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Transactions and Communications 

The reaction of epoxy side groups in polymers and 
amines - Influence of solvent and additives 
By S. Paul* and B. RBnby 

The Royal Institute of Technology, Department of Polymer Technology, 
5-1 00 44, Stockholm 70, Sweden 

*AB Wilh. Becker S-102 7 0  Stockholm, Sweden 

Summary 

The inhence of concentration of reactants, hydrogen-bond-donor separation. The kinetic data have been interpreted as a pseudo- 
and hydrogen-bond-acceptor additives and the polarity of the second-order reaction between hydrogen bonded epoxy Broups 
reaction medium on the rate wnstant of the epoxy-ring opening (HXwith MMA-GMA) and the amine (DEA). 
has k e n  investigated for low molecular weight copolymers of 
methyl methacrylate (MMA)-glycidal methacrylate (GMA) with The rate wnstant data based on the total DEA consumption 
diethanol amine (DEA) at 70 rt 1°C. satisfy the pseudo-second-order reaction, whereas those based on 

the total epoxy group conversion do not. This deviation is inter- 
In order to account for the observed influence of a hydrogen-bond- preted as being due to a non-specific side reaction, involving 
donor (HX) and the polar nature of the reaction medium on the coupling between epoxy groups and alcoholic groups, formed from 
reaction rate of the epoxy group, a termolecular reaction mechan- the reaction of the epoxy groups and the amine (DEA) or from 
ism has been proposed, involving a transition state with charge the DEA itself. 

Keywords 

Raw materials for coatings Miscellaneous terms 
binders (resins, etc.) reaction mechanism 

methyl methacrylate resin-methacrylate resin copolymers 
copolymer resin 

Processes and methods primarily associated with 
drying or curing of coatings 

baking 
catalytic curing 
reaction mechanism 

L'influence du solvant et des adjuvants sur la r6acl 
des polymeras et des amines 

On a 6tudiC. dans le cas des conolvm~res de faible voids molkulaire 
de methyle'methacrylate ( ~ k ~ & g l y c i d a l  methacrylate (GMA) 
avec le dlethanolamine (DEA), I'influence qu'exercent la concentra- 
tion des rkactants, les adjuvants soit donneurs de liaisons-hydrogtnes 
soit accepteurs de liaisons-hydrogenes, et la polarite du milieu de 
reaction sur le constant de vitesse de I'ouverture du noyau tpoxyde 
a 70 & 1°C. 

Afin d'exoliauer I'influence aue I'on a not& el au'exercent A la 
fois un donne& de liaison-hyd;og6ne (HX) el la nature polaire du 
milieu de reaction sur la vitesse de rhction du groupement epoxyde. 
on a provost un rnkanisme de reaction termoleculaire qui entraine 

tion des groupements Bpoxydes lat6raux 

kindtiaues on1 6t6 intervr6tks en tant au'une vseudo-hction 
d'ordrk du second entre'les groupements cpoxydhs rattachks par 
les liaisons-hydrogenes (HX avec MMA-GMA) ct I'amine (DEA). 

Les donnks du constant de vitesse b a s k  sur la consommation 
totale de DEA accordent avec la vseudo-r6action d'odre du 
second, alors que celles basks sur la cbnversion totale du groupe- 
ment epoxyde n'en font pas. On interprete cette deviation comme 
etant due h une reaction latbrale et non s&ifiaue aui entraine le 
couplage des groupements epoxydes et groupemenis alcooliques 
provennant de la reaction des groupements bpoxydes avec I'amine 
(DEA) ou I'amine meme. 

un Ciat -de transition avec dparation de charge. Les donn6es 

Die Reaktion von Epoxyseitengruppen in Polymeren und Aminen - Finfluss von Losungsmitteln und 
Hilfsstoffen 

Die einwirkung der konzentration des reagenz, mil zusatz von 
wassentoffbindungsgeber und wasqentoffbindungsnehmer und 
die polaritat des reaktionsmittels auf die ~eschwindi~keitskonstante 
der-offnune des eooxv-rims. der sich a l s  seiten&voe in dem 
n~edermolc~ularen m&hporymer aus methy l methairyiat (MMAt. 
glycldll methakrylat (GMAJ bei der reaktion mlt dietanol amln 
(DEA) auf 70 ;t 1°C befindet, ist untersucht worden. 

Um die beobachteten einwirkungen der wassentoffbindungsgeber 
(HX) und die polaritatseigenschaften des reaktionsmittels auf die 
geschwindigkeitsreaktion der epoxy-gruppe zu interpriitionen, 
wurde einen termolekularen mechanismus, der eine durchgangslage 

mil ladnungsseparation beifiigt, vorgeschlagen. Die kinetischen 
werte wurden als eine falschen-zweiten-ranges reaktion mischen 
die wasserstoffverbundete epoxy-gruppen (HX mil MMA-GMA) 
und die amin (DEA) verstandein.- 

Die werte der geschwindigkeitkonstante, von dem totalen DEA 
verbrauch bestimmt stellt die reaktion der falschen-zweiten- 
ranges zufrieden, da' dagegen die veriindrung der totale epoxy- 
gruppe es nicht zufriedenstellt. Diese abweichung, kann mann 
annehmen, beruht auf eine nicht spezilkierte seitenreaktion von 
epoxy-gruppen mit alkoholischen gruppen an den polymerketten 
gebildet sind oder in DEA befintlich sind. 
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The reactions between low molecular weight epoxy com- 
pounds and amines have been studied in several previous 
papsrsl-'. A comprehensive review of the various reaction 
mechanisms proposed has been published by Smith6. 

