 I 
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Author 

Adamson, A.W. 
Adamson, A.W. 
Adrosko, R.J. 
Ahmed, M. 
Allen, R.L.M. 
American Chem. Soc 
Ash, M. 
Ash, M. 
Asphalt Inst. 
Bailey, A.E. 
Banov, A. 
Barksdale, J .  
Barrett, K. 
Bennett. H. 
Bikales, N. 
Bikerman, J.J. 
Billmeyer, F. 
Billmeyer, F.W. 
Bird, R.B. 
Birren, F.A. 
Blum, B. 
Bodurtho, F.T. 
Bolan, F. 

Bosich, J.F. 
Boxall, J. 
Boxall, J .  
Brandrup, J. 
Bregman, J.J. 
Brett, K. 
Brimi, M. 
Brown, H. E. 
Browning. B.L. 
Brydson, J.A. 
Bulter, J. 
Burke, R.E. 

Cagle, C.V. 
Cagle, C.V. 
Canning, W. PLC. 

Cheronis, N.D. 
Chicago Soc. Paint. Tech. 
Cobh, H.H. 
Conley, R.T. 
Cook, J.P. 
Cotton, F.A. 
Damusis, A. 
Davidson, R. 
Deloliss, N.J. 
Driver, W.E. 
Duffy, J.I. 
Durant, P.J. 
Durrans, T.H. 
Eggers, D.E. 
Elden, R.A. 
Electrochemical Society 
Evans, R.M. 
Faith, W. 
Fancutt, F. 
Farnsworth, M. 

Feigel, F. 
Feigel, F. 
Flick, E.W. 
Flory, P.J. 

Title of Literature 

Handbook of Pressure-Sensitive Adhesive 
Technology 

Physical Chemistry of Surfaces 
Physical Chemistry of Surfaces 
Natural Dyes in the U.S. 
Coloring of Plastics 
Colonr Chemistry 
Fire Retardant Paints 
Formulary of Paints and Other Coatings 
Formulary of Paints and Other Coatings 
The Asphalt Handbook 
Bailey's lndustrial Oil & Fat Products 
Paints and Coatings 
Titanium 
Dispersion Polymerization in Organic Media 
lndustrial Waxes 
Adhesion and Bonding 
The Science of Adhesive Bonding 
Principles of Color Technology 
Textbook of Polymer Science 
Transport Phenomena 
A Grammar of Color 
Principles of Electroplating & Electroforming 
lndustrial Explosion and Protection 
Stuff Preparation for Paper and Paperboard 

Making 
Corrosion Prevention for Practicing Engineers 
Concise Paint Technology 
Paint Formulation 
Polymer Handbook 
Corrosion Inhibitors 
Handbook of Pulp and Paper Technology 
Electrofinishing 
Zinc Oxide 
Methods of Wood Chemistry 
Modern Plastic Materials 
Corrosion and Its Prevention in Water 
Polym. & App. in Field Rubber, Syn. Res. & 

Petroleum 
Handbook of Adhesive Bonding 
Adhesive Bonding 
The Canning Handhook/Surface Finishing 

Technology 
Identification of Organic Compounds 
An Infrared Spectroscopy Atlas 
How to Paint Anything 
Infrared Spectroscope 
Construction Sealants and Adhesives 
Advanced lnorganic Chemistry 
Sealants 
Water Soluble Resins 
Adhesives for Metals 
Plastic Chemistry & Technology 
Printing Inks 
Introduction to Advance lnorganic Chemistry 
Solvents 
Physical Chemistry 
Calendering of Plastics 
Modern Electroplating 
An Introduction to Color 
lndustrial Chemicals 
Protective Painting of Structural Steel 
Cadmium Chemicals 

Spot Test in Organic Analysis 
Spot Test in lnorganic Analysis 
Solvent-Based Paint Formulation 
Principles of Polymer Chemistry 

Publisher lnfonnation I 

VNR, 1982 

Wiley, 1976 
Wiley, 4th Ed., 1982 
Smithsonian, 1968 
VN. 1979 
Appleton, 1971 
ACS, 1954 
Chem. Pub., 1978, Vol. I 
Chem. Pub. Co., Vol. 2., 1982 
1965 .. .. 

Wiley, Vol. 1.  1976 (1964) 
Structures, (1973 & 1978 Eds.) 
Ronald Press, 1949 
Wiley, 1975 
Chem. Pub. Co., 1975 
Interscience, 1971 
McGraw, 1973 
Wiley, 1981 
Wiley, 1971 
Wiley, 1960 
VNR, 1969 
McGraw, 1949 
McGraw, 1980 
Pergamon, 1965 

Barnes & Noble, 1970 
Chem. Pub ,  1977 
Ind. Pr., 1980 
Wiley, 1975 
Macmillan, 1963 
VNR., 1970 
Elsevier, 1965 
Inter. Lead Zinc Research Org., 1976 
McGraw, 1976 
1970 
Reinhold, 1966 
ACS, 1937 

McGraw, 1973 
McGraw, 1968 
W. Canning Plc., 1982 

Interscience, 1963 
The Soc~ety, 1969 & 1980 
Macm~llan, 1972 
Allyn & Bacon, 1966 
Wlley, 1976 
Intersclence, 1972 
Re~nhold, 1967 
VN, 1960 
Indus. Pr., 1970 
VN, 1979 
Noyes. 1977 
Longman, 1970 
Chapman & Hall, 1971 
Wtley, 1961 
Elsevler, 1971 
Wlley, 1974 
Wlley, 1948 
Wlley, 1975 
Chapman & Hall, 1968 
Inter, Lead Z ~ n c  Rch Org 1st Ed 

1980 
Elsev~er, 1966 
Elsevler, 1972 
Noyes, 1977 
Cornell, 1953 
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Publb Cat. No. 

