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Transactions and Commurications 

Reflection measurements on synthetic silica 
products 
By D.  Koth and H. Ferch 

Degussa. Application and Technical Service Department, HanauIMain 11, Germany 

Summary 

Conapts such as 'brightness', 'brightness reference value A' and products, the colorimetric values of various groups of materials arc 
'whiteness index' are often used incorrectly or in a manner leading compared. It is shown here that the whiteness indices accordtng to 
to errors. For this reason, these important copcepts are defined Berger for pyrogenic silicas and aerogels lie within specific ranges. 
below. Precipitated silicas, silica gels, and silicates show similar colori- 

metric results. 
On the basis of extensive measurements made on synthetic silica 

Keywords 

Raw materials for coatings 

extender pigments 

silica 
silicate 
synthetic silica 

Properties, characteristics and conditions primarily associated with 
materials in general 

colour 
reflectivity 
whiteness 

dried or cured films 

brightness 

Miscellaneous terms 

CIE system 

Les mesures des caracteristiques reflectrices des produits de silice synthetique 

Des concepts teh que I'klat ('brightness'), la valeur de rtftrence A base des mesures de grande envergure sur dm produits de silice 
de I'klat A ('brightness reference value A') et I'indice de blancheur synthttique, on fait une comparaison des valeurs colorimttriques 
('whiteness index') sont utilists souvent dans un mauvais sens ou de divers groupes de mattriaux. On dtmontre ici que les indices de 
dans une :qon qui donne naissance aux erceurs. Pour cette raison blancheur Berger des silices pyrogeniques et des aerogels se trouvent 
on propose des dtfinitions de ces concepts importants. entre les limites spkifiques. Les silices prkipitbs, les gels de silice 

et les silicates rendent les resultats colorimttriques semblables. 

Reflektionsmessungen an synthetischen Kieselsaureproduckten 

Begriffe, wie, "Helligkeit", "Helligkeitsbezugswert A" und "Weiss- vorgenommenen Messungen werden die kolorimetrischen Werte 
index" werden haufig unrichtigoder in einer zu lrrtiimern fuhrenden verschiedener Materialgruppen verglichen. Es wird hier gezeigt, 
Weise angewandt. Aus diesem Grunde werden diese wichtigen dass die Weissindexe nach Berger fur pyrogenische Kieselsauren 
Begriffe definiert. und Aerogele innerhalh spezifischer Werte liegen. Gefallte Kiesel- 

duren, Kieselsauregele sowie Silikate ergeben gleichartige 
Gcstutzt auf zahlreiche, an synthetischen Kieselsaure-Produkten kolorimetr~sche Resultate. 

Introduction 

For some time, a working group has endeavoured to establish 
a blackness index scale on a photometric basis for the colori- 
metric characterisation of pigment blacks's2. Now that the 
development work in this area has been almost completed3, 
interest has been focused on basic studies of silica products, 
because problems regarding them are gaining importance, 
and detailed results of reflection measurements on these 
materials have not, so far, been published. 

In  DIN 55 921 (Sheet 1 )  it is established that synthetic 
silicas and silicates for paints and other coating materials 

must meet certain minimum requirements with respect to the 
brightness (brightness reference value A), namely: 

synthetic silicas > 85, 

synthetic silicates > 93. 

However, there are no documented results of research 
into the question of the extent to which colorimetric data can 
also serve for more accurate characterisation of such 
materials. 

According to a new concept for DIN 55 921 dated October 
1978, no further requirements as to brightness of synthetic 
silicas have been demanded. 

125 
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A comprehensive survey, in which whiteness index formulae 
and their practical significance for the paper industry are 
described in great detail, was presented by A. Berger4 in 1959. 
Similarly, various papers describe searches for a suitable 
whiteness index for application to The fundamental 
principles of colorimetry and determination of whiteness 
indices were explained by B. Ziolkowsky9 in 1971. 

As mentioned above, no studies of these synthetic silica 
products have been published in the past. The term 
"synthetic silica products" here includes pure silicas, as well 
as all technical products which are described as 'silicates', 
independent of their ~toichiometry'~. 

In addition to the lack of information on the colorimetric 
characteristics of this group of materials, misunderstandings 
repeatedly arise in the description of various brightness levels 
and in quantitative data on the chromatic components, i.e., 
the components of a colour which determine its shade, 
because, in addition to concepts such as "brightness" and 
"brightness reference value A", other concepts exist such as 
"relative brightness" as well as a large number of whiteness 
indices, all of which represent a measure for how bright 
a filler, for example, appears to the human eye. What should 
be understood by these quantities, how they are calculated, 
and in what way they should be applied, will be explained in 
the first part of this paper. The second part gives the results 
of brightness and whiteness index measurements as well as a 
discussion of the results based on graphical comparisons. 
Finally, an explanation of the colorimetric expressions used 
in this work will serve to facilitate their employment. 

Definition of basic concepts 

Brightness and brightness reference value A 

The definition of the brightness (and of the brightness 
reference value A) is to be found in DIN 5033, Part I : 

"The strength of a.light sensation, as it is always 
inseparably associated with every colour sensation, is 
generally designated brightness. In the case of body 
colours, the brightness is an integral component of the 
colour. With body colours the brightness reference value 
A serves as a measure of the brightness. This brightness 
reference value is generally 100 times the luminous 
density factor P. 

For body colours, in addition to the brightness 
reference made to the completely dead-white surface, 
it can also be useful to refer to the chromatically identical 
optimum colour, which contains the largest possible 
brightness reference value, A,, of the particular chro- 
maticity. 

The quotient 
h = AIA, 

is designated the relative brightness (according to 
Rosch)". 

The standard specification for determining the brightness 
of filler and white pigment powders is contained in 
DIN 53 163, which also describes the way in which the 
moulded test specimen should be produced and what measure- 
ment conditions must be maintained. 

In order to identify the brightness, the CIE-coordinate Y 
is used. Sometimes the so called "Y-reflection-index" (using 
the same abbreviation) is used. This index has ranges from 
0 to 1 in contrast to the CIE-coordinate Y, which ranges from 

0 to 100. This "Y-reflection-index" is identical to the radiant 
density factor, p, evaluated with the sensitivity Y 0,). 

The Y-reflection-index is preferably determined for 
standard illuminant D 65 and the 10"-from-normal observer 
( D  65/10"), or alternatively, for standard illuminant C and 
the 2"-from-normal observer (C/2"). 

In contrast to the whiteness indices described below, the 
brightness reference value A represents an exactly defined 
measurement. This value is a pure bright-dark relationship 
and, therefore, does not take into consideration any chro- 
matic components as do the various whiteness indices. 

Whiteness indices 

Ref. 11 

In addition to the brightness and the brightness reference 
valu: A, various whiteness index formulae are of importance. 
One method for determining whiteness indices is given in 
ASTM E 313-73. The various whiteness indices serve, in the 
first place, to connect the physiological and psychic sensations 
within the eye with the physically determined brightness, and 
secondly, the whiteness index formulae also consider the more 
or less strongly chromatic component . The expression 
"whiteness index" itself does not represent a directly access- 
ible measureable quantity, but instead it is a value which can 
be calculated on the basis of colour measurements and using 
various formulae depending on the area of application. 
These formulae differ from each other in that they favour to 
a greater or lesser degree certain hue components. About 
20-30 whiteness index formulae existTT. Therefore, it is 
reasonable to specify the whiteness index only when, at the 
same time, it is clearly understood which formula based on 
practical experience will be used in further work. 

Some of the large number of whiteness index formulae 
which have been developed to date will be selected and 
described briefly below: 

Whiteness index according to Hunter 

W = L - 3 6  

In this evaluation, the brightness L = 10 enters into the 
formula as a square root function, and a bluish component 
of the test specimen increases the whiteness index. 

Whiteness index according to Stensby 

In this whiteness index evaluation, which is similar to 
Hunter's, the reddish components also contribute to higher 
values. 

Whiteness index according to Berger 

W =  G f 3 B - 3 A  

Using this equation, a blue-green preference with respect to 
the whiteness index is derived. 

Other Whiteness indices 

Additional whiteness index formulae have been developed by: 

Taube : W = 4 B - 3 G  
Gibe.-Geigy : W = D Y f Px + Qy + C 
Stephansen : W = 2 R430 - R6,0 
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Harrison : W = I00 - + RaS0 
Macadam : W = ( Y  - k . pc2)k 
Judd : W - ( Y  - K . S2)i 

Studies of synthetic silica products 

Measurement results 

Since no results of studies made of synthetic silica products 
have yet been published, measurements were made on a large 
number of synthetic silicas, silicates, silica gels, and aerogels 
in the form of molded-powder test specimens. In all, these 
measurements were made on 

20 pyrogenic silicas from 4 manufacturers, 

35 precipitated silicas from 7 manufacturers, 

13 silica gels from 4 manufacturers, 

5 aerogels from 2 manufacturers, and 

13 silicates from 5 manufacturers. 

The messurements were made using an automatically 
operating milltifilter spectrophotometer (24 filters) RFC 3 
manufactured by C. Zeiss, Oberkochen. 

Table 1 gives a comparison of the brightness reference 
values A, the brightness values according to Hunt:r, as well 
as the whiteness indices according to Stensby and Berger. 

Table I 

Ranges of the brigl~tness reference valrre A, the brigl~lness 
accorrling to Hunter, as well as the wl~iterress indices according to 
Stensby and B e r ~ e r  for various groups of syrrthetic silica products 

Brightness reference value A and whiteness indices 

It can be seen from the diagram shown by Fig. 1, in which 
the brightness reference value A was selected as the inde- 
pendent parameter, that: 

The widest range of dispersion is shown by the 
pyrogenic silicas, whilst the dispersion range of the 
s~licates is relatively narrow. 

Fig. 1. Ranges of the brightness value A for various silica products 

All silicates studied meet the conditions specified by 
DIN 55 921, according to which the value 93 is allowed 
as the lower limit. 

The synthetic silicas also show brightness reference 
values considerably higher than 85. 

The brightness reference value A is not suitable for 
characterising various silica products because all ranges 
overlap. 

Brightness Whiteness Whiteness In Fig. 2 the whiteness index according to Berger is plotted. 
Product Refcrence Brightness Index Index The advantages of this type of representation are obvious 
Group Value  A (Hunter) (Stensby) (Berger) because a division of the individual ranges can be re- 

Pvroeenic 84 - 98 91 - 100 96 - 101 97 - 108 cognised immediately. 
sfiica 
Precipitated 86 - 97 93 - 99 90 - 97 85 - 96 
silica 
Silicates 93-98 96-99 93-97 88-95 
Silica gels 90- 97 95 -99 91 -97 85 -96 
Aerogels 87- 94 93 - 97 88 - 90 78 -82 

The test specimens were prepared according to the 
specification given in DIN 53 163, and the measurements 
were made using the RFC. The evaluation was made for 
standard illuminant C and 2"-from-normal observer (C/ZO). 

Discussion of the results 

Ref. 12 

In order to evaluate the results, an attempt was made to 
clarify the colorimetric relationships by means of various 
graphical representations. In Figures 1-3, the ranges are 
plotted within which results were found for the individual 
classes of materiels. 

In contrast, Figures 4-7 show the spectral distribution of 
the reflection index of the examples selected. Whilst Figs. 
4 and 7 reproduce the results found on pure silica products, 
i.e., silica products not subjected to any aftertreatment, 
Figs. 5 and 6 show the reflection curves plotted with surface- 
modified silicas. 

Fig. 2. Whiteness index according to Berger as an aid to characterise 
synthetic silica products 

80 
c .  

The following conclusions can be drawn from this graph: 

- ................................ .............................. ......,.......,. . . . . . . . . .... . . . . . ..........,.. %. 

The pyrogenic silicas have the highest values (>95), 
and the aerogels have the lowest values (<83). 

$ stbcos P?"gen'c lReoppitafedI silicas Si/;cates 15ilico geh I~erogels ( 

The precipitated silicas, silicates, and silica gels lie 
between these materials. 

A characterisation using the whiteness index according 
to Berger is, therefore, clearly possible for pyrogenic 
silicas and aerogels. 

The precipitated silicas, silica gels, and silicates can 
not be differentiated. 
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In Fig. 3 an attempt is made to find a relationship between 
the whiteness index according to Berger and the BET surface 
area with the pyrogenic silicas. Observing the necessary 
caution, some correlation can be recognised. Because in 
Fig. 3 the whiteness index also appears to assume higher 
values proportional to the BET surface area, at least up to 
300 m2/g, the subsequent decrease can possibly be attributed 
to a certain porosity in the very finely divided silicas. 

Fig. 3. Whiteness index of pyrogenic silicas according to Berger in 
various BET surface area ranges 

Spectral variation in reflection 

Fig. 4 shows the principal optical differences between a 
pyrogenic silica (Aerosil) and an aerogel (Santocel C). 
Whilst Aerosil is a substance with a bluish tinge, Santocel C 
has the highest reflection values in the red wavelength region. 
This is typical for both classes of materials. Although 
Syloid 244 has recently been included in the literature with 
the aerogels, because of its modification in production and 
its  characteristic^'^, in terms of its spectral reflection depen- 
dence, it clearly reacts like a silica gel or a precipitated silica 
(see Fig. 7). 

75 b 
5OJ WO 700 

Wave length I n m  1- 

Fie. 4. Reflection of two silica aerogels and one silica eerosol 
@yogenic silica) 

The possibility of influencing synthetic silica products in 
their behaviour on application exists by coating the silica 
surface with wax. 

Many different grades of waxes in varying amounts are 
used. 

Fig. 5 shows the reflection of such silica products from 
different manufacturers; it can be seen that: 

Coated products possess about the same brightness as 
the untreated grades (level of the reflection curve) 
(see also Fig. 7), 

5m 600 700 
Wave length Iml- 

Fig. 5. Reflection of mated silicas 

No correlation exists as to C-content and with this to the 
amount of wax, 

Apparently the kind of wax is dominant, since with 
almost equal C-content the character of the reflection 
curve can show clear differences. 

The different reflection characteristics of coated silicas are 
of some significance for analytic considerations but not, 
however, in their applications. 

Chemically modified silicas are obtained, for example, by 
causing the silanol groups to react, usually with suitable 
organosilane compounds. As a result of this reaction, the 
silicas largely lose their hydrophilic characteristics. A study 
was made to determine whether the spectral reflection 
distribution changes characteristically with this surface 
modification. Fig. 6 shows that only gradual differences can 
be recognised in comparison with the corresponding un- 
treated products which are represented in Fig. 7. 

UX) 500 600 7W 
Wave length I n m  1 - 

Fig. 6. Reflection of chemically converted silicas (precipitated silicas 
Sipernat Dl7 and D15, and pyrogenic silica Aerosil R972) 

854 I 

Lm 500 €09 70 
Wave lengfh I n m l  --------C 

Fig. 7. Refleetion of four representatives of different silica products 
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The following points are noteworthy in Fig. 7 :  

All curves show a similar variation, even though a 
synthetic, amorphous silicate (aluminium silicate P 820), 
a precipitated synthetic silica (Sipernat 22), a synthetic 
amorphous silica gel (Syloid 621), and an amorphous 
silica produced by the arc process (flatting agent TK 900) 
are compared with each other. 

Distinguishing features appear more in the brightness. 