The kinetics of the homogeneous reaction between epoxy 
groups in polymers and amines have first been reported by 
Iwakura et ale-'. The authors have studied similar reactions 
for low molecular weight polymers8, and proposed a second- 
ary reaction between the epoxy groups in the polymers and 
the hydroxyl group formed in the reaction between the 
secondary amine and the epoxy group. This non-sepcific 
reaction results in partial branching of the polymers and a 
higher consumption of the epoxy groups than would be 
expzcted stoichiometrically from the DEA consumption. 

Since epoxy groups in the polymer offer possibilities of 
introducing various functional groups on to the polymer 
chains, several studies have been reported where epoxy groups 
in polymer gels have been modified by nucleophilic ring- 
opening reactions with iminoacetic acid groupss, amino 
groupslO, sulfonate or sulfonic acid groups1' and by acidic 
or basic hydrolysiPa in heterogeneous phase reactions. The 
authors have shown earlier that such functional group- 
containing polymers can be used as antistatic agentsls. 
Several other applications of such polymers, for example as 
aqueous thickeners, impregnants, adhesives and textile sizes, 
have been suggested in the literature. Epoxy group containing 
polymers find extensive application as coating materials due 
to their excellent adhesion, impact and corrosion-resistance 
propzrties. They are usually cured with either carboxylic 
polymers, amines or hydroxyl group containing compounds14 
to obtain polymer films of high molecular weight. 

Since the high viscosity of the reaction medium limits 
the investigation of the curing reactions between the epoxy 
groups and the amines in bulk, further investigations of the 
reactions in solution were undertaken. The reaction con- 
ditions were studied, such as the influence of the reactant 
concentrations, polarity of thereactionmedium, the hydrogen- 
bond-donor and hydrogen-bond-acceptor additive on the 
rate constants of a homogeneous reaction between the epoxy 
groups contained in low molecular weight methyl metha- 
crylate (MMA)-glycidyl methacrylate (GMA) copolymer 
and diethanol amine (DEA). 

Experimental 

Refs. 8.15 

Materials 

Copolymers of MMA and GMA (an = 30004000) were 
synthesised by free radical polymerisation of the two mono- 
mxs with 2.2' azo-bis (isobutyronitrile) (AIBN) as initiator, 
in the presence of thiophenol (TP) as a chain transfer agent, 
at 60°C in vacuum sealed ampoules, which has been de- 
scribed elsewheres. The MMA-GMA copolymers have been 
characterised by the hydrochlorination reaction of the epoxy 
groups8 and by a new IR mathod16. The copolymer used for 
the modification studies, contained 2.01 per cent (by weight) 
oxirane oxygen. 

Kinetic determinations 

The reaction was carried out at 70 & 1°C by mixing the 
ep~xy-group containing copolymer and the amine (DEA) in 
the molar ratio of 1:4 with dimethyl formamide (DMF) 
as solvent. 

Reaction time (hrs) 

Fig. 1. Rate of the epoxy-group conversion contained in the 
MMA-GMA copolymers on reaction with DEA. (-0-) in 
DMF (0.1 mole epoxidej20 mole DMF); (-X-) in benzene 

(0.1 mole epoxidejl0.24 mole C,H,); (-0-) in DMF 
(0.1 mole epoxidej 10 mole DMF) 

The kinetics of the reaction were determined from analysis 
of both DEA and epoxy contents in the reaction mixture. 
Umeacted DEA was determined by potentiometric titration 
of 5 ml of the reaction mixture with 0.01 N H,SO,. The 
residual epoxy-content was found by determining the chloride 
ions by Mohr's method after reacting the epoxy groups in 
the copolymers with an excess of hydrogen chloridea. 

Results and discussions 

Rcfi. 4,5.7.8,16-18 

The rate data for the epoxy-ring opening in the MMA-GMA 
copolymers in DMF is illustrated in Figure 1. It is evident 
that the epoxy group conversion is a non-linear function 
of time and is concentration dependent. 

The data in Figure 1 show that a polar solvent, such as 
DMF, accelerates the epoxy-ring opening, whereas a non- 
polar solvent such as benzene (C6He), retards it. This sug- 
gests that the reaction may involve a transition-state where 
charge separation occurs. 

Since hydrogen bonding of the epoxy groups has been 
shown to favour the rate of epoxy-ring openinga, the following 
reaction mechanism suggested by Smith6 seems more pro- 
bable than other mechanisms for the reaction of epoxy side 
groups in the polymer chain with DEA. 

It is evident from the reaction scheme 1 that the secondary 
amine (DEA) and the epoxy group react with each other 
stoichiometrically in the rate determining step. The rate 
equation must, therefore, include the concentration terms 
both for the amine and the epoxide. If the initial concentration 
of DEA and epoxy groups are a and b respectively and if x 
is the amount of amine or epoxide that has disappeared per 
unit volume at the time t, then the rate of disappearance of 
amine, equal to the rate of disappearance of epoxide, is 
therefore given by 18'17: 

dx/dt = (a - x) (b - x)  (k' + k"x) . . . . . . .(I) 
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where k' refers to the rate constant of epoxide and DEA 
and k" the rate constant of the reaction catalysed by the 
hydroxyl groups produced. As k" will be small in the case 
where DEA is used as the amine as shown previously7, 
eqn. (1) can be approximated as: 

.......... dxldt = k'(a - x) (b - .r) (2) 

If a and b are different, the solution of equation (2) will 
be: 

1 bra - x) . . . . . . . . . .  (3) k' =- I,, - 
t(a - b) a(b - x) 

Based on equation (3), rate constants of the homogeneous 
reaction between DEA and epoxy groups in the copolymer 
have been determined from the simultaneous estimations 
of DEA and the epoxy content, both for reaction in DMF 
and in benzene. The kinetic plots are shown in Figures 2 
and 3. 

fast 
R-CH-CH + HX R-CH-CH 

\o/  2 \O/ 2 

A-X , 

\L 
R'- N+H 

I fast 2 I 
CH-CH-R CH-CH-R 

2 I I . - 
OH 

J, fas t 

R-N + HX 
2 I 

CH-CH-R 
2 I 

Scheme 1. Reaction mechanism scheme between the epoxy-groups 
contained in the polymer (MMA-GMA copolymer) and amine (DEA). 