Fonlke, D.G. 
Fuller, V.R. 
Gabe, D.R. 
Garrett, H. E. 
Gaynes, N.E 
Gaynes, N E 
Goodier, G.H. 
Gosselin, R.E. 
Gosselin, R.E. 
Graham, A.K. 
Gratwtch, R. 
Greathouse, G. 
Greenwood, J.D. 
Greenwood, J.D. 
Grenrnger, D. 
Grlmshaw, R.W. 
Gross, G.P. 

Electroplaters' Process Control Handbook 
Understandtng Palnt 
Prtnctples of Metal Surface Treatment & Protectton 
Surface Acttve Agents 
Formulatton of Organic Coattng 
Testrng of Organlc Coattng 
Palntlng and Decorating 
Cltnlcal Toxicology of Commercral Products 
Cltntcal Toxtcology of Commerctal Products 
Electroplattng Engtneers' Handbook 
Dampness In Butldtngs 
Deterlorattons of Matertals 
Heavy Deposltton 
Hard Chromtum Plattng 
Lead Chemrcals 
Chem & Phy of Clay & Other Ceramlc Materials 
Appltcatlons Manual Parntlng & Protecttve 

Coattngs 
Zlnc Dust and Powder 
The Standard Handbook of Textlle 
Amertcan Cotton Handbook 
Polymer Stabtltzatlon 
Hess's Palnt Defects 
Hlgh Temperature Inorganic Coatlng 
The Chemtstry of Siltca 
Advances In Organtc Coattngs Sclence & 

Technology 
Advances 1n Organtc Coattng Sctence and 

Technology 
Inks, Plates, and Prtnt Qual~ty 
Paper tn the Prlnttng Process 
The Sc~ence of Soap Films and Soap Bubbles 
Deterloratton, Maintenance & Repatr of Structures 
Color In Bustness, Sctence, and Industry 
Adhestve Matertals 
Adheslve Matertals 
Encyclopedta of Chemtcal Tech 
Corroslon of Butldrng Matertals 
An Introductton to Physrcal Organlc Chemtstry 
Coating and Ink Restns 
Modern Electroplating 
Martne Corroston 
Industrtal Prlnttng Inks 
Lead for Corroslon Applrcatlons 
Handbook of Epoxy Restns 
Corroston of Copper, Ttn, and Thelr / 
011s. Detergents and Marntenance Spe 
Plastic Coatrngs for Electronics 
Electroplattng 
Carbon and Graphtte Handbook 
Advance Organtc Chemtstry 
Surface and Coatrng Related to Paper & Wood 
Emulsron and Water Soluble Parnts and Coattngs 
Technology of Parnt, Varnish, and Lacquers 
Waterborne Coatings 
Chem Mt Con Hdbk Conc Flr Gal 

Epox Lat Emul 
Protecttve and Decoratwe Coattng 
Treattse on Coattng/Charac Coatlng 1 

Wiley, 1974 
American Paint Journal, I 
Pergamon, 1972 
Pergamon, 1972 
VNR, 1967 
Noyes, 1977 
Goodwtn, 1977 
Wtllrams & Wtlkinq I976 
Wtlliams & Wllkins, 1976 
Wtley, 1975 
Lockwood. 
Reinhold, 1' 
Draper, 1971 
Draper, 1971 
lnternatl Leaa Line Ken. urn. 
Wrley-Inters 
McGraw, 19 
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Two Spring Short Courses Scheduled by University of Missouri-Rolla 
As part of its series of spring short 

courses, the University of Missouri-Rolla 
will offer "Physical Testing of Paints and 
Coatings" and "BASIC Microcomputer 
Programming for Coatings" at its Rolla, 
MO, campus. 

"Physical Testing of Paints and Coat- 
ings: Get in theswingto Higher Quality," 
will be presented from May 13-17. The 
course is designed to improve testing 
techniques for quality assurance of paints 
and coatings. It is intended to benefit 
those working in quality assurance for 
coatings or raw materials; newcomers to 
the paint industry ina quality control lab; 
and quality control lab supervisors. 

The intensive course will show partici- 
pants how to better measure the quality 
of paint from the standpoint of the coat- 
ings manufacturer. 

Morning lectures will concentrate on 
the purpose, theory, and techniques of 
quality assurance. Afternoon laboratory 
workshops will include tests on equip- 
ment discussed in lectures, and demon- 
strations on how to use the equipment 
and techniques in the lab. In addition, a 
tour of a paint company in St. Louis will 
be arranged. 

Prerequisites for the course are: experi- 

ence in a quality assurance laboratory, 
the equivalent of one year of college 
chemistry, or completion of the UMR 
Introductory Short Course on the Com- 
position of Paints and Coatings or similar 
education or experience. 

The course fee of $499 includes all 
classroom materials and instruction. 

"BASIC Microcomputer Programming 
for Coatings," scheduled for May 20-23, 
is designed for laboratory, purchasing, 
and marketing people who have a desire 
to use the computer as a tool to make 
jobs faster, more efficient, and produc- 
tive. No prior programming experience is 
required. 

Attendees of this course will learn how 
to write customdesigned software for use 
on a microcomputer costing less than 
$2000. From basic design to final work- 
ing programs using the BASIC program- 
ming language, "hands-on" experience 
in programming will be provided. The 
programs will be useful in formulation, 
information retrieval, purchasing, cost- 
ing/ pricing, sales analysis, and inventory 
control. 

Stanley W. Harshfield, Technical Direc- 
tor of United Paint Co., Memphis, TN, 
and James Stoffer, Professor of Chemis- 

try a t  the University of Missouri-Rolla, 
will serve as instructors for the courses. 

Fee for the course is $610. 
For further information, contact Coat- 

ings Continuing Education, Dept. of 
Chemistry, University of Missouri-Rolla, 
Rolla, MO 65401. 