The thermally produced TK 900 does not have higher 
reflection components in the blue range, a characteristic 
of silicas derived in the oxyhydrogen flame (Aerosil). 

Reproducibility of the measurements 

In order to check the range of error of a single measurement, 
Table 2 gives the results of measurements made on 10 
specimens molded from the same test material. 

in measurement, 10 measurements were also made on the 
same test specimen (another specimen). 

Table 3 shows the results of these measurements. 

A comparison between the standard deviations given in 
Tables 2 and 3 shows that the inaccuracies of repetitive 
measurements must be attributed to uncertainties in the 
production of the test specimens. Differences in the 
compression probably have an especially significant effect on 
the reflection values. 

Production of the molded test specimens with a manually- 
operated press, as specified in DIN 53 163, is affected by too 
many subjective factors. A more clearly defined method of 
producing the test specimens must, therefore, be developed 
for studies with small measurement differences. 

[Received 7 December 1978 

Table 2 
Ten measurements made on Aerosil200, average values andstandard Table of colorimetric expressions used 

deviations (test specimens newly mouldedfor each qeasurement) 
Svmbol Rearesents -~~ - - ~  - -  

Bright- 
CIE coordinates ness Whiteness index X. Z CIE coordinates @IN 5033, sheet 2) 

Aerosi1200 (Hunter) (Stensby) (Berger) 
X Y Z L  x, y, r Chromaticitycoordiiates (for ex. x = & ) .., - , - ,  

1. 87.01 89.14 109.42 94.41 99.6 103.5 A = Ybrighms ref- value @IN 5033, sheet 1) 
2. 85.34 87.41 107.61 93.49 99.3 102.4 h = A/A. Relative brightness @IN 5033, sheet 1) 

3. 84.15 89.32 109.93 94.51 100.0 104.7 p(,) = Radiant density factor or luminous density factor 
4. 88.40 90.50 110.04 95.13 78.8 101.5 (DIN 5036, part 1) 
5. 86.36 88.48 108.68 94.06 99.3 102.9 A = Wavelength of the light 
6. 87.84 89.95 109.70 94.84 99.0 102.0 D 65, C Standard illurninants @IN 5033, sheet 7 )  
7. 88.23 90.35 110.08 95.05 99.0 102.1 
8. 87.69 89.82 109.66 94.77 99.0 102.3 = lady 

a a .  to Hunter 
9. 86.81 88.99 109.62 94.33 99.9 104.7 a = 17.5. (1.052A' X -  

10. 89.12 91.23 110.60 95.51 98.6 101.2 = 70. (Y-0'91891 Z)ldT. 

Average 
W = Whiteness index 

89.52*1.10 99.3*0.5 
values and 94.6150.58 102.3&1.2 G = Y I Correspond approximately to the. 
standard A = X -  0.215 mnponents of the green, red, 
deviations and blue filters for the formulae 

B = 0.9189 Z according to Berger and Taube 
R = Reflection index at certain wavelength 

Since it is not clear from the values in Table 2 whether the ( T ~ O  constants D, p, Q, C, as well as k, pc, K,, and s are explained 
relatively large standard deviations result from inaccuracies in the literature references listed.) 

Table 3 
Ten measurements made on the same test specimen, average values 

and standard deviations 

Whiteness index 
Test specimen X Y Z L  

Berger Stensby 

1. Measurement 86.56 88.37 100.89 94.00 77.3 86.6 
2. Measurement 86.55 88.35 100.90 93.99 77.4 86.7 
3. Measurement 86.56 88.36 100.92 94.00 77.4 86.6 
4. Measurement 86.56 88.35 100.93 93.99 77.5 86.8 
5. Measurement 86.55 88.34 100.90 93.99 77.4 86.8 
6. Measurement 86.53 88.33 100.83 93.98 77.2 86.6 
7. Measurement 86.53 88.33 100.85 93.98 77.3 86.6 
8. Measurement 86.51 88.31 100.86 93.97 77.4 86.7 
9. Measurement 86.57 88.38 100.91 94.01 77.4 86.7 

10. Measurement 86.58 88.37 100.95 94.00 77.5 86.8 

Average value 88.35 93.99 77.4 86.7 
Standard deviation 0.022 0.012 0.092 0.088 
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Avoiding paint failures by prohesion* 
- - 

By F. D. Timmins 
Consultant, Mebon Ltd. Huthwaite, and Mond Division ICI Ltd, Wythenshawe 

Summary 

Prohesion describes a simple philosophy, namely that "Protection to wrrelate with practice and predicts ageing characteristics of 
is adhesion". The paper reviews the extensive experience of a major modem paint systems. 
industry which has pioneered the use of modern methods of 
application and high build protective systems. Failures enwuntered in practice have been critically investigated 

and a new concept in primer adhesion failure is presented, 
A test procedure is. described wnich incorporates unavoidable together with unorthodox modifications in formulation. 
application malpract~ces, modifies established accelerated tests 

Keywords 

Types and closses of coatings and olliedproducts Process and methodsprimarily associated with 
primer 

analysis, measurement or testing 

salt spray testing 
Types and classes of structures or structures or surfaces to be 

coated impact testing 

steel 

Raw materials for coatings 
binders (resins, etc.) 
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styrene alkyd resin 
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barium metaborate 

.surface preparation before coating 
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Properties, characteristics and conditions primarily associated with 
dried or cured films 
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weather resistance 

Specifcations, standards and regulations 

test specification 

Comment Bviter les dBfauts de peintures par prohesion 

R&umC 

Par le mot prohksion on decrit une philosophie simple, savoir essais de vieillissement accklkks traditionnels a h  de les mettre 
"la Protection c'est I'adhkrence". en corrklation avec la pratique, et qui prkdit les caractkristiques 

de vieillissement des systemes modernes de peintures. 
L'expod passe en rerue I'exp6rience considerable d'une industrie 
importante qui est un des pionniers de I'emploi des mkthodes On a fait une investigation critique des dkfaits rencontrks dans 
modernes d'application et des systemes protecteun "high-build". la pratique, et I'on prksente a la fois un nouveau concept de la 

perte d'adhkrence des peintures primaires, et des modifications 
On dkrit un prockdC d'essai, qui renferme les mefaits inhitables exceptionnelles de la mise au point des formules. 
a I'kgard de la technique d'application, en vue de modifier les 

Vermeidung von Anstrichschaden durch Prohesion 

Prohesion bezeichnet eine einfache Philosophie, namlich dass zweks Korrelation mit der Praxis und Alterungscharakteristika 
"Schutz ist Haftung". Die Arbeit betrachtet die weite Erfahrung moderner Anstrichsysteme voraussagt. 
einer Grossindustr~e, welche moderne Anwendungsmethoden 
sowie Dickschichtschutzsysteme pionierte. Bei der Verarbeitung vorkommende Anstrichschaden wurden 

kritisch untersucht, und es wird eine neue Vontellung fiir Primer- 
Ein Priifverfahren wird beschrieben, das unvermeidliche Falschan- Haftungsfehler vorgeschlagen und gleichzeitig eine unorthodoxe 
wendungen einschliesst, eingefahrte Kurzprijfungen modifiziert Modifizierung der Rezeptierung. 

Introduction Laboratory tests, such as sulfur dioxide and sodium 
chloride environments, continue to influence development, 

Chemically resistant paint systems capable of withstanding although they bear little or no resemblance tolnatural con- 
severe climatic conditions are well established.jTheir durabil- ditions. 
ity is essentially dependent on the adhesion of the primer to 
the substrate and-behaviour a t  damaged areas, sharp edges, Furthermore, they rarely predict typical failures due to 
etc. aoolication maloractices or undue ohvsical chanee. - - A .  - 

'Lecture presented to the Bristol Section on 30 March 1979 
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This paper describes a logical approach to the problem of 
predicting long life protection in the order of 20 years or 
more. I t  represents an intensive investigation carried out in 
a laboratory which, over a period of 50 years, has established 
an international reputation as a realistic user, specifier and 
test authority. 

No  relevant aspect was overlooked. Test methods were 
significantly revised to correlate with natural exposure and to 
take account of application malpractices. 

The success of the modified salt spray test enabled funda- 
mental changes to be made in pigment performance and 
finally a simple test was developed to predict undesirable 
physical/chemical changes due to ageing. 

The combined test procedure reflects a 'priority' philosophy 
which cannot fail to eliminate inadequate or incompatible 
paints. It is described as 'Prohesion' which simply means 
protection by adhesion and implies that adhesion failure 
precedes corrosion, not vice-versa. 

Test methods 

Effect of substrate profile 

Blast cleaning operations in the U K  employ a wide variety of 
abrasives. Profile amplitudes averaging 100 microns are 
normally acceptable and providing the standard of cleanliness 
falls within SA2t-SA3, little or no attention need be paid to 
rogue peaks. 

A major primer investigation carried out in the British 
Rail laboratories was rendered ineffective owing to the 
influence of random rogue peaks. The test specimens had 
been automatically blasted using G.24 abrasive (works 

Top coated 
high build C R 

K phosphate 
)last prlmer ' 

Fig. 1. Influence of adhesion on corrosiox at cross hatchings after 
500 hours BR 7l accelerated test. 

Left: smooth steel (Pyrene Ltd) Right: grit blasted steel 
Topprocess: Expoxy polyamide/zinc phosphate primer (25 mi- 

crons) Chlorinated rubber (50 microns) 
Bollomprocess: Expoxy polymide/zinc rich primer (25 microns) 

Chlorinated rubber (50 microns) 

production). During about the same period, an investigation 
into a premature failure on a prestige structure clearly 
indicated the cause to be due to rogue peaks. 

Reversion to smooth steel panels was rejected since pre- 
vious tests had shown that the two most extensively used 
blast primers in Britain did not adhere to smooth surfaces. 
Since the removal of rogue peaks is generally unacceptable 
on economic grounds, it was decided to standardise on a 
profile produced by coarse grit and so build into the test a 
'real life' malpractice. The abrasive selected was 'J' Blast 
Grade B, a non-metallic abrasive supplied by Hodge Clemco. 
This abrasive produces a uniform distribution of rogue peaks 
of amplitudes up to 200 microns. 

Primers were applied to the 'J' Blast specimens at a dry 
film thickness of 25 microns and subjected within 4 hours to 
the newly developed BR 77 salt spray test. Primers lacking 
true inhibitive pigments failed within 12-18 hours, showing 
extensive peak corrosion. The severity of the test simulates 
adverse conditions often experienced during site application 
and in the case of new steelwork, and covers the delay period 
between shop priming at the steel mill and overcoating at 
the fabricator's works. 

Nevertheless, certain combinations of pigments provided 
outstanding protection and since the test is specific and quick, 
it offered an opportunity to review the pigment's contribution 
to the primer efficiency. It is worthwhile noting that an 
academic test carried out using the same primers applied to 
smooth steel failed to detect major differences over a period 
of 200 hours. 

The primer medium employed was chlorinated rubber/ 
alkyd. Wash primers, owing to their low film build (8-10 
microns), exhibited severe peak corrosion within 12 hours 
and zinc rich (organic and inorganic) primers developed 
extensive white corrosion products. 

Primers failing the new BR salt spray at the 48 hour stage 
were eliminated. Those considered satisfactory were applied 
to specimens blasted with G.24 steel grit which had been 
scraped to remove rogue peaks. After overcoating with the 
full system, the specimens were subjected to long duration 
weathering, new BR 77 salt spray and ageinglimpact tests. 

BR 77 salt spray test 

British Rail were the first test authority to specify a sulfur 
dioxide/humidity test (1935). Although extensively used in 
addition to BSS Salt Spray 3900, the results obtained have 
been viewed with reservations, as opposed to the more 
reliable natural weathering and field tests. 

An alarming discrepancy between natural weathering and 
accelerated tests on high buildcoatings motivated a significant 
modification to the salt spray test, namely: 

The enclosed cabinet was replaced by a BS weatherometer, 
its UV lamp being substituted by a salt fog spray. Since the 
test specimens are located on the side of the revolving 
drum, they are subjected to a uniform test atmosphere, in 
direct contrast to the random location of test specimens in 
cabinets. 

The normal 5 per cent salt solution was replaced by a weak 
solution of Dr  J. B. Harrison's mixture',' viz 0.40 per cent 
ammonium sulfate and 0.05 per cent sodium chloride. 
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The continuous saturated atmosphere of the BSS salt spray 
was replaced by cycling over 24 hours, 6 x 3 hour periods 
of salt spray alternating with 6 x I hour drying periods 
using ambient air. 

Fig. 2. BR 77 salt spray apparahw 

Comparing the results obtained in the BR 77 salt spray 
with natural exposures accumulated over 10 years showed 
that a significant advance in correlation had been achieved. 

In particular, adhesion failure (undercut corrosion) from 
cross hatch and edges was convincingly realistic. 

Cycling, air enrichment and significant reduction in salt 
contaminant, in addition to ambient temperature, must 
obviously relate more closely to natural environments than 
the artificial, passivating, elevated temperature conditions 
encountered in most conventional salt spray tests. 

The mechanism of paint breakdown is essentially due to 
loss of film integrity due to the movement of water (vapour) 
in and out, arising from wetting and drying periods. 

Pigment in primers 

The Health and Safety legislation necessitated a review of all 
available lead free inhibitive pigments which was completed 
using the BR 77 salt spray test. 

The pigments were incorporated according to manufac- 
turers' data sheets into a chlorinated rubber/alkyd medium 
(PVC 35.0 per cent). The primers were applied (film thickness 
2430 microns) to 'J' Blast 'B' treated panel. 

The severity of the test readily indicated the capability of 
the pigment in restraining corrosion at weak rogue peak areas. 
Inert pigments such as zinc phosphate and Nalzin were 
totally ineffective, whereas zinc chromate was somewhat 
better. A combination of 20.0 per cent zinc phosphate and 
5.0 per cent zinc chromate was outstanding. A subsequent 
investigation indicated that barium metaborate may replace 
zinc chromate. 

Whilst the performance of the zinc phosphatelzinc chro- 
mate combination had established the principle of a solublt 
active suppressant and a film integrity pigment, it should not 
be overlooked that different media may require significanc 
modification of the pigmentation. Thus, it is established that 
zinc phosphate contributes nothing to a styrene acrylie 
aqueous medium, whereas zinc chromate itself is remarkably 

effective. Furthermore, a double coating reduced the sensi- 
tivity of the rogue peak areas and smooth steel panels failed 
to simulate early corrosion failures, but subsequently revealed 
loss of film integrity, in formulations lacking a barrier pig- 
ment. 

The severity of the test is justified, since it is quite common 
in practice to find primers are thinned or applied thinly in 
the interests of saving money. 

Finally, a simple check test was devised to classify inhibitive 
pigments without needing to prepare a paint. 

A new bright nail war cleansed with boiling deionised water 
and placed in an airtight bottle containing 100 ml of 0.1 per 
cent Dr Harrison's mixture and 1.0 gram of the pigment 
under test. 

Two classes of results were obtained according to freedom 
of rusting: 

Those containing soluble active electrochemical corrosion 
suppressant, viz. zinc chromate, barium metaborate; 

Inert pigment which offered no resistance to copious 
rusting, viz. zinc phosphate, Nalzin, calcium ferrite, zinc 
ferrite. 

Note 

(1) 20.0 per cent zinc phosphate/5.0 per cent zinc chromate 
on the paint. 