The straight lines obtained from the DEA consumption 
in the reaction (Figure 2) suggests that the reaction between 
DEA and epoxy-groups is a second-order reaction, depending 
on the concentration of both DEA and epoxide. 

It is assumed that the rate-controlling step involves the 
reaction between a secondary amine (DEA) and a hydrogen- 
bonded epoxide as shown in Scheme 1 and that the reaction 
is autocatalytic as indicated by Shechter et all7. The reaction 
will then have two rate constants, one is k, accelerated by 
the hydrogen-bond donor molecule (HX) and the other is 
k" referring to the reaction accelerated by the -OH groups 

from the product. It will also be assumed that the molecule 
HX functions as a true catalyst and is not consumed in any 
side-reaction. If c is the concentration of HX, the rate of 
consumption of epoxide or amine is given by: 

dxldt = (a - x) (b - x) (kc + k"x) ........ (4) 

React ion time (hrs) 

Fig. 2. Rate constant plots as determined from the DEA consumption 
in the reaction mixture. (-G) in DMF (0.1 mole epoxidel 
10 mole DMF) and nitrobenzene (3.85 mole/ 0.1 mole epoxide); 

(-0 -) in DMF (0.1 mole epoxidel 10 mole DMF); 
(--Up) in DMF (0.1 mole epoxide/ 20 mole DMF); 

(-A-) in DMF (0.1 mole epoxidej10 mole DMF) and phenol 
(2.5 mole/ 0.1 mole epoxide). 

Fig. 3. Rate constant plots as determined from the residual epoxy 
groups. (-*I in DMF (0.1 mole epoxide/ 10 mole DMF) 

and CB5NOp (3.85 mole/ 0.1 mole epoxide); 
(-X-) in benzene (0.1 mole epoxide/ 10.24 mole C8H6); 

(-D-) in DMF (0.1 mole epoxidel20 mole DMF); 
(-0-) in DMF (0.1 mole epoxidej 10 mole DMF); 
(PA-) in DMF (0.1 mole epoxideI10 mole DMF) and phenol 

(2.5 mole/ 0.1 mole epoxide). 

Integration of equation (4) gives: 

, = In [(b - x)/bl In [(a - x)/al k" In [(kc + k"x)/kcl 
(kc + k"b)(b - a)-(kc + k"a)(b - a)+(kc + kua)(kc + k"b) 

Since k"a, k"b and k"x may be deleted as much smaller 
than kc, eqn. 5 becomes: 

1 a(b - x). ........... (6) tf;- 
kc(b - a) ln 
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Similarly, a rate equation can be derived from eqn. (4) 
for the presence of hydrogen-bond acceptor additives. If 
k"' is the rate constant and c' the additive concentration, the 
rate equation can be expressed as follows: 

The kinetic plots in the presence of a hydrogen-bond- 
donor, such as a phenol, and a hydrogen-bond-acceptor, 
such as nitrobenzene, are presented in Figures 2 and 3. 
The kinetic plots in Figure 3 show that the epoxy group 
determinations do not give straight lines, but show a slight 
curvature at higher conveisions. This suggests that the 
reaction between the epoxy groups and DEA either does 
not strictly follow a pseudo-second-order kinetics or cannot 
be estimated accurately from the epoxy group consumption. 
The term "pseudo" is used since the rate constants have 
also been found to be dependent on the nature of the addi- 
tives. 

In order to confirm one of the two alternatives proposed 
above, kinetic plots were obtained, based on the amine 
(DEA) consumed in the reaction (Fig. 2). Straight lines 
were obtained in this case, indicating that the reaction 
between the epoxy groups in the MMA-GMA copolymer 
and DEA is a pseudo-second-order reaction involving three 
species: the hydrogen-bonded epoxy groups with the hydro- 
gen-bond-donor present (e.g. phenol) and the amine (DEA), 
as phenols do not react with epoxy groups at this tempera- 
ture4. In addition, epoxy groups are consumed in some side 
reactions with some species originally present or formed 
during the main reactions, e.g. with hydroxyl groups. 

The dilution effect by the solvent, such as DMF, as deter- 
mined from the epoxy group estimations has been shown in 
Figs. 1 and 3. Both the rate constants and the epoxy group 
conversions were found to decrease with increasing amounts 
of DMF in the reaction mixture. However, when the rate 
constants were determined from the amine consumption, 
it was found to increase with increasing amounts of DMF, 
cf. Fig. 2. These differences could also be successfully inter- 
preted on the assumption of a non-specific side reaction as 
proposed above. Retardation of the epoxide-amine reaction 
at lower dilutions by DMF (cf. Fig. 2) can be assumed to be 
due to the complex formation between the basic secondary 
amino groups in DEA and the tertiary amino- and the hy- 
droxyl groups formed during the reaction. This would result 
in decreased autocatalytic effe:t by the hydroxyl groups 
and would also reduce the effective amine concentration in 
the system. However, when the reactants are diluted by the 
addition of more DMF to the system, the extent of the 

formation of such complexes is considerably diminished 
due to the high dielectric constant of DMF. Such a pheno- 
menon has been demonstrated earlier by Enikolopiyanl8 
where, besides retardation, even a change in the order of 
reaction was observed when the basicity of the amines used 
was changed and water was added to the reaction mixture. 