Montreal Society Holds 
Substrates Seminar, May 29 

The Montreal Society for Coatings 
Technology will sponsor a one day semi- 
nar on "Substrates and Their Coatings," 
at Bill Wong's Restaurant in Montreal on 
May 29. 

Morning sessions will concentrate on 
resin systems for coatings. Representa- 
tives from industry will discuss alkyds, 
epoxies, urethanes, and PVA's. Sub- 
strates, such as metal, wood, cement, and 
polymerics will be the topics of the after- 
noon session. The moderator of the semi- 
nar is Barry Kay. of Coatings Magazine. 

For additional information, contact 
B. Papenburg, Canada Colors & Chemi- 
cals, 155 Montee de Liesse, St. Laurant, 
Que., Canada H4T IT9. 
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Flre Retardant Coating 
A recently released technical bulletin 

details the properties of a new type of fire 
retardant coating. Main applications of 
the coating include the thermal protection 
of structural steel in high rise building 
construction, petroleum storage tanks, 
and uses where thermal protection of 
capital equipment is a major concern. 
For additional information, contact Wil- 
liam A. MacKeil, Fiber Materials, Inc., 
Biddeford Industrial Park, Biddeford, 
ME 04005. 

Urethane Coatings 
Water-borne urethane coatings are the 

subject of a recently published brochure. 
These coatings offer outstanding cold 
flex, abrasion resistance and adhesion 
properties, and are suitable for industrial 
applications including textile binders. 
saturants, coatings for wound dressings, 
and automotive interiors. Inquiries for 
further details should be sent to Permu- 
thane, P.O. Box 3039, Corwin St., Pea- 
body, MA 01960. 

Spectrometer 
A modular spectrometer system de- 

signed to measure colors and color 
differences has been described in a bro- 
chure. This instrument is suited for use in 
stationary or traveling paper machine 
control systems, passlfail analysis in 
process control applications, color mea- 
surement of various media, and general 
color specifications and quality control. 
Inquiries should be sent to Karl Mahler, 
Carl Zeiss Canada Ltd., 45 Valleybrook 
Dr., Don Mills, Ontario, Canada, M3B 
2S6. 

Associative Thickeners 
A new rheology modifier is the subject 

of a recently published product bulletin. 
The thickener is designed for improved 
efficiency and hiding in acrylic and vinyl 
acrylic latex paints. This thickener modi- 
fies rheology through an associative 
mechanism that provides a unique 
viscosity-shear profile, improving paint 
application properties and appearance. 
Further information on the thickener 
SCT-270 can be obtained from Union 
Carbide Corp., Specialty Chemicals Div., 
Dept. K3444, Danbury, CT 06817. 

Horizontal Grinder 
A bench top, explosion-proof horizon- 

tal grinder has been featured in a new 
brochure. The mill is reported to process 
water-based suspensions, high-solids mill 
bases, magnetic iron oxide slurries, dye 
dispersions, pigments dispersed in oils, 
and nearly any solvent-based slurry. For 
additional information on the model 
HML-0.25 VSD Supermill, contact Pre- 
mier Mill Corp., 220 E. 23rd St., New 
York, NY 10010. 

Coupling Agents 
A 230-page technical reference manual 

discussing titanate and zirconate coupling 
agents has recently been published. The 
volume contains 257 tables, 128 illustra- 
tions, and details advantages, applica- 
tions, primary effects, and production 
improvements. A free copy of the Ken- 
React@ Reference Manual can he ob- 
tained from Kenrich Petrochemicals, Inc., 
P.O. Box 32, Bayonne. NJ 07002. 

Conference Proceedings 
A publication containing the proceed- 

ings of the Tenth International Confer- 
ence in Organic Coatings Science and 
Technology is now available. The price 
per book, including air mail postage and 
handling, is $100 in USA and $150 in 
Europe. For further details, write to Dr. 
Angelos V. Patsis, CSB, Rm. 209, State 
University of New York, New Paltz, NY 
12561. 

Instrument Product Catalog 
A new product catalog highlights a 

complete line of electronic analytical 
and precision balances, electronic scales, 
weight-related peripherals, and analytical 
instruments. For a free copy of the 1985 
Product Catalog, writeto Mettler Instru- 
ment Corp., P.O. Box 71, Hightstown, 
NJ 08520. 

Filter Bags 
A new line of mesh filter bags is intro- 

duced in literature. The bags are reported 
to be suitable for critical applications 
and are offered in all standard sizes. For 
copies on the Metraflow line, contact 
American Felt and Filter Co., New Wind- 
sor, NY 12550. 

Nitrocellulose 
Detailed information on toluene-wet 

nitrocellulose is now available. When 
joined with urethane polymers, it pro- 
duces a coating with an excellent gloss, 
claimed to be fast-drying, durable, and 
stain-resistant. To obtain free trial formu- 
lations for wood and metal nitrocellulose 
urethane finishes, contact Product In- 
quiry, Hercules Incorporated, Hercules 
Plaza, Wilmington, DE 19894. 

Chemical Products 
Literature describing the performance 

features of four new chemical products 
has been released. Triethylene glycol 
dichloride (TEG-DC) and his(2-hydrox- 
yethyl)-5-(sodiosulfo)isophthalic acid- 
40%(BEG-5-SSIPA) are available for sam- 
pling, while 5-(lithiosulfo)isophthalicacid 
(5-LISIPA) and 5-(sodiosulfo)isophthalic 
acid (5-SSIPA) are available in commer- 
cia1 quantities. Further information can 
be obtained from Brenda Hyatt, New 
Products Div., Eastman Chemical Prod- 
ucts Inc., P.O. Box 431, Kingsport, TN 
37662. 

Safety Manuals 
Two manuals providing authoritative 

information and continuous reference 
sources on the subject of safety practices 
are now available. "The Safety Manage- 
ment Planning Manual," by USC's Dr. 
Ted Ferry, provides key guides for inte- 
grating safety and productivity from the 
management point of view. 