(2) Dr Harrison's mixture: 

3.25 per cent ammonium sulfate 

0.25 per cent NaCI. 

Behaviour of primer at cross hatchings 

Adhesion failure (undercut conosion) at cross hatch areas 
produced by standard weatherometer, salt spray and sulfur 
dioxide tests may bear little resemblance to those which 
develop after several years of natural exposure. 

British Rail were the first test authority to specify the use 
of zinc phosphate (1970) although it had been developed by 
Dr J. B. Harrison many years previously. 

This pigment fac~liated the complete elimination of lead 
pigments, introduction of aidess spray technique, rheological 
control and formulation stability. 

Accelerated weathering tests predicted good durability. 
In addition, natural exposure tests on primers were encourag- 
ing. 

Unfortunately, after 3- 5 years natural exposure, alarming 
adhesion/corrosion failures developed at cross hatch areas 
and edges on a variety of high build systems, such as, epoxy 
polyamide, modified pitches, chlorinated rubber etc. 

The worst failure occurred with zinc phosphate pigmented 
epoxy polyamide blast primers, whereas zinc rich epoxy 
polyamide primer was far superior and zinc tetroxy chromate 
polyvinyl butyral primer, even better. 
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Fig. 3 Extensive adhesion failure due to a top impermeable primer 
after 7 years exterior exposure using grit blasted steel 

Process. Expoxy polyamtde/z~nc phosphate prtnier (25 mtcrons) 
Epoxy polyamtde/mtcaceous tron oxtde undercoat (40 
mrrons) 
Fpoxy polyamidc,n~icaceuus iron oxide finish (40 microns) 
Chlorinated rubber coating applied after 3 years exposute 
(2 microns) 

A general review of long term natural exposure tests 
indicated that extensive adhesion/corrosion failures were 
accelerated by: 

(a) Smooth steel surfaces; 

(b) Only inerl pigment in primer; 

(c) Impermeable primer media; 

(d) Excessive total film thickness. 

The most outstanding performance was shown by a three 
coat styrene acrylic dispersion system applied to a SA.2 
blasted piece of rusted wagon plate. The primer pigmentation 
was red oxide/zinc chromate. The total film thickness was 
150 microns and after 14 years, no failure of any description 
was detected. It is worthwhile recording that the three coats 
were applied at hourly intervals outside, under cover, on a wet, 
humid (95 per cent RH) day. 

The BR 77 salt spray realistically confirmed the natural 
exposure observations. Significant reduction in cross hatch 
adhesion/corrosion failure was obtained by introducing 
5.0 per cent zinc chromate into: 

(a) Zinc phosphate epoxy polyamide blast primer; 

(b) Metallic zinc epoxy polyamide blast primer; 

(c) Epoxy powder coating. 

Processes applied to smooth steel failed rapidly and several 
proprietary polyvinyl butyral based blast primers were 
excellent. 

The investigation indicated that a minor degree of water 
sensitivity in both primer medium and pigment substantially 
improves adhesion a t  damaged areas in the paint system. 

It would appear that unless moisture can enter the primer 
film, it will probe underneath, thus resulting inadhesion 
failure. 

Fig. 4. Influence of primer permeability on adhesion at cross hatchings 
after 6 years exterior exposure on smooth steel (Pyrene Ltd) 
Left: Polyvinyl butyrall~inc chromate primer ( I 0  nucrons) 

Riglit: Epoxy polyaniidc/rinc phosphate prinsr ( 3 0  microns) 
Top coats: Vinyl toluenated alkyd undercoat (25 microns) and 

vinyl toluenated alkyd finishingcoat (25 microns) 

Reduction of long-life durability 

BR 77 salt spray provides a realistic means of formulating 
and testing processes capable of adhesion and protecting 
at the primer stage under adverse conditions and retaining 
adhesion at damaged areas in the full system. It cannot, 
however, predict future incompatibility arising from physical/ 
chemical changes due to ageing. 

In an era of long-life protection, ie 20 years or more, it was 
imperative to establish a reliable method of test. 

A fundamental weakness of all paint media, namely the 
increase in embrittlement at low temperature, was selected 
by,British Rail as $means of fingerprinting relative physical/ 
chemical changes due to ageing. 

Fig. 5. Influence of temperature on adhesion after impact (BR 
*l'OP" test) 

Extreme left Extreme right 
-5 "C * 20 C 

lntercoat failure Silt isfactory 

Ageing involves complete elimination of solvent, oxidation, 
cross linking etc. and it was considered that 30 days' con- 
tioning in an oven at 40°C is adequate. 
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The full system is applied in accordance with the manu- 
facture's instructions to a SA2k-SA3 steel panel blasted with 
G.24 grit and scraped to remove rogue peaks. 

After heat conditioning, the test panel is placed in a 
refrigerator at -S°C for 24 hours. It is then removed and 
immediately subjected to BS3900 Part E.3 impact test. 
Scraping the indent with a knife instantly reveals substrate or 
intercoat adhesion failure. 

The test is extremely severe, but it does represent a practical 
hazard and it can be made more selectively by impacting the 
specimen at intervals, until it reaches ambient temperature. 

Impact can also be carried out on an unconditioned 
specimen and any specimen which has been subjected to other 
accelerated weathering tests. 

This test described as BR, POP Test (Prediction of Perform- 
ance) conclusively eliminates processes which are inherently 
incompatible. It is not unreasonable to assume that a 
which satisfies the test is virtually incapable of exhibiting 
serious adhesion failures even over a life of 20 years or more. 

It is also reasonable to assume that such a process which 
does develop adhesion failures in practice has not been applied 
in accordancewith the paint manufacturers'recommendations. 

Acknowledgments 

Acknowledgment is made to the Director of Research, 
British Rail Board and former colleagues in the Surface 
Coatings Laboratory. 

[Received 3 January 1979 
References 
I.Harrison,J.B., J.O.C.C.A,1979,62,18 

Fig. 6. BS 3900 Part E.3. Impact test 2. Harrison, J. B. and Tickle, K., J.O.C.C.A., 1962,45,571 



I .  011 Cd. C h .  Aswe. 1979.61, 136141 

Accelerated weathering tests* 
By M. L. Ellinger 
27 Ponsea Hall, Portsea Place, London W2 2BW 

An attempt to compare various accelerated weathering devices celeriltion of the effect of solar radiation, the natural light source, 
with respect to the correlation of the results obtained from short are discussed. 
term tests with those from natural long term exposure and in 
practice. The respective merits of laboratory test cycles and ac- Views from certain recent papers are quoted, which appear to 

confirm some of the experimental findings. 

Keywords 

Processes and methods primarily associated with 
analysis, measurement or testing 

accelerated weathering 
test procedure 
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dried or curedfilms 
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gloss retention 

Les essais de vieillissernent acc6l6r6s 

On a essay6 de faire une cornparaison dc divers appareils de essais au laboratoire, de I'adliyation de I'effet de la radiation 
vieillissement a ~ l i r ~  en vue d'&ablir une codlation entre les solaire, la source naturelle de lumkre. 
rbultats rendus par les essais de courte durQ et ceux rendus par 
I'exposition aux intempt5ries B longue durQ et dans la pratique. Les points de vue de certains auteurs qui semblent B donner 
On discute les avantages respectifs des cycles employis dans les confirmation des rbultats expt5rirnentaux sont citts. 

Kurzbewitterungsprufungen 

Ein Vergleich verschiedener Kurzbewitterungsger2te im Hinblick des Einflusses der Sonnenstrahlung, der natiirlichen Lichtquelle. 
auf die Korrelation zwischen den Ergebnissen von Kurzpriifungen 
und solchen von langfristigen Priifungen und der Praxis. Bewertung Zitate aus einigen, in jiingster Zeit erschienenen Artikel, welche die 
der Priifungsmethoden im Laboratorium und der Beschleunigung Versuchsergebnisse bekrhftigen zu scheinen. 

Introduction Objectives 

R#f.'l Refs. 2-6 

This subject, undoubtedly the most controversial in the study 
of surfac:: coatings, may be introduced by quoting the 
closin~ sentences of a review on weathering tests compiled 
about two years ago1: 

"Progress in all the fields involved enhances the 
possibility of relating weathering results to actual service 
conditions. Some lack of agreement, however, is bound 
to persist, owing to another natural factor-as complex 
as the weather-the individuzl approach to weathering 
tests." 

The objectives of accelerated testing will vary according to 
the person or orgznisation interested in the results. They m2.y 
be for example: 

(1) Users of paints. 

(2) Manufacturers of testing devices, designers and/or 
operators of accelerated test methods. 

(3) Independent test services. 

(4) Producers of coating materials. 

The most exacting user of surface coatings is the motor 
These words summed UP the author's personal view which industry. car manufacturers issue strict specifications 

as a conscientious reviewer she tried to conceal. It is not covering composition, application properties and durability 
intended to do so here. requirements of the products supplied to them. 

The objectives of testing will be discussed and the various One year's exposure in South Florida, without substantial 
types of accelerated weathering test devices considered. deterioration in appearance, represents one of the old estab- 
Results obtained from an exposure series will be given to lished standard requirements. 
illustrate how far correlation of results can be achieved. 
Finally, a few interesting views published by international & When dur8.bility testing on sites in South Floridz was 
experts during recent months will be quoted. introduced around 1930, the two to three fold accelewtion 

'Lecture presented to the Thames Valley Section on 7 December 1978. 
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in the weathering rate of finishes in that subtropical region 
as compared to those in temperate climates resulted in a 
very rapid failure of the materials in use at that time. Hence, 
Florida exposure was taken as an accelerated outdoor 
weathering test. For today's high quality surface coatings, 
direct natural exposure in Miami is regarded as "real time" 
exposure, against which the results obtained with various 
accelerated weathering devices may be compared. 

Certain industrial paint users specify exposure for 1000 
hours in a weatherometer, and several motor manufacturers 
use indirect outdoor exposure in Arizona on Emmaqua 
machines for 160,000 Langleys (1 ly = 1 g cal/cm2). This 
amount of irradiation is obtained in about 5 weeks and 
furnishes results comparable to those of 6 months direct 
exposure in South Florida. 

Manufacturers of equipment, designers of test methods. 
and scientists involved in testing, have contributed an im- 
mense amount of effort to the development of reliable testing 
methods. Working in close co-operation with the chemists 
and technologists involved in the manufacture of the products 
to be tested, and studying the theoretical background of 
weathering phenomena, they have published many papers. 
This vast literafure provides most of the present knowledge 
on the principles of durability testing. The purpose of this 
continuous research on their part is intended to perfect the 
apparatus, in order to obtain reproducible results within 
the minimum feasible time and having a good correlation 
with results found after long term natural exposure In 
practice. 

Amongst the various types of accelerated laboratory 
weathering equipment available, the Marr Artificial Weather- 
ing apparatus (UK) (BS 3900/F3), the Atlas W types (USA) 
(ASTM 02565) and the Hanau Xenotest 1200 (WG) are most 
widely used. The QUV Cyclic UV Weathering Tester (USA) 
has been introduced more recently. The procedures to be used 
are all covered by National Specifications and international 
standardisation is in the course of preparation by the IS0 
Technical Comm~ttee 35. 

Independent test services usually operate in areas where the 
existing natural weather conditions already enhance the 
breakdown of organic coatings, eg the high solar radiation 
coupled with high humidity in South Florida, and the even 
stronger solar radiation with a very high proportion of UV 
in the Sonora Desert of Arizona, although with a rather low 
humidity. 

Some acceleration of the weathering effect of direct natural 
exposure can be achieved by varying the angle at which the 
sample is mounted or by increasing the heat effect, for 
example, by the so-called "black box" (simulating more 
closely the practical conditions occurring on motorcars), but 
such modifications reduce the required exposure time only 
slightly. 

A real breakthrough was achieved in 1960, with the intro- 
dustion of indirect solar irradiation by means of the Emma* 
and Emmaqua* machines2 in Phoenix, Arizona. Caryl and 
Helmick's development of the automatic equatorial mount 
into an accelerated outdoor weathering device3s4 brought 
outdoor testing times within the time limits for artificial 
weathering in the laboratory, whilst retaining the undisputed 
advantage of using th: sun as the light source. 

*Emma = Equatorial Mount with Mirrors for Acceleration 
Emmaqua = Emma plus water spray 

These machines, solely operated by DSET Laboratories 
I ~ C . ~ ,  have the samples mounted on the underside of a 
cross-member at the top of the machine, and 10 highly 
polished special aluminium mirrors are positioned so as to 
reflect the sun's rays (which strike them at an angle of about 
90") on to the target area above. Both types can be operated 
only during daylight hours, ie 8-9 hours according to the 
season of the year. Whilst Emma is designated to simulate 
more arid conditions, the Emmaqua, on which the samples 
are automatically sprayed with demineralised water for 8 
minutes during each hour of operation, corresponds to wetter 
climates. 

Because of their natural light source, such devices can 
function with efficiency only under the climatic conditions 
for which they were originally designed. About 250 of these 
machines are now in constant use at the New River site, 
weathering samples of world-wide origin. 

The objectives of independent commercial test services are 
similar to those of the producers of testing apparatus, but 
with the added responsibility of performing tests for their 
clients. In addition to continuous improvement of testing 
facilities, they are also involved in the constant observation 
and recording of climatic variations (eg measurement of 
incoming solar radiation at various angles, and measurement 
of direct sunshine only, recording of total UV radiation less 
than 383nm, wind velocity, temperature, humidity, etc.) 
to enable a realistic evaluation of the accelerated results 
obtained6. 

Producers of coating materials have different objectives. 
Accelerated testing, as specified by their customers in the 
automotive and industrial finishing field, is only one of them. 

In development and research work time is a dominant 
factor. Accelerated weathering has to be relied upon to enable 
improvements in formulation during development and to 
avoid discovering some failure when it is too late. 

New products must be tested and retested long before 
reaching the market, and even before their presentation to the 
higher authorities Cithin the organisation. It is at this early 
stage where accelerated test methods have to be carefully 
selected, according to the nature of the project. 

Ideally, questions of economin should not enter into a 
technical discussion, but they cannot be avoided. Accelerated 
weathering tests are far more expensive than long term 
natural exposure performed, often with some lack of efficiency, 
on the roof-top of a paint factory. 

If tests are carried out in the paint laboratories, accelerated 
weathering tests involve the purchase of the apparatus, which 
is rather expensive. Thereafter, running and maintenance 
costs are involved, such as replacement of light sources, cost 
of electrical power, deionised water, etc. Furthermore, at 
least half a year of expert staff's time is needed to develop 
the suitable exposure period in terms of light and wetting 
cycles, which are designed to produce accelerated results that 
bear some correlation to reality. The best of laboratory 
equipment is worthless if it is not properly operated. 

On the other hand, at first sight, the fees charged by the 
independent testing organisations for the accelerated weather- 
ing of samples might seem high, but what do they offer in 
return? Objectivity, up-to-date apparatus, operated and 
maintained by well trained staff with great expertise in the 
testing procedure. It is true that some delay is caused by 
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transporting samples to test sites overseas, but air-mail does 
not take long and this time lag is offset by avoiding the usage 
of manpower, time and saving costs of performing the 
accelerated tests within the company's own research and 
development laboratories. 

Experimental. 