Conclusions 

The present investigation of an epoxide-arnine reaction 
gives further evidence of a non-specific side reaction between 
epoxy groups and hydroxyl groups formed in the reaction 
between the amine (DEA) and the epoxy groups in the poly- 
mer. This side reaction gives a higher amount of epoxy 
group conversion than would be expected stoichiometrically 
from the primary reaction with the amine (DEA). It is 
evident that in kinetic studies of the curing reaction of 
epoxides with amines, the consumption of amines should be 
estimated and not the consumption of epoxy groups. 
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Lung cancer mortality of workers in chromate 
pigment manufacture: An epidemiological survey' 
By J. M. Davies 

Division of Epidemiology. Institute of Cancer Research. Sutton, Surrey SM2 5PX 

This paper describes the methods and basic results of a follow-up 
study of workers at three Enalish chromate v i m n t  factories. 
csp&ially men employed for aileast one year wLo started work 
before 1968 and have been folloued-up for between ten and forty- 
five years. Tu,ofactories made both lead chromateandzincchromate, 
and workers were exposed to both substances; the third factory 
made only lead chromate. There has been no exLess lung cancer 
mortality amongst workers with chromate exposure rated as 
"Low", nor among those exposed only to lead chromate. "High" 
and "Medium" exposure rated workers, who in the past had mixed 
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Raw materials for coatings 
prime pigments and dyes 
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zinc chromate 

exposure to both lead and zinc chromate have experienced a 
marked excess of lung cancer deaths. even if emoloved for as little 
as one year; the excess deaths have occurred within 5-25 years after 
first exposure. In the author's opinion, the results suggest that the 
manufacture of zinc chromate may involve a lung cancer hazard, 
although improved working wnditions at one factory appear to 
have controlled this hazard from about 1955. The results for the 
third factory provide no evidence that the manufacture of lead 
chromate involves a similar hazard, even under the conditions 
prevailing twenty to thirty years ago. 

Properties, characreristics and conditions prima* associated with 
materials in general 

toxicity 

Miscellaneaus terms 
carcinogenic material 

Le taux de mortalit6 B cause de cancer pulmonaire parmi les ouvriers employ6s B la production 
des pigments de chrome. Une Btude Bpid6miologique 

Cet expos6 dbrit  les mkthodes et les r6sultats de base d'une 6tude 
des dossiers sur les ouvriers B trois fabriques de pigments de 
chrome en Angleterre, surtout B propos des hommes employes 
A cet Ceard aendant un an au  moins et aui ont commence A travailler 
avant 7968: et qui ont ete contrBlks pendant dix h quarante-cinq 
ans. Deux fabriques produisaient a la fois les chromates de plomb 
et de zlnc. et les ouvriers etalent ex~os6s B toutes les deux ~roduits: 
la troisikme fabriaue ne ~ r e ~ a r a i t  oue le chromate de olombi 
II n'y avail pas d'un'excks dl. mortalitt a cause de cancer pulmonaire 
parmi les ouvriers dont I'exposition au chromate etait class6 
comme "Faible", ni parmi ceux qui Ctaient exposes seulement au 
chromate de plomb. Les ouvriers dont I'exposition au chromate 
etait clasd comme "Haute" ou "Moyenne" et qui dans le passe 

Sterblichkeit durch Lungenkrebs von Arbeitern in 
epidemikologische ~bersicht  

Diese Arbeit beschreibt die Methoden und grundsatzlichen 
Resultate einer fortlaufenden Untersuchune von Arbeitern in drei 
engliwhen Chromatpigmentfabr~ken, insbecondere von m~ndestens 
ein Jahr lang beschafugten Leuten, uelche vor 1968 zu arbelten 
beaannen und wahrendlehn und fiinfundvierzia Jahren iiberwacht 
wirden. Zwei Werke stellten sowohl ~1ei;hromat als auch 
Zinkchromat her, und die Arbeiter wurden beiden Substanzen 
ausgesetzt; das dritte Werk fabrizierte lediglich Bleichromat. 
Keine exzessive Sterblichkeit durch Luneenkrebs bestand unter 
den Chromaten ausgesetzten Arbeltern, wo-das R~siko als .midrig" 
bewerret uorden Mar, und garn~cht unter denen, welche lediglich 
Rleichromat ausgesetzt waren. Unter Arbeitrrn, welche "starker" 

ont subi une exposition mixte au chromate de plomb et au chromate 
de zinc ont connu un ex& bien marqud de mortalit6 A cause de 
cancer pulmonaire, meme s'ils n' ont pas 6tC employOls pour plus 
au'un an: l'exck de morts s'est vroduit entre 5-25 ans a~rL?s la 
dremicre exposition. Selon l'avis de l'auteur, les rhultats sukerent 
que la fabrication du chromate de zinc peut entrainer un risque de 
cancer ~ulmonaire, bien au'une amtlioration des conditions de 
travail a une des fabriaues bemble h avoir contrble ce risaue aor& 
1955 A peu pres. Les resultats h I'egard de la trois~eme fabrlquk ne 
rendent pas d'evidence que la fabr~cation du chromate dc plomb 
entraine un risque pareil, mtme sous les conditions en vigueur 
il y a vingt L trente ans. 