The"0SHA Reference Manualmsewes 
as an aid to managers responsible for 
OSHA-regulated worker safety. Both 
manuals come with periodic updates and 
monthly newsletters. Write toThe Merritt 
Co., Dept. 43701, P.O. Box 955, Santa 
Monica, CA 90406 for more details. 

Color Dispersions 
Literature detailing color dispersions 

for polyether polyurethanes has been 
published. The colors are dispersed in a 
polyether vehicle which is claimed to be 
totally reactive with all polyether poly- 
urethane systems. For information on the 
Series4000, contact Pigment Dispersions 
Inc., 54 Kellogg Court, P.O. Box 412, 
Edison. NJ 08818. 
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Antifoams 
Performance specifications of two 

liquid antifoams are discussed in a prod- 
uct bulletin. The antifoams are reported 
to prevent foaming of emulsion coatings 
based on acrylic, latex, polyvinyl acetate, 
and others. For copies of the bulletinand 
samples, contact Hodag Chemical Corp., 
7247 N. Central Park Ave., Skokie, 1L 
60076. 

Bead Mill 
Detailed in a recently released product 

bulletin are performance specifications of 
a new bead mill. The mill is designed for 
continuous wet grinding and dispersion 
of a wide variety of materials. For more 
information on the Rotomill, contact 
Union Process, Inc. 1925 Akron-Penin- 
sula Rd., Akron. OH 44313. 

Crosslinker 
Butyl etherified phenol formaldehyde 

resin, a new crosslinker designed as a core- 
actant for hydroxy functional vehicles, 
has been introduced in a booklet. For 
copies on EP-3560, write to Monsanto 
Polymer Products Co., 800 N. Lindbergh 
Blvd., St. Louis, MO 36167. 

Cartridge Filters 
Literature discussing a new line of 

cartridge filters has been published. The 
filters are available in a bleached cotton 
media as well as polypropylene and poly- 
ester media. For detailed product infor- 
mation, contact the Sales Department, 
Filter Specialists, Inc., 100 Anchor Rd., 
Michigan City, IN 46360. 

Resin Catalog 
A recently published resin catalog de- 

scribing over 150 products can now be 
obtained. The catalog offers pertinent 
technical information in a "user-friendly" 
format. Inquiries for copies should be 
sent to Robert Costin, McWhorter, Inc., 
400 E. Cottage PI., Carpentersville, IL 
601 10. 

Organoclays 
A new organoclay which offers cost 

savings and higher efficiency in the manu- 
facturing of paints is featured in literature. 
The organoclay is designed to improve 
particulate suspension and eliminate the 
need for polar activators and pre-gels. 
For further details on Claytone AF, write 
to Ken Westray, Southern Clay Products, 
P.O. Box 44, Gonzales, TX 78629. 

... FROM CHICAGO BOILER 
Successful small media milling requires that the pro- 
duct, media and mill be skillfully matched. Usually this 
doesn't mean the most expensive media ... although 
the lowest cost media are seldom the best answer with 
most products. 

At Chicago Boiler we stock quality silica, glass, 
zirconium silicate, and steel media in all popular sizes. 
Call our factory or authorized agents for specific 
recommendations and prices. 

E~tabl l~hed 1891 

1965 N. CLYBOURN AVE. CHICAGO, ILLINOIS 60614 
(312) 348-8250 TWX 910 221-0329 CABLE: CHIBOCO 

Coatings Thickness Gauge 
A waterproof coating thickness gauge 

is detailed in a product bulletin. The fully 
sealed instrument is suitable for use at 
depths down to 443 meters and is pressure 
tested to 600 psi. The bulletin is available 
from Sheen Instruments Ltd., Sheen- 
dale Rd., Richmond, Surrey, TW9 2JL, 
England. 

Electric Infrared Oven 
A new conveyorized electric infrared 

oven has been introduced in a brochure. 
The oven delivers a closely controlled 
pattern of radiant energy for many of the 
drying, curing, and heating applications 
required to make printed circuit boards, 
hybrid circuits, and ceramic parts. Fur- 
ther details can be obtained from Glenro 
Inc., 39 McBride Ave. Extension, Pater- 
son, NJ 07501. 

Coupling Agents 
A new IZpage, full-color booklet has 

been published which highlights the in- 
vention and production of a new line 
of organometallic coupling agents. For 
copies, contact Kenrich Petrochemicals, 
Inc., 140 E. 22nd St., P.O. Box 32, 
Bayonne, NJ 07002. 

PARTNER WANTED 
European chemical company operating success- 

fully in the field of URETHANE SINGLE COMPO- 
NENTS COATINGS AND SINGLE COMPONENTS 
ELASTOMERIC URETHANE COATINGS of follow- 
ing uses and applications: 

ROOF COATINGS, DECK COATINGS, ROOF 
WATER PROOFING COATINGS, INSULATION 
FOAM COATINGS 

mastering all levels of production: not only the final 
ready to use coating products, but also the basic 
original resinous binders. We offer completely new 
products, from the point of view of performance and 
also from the point of view of costs. 

WE ARE LOOKING FOR an AMERICAN or CANA- 
DIAN PARTNER and are open to ANY FORM OF 
COLLABORATION, SALE of know how, exclusive 
contracts for sale of resinous binders to be trans- 
formed into final products or sale of final ready to use 
products with the advantage of rate of exchange of 
the dollar. We cover the fields of urethane single 
components and, of course, complementary prod- 
ucts like all necessary special primers. We also man- 
ufacture products comprising single component poly- 
merisable epoxy primer and coating. After a first 
contact, an executive of our company is available in 
North America for discussions of successful installa- 
tion. We will provide samples (dry and liquid) and 
documentation. 
Answer to: SOCIETE DURGALITH, 116 RUE DE 

CHARENTON, 7501 2 PARIS 
PHONE 1 307 85 10 
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Nitrocellulose Surface Coatings Volumes 
Newly developed toluene-wet nitrocel- 

lulose containing reduced moisture levels 
is highlighted in literature. When joined 
with urethane prepolymers, it produces 
coatings that combine the fast-dry prop- 
erties and application ease of nitrocellu- 
lose lacquers with the durability, gloss 
and stain resistance of urethane coatings 
for metal and wood finishes. For more 
information and free trial formulations, 
contact Product Inquiry, Hercules Incor- 
porated, Hercules Plaza, Wilmington, 
DE 19894. 