Refs. 7,8 

Almost ten years ago a graph (see Figure 1) illustrating the 
course of gloss deterioration of identical finishing systems 
exposed under natural conditions in Florida and natural as 
well as accelerated conditions in Arizona suggested, that 
except for the speed of deterioration, the actual nature of the 
ageing process remained the same on both sites under identical 
conditions of exposure, and hardly varies if exposure is under 
the accelerated outdoor conditions on Emmaqua'. 

'"[ 

I I 
I = INITIAL GLOSS VALUE 
Ph12= 12 MONTHS PHOENIX 

90 M 12 - 12 MONTHS MIAMI 5" SOUTH 
El = 1 MONTH PHOENIX 
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€3 =3MONTHS " 

Ph12 

7 0  

1 0  1 I 
I I I I I I 

0 1 2 3 4 5 1 0 1 1  
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Fig. 1. Deterioration of gloss on accelerated and natural outdoor 
expowre 

This finding seemed worthy of investigation and led to 
further test series, performed between 1971 and 1975, reported 
in a paper presented in 1976 at the FSCT meeting in Washing- 
tons. 

The present experiment is a follow-up to the previous ones, 
again with industrial development work in mind. The scope 
remained the same, namely an attempt to correlate the 
results obtained in short- and long-term weathering tests. 
However, the emphasis was shifted from the coating systems 
under test to the comparison of the available weathering 
procedures. 

Coating systems tested 

Two white motor finishes were chosen, an acrylic and an 
alkyd based type. Both had been continuously produced on a 
works' scale for a long time with only minor modifications 

which normally occur over the years. Both were tested in 
earlier experiments, providing the chance for checking on the 
repeatability of the different weathering tests. 

Weathering tests performed 

(1) Miami, 5" South, Summer 1977-Spring 1978, 9 months 

(2) Phoenix Emmuqua September-October 1978, 240,000 
Langleys ( - about 8 weeks) 

(3) Marr Weatherometer BS Cycle 1000 hours 

(4) Q U V  Tester, Cycle: 8h U V  60-65'C 
16h Humidity 5C52"C 240 hours 

Data recorded 

60" Gloss readings at specified periods 

Colour difference AE (only after accelerated Emmaqua 
exposure). Chalking, visual observation only. 

Results of this experimental series appear in Tables I, 2, 3 
and 4 and Figures 2 and 3. 

Table 1 
White ffiotorcarfinblies, saniples and initial gloss value\ 

- - 

Panel No. TY PC 60 ' Glocs% 

5 Low stoving acrylic 9 1 
6 Ther~no-setting alkyd 90 

Table 2 
Percerttage gloss retentiotl* on accelerated outdoor exposure 

Phoenix, September-October 1978 (Emmaqua) 

Langleys received: 
Panel No. 80,000 lys. 160,000 lys. 240,000 lys. 

Table 3 
Perccnrage g1os.s veterrtion* orr natural outdoor exposure 

Miami, July 1977-Marc11 1978 (5"Soutli) 

Time: Months 
Panel No. 3 Months 6 Months 9 Months 

*~ote: Gloss retention is expressed in percentage of the initial 
gloss value. 

Table 4 
Percentage gloss retention on accelerated laboratory exposure 

QUV Apparatus Marr Weatherometer 

Panel No. 240 hrs Note 1000 hrs Note 
--- 

5A* 84 Slight loss of gloss 99 No visible change 
5B* 93 Novisiblechange . 
6A 44 Strong chalking 95 No visible change 
6B 45 Strong chalking 

*A and B mean repeated tests. 
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Table 6A 

Fig. 2. Percentage gloss retention on accelerated outdoor exposure,. 
Phoenix, September to October 1978. Emmaqua 

I I I 
3 6 9 

MONTHS 

Fig. 3. Percentage gloss retention on natural outdoor exposure. 
Miami, July 1977 to March 1978. 5"South 

Tables 5a, 5b, 6 a  and  6 b  and  Figures 4, 5, 6 and  7 de- 
monstrate the repeatability of natural exposure tests in 
Miami a t  SoSouth and  accelerated outdoor tests in  Phoenix 
o n  Emmaqua in different years and seasons of the year. 

Table 5A 
Repeatability of accelerated outdoor exposure tests 

on acrylic finishes (Phoenix : Emmaqua) 

Langleys received* 
Date 

Panel No. Year and season 80,000 Iys. 160,000 lys. 240,000 lys. 

49 1971-72 Winter 96 84 60 
53 1975 Spring 97 89 49 
5 1978 Autumn 92 82 69 

*The irradiat~on of 240,000 Langleys ( I  ly -1g calsq cmlmin) is 
achieved w ~ t h ~ n  45-60 days depending on the seasonal weather 
variations. 

Table 5B 
Repeatability of naturol outdoor exposure tests 

on acrylic finishes (Miami : SoSouth) 

Time: Months 
Date 

Panel No. Year and Season 3 Months 6 Months 9 Months 

49 Dec. 1971-Sept. 72 86 74 56 
53 Dec. 1974-Sept. 75 84 80 67 
5 Jul. 1977-Mar. 78 75 56 49 

Rcpeutability o f  acreleroted olrt~loor expmure te.\~s 
or1 u1kydfinishe.v (Phoenix : Dmnaqua) 

Langleys received* 
Date - 

Panel No. Year and season 80,000 Iys. 160,000 Iys. 240,000 Iys. 

47 1971-72 Winter 86 79 60 
51 1975 Spring 95 87 41 

6 1978 Autumn 95 87 64 

*The irradiation of 240,000 Langleys (1 ly = I g cal/sq cm/min) 
is achieved within 45-60 days depending on the seasonal weather 
variations. 

Table 68  

Repeatability of natural outdoor exposure tests 
on alkyd finishes (Miami : SoSouth) 

Time: Months 
Date 

Panel No. Year and Season 3 Months 6 Months 9 yonths 

47 Dec. 1971-Sept. 72 87 72 47 
51 Dec. 1974Sept. 75 78 64 42 
6 Jul. 1977-Mar. 78 79 66 61 

Fig. 4. Repeatability of accelerated outdoor exposure tests. Phoenix, 
1971 to 1972,1975,1978. Emmaqua 

3 6 9 
MONTHS 

Fig. 5. Repeatability of natural outdoor exposure tests. Miami, 1971 
to 1972,1974 to 1975,1977 to 1978. SoSouth 
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80 000 
LANGLEYS 

160 000 240 000 

0 3 6 9 
MONTHS 

Fig. 6. Repeatability of accelerated and natural outdoor exposure 
tests on acrylic hisher Phoenix, Emmaqua and Miami, 9%th 

5" SOUTH 

Fig. 7. Repeatability of accelerated and natural outdoor expaswe 
tests on alkyd finishes. Phoenix, Errmaqua and Miami, S0Soulh 

Evaluation of results 

As seen from the data and the Figures, all the tests ranked 
the acrylic type No. 5 as slightly superior to the alkyd type 
No. 6. This agrees well with long practical experience and also 
with earlier comparative results of Florida and Emmaqua 
tests. 

Gloss retention of the two types did not differ substantially, 
except in case of the QUV exposure. 

The same applies to chalking. A slight tendency to chalking 
of No. 6 was observed both in Miami and on Emmaqua, but 
none in the weatherometer test. However, very definite 
chalking appeared at an early stage in the QUV tester (after 
about 72 hours). Practical experience during the past 8 years 
had never indicated any serious chalking problems with the 
alkydsystem. 

Colour retention of the acrylic finish is also somewhat 
superior. Numerical data were available only for the Emmaqua 
exposure. The colour difference measured for the acrylic was 
AE = 1.02 against AE = 1.38 for the alkyd. This slight 
difference confirms the hardly noticeable visual difference 
found in case of the other exposures. 

Scrutiny of the test methods 

FIorida Exposure at SoSouth in the present context represents 
the long term standard test. Exposures performed during a 
number of years usually rank the same series of coatings in 

the same order, However, presumably because of climatic 
variations, results obtained in different years may vary by up 
to 20 per cent in gloss retention. 

Repeated Emmaqua exposures show a very similar picture. 
Occasionally, the seasonal and annual variations are smaller. 
The course of gloss deterioration, however, is very similar 
in this indirect outdoor exposure to that occurring in direct 
outdoor exposure in S. Florida. The acceleration of the process 
is about 5-6 fold. 

Weatherometer exposure for 1000 hours does not lead to 
any conclusive results. The duration of the exposure is 
insufficient to cause more than a few percent of gloss deteriora- 
tion in stoving automotive finishes. Similar results were also 
obtained in earlier tests9. 

The QUV Tester gives rapid results, but they occasionally 
seem to be somewhat distorted. Apparently, the cycle used is 
very fierce with respect to inducing chalking. Here, Florida 
and Emmaqua exposure, as well as actual practice, hardly 
indicate any chalking tendency; the staving alkyd finish 
chalks badly after a quite short exposure in this test. 

Conclusions 

I t  is a~lticult to draw clear-cut conclusions from such a 
restricted experiment, but the tests raise certain points which 
may be helpful when selecting an accelerated weathering 
test for a project. 

(1)  Samples have to be prepared with the utmost care and 
in the best possible manner. Where possible, duplicate 
panels should be used for each test. 

(2) Uniform and precise operation and maintenance of 
artificial weathering devices are essential. 

(3) Whenever new products are tested, a standard product 
based on a similar binder and of known performance must 
be included as a control. Various accelerated weathering 
devices produce different balances of the stresses (light, heat 
and humidity) which cause the finish to deteriorate and 
may have a stronger effect on one kind of polymer than on 
another. 

(4) If time and circumstances permit it, the samples should 
be exposed to at least two different methods of accelerated 
weathering (eg on Emmaqua and in the QUV cyclic tester). 
The first method takes slightly longer, but being an acceler- 
ation of natural outdoor conditions, it will tend to give 
reults which correlate better with long term natural 
exposure and real life performance. 

The QUV test gives fast results, but tends to exaggerate 
some minor weakness of the product disproportionately. 

(5) When evaluating results, the relative importance of any 
particular property with respect to the overall efficiency 
of the product should be borne in mind, unless the sole 
objective of testing is to compare one specific component 
or a characteristic property of a complex system. 

Some relevant publications in 1978 

Having evaluated the experimental results from the point of 
view of the paint chemist involved in development work, 
the author searched for new.developments in this controver- 
sial topic which may have emerged in the last year. 
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Recent papers do not hold out any hope of predicting a 
coating's durability in exact terms of years (as would be 
desired for guarantee purposes) on the basis of accelerated 
weathering tests. However, international experts are beginning 
to appreciate their merits. 

A deeper understanding of the complex interaction of 
stresses caused by natural weathering and the study of 
wavelength distribution in solar radiation and its effects in 
combination with varying moisture and temperature con- 
ditions has enabled the early information derived from various 
accelerated weathering tests to be used to greater benefit. 

This latest trend of thoughts is well illustrated by quoting a 
few recent conclusions. 

An analysis of natural weatheringE0 in the USA has 
indicated that the reason for the good correlation found 
between the exposure results obtained in aggressive environ- 
ments, such as Florida and Arizona, and the more temperate 
climates, is the fact that maximum UV, water and temperature 
stresses are similar everywhere. Elimination of annual, 
seasonal and location rate differences by mathematical 
treatment of the results (rank correlation procedure) has made 
it possible to predict consistently the relative merits of 
materials by natural accelerated weathering. Modern high 
quality coatings have a high threshold of sensitivity towards 
UV, water and heat, and, therefore, natural weathering 
for such products ceased to be a continuous process. It is 
sporadic and intermittent, occurring only when the stresses 
reach a certain level. Simulating basic stresses in artificial 
weathering, results in acceleration by avoiding idle time. 
Further acceleration is achieved by increasing the combined 
UV, water and temperature stresses within natural limits. The 
most important factor in accelerated laboratory testing is the 
proper balance between the stresses. This is possible, but 
there exists no single answer. 

A systematic study was conducted in W. Germany to 
reveal the causes for the discrepancies occurring in con- 
secutive or parallel weathering tests" in respect of gloss 
retention and chalking, both in natural and laboratory 
exposures. Errors arising from the lack of uniformity in 
sample preparation and those caused by variations in ra- 
diation intensity in artificial devices, compensate each other 
to some extent, but the latter is of much greater importance 
and has to be controlled as far as possible. The adverse 
effect of this discrepancy can also be reduced by including 
reference samples of proven performance in the test of 
experimental products. 

Testing gloss retention and chalk resistan~e'~ of Ti02 
pigmented finishes after exposure is an important feature of 
the continuous research into the photochemical interaction 
between this pigment and binders. In a given resin, the 
ranking of various grades remains consistent, eg the results 
obtained on one stoving acrylic system will be valid for 
another acrylic, but will not necessarily apply to an alkyd 
based system, or vice versa. 

Whilst both characteristics are due to the degradation of 
the resin, no direct relation has yet been established between 
loss of gloss and the onset of chalking 13. Some resins will 
chalk at an early stage of loss of gloss, others not even when 
gloss is down to almost nil. 

The chalking rate is greatly accelerated in some of the 
accelerated tests. Paint systems which repeatedly passed up 
to 5 years of exposure in S. Florida and over 10 years in 
Switzerland without any chalking, may fail badly after only 
100 hours in a dew-cycle weatherometer. If a film passes this 

fierce test, it will most likely perform very well in practice, 
but its failure does not mean that the system is worthless. 

Based on current commercial devices, a special accelerated 
weathering apparatus has been built in Germany for the study 
in depth of the chalking processL4. It includes features like 
a selection of spectral range, of experimental atmosphere 
(air, argon, nitrogen, vacuum), strict control of temperature 
and a constant radiation yield. 

It is claimed that these studies covered such problems as 
the effect of wavelength and the nature of the chalking cycle, 
ie the photochemical interactions which take place during the 
weathering of TiOZ pigmented coatings. The protective 
effect of after-treated rutile TiOz pigments is strongest when 
the absorption boundary of the binder is at a shorter wave- 
length than that of the pigment. 

A West German author has suggested very recently that 
the evaluation of weathering results15 can be rendered far more 
meaningful if the gloss retention and chalking rate data are 
related to the energy of irradiation in the UV-B (280-315nm) 
range instead of the period of exposure, as was customary 
among the continental European experts. 

Thus, the results obtained for a given material at the same 
location at different times, at various stations or in artificial 
accelerated devices at the same time, can be compared in a 
realistic manner. 

The author fully agrees with the above suggestion, but 
would like to add that, to her knowledge, the idea is not as 
new as claimed. This concept has been widely accepted and 
applied for quite some time in the United States (Langleys 
represent the solar radiation energy received). Obviously, 
the method is feasible only if the energy values calculated by 
factors from global radiation are available. 

This survey can be concluded with the thought that in 
choosing the test methods according to the purpose of the 
weathering test, the operator must be just as flexible as the 
surface coatings are expected to be. Just as the ideal paint 
has not yet been developed, so there is no all-purpose, 
universally applicable weathering test. 
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Preparation and use of antifouling coatings based 
on tributyltin fluoride 
By N. A. Ghanem and M. M. Abd El-Malek 

~abGratory of Polymers and Pigments, National Research Centre, Dokki, Cairo, Egypt 

In view of the limited period of protection of cuprous oxide based alternative to cuprous oxide in the preparation of a variety of 
antifouling coatings in regions of high fouling and the danger of paints intended to provide fouling resistance for long periods. 
copper accumulation in waters and sediments in semi-enclosed The results of testing in a natural environment of high fouling 
areas, a need has arisen for longer protection periods with less intensity are very promising with respect to animal organisms, 
polluting effects. In this paper, tributyltin fluoride is used as an but not so much with respect to plant fouling. 