Chromatpigmentfabriken: 'eine 

die friiher sowohl mit Blei- als auch Zinkchromat in Beriihmng 
gekommen waren, wurde ein merkliches Ubermass an Todesfallen 
von Lungenkrebs festgestellt, selbstwenn die Beschlftigung kiirzer 
als ein Jahr dawrte; die exzessiven Tedesfalle fanden mixhen 
5-25 Jahren nach der ersten Exponiemng statt. Nach Ansicbt des . 
Authors legen die Ergebnisse nahe, dass die Fabrikation von 
Zinkchromat das Lungenkrebs-Risiko mitsichbringt, obwohl in 
einer der Fabriken diese Gefahr seit etwa 1955 scheinbar unter 
Kontrolle gehalten wurde. Die Ergebnisse aus der dritten Fabrik 
beweisen nicht, dass die Herstellung von Bleichromat ein ahnliches 
Risiko mit sich bringt selbst unter den vor 20 oder 30 Jahren 
herrschenden Bedingungen. 

oder "mittelmasgig" bewerteter Beriihrung ausgesetzt waren, und 

Introduction 

Refi. 1.3 
chromate might he carcinogenic, and epidemiological studies 

This work has been sponsored by two English manufacturers in Norway2 and the USA3 which cast suspicion o n  both lead 
of chromate pigments, who in 1975 requested that a n  inde- chromate and zinc chromate. A study of chromate pigment 
pendent study should he carried out. This request followed factories in continental Western Europe is also being carried 
a report' of animal experiments which suggested that lead out. 

'Paper presented to the Manchester Section on 13 March 1978 157 
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This survey of English chromate pigment workers belongs 
to a particular type variously described as a "cohort study", 
"prospective study" or "follow-up study of mortality"; the 
author prefers the last description, which is self-explanatory. 
Such surveys are sometimes compared with laboratory 
studies on experimental animals, and it may be useful to 
consider this comparison briefly. One might, for example, 
k t  out to test the possible carcinogenic effect of lead chromate 
and zinc chromate on the lung tissue of mice. One would 
take a large number of mice of a single strain, and all would 
be kept in the same conditions except that lead chromate 
might be applied to one-third of them, zinc chromate to 
another third, and some "control" substance to the remainder. 
Those that died would be examined to detect the presence 
of any tumours, and the remainder would be killed and 
examined after a predetermined interval judged long enough 
to achieve reliable results. The incidence of tumours would 
then be compared in the three groups .The basic idea of a 
follow-up mortality study is that an unplanned experiment 
has already been carried out on human beings, quite un- 
wittingly, and that this experiment and its effects should be 
chronicled in much the same way as if it had been a planned 
animal experiment. The word "chronicled" is used deliberately, 
because occupational cancers commonly take many years to 
develop in man, and if one wants to obtain results at once it 
is necessary to study a human experiment which took place 
in the past. In a way carrying out an industrial mortality 
study can be like reconstructing a piece of history. 

But it can readily be seen how unlike an animal experiment 
such a study will be in practice. Workers at factories enter 
and leave employment at will, at different dates, stay for 
differing lengths of time, and nearly all leave long before they 
die. Their exposures to suspect substances are rarely clear-cut, 
usually mixed, and probably cannot be measured objectively; 
there may be no suitable group of unexposed workers for 
comparison. The basic idea of a follow-up study may be 
simple, but in practice these surveys may encounter many 
difficulties. One problem in the present survey is that the 
total number of workers available for study is small, for the 
chromate pigments industry is itself small: the present 
analysis covers less than one thousand men. However, there 
is a compensating advantage: basically the manufacturing 
processes and materials have changed little since the time 
the factories first started production over fifty years ago, so 
that however far back the study is taken, the effects of 
exposure to the same suspect substances are observed. 

Materials and methods 

Three small pigment factories were available for study: 
Factory A, currently employing about one hundred manual 
workers, and Factories B and C, each with about fifty; all 
three had produced chromate pigments since the 1920's or 
earlier. The main product at Factories A and B was always 
lead chromate, but both also used to manufacture zinc 
chromate: Factory A until 1964 and Factory B until 1976. 
Both products were made in the same sheds, and in practice 
all workers had mixed exposure to both substances. The 
sole product at Factory C, however, has always been lead 
chromate, and thus a group of workers exposed only to lead 
chromate can be distinguished although none exposed to 
zinc chromate alone were available. 

The first steps in the survey were as follows: 
Definitions were drawn up of the workers eligible to 

be included; 
Lists of workers within this defined study population 

were compiled and checked; 

These workers were classified in terms of degree of 
exposure, length of service, and date of entering 
employment; 

The workers were traced as alive or dead in 1977. 

Definition of the study population 

It was decided to go back to the earliest date at each factory 
from which complete personnel records had been kept, and 
to include from those dates all men who worked in the 
factories and who completed at least one full year's service, 
whether in one spell or more than one spell-"broken 
service" was common at all three factories. A minimum of 
one year was chosen as a qualification for inclusion, partly 
for practical reasons, and partly because at the outset it was 
thought unlikely that less than one year's employment 
would have presented any hazard; at this stage there were 
no obvious indications of any lung cancer hazard at the 
factories and there was no indication of what sort of results 
would be obtained. To qualify for inclusion, workers had to 
have completed a year's service by mid-1975, but the present 
analysis excludes men who entered employment later than 
1967, because the period of follow-up observation on such 
workers is still very short. 