Surface Coatings, Volumes I and If ,  
published by the Oil and Color Chemists 
Association of Australia, have recently 
been released. Volume Isewes as an intro- 
duction to polymer science, pigments, 
solvents, and additives. Volume If dis- 
cusses basic manufacturing, application, 
and technology of coverage, as well as 
lacquers, powdercoatings, and UV-cured 
coatings, and decorative paint selec- 
tion. For further information, contact 
Methuen, Inc., 733 Third Ave.. New 
York, NY 10017. 

Filter Bags 
A brochure describing a new line of 

high efficiency liquid filter bags for use in 
liquid processing systems is available. 
The bags are applicable in a variety of 
industries, including reagent and bulk 
chemicals, oil and gas extractions, adhe- 
sives, nuclear power, and many others. 
Contact Christine Mailand, 220-7W, 3M 
Center, St. Paul, MN 55144, for copies. 

Warning Labels 
The National Paint and Coatings Asso- 

ciation has released a health bulletin 
detailing its suggested labeling language 
for warning consumers and ~rofessional 
painters about alleged hazards associated 
with solvent overexposure. For more in- 
formation, write to Marilyn E. Ludwig, 
NPCA, 1500 Rhode Island Ave., N.W., 
Washington, D.C. 20005. 

Acrylic Polymers 
Complete information on a new water- 

borne acrylic polymer has been published. 
In addition to raw materials savings, re- 
ported advantages of coatings based on 
this polymer are easy stain removal, low 
maintenance costs, and high gloss. For 
more details on Maincote TL-5, contact 
the Marketing Services Dept., Rohmand 
HaasCo.. Independence Mall West, Phil- 
adelphia, PA 19105. 

Mini-Bulk Tanks 
Performance specifications and fea- 

tures of aportable tankforstoringliquids 
are discussed in a bulletin. The tanks 
feature special steel channels on the bot- 
tom to permit forklifting from any side. 
For moredetails, contact Certified Equip- 
ment & Manufacturing Co., P.O. Box 
298, Springfield, IL 62705. 

TELEX 703063 
HIGHWAY 216 S., P.O. BOX 672. KINGS MOUNTAIN. N.C. 28086,TEL (704)739-1321 
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Buyer's Guides 
Two new buyer's guides have been pub- 

lished. The fourth annual edition of High 
Solids Coatings@ Buyer's Guide offers a 
comprehensive listing of applications, 
testing, processing and formulator sup- 
pliersand consultants coveringsuchcate- 
gories as additives, pigments, resins, and 
solvents. 

The seventh annual edition of the 
Radiation Curing@ Buyer? Guide con- 
tainsavendorselection directory with the 
following supplier categories: chemical. 
equipment, light source, product formu- 
lators, and surface preparation, as wellas 
consultants. For more information on 
either guide, contact Technology Market- 
ing Corp., 17 Park St., Norwalk, CT 
0685 1. 
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Thickener 

A new and extensive line of organoclay 
thickeners has been introduced in a prod- 
uct bulletin. The line includes two low- 
cost thickeners, a self-activating product. 
a low viscosity product, and a thickener 
for water-based systems. Performance 
specifications are available from Ed 
Davis. Chemical Specialties Div., Henkel 
Corp., 255 West Spring Valley Ave.. 
Maywood. NJ 07067. 

Grinding Media 

A new six-page, color brochure con- 
taining useful information to aid in the 
selection of grinding media has been re- 
leased. The publication contains charts, 
tables, selection rules, and descriptive 
data for large and small nonferrous and 
ferrous media and various types of milling 
equipment. For copies, write to Epworth 
Manufacturing Co., Inc.. 1400 Kalama- 
zoo St., South Haven. MI 49090. 

MSDS Safety Software 
A Materialsafety Datasheet (MSDS) 

module isdescribed ina product bulletin. 
The new module isdesigned to assist com- 
panies in thecompliance with recent state 
and federal statutes requiring the disclo- 
sure of all hazardous materials used in 
production. For details on the capabili- 
ties of the module. contact DataLogix 
Formula Systems, 1561 N E  47 St.. Ft. 
Lauderdale, FL 33334. 

Acrylate for UVIEB Coatings 

The benefits of a functional caprolac- 
tone acrylate for radiation-curable coat- 
ings are featured in a publication. The 
acrylate is recommended as a diluent or 
a comonomer for producing tough and 
flexible coatings by UV or EB radiation. 
For further details on the monomer 
M-100. contact Union Carbide Corp., 
Specialty Polymers & Composites Div.. 
Dept. M1553. Danbury. CT 06817. 

Polyisoimide Resins 

Two high temperature acetylenic 
capped polyisoimide resins have been 
introduced in literature. Both provide 
continuous use at temperatures in excess 
of 500" F, are soluble in low boiling sol- 
vents, and are curableat 400°F. Foraddi- 
tional information, write to National 
Starch and Chemical Corp., Thermal 
Materials Dept., Finderne Ave.. Bridge- 
water. NJ 08807. 

Aluminum Pigments 
A brochure has been released detailing 

the performance specifications, test meth- 
ods, and formulating conditions of leaf- 
ing aluminum pigments. The pigments 
are claimed to aid in attaining increased 
brightness, total reflectivity, and excel- 
lent chemical and corrosion resistance. 
Contact E. Glenn Kleppinger, Silberline 
Mfg. Co., Inc., Lansford. PA 18232 for 
copies. 