Keywords 

Types and classes of coatings and alliedproducts 

antifouling mating 

Raw materials for coatings 

binders (resins, etc.) 

polyvinyl resin 

biologically active ingrediennf 

tributyltin fluoride 
micro biological agent 

Properties, characteristics and conditions primarily associated with 
dried or curedfilms 

sea water immersion test 

La preparation et I'emploi des revetements "anti fouling" $I base du fluorure de stantributyle 

En raison del la M o d e  restreinte de protection assurh par les en tant que r emplamnt  pour I'oxyde de cuivre au cours de la 
revdtements "anti fouling" il base de I'oxyde de cuivre aux rkgions pr6paration d'une gamme de peintures "anti fouling" destintes B 
oO le risque de salissure est 61ev6, et kgalement du danger d'une assurer une rksistance aux salissures pour de longues pkriodes. 
augmentation progressive de la teneur en cuivre dans les eaux et Les resultats des essais dans un environnement naturel, oil I'inten- 
les skdiments en bassins mi-clos, on a besoin des p+riodes de site de salissures est tlevk, donnent beaucoup d'esp+rances il 
protection plus longues et des teneurs en agents polluants moins I'kgard des organismes animaux, mais pas autant en ce qui concerne 
importantes. Dans cet expose on a utilid le fluorure de stantributyle les salissures provoquks par les plantes. 

Herstellung und Anwendung von Antifoulings auf Basis von Tributylfluorid 

In Anbetracht der zeitlich begrenzten Schutzwirkung von auf fluorid als ein Alternativum fur Kupferoxydul zur Herstellung 
Kupferoxydul blsierenden Antifoulings in stark foulenden Ge- einer Anzahl von Antifoulings mit lauganhaltender Schutnvirkung 
Mssern, sowie der Gefahr von zu hoher Kupferkonzentration in angewandt. Die Ergebnisse von Versuchen in naturlichen, stark 
Gewassern und Sedimentation in halbabgeschlossenen Wasserlaufen foulenden Gewissern sind vielversprechend bei tierischen Organis- 
wurde es notig, einelanger schutzende Farbe mit geringerer Pollu- men, nicht aber bei F'tlanzenanwuchs. 
tionswirkung zu entwickeln. In dieser Arbeit wurde Tributylzinn- 

Introduction 

In a previous publication1 dealing with antifouling coatings 
depending on vinyl resins as  binders and cuprous oxide as  thc 
toxic pigment, it was found that the maximum period of 
protection in fouling-rich regions was thirteen months. 
It was sugsested that further research should be directed to 
the use of other binder systems and to higher efficiency toxins 
which may supplement or replace cuprous oxide: This trend 
has been prompted by recent investigations' in which the 
copper concentration was found to be two orders of magni- 
tude higher than the natural limit in the waters andsediments 
of the Suez Canal. This threatening level was solely 
attributed to copper leached from ships traversing the 
international pathway a t  a rate estimated a t  3000 vessels per 
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month. The phenomenon of increased copper levels was also 
observed in other places, such as the harbours of Antibes, 
La Pallice and La Rochelle in South France8 which was 
attributed to the great number of pleasure boat using copper 
and cuprous oxide antifouling coating. High copper con- 
centrations were also found in the waters of the docking areas 
of San Francisco Bay4. The same author found copper 
contents in abundant marine algae, Ulva sp. ranging from 
10.6 to 43.4 pg/g tissue (dry weight). Further alarm was 
caused by a paper by Disalvo5, in which the effect of copper 
on the survival and functioning of the lower, important 
organisms, the bacteria, was examined. The results indicated 
the variable susceptibility of bacteria to the presence of copper 
and suggested the possibility of cumulative synergistic effects 
of heavy metals on bacterial motility. It was estimated that 
5000 tons of copper are released annually from copper based 
antifouling coatings in the oceans and seas of the world6. 
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In the present investigation the binder mixture, based 
essentially on a vinyl copolymer, was kept constant, whilst 
cuprous oxide was replaced entirely by one of the recently 
developed organotin compounds. Trialkyl- and triaryltin 
compounds are gaining ground since their fungicidal effects 
were discovered in 1954. They were recommended for anti- 
fouling applications because of their slow, but effective 
release of tin and for their long periods of protection 
(reaching two years) and because they do not accelerate 
corrosion. A case of a protection period of 92 months, where 
the tributyltin compounds were included in a thick rubber 
sheet has been documented7. 

The type of pla3ticiser used with the vinyl binders was 
shown to play an important role in antifouling coatings in 
which cuprous oxide was the toxic ingredient1; the chemical 
composition of the plasticiser controls the leaching rate of 
copper and hence the prevention of fouling in long term 
environmental immersion. The present investigation includes 
the use of three different types of commercial plasticiser: 
(I) hydrolysable, (2) non-hydrolysable and (3) non-hydro- 
lysable but swellable plasticiser, in order to examine their role 
in conjunction with tributyltin fluoride as the toxic ingredient. 

Whilst it was hoped to conduct the environmental testing 
for a much longer period, the test was terminated after 211 
days due to asudden storm which sank the raft. However, the 
photographic recording of the last inspection provides 
evidence of further protection periods. The test penod, 
however, exceeded a period of 6 months suggested for a 
successful antifouling coating in the Egyptian Standard 
 specification^'^. 

Materials 

The vinyl copolymer was Laroflex MP 35 (BASF AG, 
Ludwigshafen, Germany). The plasticisers were: chlorinated 
paraffin (non-hydrolysable) N 50 (Farbwerke Hoechst AG, 
Germany), tritolyl phosphate (hydrolysable) and polyvinyl 
methyl ether (non-hydrolysable but swellable) (Lutonal M SO 
of BASF AG). The modifying resins were ester gum (Carless 
Capal, England) and a phenolic resin, Wresnyl265 (Resinous 
Chemicals, England). Thixtrol ST, a hydrogenated castor oil 
was used as anti-settling agent (BASF, AG). 

(Farbwerke Bayer, AG, Germany). China clay was obtained 
from English China Clays, England. 

Suitable mixtures of xylene, white spirit (145-185'C), butyl 
acetate and butanol were used as solvents. 

Methods 

Paint preparation and composition 

Batches of 300 g each were prepared by mixing the correct 
amounts of the ingredients. The mass was matured and then 
dispersed in a centrifugal ball mill. The paints were diluted 
to  the application viscosity using 2 suitable blend of solvents, 
filtered twice and stored in tins with air-tight lids in a cool 
place. The storage time before application ranged between 
two and four weeks; the paints were, however, free from 
settlement or any other defects after several months of 
storage. 

Ten paint compositions were prepared with a common 
binder mixture containing mainly a neutral vinyl copolymer. 
A slight acidity is provided by a small amount of ester gum 
resin (acid number 3-5 mg KOH/g) and some improvement 
of hardness is given by a small content of a phenolic resin. 
A traditional constituent in antifouling coatings, rosin, is 
absent from all formulations. It was establishedlong ago that 
rosin plays an important role in the performance of both 
soluble-matrix and contact-leaching copper antifouling 
coatings. In trialkyl- or triaryltin compounds, the mechanism 
is believed to be one of slow-release which does not depend 
on the dissolution of rosin, but rather on migration of particles 
of the compound from the interior of the coating to its surface 
and then to the water8. 

Tributyltin fluoride was introduced in the formulations in 
four different ratios, namely, 15, 20, 25 and 30 per cent by 
weight of the total dry film. Values suggested in some of the 
small amounts of literature a ~ a i l a b l e ~ , ' ~  on tributyltin fluoride 
antifouling coatings range between 16-20 per cent; values in 
the range 30-40 per cent are given in other literature", but 
this is thought to be impracticable. The wide range used in 
the present work is intended to meet the severe fouling 

Tribut~ltin fluoride was supplied by Berk, Co. Ltd, conditions at the testing site. Talc and china clay were 
England. included in substantial amounts, not only to improve paint 

properties, but also for their favourable surface character- 
Titanium dioxide was of the rutile type (Titangesellschaft, istics on the rate of release of the toxic ingredient. The coating 

AG, West Germany). Iron oxide was of the type 130 F compositions are given in Table 1 which also includes a 

Table I 
Dry film composition of antifouling coatings 

AF. No. 1 2 3 4 5 6 7 8 9 1 0  
Constituent 

Vinyl copolymer I5 15 15 15 17 17 17 16 16 16 
Polyvinyl methyl ether 4.5 4.5 4.5 4.5 - - - - - - 
Chlorinated paraffin - - - -  1.7 1.7 1.7 - - - 
Tritolyl phosphate A - - - - - - 2.5 2.5 2.5 
Phenolic resin 3 3 3 3 3.3 3.3 3.3 3.2 3.2 3.2 
Ester gum 2.5 2.5 2.5 2.5 3 3 3 3.4 3.4 3.3 
TGTF 15 20 25 30 20 25 30 20 25 30 
Iron oxide red 14 14 14 14 14 14 14 14 14 14 
Titanium dioxide 20 20 20 20 20 20 20 20 20 20 
Talc 15 10 5 - 10 5 - 10 5 - 
China clay 11 11 I1 11 11 11 11 1 1  11 11 
PVC 58 60 61.6 63.0 60.5 61.9 63.4 60.2 61.9 63.3 
Toxin Volume concentration 24 31 37.3 43 31.3 37.4 43.2 31.3 37.4 43.1 
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calculation of the total pigment volume concentration and the 
toxic (pigment) volume concentration. 

Test panels 

Sheets 3 rnm thick of pigmented impact-resistant polystyrene 
were cut to panel dimensions of 20 x 15 cm. The edges were 
tapered and the surfaces were coated with a thin layer of an 
epoxy paint, left to dry and then roughened with sandpaper. 
The use of plastic panels was intended to avoid interference 
by corrosion and probable complications of incomplete 
compatibility-with the anticorrosive layer. 

The panels were coated (in duplicate) front and back with 
two successive coats at an interval of 6 hours drying between 
the two coats. The average film thickness was 90pm 10pm. 
Particular care was taken with the edges to eliminate pores 
and weak points. 

The coated panels were connected to boat-like cages with 
nylon threads through holes bored in the panels. Each com- 
position was represented by two panels; one placed in a 
vertical position and the other at 60' to the horizontal. 

Environmental exposure 

The cages were submerged in the testing area of the raft" in 
Alexandria Eastern harbour on 24 May at a depth of about 
150 cm from the surface. Periodic visual and biological 
examination and photographic recording of the condition of 
the panels were performed. The region is known for abundant 
fouling organisms almost throughout the year; there are 
reasons to believe that the rate of growth of most fouling 
organisms has doubled since an extensive survey was con- 
cluded by Ghobashy13 in 1975. Periodic testing of water 
salinity, temperature, and pH was performed. 

Resu l t s  

All coatings were completely intact and free from fouling at 
the end of the first two months of immersion. The general 
feature was the formation of slime and attachment of slight 
algal growth. Only a few individual barnacles were observed 
at the edges and around the holes of the panels due to bare 
points and some detachment of the coating during mani- 
pulation. 

From the beginning of the third month until the test was 
terminated, the intensity of the slime film on all plates was 
moderate, but the films tended to be thicker on coatings with 
lower contents of the tin compound. No serious attack on the 
test panels by barnacles, tube worms or other foulers was 
observed throughout the whole period of immersion of 211 
days. Small scattered settlements took place at the edges only. 

A photographic record of the test is shown in Figure 1. 
The great contrast between the cleanliness of the coated 
panels and heavy fouling on the supporting cage is clearly 
seen. The latter carried such heavy loads of barnacles and 
tube worms, reaching 12 to 15 cm in thickness at the last 
inspection, that parts of the test panels area were hidden 
behind the intensive growth. Continuation of the test would 
have left very little room for comparison of the individual 
formulations for their relative long-term efficiency, because 

of encroachment of fouling. A new design of supporting 
frames providing larger space between the test panels and 
other objects was developed and used'. 

The test period (211 days) was either too short to provide 
differentiation between the plasticiser types or to show that 
the protective function, in the case of organotin compounds, 
is independent of the chemical nature of the plasticiser in 
contrast to cuprous oxide formulations whose antifouling 
function was lost much earlier than the aforementioned 
period when a non-hydrolysable plasticiser was used''. 
The second postulation is more plausible and supports the 
view that the mechanism of protection by organotin for- 
mulations depends on the ability of the toxic particles to 
diffuse from the interior of the film to its surface. This 
diffusion is controlled by the texture and configuration of 
other components of the coating", rather than on the swell- 
ability of the plasticiser', or the solubility of other components 
such as rosin. The postulation of slow release is supported by 
the test results which are independent of the type of 
plasticiser and by the fact that the compositions are effective 
without rosin as a seawater-soluble component. 

One of the disadvantages of slow-release organotin for- 
mulations is their very short range of protection; the repel- 
lancy to fouling larvae takes place in the immediate vicinity 
of the surface, in contrast to copper formulations which leach 
out a soluble toxic layer over a much wider range. Full 
protection of the edges and corners was, therefore, much more 
difficult with organotin formulations than with their copper 
counterparts. 

Another drawback is the ineffectiveness of organotin for- 
mulations on plant fouling organisms relative to the copper 
formulations. Although brown algae were detected in the 
present series, serious plant fouling did not occur because the 
experiment was terminated before the season of plant growth 
which begins early in the spring; plant fouling was detected 
and characterised in a later seriesI6. One of the solutions to 
this drawback is to use combined cuprous oxide-organotin 
formulations". 

Conc lus ions  

Coatings based on vinyl binders containing 15-30 per cent by 
weight tributyltin fluoride are effective antifoulants and 
satisfy the standard  specification^'^ of six months protection 
in natural environment. They function by a slow-release 
mechanism which is independent of the presence of a soluble 
ingredient, and thus their effective life-time is prolonged in 
comparison with compositions based on cuprous oxide as the 
toxin and rosin as the soluble ingredient. A further advantage 
of the former lies, presumably, in their less hazardous effects 
on marine ecology, particularly in harbours and narrow 
waterways. The economies seem favourable because of the 
increasing production of organotin compounds. 

A c k n o w l e d g m e n t  

This work represents part of the activities of the Contract 
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The authors are also indebted to BASF AG, Ludwigshafen 
for provision of starting materials of their own and other 
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AF No. 
Blank 1 2 3 4  5 6 7 8 9 1 0  

61 Days 

88 Days 

139 Days 

201 Days 

Raft sank 
after 211 days 

Fig. I. Environmental testing of TBTF antifouling coatings-in Eastern Harbour of Alexandria 

companies' products, and for useful discussions with Drs  
Neubert, Brussmann and Morcos of AWETA (Applied 
Research Department) of BASF AG. 
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Next month's issue 
The Honorary Editor has accepted the following papers for publication, and they are expected to appear in the May 
issue of the Journal: 

The reaction of epoxy side groups in polymers and amines-Influence of solvent and additives by S. Paul and B. Rdnby 

Lung cancer mortality of workers in chromate pigment manufacture: An epidemiological survey by J. M. Davies 

The automatic cleaning of tanks, tankers and plant by high pressure spray by W .  Hirzel 

Film characteristics of polyepoxide resins based on novolac resins by A. K. Vasishtha and V. K. Kaushal 

The efflorescence resistance of certain emulsion coatings by J. BoxaN and W. Worley 



Section Proceedings 

Irish 
Solvent recovery 

On 16 February, Mr I. Smallwood of Fraser McNaughton 
Ltd presented a very topical lecture entitled "Solvent recovery 
in the paint industry". 