Listing the study population 

Each factory was visited and there was completely free 
access to all their records; management had information 
extracted on each worker to be included in the study, and 
this information was checked. At Factory A it seemed at 
first that records were complete back to 1947, but no further; 
from that date the record cards for all new workers had been 
kept even if the men stayed for a few days only. However, 
it was thought that there might be some older records stored 
down in the basement, and indeed a pile of earlier cards was 
found stacked on the stone floor. Because the floor was 
damp the bottom few cards were stuck to it or to each 
other, but otherwise these cards formed a complete sequence 
going back, with no gap, from 1947 to 1933! To an epidemi- 
ologist records going back to 1933 are rare treasure: because 
there are forty or more years of follow-up observation, 
nearly the whole story of how the men fared subsequently 
can be seen, whereas all too often studies have to be carried 
out with only about twenty years' follow-up. Because of the 
potential value to the study of these early workers, the 
qualification for inclusion was extended to cover those of them 
who had service of less than one year, but not less than three 
months. 

At Factory C records had been kept from 1947. At 
Factory B cards for past workers had been kept only from 
1952, but old Health Registers kept since 1948 listed virtually 
the entire workforce, and it was possible to add men who left 
during 1949-51 after completing at least one year's service. 
Identifying details on these extra men were scanty, but one of 
the management staff devoted a great deal of effort to obtain- 
ing further information about them. For all three factories the 
successful completion of the survey owes a great deal to the 
managements' untiring efforts to supply details on past 
workers, to the extent that retired staff came up to the 
factories specially to supply information about past workers 
whose histories were not known to the present staff. 

This presentation covers men actually starting work at the 
three factories during the defined periods, and excludes 
those men who were already in employment before 1932 at 
Factory A, 1948 at Factory B and 1946 at Factory C. One 
reason for this exclusion is that such men had already been in 
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service for widely varying lengths of time ranging from one 
year to more than twenty years, so that their later mortality 
cannot be related clearly to any specified period of exposure. 
A more important reason for exclusion is that these men are 
unlikely to be typical of all earlier starters at the factories: 
they are a small and highly-selected sampls-they are the 
ones who started work and then stayed on whilst most of 
their contemporary starters left again and doubtless some 
died. 

It is important that the list of workers included in a study, 
the "study population", covers all the men who are eligible 
according to the definition. Some men may be left out if a 
series of personnel cards is incomplete, and omissions from 
personnel cards are unlikely to be random. In the author's 
experience the commonest reason for a card to be missing is 
that it relates to an ex-worker who had an accident or 
industrial disease; in such instances the card may be needed 
to provide information for insurance or legal purposes, and 
it may happen that someone forgets to replace it in the file. 
The omission of such cases is likely to result in bias, and in 
this study other records were sought by which to check the 
completeness of the study population. Fortunately, the other 
series of records listed in Table 1 were available, and whilst 
not all of these were comprehensive lists of everyone at the 
factories, their combined use enabled fairly thorough checks 
to be made. It was found that six men had been omitted; 
these six were now added to the study population, and it 
appeared unlikely that any other eligible workers had been 
omitted. 

Table I 
Records used to check the study population 

Factory A Health Registers for 193342 and 1959-63 
Early medical records covering 1937-51 
A list of all new employees starting from 193941 

Factory B Health Registers kept from 1948 onwards 
Factory General Registers kept from 1948 onwards 

Factory C Factory General Registers kept from 1947 onwards 
Wages Department slips covering workers who started 

or left di~rin~l 1955-63 
Insurance claim records covering 1948-60 
Records of health chccks covering 1954-55 

Classification of the study population 

Each factory was studied separately, and workers were 
classified as shown in Table 2. For classification by grade of 
exposure to chromates, work in the "Dry" departments 
(where pigments were ground, blended and packed) was 
graded "High"; the "Medium" grade covered work in the 
less dusty "Wet" departments (where precipitates were 
washed, pressed and stove-dried) and also jobs such as 
maintenance or cleaning which required men to spend time in 
various different departments. The "Low" category was 

Table 2 
Class~cation ofthe study population 

reserved for work involving only slight exposure to chro- 
mates, e.g. most laboratory jobs, boiler stoking, painting and 
bricklaying. Many men changed departments within the 
factories and did work of different grades; these men were 
allocated to the most appropriate overall grade. The emphasis 
was on reserving the High grade for men who experienced 
severe exposure during most of their service, and the Low 
grade for men who spent little time in any but Low exposure 
jobs. 

The study populations at Factories B and C were rather 
small to subdivide by date of starting work, and during the 
relevant period there were no dates when working con- 
ditions changed there significantly. There were important 
changes at Factory B in 1968, which.probably improved 
conditions markedly, but that date is too recent for the 
effects to be seen yet. At Factory A, however, with more men 
and a longer period, two divisions were made. The first 
division was made at the end of the war, 1945146, when 
working conditions might have been expected to improve 
and when there was a new intake of workers. The second 
division was made between workers who started employment 
up to 1954 and those who started from 1955 onwards; around 
this date various changes were made at the factory which, 
together, would have considerably reduced the workers' 
exposure to chromates, including changes in packaging 
procedures and increased use of respirators for dusty oper- 
ations. 

Tracing 

The next step in the survey was to find out whether the men 
in the study population were alive or dead, and if dead to 
ascertain the causes of death. It has to be remembered that 
although some of the men were still working at the factories 
or were retired pensioners, the majority were ex-worlcers who 
had been lost sight of by the factories. Fortunately, in this 
country there are excellent tracing systems, and for this study 
the men were traced by the National Health Service Central 
Register (NHSCR), who will not divulge confidential infor- 
mation such as where persons are living, but will report them 
to be alive or dead, emigrants or untraced, and will supply 
copies of death certificates. 