Solution to April "CrossLlnks" I 

Macromonomers 

Two new high molecular weight prod- 
ucts based on macromonomertechnology 
for high energy cure systems have been 
described in literature. The products are 
polystyryls capped with methacrylate 
groups designed to perform similarly to 
reactive resins and oligomers in UV/EB 
cure coatings, inks, and adhesives. Tech- 
nical data on formulations and evalua- 
tions can be obtained from Sartomer Co., 
West Chester Plaza, West Chester, PA 
19380. 

CLASSIFIED 
ADVEPHlSlNG 

PLANT MANAGER 
Aerosol and specialty paint manufacturer 
located in a far northwest Chicago suburb 
is seeking a Plant Manager. Responsibil- 
ities will include managing paint manufac- 
turing, process engineering, small pack- 
age filling and aerosol operations. In 
addition, materials management respon- 
sib~lities include warehousing, distribution 
and purchasing. 
Ideal candidate will have 5 years experi- 
ence in materials management, industrial 
or aerosol paint manufacturing and pack- 
aging, degree in  industrial or chemical 
engineering. 
Competitive salary and benefits. Please 
send resume and salary history in con- 
fidence to: 

BOX 709 
JCT 
1315 Walnut St. 
Philadelphia, PA 19107 

Equal Opportunity Employer M/F 

The biggest improvement in 
40 years has made U.S. Savings 
Bonds an ideal investment. 

A variable interest rate lets 
you share in rates offered by 
today's securities market. No limit 
on how much you might earn. 

What makes this improved 
Bond ideal is that you're protected 
by a guaranteed minimum. And if 
the Bond is held to maturity, you'll 
double your money. 

Take another look at this 
opportunity without risk. 

4@ s% 
Take f &; 

s ~ o c ~ ' ~ G S  @ 

inAmerica. 
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Corning Events 

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

(Oct. 7-9)-63rd Annual Meeting and 50th Paint Industries' 
Show. Convention Center, St. Louis. MO. 

(May 13-16)-Federation "Spring Week." Seminar on 13th 
and 14th; Society Officers on 15th; and Board of Directors on 
16th. 

(Nov. 5-7)-64th Annual Meeting and 51st Paint Industries' 
Show. World Congress Center, Atlanta, GA. 

SPECIAL SOCIETY MEETINGS 

(June 14-15)-Joint Meeting of St. Louis and Kansas City 
Societies for Coatings Technology. Lake of Ozarks, MO. 

Are the beads you're using off size? 
Or not Moh enough? 
Or turn to dust and debris? 

It's time to turn to GlenMillsTM beads. 

Made with a careful balance of hardness, crushing 
strength, porosity and wear rate,sized to tightspecs, 
GlenMillsTM beads give you fast milling and 
efficient dispersal. 

GlenMills Beads are available in: 
GLASS - Lead-free solid glass of 
exceptional strength and low cost 
ZIRCONIUM OXIDE - Zirconium 
Oxide with 3x10 8x the life of glass 

quality for high viscositiesand pastes. 
@STEEL-Steel beads of ball bearing 

DELIVERY IS FASTAND SMALL QUANTIVES 
ARE SUPPLIED AT BULKPRICES.. . SAVING 
STORAGE SPACE AND FREEING CAPITAL. 

For information or samples call or write to: 

203 BROOKDALE ST./MAYWOOD, N.J. 07607 
201-845-4665 TELM: 134 656 IMPANDM MAW 

(June 17)-"Packaging. Labeling, and Warehousing" 
Conference. Sponsored by the Golden Gate Society 
Manufacturing Committee. A. Sabella's Restaurant, San 
Francisco, CA. (Louis Sanguinetti, Chairman, Jasco Chemical 
Corp., P.O. Drawer J, Mountain View, CA 94042). 

(Nov. 5-6)-Symco '85. 15th Annual Chicago- Society 
Coatings Symposium, "The Right Stuff." Knickers Restaurant, 
Des Plaines. IL. (Lonnie U. Haynes, Chairman, Hercules, 
Incorporated, 300 E. Schuman Blvd., One Energy Center, Suite 
260, Naperville, IL 60540). 

(Apr. 2-4)-Southern Society. Annual Meeting. Hilton Hotel, 
Savannah, GA. (Ronald R. Brown, Union Chemicals Div., P.O. 
Box 26845. Charlotte, NC 28213). 

(Apr. 9-11)-Southwestern Paint Convention of Dallas and 
Houston Societies. Houston. TX. (Mike Winters, Ribelin 
Distributors, Inc., 7766 Blankenship, Houston, TX 77055). 

(Feb. 23-25)-Western Coatings Societies' Symposium and 
Show. Monterey Convention Center, Monterey, CA. (Barry Adler, 
Royell. Inc.. 1150 Hamilton Ct., Menlo Park. CA 94025). 

OTHER ORGANIZATIONS 

(May 20-23)-Steel Structures Painting Council Annual 
Meeting and Symposium. Netherlands Plaza Hotel, Cincinnati. 
OH. (Harold Hower, SSPC, 4400 Fifth Ave., Pittsburgh, PA 
15213). 

(May 20-23)-"Colorimetry-An Intensive Short Course for 
Industry." Munsell ColorScience Laboratory, Rochester Institute 
of Technology campus, Rochester. NY. (Martha Pschirrer. 
Munsell Color Science Laboratory, RIT, P.O. Box 9887. 
Rochester, NY 14623). 

(May 20-24)-"Adhesion Principles and Practice for 
Coatings and Polymer Scientists" Short Course. Kent State 
University, Kent, OH. (Carl J. Knauss, Chemistry Dept., Kent 
State University, Kent. OH 44242). 

(May 20-24)-"Colloids and Interfaces" Short Course, 
Carnegie-Mellon University, Pittsburgh, PA. (Frank E. Nowak, 
Director of Post College Professional Education, Carnegie- 
Mellon University, Pittsburgh, PA 15213). 