Mr Smallwood outlined the various options open to the 
paint and ink maker for disposing of used solvents, beginning 
with the non-recovery techniques such as: 

Dumping: this is becoming increasingly difficult as the 
solvent must be emptied out of the barrels and the saturated 
soils then buried. 

Incineration: some solvents can be used to produce Ggh 
temperatures from commercial incinerators. 

As a useful boiler fuel: here pigment must be removed and 
the boiler converted. Mr Smallwood outlined the tests done 
and the specifications for such fuels, with particular regard 
to chlorinated solvents. The legislation concerning excise 
duty was also discussed. 

As a motor fuel blending stock: this has become economi- 
cally attcactive in the last year or so. It is necessary to remove 
both pigment and resin and the yield is, therefore, lower but 
the price correspondingly higher. 

Mr Smallwood then went on to discuss the solvent recovery 
operations, resulting in a product which can be used again 
either as a prime solvent or as a cleaning solvent. He explained 
in some detail the type of equipment required for steam 
distillation and hot oil distillation, giving examples of 
throughput yields and costs, both as small "do it yourself" 
installat~ons~ and the large solvent recovery contractors' 
plant. 

Everyone present found it to be a very well presented and 
stimulating lecture, the lively discussion which followed being 
indicative of the interest in this subject. 

D.P. 

Manchester 
Inks for packaging 

A near record total of 150 members and visitors attended a 
joint lecture with the Institute of Printing, North Western 
Branch at the Woodcourt Hotel, Sale on Monday 5 February 
1979. Mr H. J. Duffin, Sales Director of Irlam Inks Ltd, 
revealed that his 27 years experience in printing inks were 
initially as a chemist before becoming a salesman. Health and 
safety was the first subject covered, pointing out that printing 
inks were not guaranteed as suitable for direct contact 
between ink and foodstuff. The second subject discussed in 
detail was the four methods of application, namely, letter- 
press, offset lithography, gravure process and flexography, 
combined with reference to platelroller choice and the four 
basic colours encountered, yellow, magenta, sian and black. 

Mr Duffin then discussed printing on films in flexible 
packaging such as cellulosic, polyvinyl chloride, polyolefins, 
aluminium, polyester etc. Pigmentsldyestuffs selection was 
noted, the choice dictated by lowest cost in relation to 
resistance requirements. 

Logical progression continued with the discussion of binder 
choice which included such diverse types as oxidising, 
UV cured acrylics, nitrocellulose, polyamide, shellac, rosin/ 
maleic, cellulose acetate propionate and ethyl-cellulose. 

The choice of solvents is influenced by many factors which 
include cost, evaporation rate, solvation characteristics, 
effect on rollerlplate etc. 

Mr Duffin concluded his lecture by the use of colour slides 
illustrating Production and Development/Quality Control 
facilities at his factory. 

A vote of thanks was proposed by Mr John George, 
Chairman of the N.E. Branch I.O.P., which was unanimously 
acknowledged. 

F.B.W. 

Newcastle 
All our yesterdays 

The fifth meeting of the 1978179 session was held in St Marys 
College, Durham, on 1 February when, at short notice, 
Mr F. Hellens, Chairman of the Section, presented a paper 
entitled "30 years in the paint industry". Some 30 members 
and guests assembled for the presentation and the Chairman 
especially welcomed Mr F. B. Windsor, Publications Officer 
of the Manchester Section. 

The Chairman's period in the paint industry covered the 
years 1947-1979, although he was quick to point out that 
having spent two years in "beds" the title of his talk was 
mnthematically correct. With reference to computers, stock 
control, comics and even striking bus drivers, the Chairman 
amused and amazed his audience in recalling his exploits. 
On a more serious note it was worth noting the number of 
company names which had disappeared during the 30 year 
period with a consequent loss in jobs and hence a decline in 
Section membership. Mr Hellens then gave a brief resum6 
of the OCCA Exhibition and its value to the individual 
member. 

Turning to the future, the Chairman forsaw success for a 
number of small firms now located within the area, but the 
fate of some of the larger companies was not so certain. 
Mr Hellens thought that the paint industry moved in 30 year 
cycles and reminded us of the large number of small com- 
panies in existence 30 years ago who had merged or been 
taken over to form the larger companies of today. Bearing 
this 30 year cycle in mind is it possible that a second Frank 
Hellens is lurking, unsuspected in someone's laboratory? 

Following a lively discussion period, members and guests 
partook of the buffet and bar facilities. 

T.H. 



Information Received 
UK agency 

Bowerhill Engineering Ltd, a member of 
the Tower Silos Group of Companies, has 
announced an agreement with Silos Parcey 
of France for the sole UK and Eire manu- 
facturing rights to their range of silo 
discharge equipment. 

The equipment works in conjunction 
with flat bottomed silos and storage vessels 
of up to 20 metres diameter and is claimed 
to be unique in the indtistry in that it 
incorporates features which provide uni- 
form extraction from the total base area 
of the storage unit, thus ensuring stock 
rotation. 

New products 

New-pwging material 

Industrial Science Ltd has announced the 
introduction of a new purging material 
called Dalpurge, a non-toxic powder which 
is mixed with the incoming raw material 
and processed through either an injection 
moulding, extrusion or blow moulding 
machine. Dalpurge is claimed to be effective 
in removing all thermo plastics or rubber 
from screws, barrels, etc. and has the 
advantage that only a small quantity is 
required to effect a successful purge. 

New diverter valve 

A new range of diverter valves for use in 
systems handling powders and granules. 
said to be a compact construction, has been 
introduced by Bush & Wilton Valves Ltd. 
Known as the Flocontrol Series 80, the 
range comprises four inlet sizes of 150, 200, 
250 and 300 mm square. The design allows 
material to flow from the inlet branch and 
independently down either outlet duct, 
giving complete dust-tight shut-off to either 
or both. 

The new diverter valve from Bush & Wilton 

Mlcroproceswr-based titration system 

Metrohm of Switzerland has developed 
an automatic microprocessor-based titra- 
tion system named the E636 titroprocessor 
which offers fully automatic operation in 
chemical titrations with full calculator 
facilities. 

New weighing system 

Promtek Ltd has recently introduced an 
add-on Weighing Control for their micro 
processor based PAC 85 Process Controller. 
The new attachment is described as a 
sophisticated weigher control, the extra 
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hardware comprising a load cell amplifier 
and power supply, panel meter and switches 
for the weighing constants and desired 
weight settings. 

The new weiahercontrol svstem is claimed 
to be very flex&le, coverin~cumulative and 
non-cumulative weighlng of multiple In- 
gredients. 

Corrosion test cabinet 

Westlairds Ltd, the UK representatives of 
H. G. Koehler ofGermany, haveannounced 
that the wcll-known Keslernich SO, corro- 
sion Test Cabinet has been re-designed to 
include facilities for salt spray testing. 

The re-designed test cabinet from Koehler 

BASF has introduced a new range of pig- 
ment dispersions in a solvent-free hydro- 
carbon resin which is soluble in white 
spirit. Basantin colours can be easily dis- 
persed in aliphatic and in aromatic hydro- 
carbons, alkyd resin solutions, etc. and can 
be used for pigmenting transparent wood 
preservatives and protective varnishes. 

Also recently introduced from BASF is 
Acronal 18D. a finely dispersed aqueous 
acrylic homopolymer dispersion for the pro- 
duction of paints and textured finishes. It 
has a good pigment binding capacity and 
produces coatings with high resistance to 
water and alkali with good exterior ex- 
posure performance. 

New prepolymers 

The Chemical Division of Degussa has 
developed a number of prepolymers and 
reactive thinning agents for use in irra- 
diation-curable systems. At present, the 
Degussa range consists of the prepolymers 
VP S 1928, VP S 1748 and VP S 2700, and 
the reactive thinning agents ethyl diglycol 
acrylate, tripropylene glycol diacrylate, 
trimethylol propane tri-acrylate, I.&hexan- 
ediol diacrylate and pentaerythritol tri- 
acrylate. Other multi-functional acrylates 
are in the laboratory development stage and 
can be supplied on request. 

New Pennuthane coatings 

A new range of Permuthane aqueous poly- 
urethane dispersions has been introduced 
bv Stahl Chemical (GB) Ltd. The non- 
flammable dispersions result In low-pollu- 
tion le\els and produce codtlngs uhich have 

the toughness and abrasion-resistance of 
polyurethanes. 

Versatile Blling machine 

Neumo Ltd has available its latest modular 
constructed, mobile. semi-automatic filling 
machine for handling foaming and n o 6  
foaming liquids of various viscosities. The 
air-operated machine is capable of top and 
bottom filling containers from 250 mm to 
5 litres and above with instant change of 
volume of product dispensed. 

New digital thermometer 

Channel Electronics (Sussex) Ltd has 
introduced the L520 series pocket size 
digital thermometer designed for fast and 
reliable measurement of temperature in the 
range -150°C to 1150'C. 

Proportion mixer 

M. G. Electric (Colchester) Ltd has an- 
nounced the introduction of the Models 
2080 (6 per cent) and H6V12P (10 per cent) 
Proportion Mixers and Systems, which are 
waterdriven chemical piston proportioners 
which automatically dispense solutions at  
selected concentrations. Water passing 
through the cylinder operates the injector 
unit and as the piston is operated con- 
centrate is drawn and injected at a pre- 
determined rate back into the water flow on 
the outlet section of the unit. 

Conferences, courses, etc. 

Bdtish Standards 

The British Standards Institution have re- 
cently published the following: 

BS 3900. Methods of test for paints. Part 
EIO. Pull-off test for adhesion, which speci- 
fies a method for assessing the adhesion of 
paint by measuring the minimum tensile 
stress necessary to detach or rupture the 
coating in a direction perpendicular to the 
substrate. 

BS 5497. Precision of test methods is a basic 
reference standard to be used as a n  aid to 
the quality control of bulk commodities 
and is issued complete with a computer 
programme for ease of application. 

XVth FATlPEC Congress 

The XVth FATlPEC Congress will be held 
from 8-13 June 1980 at  the International 
Congrescentrum RAI in Amsterdam with 
the theme "Activities of the coatings in- 
dustry in the framework of ecology, energy 
and economy problems". 

Patent information 

The Paint Research Association has avail- 
able an article entitled "Patents, patent 
information and the paint industry" by 
Dr L. A. O'Neill, which is a survey covering 
the new legislation, information retrieval 
and economic trends within the industry. 

The National Association of Corrosion 
Engineers, USA, is organising a Symposium 
on "Corrosion control by organic coatings" 
to be held at Lehigh University, Pennsylva- 
nia, from 11-15 August 1980. 



Notes and News 
- 

OCCA Biennial 
Conference 1979 

20-23 JUNE 1979 

The challenge to coatings 
in a changing world 

The next OCCA biennial Conference will 
be held at the Stratford Hilton Hotel 
Stratford-upon-Avon, Warwickshire f r o i  
20-23 June 1979. The theme for the Con- 
ference will be all aspects of the challenge 
of new materials and the substitution of 
traditional ones, new methods of construc- 
tion and the problemsofapplicationand the 
effects of new legislation on coatings during 
the last quarter of the twentieth century. 

A \iew of Anne Iiatharay's Cuttage, situated close to Stratford-upon-:ivon, ~hich contains a 
mu.;cum of Slvahcspcarion articles 

as they submit their Conference registration 
form and the fee enclosed should cover both 

ference, at which the lecturers illustrate 
their tobics but do not read their uaDers in 

the membership entrance fee, 1979 sub- 
scription and the Conference registration 
fee. Membership application forms can be 
obtained from the Assoaation's offices. 
The registration fees for the Stratford 
Conference will be £60 (plus value added 
tax at the standard rate) for Members, £80 
(plus VAT) for nonmembers and £20 (plus 
VAT) for wives. A daily registration fee for 
Members of the Association of £35 (plus 
VAT) and of £20 (plus VAT) for Registered 
Students of the Association has been set. 

theircniirety. This allows for a muihjonger 
discussion period than at many other con- A list of the papers to be presented 

together with their summaries and bio- 
graphies of the lecturers was published in 
the December 1978 issue of the Journaland 
cobies of the Conference brochure and 

ferences and has proved of immense value 
to those attending previous Association 
Conferences. 

Stratford-upon-Avon new is a venue for 
the OCCA Conference and it is expected 
that it will prove popular and interesting to 
delegates. A full social programme has been 
arranged for the benefit of those attending 
the Conference including delegates' wives 
and this includes coach parties to local 
places of interest including Shakespeare's 
birthplace, Warwick Castle and Oxford, 
and also a golf tournament and theatre 
party to the Royal Shakespeare theatre. 

r&strution form were enclosed in all copies 
of the Journalsent to Members attached to 
the General Ovmeas Sect~on and non- 
member subscribers to the Journal. 

The brochures are being sent to all 
Members attached to the UK and Irish 

Preprints of the papers are now being 
prepared and it is expected that these. 
together with details of accommodation, 
badges. programmes etc. will be sent to 
those who have registered in May 1979. 
It is a feature of the Association's Con- 
ferences that preprints are sent well in 
advance of the function in order to enable 
delegates to read them before the Con- 

SM~ons wrth Section c~rculars. Any non- 
member who has not yet received a CODY of 
the brochure and wislies to re~ister foithis 
important Conference should lapply for the 
necessary form to the Associat~on's offices. 

Further information may be obtained 
from the Director & Secretary at the 
address on the Contents page of this issue 
(Tel: 01-908 1086; Telex 922670). 

Non-members wishing to avail themselves 
of the preferential Conference fee for 
Members may do so by sending in a mem- 
bership application form at the same tlme 

Report of Council Meeting 
A meeting of Council took place at the Gerhart, who had been nominated by the 
Great Northern Hotel, London N1 on Federation of Societies for Coatings Tech- 
14 F e b ~ a w  1979 with the President. Mr A. noloav to nresent a Daner on its behalf. 

of the Exhibition committee had taken 
place on 9 February. 

Details of proposed Section Symposia 
were recorded and further details will 
appear in the Journal from time to time. 

-. . . . 
McLean, in the chair. There were 25 mem- 
bers of Council present. It was unanimously agreed that any 

Before commencing the meeting the 
President asked the Council to stand in 
silent tribute to the memory of two dis- 
tinguished members of the Association 
whose deaths had been reported since the 
last Council meeting-Dr H. A. Hampton 
(President 1961-1963) and Mr A. McWil- 
liam, who at the time of his death had been 
Chairman of the Manchester Sect~on. 

The Annual Report of the Council for 
1978 was approved, together with the 
Agenda for the Annual General Meeting 
which will take place on 22 June 1979. 

member whose subscri~tion was three 
months in arrears would not receive the 
April issue of the Journaland would not be 
ent~tled to copies of the Journal published 

It was reported that at a meeting of the 
Professional Grade Committee held earlier 
in the dav, one Fellow had been adm~tted. during the period of arrears. 
one Associate had been transferred to 
Fellowship, four Associates admitted and 
one Licentiate transferred to Associateship. 
In addition, it was reported that two Licen- 
tiates had been admitted as a result of 
successfully completing their viva voce 
examinations. 