The main tracing problem in this study arose at Factory C, 
where since the late 1950s a gradually increasing proportion 
of the workforce has been made up of immigrant workers. 
For various reasons these immigrants may be difficult to 
trace, and the NHSCR reported that about a third of the 53 
immigrants at Factory C could not be traced. The tracing of 
the other two-thirds may not be completely reliable, and this 
group has, therefore, been excluded completely from the 
present analysis; they are already excluded from the figures 
given in Table 2. However, four immigrants have been traced 
as dead by the NHSCR, and none of these four died from lung 
cancer. It is unfortunate that this part of the workforce at 
Factorv Chad to be omitted. but the survey still includes all 
new starters there from 1946 bntil the late i950s and all later 
starters who were not immigrants. 

Among the rest of the study population 27 men were 
By Grade of Exposure to Chromates: High, Medium, Low initially untraced by the NHSCR, but after considerable 
By Length of Service: 1 yr, 2 4  yrs, 5-9 yrs, 10+ yrs 
By Date of Starting Work Dates of Men 

effort by all concerned to find out more about these men, all 
Factory A 1932-45 156 were finally traced except three-one at each factory. What- 

3946-54 961396 ever the fate of these three men it could make virtually no 
1955-67 'gJ difference to the survey results, and they have been omitted 

Also: less than 1 yrS service 193345 
Factory B 1948-67 136 from this analysis. There were also a number of men at each 
Factory C 1946-67 114 factory who emigrated at various intervals after starting work, 

and they have been removed from follow-up at their date of 
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emigration. Some of them have kept in touch with the 
factories and are known to be alive, but most are untraceable. 
However, it turned out that even if some of them have in fact 
died from lung cancer, it could scarcely have had any 
important effect on the results, but might merely have accen- 
tuated the trends found. 

Calculation of the survey results 

The next step was to classify the causes of death of workers 
who had died, and pick out those deaths which were attributed 
to lung cancer. These were the "observed deaths", which 
had then to be compared to the number of "expected deaths", 
i.e. the number that one would expect to occur if the lung 
cancer mortality of these workers was the same as that of 
other men of the same age at the same dates. This comparison 
is made using the well-established technique6 of computing 
for each worker the number of "man-years" he had lived 
since entering observation, defined in detail by age and date, 
and by adding up the total of man-years experienced by 
each sub-group of workers at each factory. Lung cancer 
death rates vary markedly by sex, age and date, and the man- 
years are totalled in small cells; national lung cancer death 
rates for all males in England and Wales7, similarly defined by 
age and date, are then applied to the man-years in each cell 
to obtain the expscted numbers of deaths. For each worker 
in this study mortality observation (and hence the calculation 
of man-years) commenced five years after the man entered 
employment at any of the factories, and continued until 
death, emigration, or until mid-1977 for the present analysis. 
However, this is an ongoing study; further deaths among the 
study population will be traced by the NHSCR, and the 
results will be updated regularly. 

This method of calculating the numbers of expected deaths 
does not take account of two local factors which may render 
the workers either more or less likely than the "average man 
in the country" to die from lung cancer, quite independently 
of any specific work hazard. The first factor is the workers' 
level of tobacco smoking; there was no reason to suppose 
that these men smoked on average more than others of the 
same social class, but it is known that men in the lower 
social classes-unskilled and semi-skilled manual workers-- 
smoke more than the national average and have higher than 
average lung cancer death rates. The proportion of unskilled 
and semi-skilled workers in the study population was higher 
than in the generd population8, and therefore the numbers 
of expected deaths have been slightly increased to allow for 
this factor. The second factor is that of local geographical 
variations in lung cancer mortality. Mortality in the area 
where Factory A is situated is close to the national average, 
but in the area around Factory B it is somewhat lower, 
whilst around Factory C it is about 50 per cent higher than 
the national averageg. The expected number of deaths has 
therefore been adjusted downwards for workers at Factory B 
and upwards at Factory C by appropriate amounts, to avoid 
getting "false negative" or "false positive "results. 

After these calculations and adjustments it is finally 
possible to compare the numbers of expected and observed 
deaths. If the number of observed deaths exceeds the expected 
number it may indicate a lung cancer hazard, but the "statisti- 
cal significance" of the difference is measured by the Poisson 
Test, because small differences will occur simply by chance. 

Results 
Refs. 45 

When the survey results were obtained it turned out that 
those for men in the "High" and "Medium" exposure grades 

were similar, and in this presentation the two grades have 
been combined. Similarly, the results at Factory A for men 
who started before 1946 and those who started from 1964-54 
were similar, and the two sub-groups have been combined. 
Results in more detail will be published elsewhere, and a 
brief summary has already appeared4. 

The results for men at Factory A who entered employment 
before 1955 are shown in Table 3. Men in the High and 
Medium grades combined had more than twice the expected 
number of lung cancer deaths, and this difference is very 
unlikely to be due to chance-it is statistically significant at 
the 1 per cent level. There was no excess of lung cancer 
deaths among men in the Low exposure grade, which is a 
reassuring finding. Nor was any excess apparent among the 
men with less than one year's service: 4.19 deaths were 
expected, and 5 were observed. 

Table 3 
Lung cancer mortality at Factory A: 
Men starting work during 1932-1 954 

Exposure Number Expected Observed 
Grade of men Deaths Deaths 

High & Medium 175 8.17 18.' 