(May 28-June 2)-International Surface Finishing and 
Printed Circuit Board Making Exhibition. Beijing, People's 
Republic of China. (Sino Trade Promotions, Tak Cheung 
Building. 22-24 Wing Lok St.. Central. Hong Kong). 

(June 3-6)-"Colorimetry: An Intensive Short Course for 
Industry." Munsell ColorScience Laboratory, Rochester lnstitute 
of Technology campus. Rochester, NY (Martha Pschirrer, 
Munsell Color Science Laboratory, RIT. P.O. Box 9887, 
Rochester, NY 14623). 

(June 3-7)-"Advances in Emulsion Polymerization and 
Latex Technology" Short Course. Lehigh University, Bethlehem, 
PA. (Dr. Mohamed S. El-Aasser, Dept. of Chemical Engineering, 
Sinclair Lab #7, Lehigh University, Bethlehem. PA 18015). 
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(June 3-7)-"Applied Rheology for Industrial Chemists" 
Short Course. Kent State University, Kent. OH. (Carl J. Knauss, 
Chemistry Dept., Kent State University, Kent, OH 44242). 

(June 10-12)-International Conference on Biologically 
Influenced Corrosion, sponsored by the National Association of 
Corrosion Engineers, Washington. DC. (Meetings Manager, 
NACE Headquarters, P.O. Box 218340, Houston, TX 77218). 

(June 11-13)-Eastern Plant Engineering & Maintenance 
Show and Conference. Georgia World Congress Center. Atlanta. 
GA. (Show Manager. Plant Engineering & Maintenance Shows, 
999 Summer St., Stamford, CT 06905). 

(June 16-19)-Dry Color Manufacturers' Association. 
Annual Meeting. The Greenbriar. White Sulphur Springs, WV. 
(DCMA, 206 N. Washington St., Ste. 202, P.O. Box 931, 
Alexandria. VA 22313). 

(June 26-29)-Oil 8. Colour Chemists' Association's 
Biennial Conference. Edinburgh, Scotland. (R.H. Hamblin, 
OCCA. Priory House, 967 Harrow Rd.. Wembley, Middlesex. 
HA0 2SF England). 

(July 4-7)-Oil and Colour Chemists Association Australia. 
27th Convention. Huntervalley, NSW, Australia. (Ted Saultry,46 
Tamarisk Ave., Glen Waverly VK.3150, Australia). 

(July 8-12)-11th International Conference on Organic 
Coatings Science and Technology. Athens, Greece. (Dr. A.V. 
Patsis, Institute in Materials Science, S.U.N.Y., New Paltz, NY 
12561). 

(July 15-19)-Short Course on "Corrosion and Itscontrol by 
ProtectiveCoatings." Lehigh University, Bethlehem, PA. (Prof. H. 
Lsidheiser, Jr., Sinclair Lab. #7, Lehigh University, Bethlehem, 
PA 18015). 

(Aug. 26-28)-Advanced Colorimetry Course. Munsell Color 
Science Laboratory. Rochester Institute of Technology campus, 
Rochester. NY. (Martha Pschirrer. Munsell Color Science 
Laboratory, RIT, P.O. Box 9887, Rochester, NY 14623). 

(Sept. 2-4)-Federation of Scandinavian Paint and Varnish 
Technologists. 11th Congress. SAS Hotel Scandinavia, Oslo, 
Norway. (Paal Ivan, Nodest Industries AIS. Boks 500. N-3001 
Drammen, Norway). 

(Sept. 2-6)-Short Course on "Films and Coatings for 
Technology." Davos Congress Center, Switzerland. (Continuing 
Education Institute-Europe, Rortorpsvagen 5. 5-612 00 Fins- 
pang, Sweden). 

(Sept. 9-13)-Short Course on "Nitride and Carbide 
Coatings." LSRH Research Center. Neuchatel, Switzerland. 
(Continuing Education Institute-Europe, Rortorpsvagen 5. S- 
612 00 Finspang, Sweden). 

(Sept. 16-19)-Fifth Finishing Conference and Exposition of 
the Association for Finishing Processes of the Society of 
Manufacturing Engineers. Cobo Hall, Detroit, MI. (Public 
Relations Dept., AFPISME, One SME Dr., P.O. Box 930, 
Dearborn, MI 48121). 

(Sept. 17-19)-FINISHING '85. Cobo Hall, Detroit, MI. 
(AFPISME, P.O. Box 930, Dearborn. MI 48128). 

(Sept. 21-24)-Canadian Paint and Coatings Assn. 73rd 
Annual Convention. ClevelandsHouse. Minnett, Ont. (CPCA,515 
St. Catherine St. W., Montreal, Que., Canada H3B 184). 

(Oct. 8-11)-XVlth Congress of AFTPV (French Assn, of 
Paint and Varnish Technicians), Strasbourg. France. (Congress 
Secretary, B.P. 1036,68050 Mulhouse Cedex, France). 

(Oct. 14-18)-European Conference on Applications of 
Surface and Interface Analysis. Veldhoven, The Netherlands. 
(ECASIA Conference Bureau: QLT Convention Services, 
Keizersgracht 792, 1017 EC Amsterdam. The Netherlands). 

(Nov. 4-6)-National Paint and Coatings Association. 98th 
Annual Meeting. Hilton Hotel, New Orleans, LA. (Karen Bradley. 
NPCA. 1500 Rhode lsland Ave. N.W., Washington. DC 20005). 

(Nov. 6-8)-National Coil Coaters Association FallTechnical 
Meeting. Hyatt Regency Dearborn, Dearborn, MI. (Tony Carroll. 
NCCA, 1900 Arch St.. Philadelphia. PA 19103). 