It was reoorted that there were well over 
100 organisations from 15 countries parti- 
cipating at the forthcoming OCCA-31 
Exhibition and that copies of the "Official 
Guide" would be desoatched to members 
early in March. Arrangements had been 
made to hold an informal luncheon on the 
opening day to which the principal officers 
of other societies and government depart- 
ments had been invited. 

Council noted with pleasure that a letter 
had been received from the Secretary of 
the Society of British Printing Ink Manu- 
facturers stating that the Technical Training 
Board of the Printing Ink and Roller 
Making Industry had passed a resolution 
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Reports were received on the arrange- 
ments for the Stratford-upon-Avon Con- 
ference (20-23 June 1979) and Council 
was saddened to learn of the death of Dr H. 

It was reported that a meeting of the 
Exhibitors' Liaison Group with members 
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recommending to their Members that en- 
couragement be given to their staff wherever 
possible to apply for admission to the 
Association's Professional Grade. 

The Sections reported on other activities 
and it was noted thatconsiderable progress 
had been made with the outstanding item 
on the proposed New Zealand Division 
constitution. 

The Newcastle Section Committee re- 
corded its thanks to the Council for the 
Commendation Award made to Mr H. 
Fuller. 

A full report was given of the recent 
visit to the UK of the South African Vice- 
President, Mr P. A. J. Gate, who had dis- 
cussed items of interest to the Division 
with the Director & Secretary. 

As a result of the successful Student 
Symposium, organised by the Eastern 
Branch of the Scottish Section, 43 regis- 
tered students of the Association had been 
enrolled. 

Reports were received on overseas liaison, 
it being noted that the next FATlPEC 
Congress would take place in Amsterdam, 
8-13 June, 1980 and that the next Conven- 
tion of the Federation of Societies for 
Coatings Technology would take place 
3-5 October, 1979, at St. Louis. 

There being no other business, the Presi- 
dent thanked Members for their attend- 
ance and declared the Meeting closed at 
3.55 p.m. 

Obituaries 
Desmond Metcalf 

An associate member of the Irish Section, 
Des Metcalf, died suddenly on Saturday 
31 January 1979 at the age of 52. 

This unexpected and tragic occurrence 
happened only a short while after the 
announcement in the Journal of his joining 
the Board of 1C1 Ireland Ltd. 

Des joined ICI in Dublin in 1945, and 
following h ~ s  appointment as a Repre- 
sentative in 1949, was seconded in 1965 to 
Associated Irish Gases (an 1CI lreland 
Associate Company) as Marketing Manager 
and subsequently General Manager. 

He returned to ICI Ireland in November 
1969 as Assistant Manager, Chemicals 
Department, and became Manager of the 
Department in 1973. In 1978 he joined the 
Board of ICI Ireland Limited, and at the 
same time became Chairman of Hilton 
Products (an ICI Ireland subsidiary), as 
well as a Director of Associated Irish Gases 
Limited. 

A keen sportsman, he played hockey for 
Ireland, and was an excellent cricketer, and 
more recently a very proficient golfer and a 
prominent member of the Castle Golf Club 
In Dubl~n. 

John Hanrahan, Chairman of ICI Ireland 
Limited, speaking of the tragic loss said, 
"apart from his undoubted skills as a 
businessman, Des Metcalf was a true and 
well loved friend of many people in ICI 
lreland and in several UK Divisions. His 
gentle humour and considerate style are 
two of the key qualities for which we shall 
miss him most". 

He leaves a wife and three children to 
whom we extend our sympathy. 

R.C.S. 

J. E. Judah - 
J. E. Judah, an Ordinary Member of the 
Association, died on 1 February 1979, after 
a period of illness. 

He joined the London Section in 1963, 
transferring to Hull in 1972. He had served 
on the Hull Section Committee and was a 
regular altender of all the Technical and 
Social functions of the Section until his 
transfer back to London in February, 1978. 

All his friends in the Hull Section extend 
their deepest sympathy to his wife Nita. 

Professional grade 
At a Meeting of the Professional Grade Committee held on 14 Gilliam, Brian Frederick (London) 
February 1979, the following Ordinary Members of the Association 
were admitted to the categories shown. The Section to which each William (London) 
Member is attached is shown in brackets. Toovey, John (Scottish) 

Fellow 

Bosman, Herman Izak (Transvaal) 

Transferred from Associate to Fellow 

Morris, David (London) 

Associate 

Craske, Anthony John (General Overseaslndonesia) 

Transferred from Licentiate to Associate 

Downham, Stephen Airey (Manchester) 

Licentiate 

Asiedu-Dompreh, Jonathan (London) 
Leonard, Michael William (London) 

Register of Members 
The following elections to membership have been approved by Council. The Section to  which each new Member is attached is given 
in italics. 

Ordinary Members LATEANO, JOHN, BSc, Flat 2,28 Margery Park Road, Forest Gate, 

ADSHEAD, FREDERICK MICHAEL Ciba-Geigy Pigments Division 
. London E7 9JY. (London) 

Roundthorn Industrial ~s ia te ,  Wythenshawe, MCCALLUM, SANDRA JENNIFER, YWCA, Alexandra Residential 
M23 9ND. (Manchester) Club, St. Johns Road, Altr~ncham, Chesh~re. (Munchester) 

ARMSTRONG, ROBERT ELLIOTT, Bayer SA (Pty) Ltd, Wrench Road, MOUNTAIN, CHARLES MAURICE, BSC, Mobil Oil SA (Pty) Ltd, PO 
Isando. Johannesburg 2000. South Africa. f Transvaal) Box 1043, Johannesburg 2000, South Africa. (Transvaal) - .  

BLECH, S ~ P H E N  HARVEY, BSC, 6 Francklyn Gardens, ~dgware; 
Middlesex HA8 8RY. (London) 

-AN, LAP SHUN, BTech, GRIC, 163 King's Road, 10th FI. Flat D, 
North Point, Hong Kong. (General Overseas) 

CHRISTIE, ROBERT MATTHEWS, PhD, BSc, Ciba-Geigy Pigments 
Division, Hawkhead Road, Paisley, Renfrewshire. (Scottislt) 

Cons, DAVID MALCOLM, 30 Cross Field Drive, Radcliffe, 
Manchester M26 ORX. (Munchester) 

DARKE, ANTHONY HAGEN, BSC, 37 Jubilee Road, Middleton, 
Manchester M24 2LT. (Munchester) 

DAVIDSON, PETER JOHN, BSc, DPhil, Protim Ltd, Fieldhouse Lane, 
Marlow, Bucks SL7 ILS. (Thames Valley) 

DIVER, GUY ROPER, A R Gibbon Ltd, 3, Highview Road. South 
Normanton Industrial Estate, Derbyshire. 

(Midlands-Trent Valley Branch) 

SCHNELL, ALLEN DOUGLAS, BSc, Snell Chemicals, PO Box 494, 
Johannesburg, South Africa. (Transvaal) 

WILLIAMS, DAVID, MA, DPhil, BTP Tioxide Ltd, 10 Stratton 
Street, London WIA 4XP. (London) 

WILLIAMS, JOHN DAVID, 58 Glenavon Road, Prenton, Birkenhead 
L43 ORF. (Munchester) 

Associate Members 

ADEGBILE, NOAH ADEREMI, 11 Walmer Crescent, Glasgow G51 I AT. 
fScotlish) 

ADEOSHUN, CLETUS FRANCIS, 45 West End Park Street, Glasgow 
G3 6U. (Scottish) 

ADINDU, NWACHUKWU HARRY, 1192 Argyle Street, Glasgow 
G3 8TE. (Scottish) 
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AKANII, SHAKIRU-OLALEKAN, 74 Chancellor Street, Glasgow 
GI1 5PN. (Scottish) 

ARGENT, VINCENT, The Cottage, Cornsay Colliery, Co. Durham. 
(Newcastle) 

BUCHLING, FRANS JOHANNES DANIEL, Liba Paint Manufacturers 
(Pty) Ltd, PO Box 564, Krugersdorp 1740, South Africa. 

(Transmaal) 
FABUM, JOSEPH ABIMBOLA, 45 West End Park Street, Glasgow 

G3 6W. (Scottish) 
HARRISON, LESLIE, 6 Rimmington Road, Liverpool L17 OBD. 

(Manchester) 
IKHARO, ABDUL HENRY, 138 Fergus Drive, North Kelvin G20. 

(Scottish) 
KANU, FRED DIXON, 1192 Argyle Street, Glaegcw G3. (Scottish) 
MACFARLANE, IAN MALCOLM, PO BOX 14079, Verwoerdburg 0140, 

South Africa. (Transvaal) 

Registred Students 

ANDERSON, NEIL IAIN, 3 Kinneil Place, Hamilton. (Scottish) 
BAGEN, KENNETH, 54 Mossgiel Akenue, Rutherglen, Glasgow. 

(Scottish) 
BARCLAY, ANDREW WILLIAM, Ault & Wiborg Ltd, 412 Hillington 

Road, Glasgow. (Scottish) 
BATES, COLIN, 14 Melbourne Avenue, Strelfield, Manchester M32 

ODE. (Munchester) 
CAMERON, GRAHAM HUGH, 12 Garngaber Avenue, Lenzie, Kirkin- 

tilloch, Glasgow G66 4LJ. (Scottish) 
Cnssmy, BRIAN, 101 Neilsland Oval, Pollok G53 5EN. (Scottish) 
CONDON, DEREK ANTHONY, I5 Merlin Avenue, Bellshill, Lanark- 

shire ML4 IJY. (Scottish) 
DEMARCO, GEOFPREY, 79 Whittinghame Drive, Jordanhill, Glasgow. 

(Scottish) 
DONALDSON, WRLUM, 188 Landemer Drive, Rutherglen, Glasgow 

G73 2TD. (Scottish) 
DOUGLAS, ALEXANDER, 65 Whitelaw Road, Dunfermline, Fife. 

(Scottish-Eastern Brancli) 
EIEKWU, BONIFACE CHUKS, 83 West Graham Street, Glasgow G4 

9LL. (Scottish) 
FINGLAND, DAVID RONALD IAN, 149 Broomhill Drive, Glasgow. 

(Scottish) 
HEARD, COLIN McKENZIE, 3 Spynie Place, Lossiemouth, Moray- 

shire. (Scottish) 
HENDERSON, M A ~ I  CHRISTINE, 44 Canniesburn Road, Bearsden, 

Glasgow. (Scottish) 

Hum, DAVID, 37 Morrison Avenue, Stevenston, Ayrshire. 
(Scottish) 

IGUNNU, LAWRENCE KAYODE, 70 Ashley Street, Glasgow G3 6HW. 
(Scottish) 

JOHNSTON, STEVEN JAMES, 21 Stonelan Towers, Burnside, Ruther- 
glen. (Scottish) 

JOHNSTONE, DAVID IAN, 1 Whiteholme, Parkway, Bramhall, 
Cheshire SK7 3DH. (Munchester) 

JOHNSON, SIMON OSBORNE, 37 Grosvenor Road, Altrincham, 
Cheshire. (Munchester) 

LAFFERTY, PAUL JAMES, 82 Wellshot Road, Shettleston, Glasgow. 
(Scottish) 

MACFADYEV, COLIN IAIN BUCHANAN, 41 Muirton Drive, Bishop- 
briggs, Glasgow. (Scottish) 

McCo~e, MICHAEL GERALD, 106 Albert Road, Glasgow G42 8DR. 
(Scottish) 

MCCIKJSKEY, JOHN, 2 Stonehall Avenue, Hamilton. (Scottish) 
MCCREADIE, EDWARD HATCH, 19 Ledmore Drive, Glasgow GI5 

7DR. (Scottish) 
MCGHIE, ROBERT, 21 Broom Terrace, Johnstone. (Scottish) 
MACKIE, STEPHEN JAMES, 16a Craigpark, Dennistoun, Glasgow. 

(Scottish) 
MITCHELL, STEPHEN, 5 Craigmarloch Avenue, Balmore Park, 

Torrance, Nr. Glasgow. (Scottish) 
MORRISON, ALEXANDER JOHN, Ault & Wiborg Ltd, 412 Hillington 

Road, Glasgow. (Scottish) 
MURRAY, IAN HAMILTON, Usher-Walker Ltd, Canal Street, Kirkin- 

tilloch. (Scottish) 
NICHOL. CAMPBELL WILLIAM, 24 Tanzieknowe Drive, West Green- 

lees, Kirkhill, Cambuslang, Glasgow. (Scottish) 
OHENE, THEODORE SHEALTIAL, 106 West Princes Street, Glasgow 

G4. (Scottish) 
OLAKUNBI, JANET OLUFZMKE, 231 Kingsacre Road, Rutherglen, 

Glasgow G73 2EN. (Scottish) 
RAE, DAVID, 61 Keystone Quadrant, Milngavie, Glasgow G62 6LP. 

(Scottirh) 
RICHARDS, KENNETH REA, 95 Townhill Road, Dunfermline KY12 

OBS. (Scottish) 
ROOK, LAWRENCE, 37 Dunure Road, Alloway, Ayr. (Scottish) 
THOMSON, MATTHEW, 24 Craignethan Road, Whitecraigs, Glasgow. 

(Scottish) 
WATT, GRAEME MACLEAN, 19 Smith Quadrant, Coatbridge. 

(Scottish) 
WILSON, GERARD, Ault & Wiborg Ltd, 412 Hillington Road, 

Glasgow. (Scottish) 

Forthcoming Events 
Detailsaregiven ofAssociation meetings in theunited Kingdom andIreland up to theend of the month following publication and in other parts 
of the world up to the end of the second following publication. 

April 

Monday 2 April 

Hull Section: Annual General Meeting at 
the George Hotel, Land of Green Ginger, 
Hull, commencing at 6.30 p.m. 

Tuesday 3 April 

West Riding Section: Annual General 
Meeting at the Mansion Hotel, Roundhay 
Park, Leeds 8, commencing at 7.30 p.m. 

Thursday 5 April 

Newcastle Section: Annual General Meet- 
ing at St. Mary's College, Elvet Hill 
Road, Durham, commencing at 6.30 p.m. 

Friday 6 April 

Midlands Secfion-Trent Valley Branch: 
Annual General Meeting followed by a 

Buffet Dance at the Cross Keys Inn, 
Turnditch, at 7.30 p.m. for 8.00 p.m. 

Thursday 12 April 

Scottish Section: Annual General Meeting 
followed by Ladies' Evening. Talk and 
film on "Old Glasgow" by Ms A. 
McGrath of the Trefoil Gallery, at the 
Bruce Hotel, East Kilbride. 

Scottish Section: Annual General Meeting 
followed by Ladies' Evening. Talk and 
film on "Old Glasgow" by Ms A. 

Gallem. at the 

Wednesday 18 April 

Ontario Section: Annual General Meet- 
ing, details to be announced. 

Thursday 19 April 

London Section: Annual General Meeting 
at Rubens Hotel, Buckingham Palace 
Road, London, S.W.1, at 6.30 p.m. 