(Nov. 15-17)-38th National Decorating Products Associa- 
tion Show. McCormick Place, Chicago. IL. (Lillian Smysor, 
NDPA, 1050 N. Lindbergh Blvd., St. Louis, MO 63132). 

(Apr. 14-15)-ASTM Symposium on "Testing of Metallicand 
InorganicCoatings," Chicago. IL. (Teri Carroll, ASTM Standards 
Development Div., 1916 Race St., Philadelphia, PA 19103). 

(Sept. 8-13)-190th National Meeting. American Chemical 
Society. Chicago, IL. (ACS, A.T. Winstead, 1155 16th St., N.W., 
Washington, D.C. 20036). 

(Sept. 9-11)-RadCure '86-Association for Finishing 
Processesof thesociety of Manufacturing Engineersconference 
and Exposition. Baltimore Convention Center, Baltimore, MD. 
(AFPISME PublicRelations, Society of Manufacturing Engineers, 
One SME Dr.. Dearborn. MI 48121). 

(Sept. 21-26)-XVlllth Congress of FATIPEC. (Federa- 
tion of Associations of Technicians in the Paint, Varnish, and 
Printing Ink Industries of Continental Europe). Venice, Italy. (C. 
Bourgery, Secretary General of FATIPEC,76 Blvd. Pereire, 75017 
Paris. France-or- Amleto Poluzzi. AITIVA. Piazzale R. Morandi2, 
20121 Milano, Italy). 
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h. i 

'XumGug' front cXilllmn 

From "Datamation" magazine, Maureen Lein sends Ten Commandments for Technical Men 
us several resume goofs prepared by Robert Half, who 1. ~h~~ shalt not follow in the dust of progressing 
should know whereof he speaks. Half claims that these operations but shalt run ahead with a lantern in thy 
are from his voluminous office files. They give me a hand to reveal the way. 
better insight as to why there is so much unem- 
ployment. II. Thou shalt seek and respect the opinions of 
l Please call me after 5:30 P.M. because I am self- operators, even unto the third helpers, for theirs is a 

employed and my employer does not know I am wisdom unknown to technocrats. 
looking for another job." Ill. Thou shalt determine what should bedoneand do 

an job seeking "I am it without the necessity of others holding thy hand, 
very conscientius and accurite." 
I was proud to win the Gregg Typting Award." IV. Thou shalt not be too dignified to shoot the bull; 
From a frank financial analyst, "I am impatientwith neither shalt thou shoot it entirely, for so is its 
quibbling over minor minor details. I am stubborn productivity destroyed. 
on matters of principle and major objectives. I Thou shalt not forsake the ways of thy technical 
dislike routine thinking, unnecessary jobs, ineffi- t~iningsothattotheeCH20ceaseto beformaldehyde 
cient systems, and Republicans."-How come he and become sea water. 
had to look for a job? 
"Will locate anywhere--except Russia, Red China, VI. Thou shalt not take thy grievances and ideas first 
Vietnam, or New York City." to the top, lest the bottom remove its support from 
-Would you call this person a liberal? under thee, saying, "We knew nothing of it." 

l Reason for leaving last job.-"No special reason." VII. Thou shalt remember that refining processes 
"I am also a notary republic." change not because of reasoning and meditation, 

e o o  however profound, but only by the turning of valve. 

VIII. Thou shalt study thy conclusions from all sides 
Speaking of jobs, we've heard from Joe Boatwright's through many viewpoints, for verily, undiscovered 

sister, Betty, recently, who waxes poetlc about HER claws may rip thy rear. 
job: IX. Thou shalt striveto make thy judgment asgood as 

any man's by experimenting, observing, recording, 
My Job calculating, studying, and thinking; and having done 

I'm not allowed to run the train SO, 

The whistle I can't blow X. Thou shalt use it. 
I'm not allowed to say how fast 

The railroad train can go 
I'm not allowed to shoot off steam 

Nor even clang the bell . . l 
But let the damned train jump the track 

And see who catches Hell! 

Joeand Betty alsosent usaclipfrom theRockford, IL When the nurse at the hospital answered the 

Register. Here are some of the quotes from, was so phone, a voice at the other end asked, "Can you tell me 

cold that-" how Mr. Donovan is getting along?" 
"He's doing splendidly," she answered enthusiasti- I let my dog out and I had to break him loose from cally. believe be going home tomorrow. Who the tree. 

l You could freeze an egg on the sidewalk. shall I say called?" 

We opened the refrigerator to heat the house. "This is Donovan. No one tells me a thing around 

I saw a32nd degree Mason and he was down to 15. here." 
The Lion 

0 . .  

When Dick Kiefer graduated from good old Drexel U, 
his engineering prof gave him a copy of the ten 
commandments, listed below, which were prepared by -Herb Hillman 
Paul Entrikin of Esso Standard in 1948. Since Dick has Humbug's Nest 
often been seen wandering around witha lantern in his P.O. Box 135 
hand, I wonder if he ever got past the first. Whitingham, VT 05361 
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we take polyethylene and PTFE raw materials and 
manufacture them into products that provide wear, 
mar, scuff, abrasion resistance, and other properties. 

Why does Shamrock invest so much in 
sophisticated testing, elaborate manufacturing 
checks and balances, and exacting quality 
controls? Simply, to make certain that the small 
percentage of your formulation represented by our 
wide variety of stir-in powders, is consistent in 
performance! And, to make available a staff with 
the experience and ability to analyze your problems 
and help you solve them. 

We care! And, we deliver ... consistently and with 
quality! For samples and technical data, contact us 
or your nearby sales officelrepresentative. 

't . - 
SHAMROCK REGIONAL OFFICE 

Chicago, IL l(912) 829-4852 

8ALB R E P R m A n m  S.E. FIRESTONE ASSOCS. 
Philadelphi., PA l(215) 6351988 

ALT. U S  GO. KINSMEN CORP. 
Roy, MI 1($13) 64MZEO 
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