Thames Valley Section: Annual General 
Meeting followed by a talk on "Local 

history" by G. Berry at Beaconsfield 
Crest Motel (White Hart), Aylesbury 
End. Beaconsfield, Bucks, commencing 
at 6.30 p.m. for 7 p.m. 

Friday 20 April 

Irish Section: Annual General Meeting at 
the Clarence Hotel, Dublin, commencing 
at 9.00 p.m. 

Manchester Section: Annual General 
Meeting at the Pavilion Room, Old 
Trafford, details to be announced. 

Midlands Section: Annual General Meet- 
ing at the Belfry Hotel, Wishaw, nr. 
Sutton Coldfield, followed by disco with 
buffet, details to be announced. 

Friday 27 April 

Bristol Section: Annual General Meeting 
at the Royal Hotel, College Green, 
Bristol, commencing at 7.15 p.m. 
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"The OCCA" 
The annual technical exhibition o f  the O i l  and Colour Chemists' Association (known to many simply as "The 
OCCA") has become the world's most important event for all those connected with the paint, printing ink, polymer, 
adhesive, colour and allied manufacturing industries. The OCCA exhibition is held every year i n  London, England. 
The symbols for the 1974-79 exhibitions were specially designed by Robert Hamblin, Director and Secretary o f  the 
Association, t o  emphasise the very wide coverage which all the Association's activities attract: 

The 

INTERNATIONAL 

Focal Point 

for the 

Surface Coatings 
mlarpsd E E C  converping on lhs Brdfdsh flog 10 
symbobre the W C ~ ~ O ~ .  exlended lo vis;torr from Industries 7Ac mior!/ fc~r OCCA-31 r,,rpbomr$ rhr unxquc 

ovtrrrur l o  the Exhibil ionr for nrors than 25 years. 
<l\pc,r ol rhc, O C C A  Erhfbirrc,,,r. *'h,rh annuvllv 

(1974) 
prr,rirlr on ~ ~ l r r ~ a r l i u n a l l o r o i ~ o ~ n l  l o r  rhr surfiire 
roolinss indurtnc,~. 

The OCCA Exhibitions provide a unique 
annual focal point for the surface coat- 
ings industries. and bring together tech- 
nical personnel to meet in an informal 
atmosphere allowing a free interchange 
of ideas and the rapid dissemination of 
knowledge of new products and new 
developments of existing products. 

In recent years, visitors to the OCCA 
Exhibitions have regularly come from 
over fifty overseas countries and at the 
1978 Exhibition, admissions by season 
ticket of over 10,000 were recorded at the 
turnstiles in the hall. 

The 1974 lhemc continued e l  OCCA-27 by T11r motif fir 0( C'A-30 etc,d rlzc ,~,mhol of o 
showing the world-wide intcrcd aroused by the moviny ,,rdtl.ordr ou s <alorihlr r o  cmphasnrr rkc 
Asaocialian's onnuoi Exhibitions in   ond don which The Exhibition provides an ideal oppor- I ~ ~ P ~ ~ ~ ~ ~ ~ c I ~  o f  l h r  C O ~ I ; I I I ~ ~ ~ I I ~  d r ~ r l o ~ u c  ycm by 
ollroct vir i lors from n i l  part3 of the plobr. tunity for organisations to display and ~ ~ ' ~ r h ~ ~ f w e c ~ ~ s r ~ p ~ i i ~ ~ r s n ~ r d ~ n e ~ r u f o d r r r c ~ r s .  

discuss their products and services to a 
wide spectrum of visitors from all over 
the world. 

Organisations wishing to receive further 
details should contact the Director 8 
Secretary, Mr R. H. Hamblin, Oil 8 
Colour Chemists' Association, Priory 
House. 967 Harrow Road, Wembley. 
Middlesex HA0 2SF. England (Tel: 
01 -908 1086, Telex: 922670 OCCA G). 

1977 lhr  molt/ fur OCCA-29 urrd inword 
The motif for OCCA-28 cmphorirrd rho, the ~ " m l i ? i ~  orrowr lo  show the nioriv ploccs frorn 
target for 1976 war London where o i l  rhr Exhibr- * 'h!rh proplc ronxc' to the I:rh8bilcon. ond there 
lions hove been held, and conlinucd thc theme arrows /orn?rd outward poinlinr orrow, to rhov 
of i u  intrrnationol GIPLCI. rhr subrrqumt rprcuding o/ AnovCdpr. 



APRIL V 

Preservation wrthout pollution for 
emulsion paints and latex emulsions. After 
using Proxel you'll never again go back to 
those old mercurial, phenolic and 

formaldehyde preparations. 
Based on the unique preservative 

(1:2 benzisothiazolin-3-one), Proxel biocides 
combine chemical and heat stability with 
low toxicity and maximum protection against 
a wide range of spoilage organisms. 

The range includes: 
Proxel XL (latest liquid formulation, 

free from amlnes,completely non-yellowing 
in all systems); 

Proxel CRL (liquld, based on ethylene- 
diamlnesolvent); 

Proxel HL (liquid, based on mixed amine 
solvents) and 

Proxel AB (original fluid dispersion). 
Get Proxel protection now-for further 

information contact your local ICI Sales 
Office or 

Q 0rgnics Diiision 
Hexagori House, Blackley, Manchester M9 3DA 
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There's a world of experience in  HARDMANS 
OLEO-RESINOUS VARNISHES - no wonder they 
are specified by leading U.K. and overseas paint 

manufacturers. 

Modern plant, technical knowledge and long 
experience ensures close compliance with the 

most stringent specification. 

Contact us for Oleo-Resinous Varnishes manu- 
factured to your own confidential specifications 

or to our own formulations. 
Remember Hardmans - the independent varnish 

specialists. 

Spec~al~st Varnfsh makers to the paint andprfnffng fnk industries. 

E. Hardman, Son & Co Ltd , 
Bedford Street. Hull HU8 8AX. England. 

Tel: 0482 - 23901 

Zorelco 747 
Digital Coating 
Thickness Gauge 1 MEASURES 

COATINGS 

STEEL 

STAINLESS 
STEEL 

ALUMINUM 

Portable 747Gaugeoffers slrnpllfled callbratlon andgreat 
er accuracy w~th new constant pressure senslng probe for 
measurements on ferrous 0 - 1750 rnlcrons and 0 - 750 
rnlcrons on non ferrous substrates (also ~n rnlls) Supplled 
complete wlth Nlckel Cadmlurn Batter~es. Charger, Two 
Zorelco Standards wlth Shlm Set and lnstructlon Manual 

INSTRUMENTS TelephoneBourneEnd 2722415 
Telex 849462 TELFAC 

Special Reduction! 
TEN-YEAR 

CONSOLIDATED 
INDEX 

of Transactions 
and Communications 

1966-1975 
Volumes 49-58 

The remaining copies of the Consolidated 
Index are offered at a spec~ally reduced rate 
for a limited pertod only. 

The special rate will be: 

f2 .00to  non-Members; £1 .OO to  Members 

AVAILABLE (prepayment only) from: 

OIL AND COLOUR CHEMISTS' ASSOCIATION 

Priory House, 967 Harrow Ad., Wembley HA0 2SF 
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Clwified Advertisements are charged at the rate of £4.00 per crn. Advertisements for Situations Wanted are charged at f. 1.00 per line. 
A box number is charged at 50p. They should be sent to D. M. Sanders, Assistant Editor, Oil & Colour Chemists' Association, 
Riory House, 967 Harrow Road, Wembley, Middlesex HA0 ZSF. JOCCA is published EVERY month and Classified Advertisements 
a n  be acccpted up to at least the 12th, and in exceptional circumstancw the 20th of the month preceding publication. Advertism 
who wish to arrange for an extension of the copy deadline should contact the Assistant Editor, D. M. Sanders, at the address given 

above (telephone 01-908 1086, telex 922670 OCCA Wembley). 
I I 

APPOINTMENTS VACANT I I 

INVALID 
CHILDREN'S 
AID ASSOCIATION 

-- 

Funds are urgently needed for its 
special schools, professional socialwork 
services, pre school play-groups and 
research and information services. 

1\11 types of 
handicapped 
children 

are helped by the 

Donations, legacies to: 
ICAA, 126 Buckingham Palace Road, 
London SWlW 9SB. 01-730 9891 

METALS AND SURFACE COATINGS SECTION 
- BUILDING MATERIALS SCIENCES GROUP 

This section provides advice to Council depart- 
ments on a broad ran of matters relating to the 
use of most forms of gora t ion  and protection for 
building materials. 

The duties include: 
An involvement with the day to day running of the 
laboratory including supervision of junior staff 

Assisting the section leader to provide a con- 
sultancy service for client departments 

Evaluation of new materials and processes 
developed by the coatings industry 

Investigation of site difficulties and coating 

Development and assessment of new methods of 

QUAUFICATIONS: A degree in chemistry, physics or 
materials science or equivalent qualifications plus 
several years experience in the surface coatings 

The successful candidate must be capable of a 
flexible response to materials testing and site 

A knowled of the problems encountered in the 
building ingstry would be an advantage as would 
possession of a current driving licence. 
A high level of skill (both orally and in writing) will 
be expected when communicating findings and 
presenting advice to client departments. 
Holidays: 5 weeks 1 day a year. 
35 hour week with the option of a day off a month. 
Good conditions and facilities. 

Application forms, returnable by 21st April and 
further details from DGIAEIP, Room 202, The 
County Hall, London SE1 7PB or 'phone 01-633 

THE 011 
AND COLOUR 

CHEMISTS 
ASSOCIATION 

have joined forces 
to make life better 
for YOU. Ionh dlacouni 

for  OC C A members under 65. 

I 
TELEX 

YOUR CLASSIFIED 

FOR 

JOCCA 

Telex 922670 (OCCA Wembley) L I  
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APPOINTMENTS VACANT 

SURFACE COATINGS & RESINS 
Technical Services Manager: Edinburgh 

Are you a qualified chemist with good techno-commercial experience in 
the coatings industry and in addition to English could you - possibly after 
intensive study -do business in German and ideally one other European 

language? Do you know the technologies of some of the following: paints, inks. 
greases, lubricants, sealants, mastics, adhesives, plastics, polyurethanes. 

cosmetics? If so, then we would certainly like to hear from you. Our client, an 
international chemical company, seeks a manager to head up the technical services 

laboratory at their plant near Edinburgh with approx. 30% of the working time 
abroad. Emphasis will be on customer service, applications development, sales 

and marketing support and good technical selling. Career prospects are excellent. 
Age is not critical, probably late 20s to middle 30s. Salary open but probably 
c. £8,000 plus car. Normal major group benefits including cost of relocation to 
one of Europe's most beautiful cities. Applications with full career details from 

men and women should be sent in confidence to A. W. B. Thornson, as 
adviser to the company, at Selection Thomson Ltd., 15 North Claremont St., 

Glasgow G3 7NR. 

SELECTION THOMSON 

RE€ONDITIONED EQUIPMENT FOR SALE 

Flame-Protected Battery Electric 
Forklift Trucks 
Reach-type, pedestrian and counterbalance types. 

Re-conditioned and guaranteed. Limited number 

available. Full  details and photographs on request. 

Speed Electrics, T h e  Wel ls  Road. Mapperley, N o t t i n g h a m  

TeI : 0802-608782 

INDEX 
C 

Cory, Horace & Co. Ltd. . . . .  
G 

Glen Creston Ltd. . . . . . .  
H 

Hardman, E., Son & Co. Ltd. .. 
I 

ICI Ltd.--Organics Division . . 
M 

Madley, Richard, (Printers) Ltd. 
Mastermix Engineering Co. Ltd. 

JOCCA 
The largest circulation of UK pub- 
lications to the surface coatings in- 
dustries -sent each month to over 
80 countries I 

Media data information and sample 
copies available from D. M. Sanders 
at the address on the Contents page. 
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. . . .  ii W 
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OIL b COLOUR CHEMISTS' ASSOCIATION-PUBLICATIONS 

w h i c h  18,000 copies have already been sold, 
forms an  excellent introduct ion t o  t he  who le  
f ie ld o f  surface coat ings and  related tech- 
nologies. The four th  edit ion contains t he  
important add i t ion  o f  a glossary o f  t he  terms 
used i n  t he  b o o k  together w i t h  explanations 
o f  their derivations, as w e l l  as t he  completely 
revised and  updated text. 

P r i c e  £5.00 (Registered Students o f  t he  
Association £2.50) P r e p a y m e n t  on l y .  
OIL AND COLOUR CHEMISTS' ASSOCIATION 
Priory House, 967 Harrow Rd., Wembley HAO2SF 

Paint Technology Manuals 
Works Practice 
This publication, which is o f  great use both to the 
practical man within the industry and the student 
entering the industry, is concerned with the prac- 
tical aspects o f  making paints. As very litt le has 
been published on  this subject, a fairly broad 
coverage is attempted including factory layout and 
organisation, paint and media manufacturing pro- 
cesses, legal aspects and safety precautions. 
Price: E3.00 

UV2 
The eleven papers i n  this volume, bound i n  l imp 
covers, are based on  the lectures presented at the 
second symposium o f  the Newcastle Section with 
the title 'Ultraviolet polymerisation and the Surface 
Coatings Industry' held i n  September 1977, and 
cover new work i n  this expanding field. 
Price: £7.50 

Special offer 
Ultraviolet Polymerisation and 
the Surface Coatings Industry 
The two volumes o f  the papers presented at the 
Newcastle Section Symposia o n  this subject held i n  
1975 and 1977 are offered at a special price o f  
£ 10.00 for both volumes purchased together. 

Normal price: Ulrraviolet polymerisation (1975) 
£5.00; Ultraviolet polymerisation 2 (1977) £7.50. 

The eleven papers In this volume were orlg~nally published in the 
Journal earlier in 1978. They are based on lectures given at the 
Second International Symposium of the Newcastle Section of 
the Association held at Durham University on 14 and 15 Septem- 
ber 1977 with the theme "Ultraviolet polymerisation and the 
surface coatings ~ndustry". T~tles and authors are listed below: 

Exciplex interactions in photoinitiation of polymerisation by 
fluorenone amine systems by A. Ledwith, J. A. Bosley and M. D. 

Purbrick 

Recent developments in photoinitiators by G. Berner, R. 
Kirchrnayr and G. Rist 

Present status of ultraviolet curable coatings technology in the 
United States by J. Pelgrirns 

The design and construction of ultraviolet lamp systems for the 
curing of coatings and inks by R. E. Knight 

New developments in ultrav~olet curable coatings technology by 
C. B. Rybny and J. A. Vona 

Cure behaviour of photopolymer coatings by R. Holrnan and 
H. Rubin 

Photoinitiator problems in clear coatings by M. De Poortere, 
A. Ducarrne. P. Dufour and Y. Merck 

The UV curing of acrylate materials with high intensity flash by  
R. Phillips 

Parameters in UV curable materials which influence cure speed by 
A. van Neerbos 

The use of differential scanning calorimetry in photocuring studies 
by A. C. Evans, C. Armstrong and R. J. Tolman 

The UV curing behaviour of some photoinitiators and photo- 
activators by M. J. Davis, J. D0herty.A. A. Godfrey, P. N. Green, 
J. R. A. Young and M. A. Parrish 

To obtain th is  book. complete t he  order form and send 
w i t h  t he  necessary remittance t o  t he  Association's 
offices. Price: f7.50 (US $75) each. 
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