Low 77 2.00 2 

Service of less 
than one year 94 4.19 5 

Table 4 gives the results for the study population at Factory 
B; here the excess of lung cancer deaths among High and 
Medium grade workers is even less likely to have arisen by 
chance. These were the two factories where worke~s had 
mixed exposure to both lead chromate and zinc chromate, 
and it seems clear that there was an effective lung cancer 
hazard operating in both factories at the dates in question. 
Table 5 shows that at Factory A the excess deaths occurred 
within twenty-five years of the worker's first exposure to 
chromates (i.e. the start of their employment); the data goes 
back so early at this factory that 111 workers were still 
under observation 25 or more years after fist exposure, but 
there have been no extra deaths among them since that point. 
Few of the men at Factory B have yet reached the 25-year 
point, so that the worst part of their mortality experience 
has probably been seen; at first sight their mortality appears 
worse than that of Factory A workers, but in the long run 
it may prove similar. 

Table 4 
Lung cancer mortality at Factory B: 
Men starling work during 1948-1967 

Exposure Number Expected Observed 
Grade of men Deaths Deaths 

High & Medium 116 1.43 7*** 
Low 20 0.10 0 

***p<o.001 

This apparent cessation of risk 25 years after first exposure 
is interesting to an epidemiologist, and rather unusual; 
it is not characteristic of the lung cancer hazard in the USA 
dichromates-producing industry5. But here the concern is 
with practical rather than theoretical implications, and it is 
merely noted that not only did the excess deaths at Factory 
A occur within 25 years, but that of the 22 lung cancer deaths 
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at both factories, four occurred within 5-9 years of the men 
starting work, and another five within 10-14 years. One man 
died only 5 years and 2 days after starting work, and since 
he was aged only 32 at death there is a strong presumption 
that his lung cancer was of occupational origin. 

Table 5 
Lung cancer mortality of High and Medium grade 

workers at Factories A and B 

Factory and 
Starting-dates 

Interval after starting work 

5-24 yrs 25+ yrs Total 

Number of men 175 111 175 
Factory A Expected deaths 3.81 4.36 8.17 
1932-1954 Observed deaths 15 3 18 

Number of men 11 6 116 
Factory B Expected deaths 1.43 1.43 
1948-1967 Observed deaths 7 7 

The practical importance of these relatively short intervals 
between first exposure and death from lung cancer (unusually 
short for occupational cancer) is that is should by now be 
possible to see whether a hazard was still effective at Factory 
A for men who entered employment after 1954. As shown in 
Table 6, no excess of deaths has occurred among these workers 
-indeed, it happens that so far none of them has died from 
lung cancer. In the normal course of events one or two such 
deaths might have been expected to occur, and the fact that 
so far there have been none merely underlines the impression 
that these men do not appear to have been exposed to an 
effective hazard. Among the earlier workers, the excess 
deaths were obvious by I5 years after first exposure, and at 
Factory B there is already a statistically significant excess of 
deaths among men who started work from 1961-67 (0.42 
expected, 3 observed). This pattern cannot be repeated 
among the post-1954 starters at Factory A, for whom obser- 
vation already covers periods ranging from 10-22 years 
after first exposure according to exactly when they entered 
employment. A longer period is needed before it becomes 
certain that there was no effective hazard at Factow A after 

Exposure Number Expected Observed 
Grade of men Deaths Deaths 

High & Medium 95 2.46 1 
Low 19 0.37 1 
Total 114 2.83 2 

Analysis of mortality at Factories A and B by length of 
service showed that even workers employed for as little as one 
year experienced excess mortality which was statistically 
significant (2.65 deaths expected, 9 observed). Indeed, 
because many of the lung cancer deaths occurred among 
ex-workers with short service who had been lost sight of by 
the factories the hazard was inconspicuous until this survey 
was carried out. 

Discussion 

The apparent lack of a hazard at  Factory C 

1954, but at the time of writing observation has beenkxtended 

The importance of this result for Factory C, where only lead 
chromate was manufactured, can readily be appreciated. 
But is the result reliable, or can it be questioned? For example, 
has the omission of the immigrants affected the result? This 
appears to be unlikely: why should there have been a risk 
for men starting work from the late 1950's onwards if there 
was no hazard affecting those who started from 1946? 
Conditions at Factory C have not been getting worse! 
Another objection might be that the small number of men 
makes the result unreliable. Undeniably the number is small- 
only 114 men were available for study; but on the other hand 
this was not a sample of the workforce but the whole work- 
force, except for the immigrants, and it is a fact that their lung 
cancer mortality has been normal. A final objection might be 
that the upward adjustment to the expected number to allow 
for locally high lung cancer death rates has affected the 
result; however, even without this adjustment the expected 
number would be 1.88, to be compared with 2 observed 
>..A%. 

for ten months up to April 1978 and it is still the case that 
no lung cancer deaths have occurred. It will be recalled that 
changes which reduced chromates exposure were made in 
1955, but that startingmaterials and final products were largely 
unchanged. It is to be hoped that the improvements made at  
Factory B in 1968 will have removed the hazard there; so far 
there have been no lung cancer deaths among men at either 
factory who entered employment from 1968-74. 

Table 6 
Lung cancer mortality at Factory A: 
Men starting work during 1955-1960 

Exposure Number Expected Observed 
Grade of men Deaths Deaths 

- 
High & Medium 62 1.14 0 
Low 14 0.16 0 

Men starting work during 1961-1967 

Table 7 
Lung cancer mortality at Factory C: 
Men starting work during 19461967 

In this kind of study & ~egative result is usually harder to 
demonstrate than a positive one, but it does appear that at 
Factory C there was no effective lung cancer hazard for men 
starting work there during 1946-67. However, it is necessary 
to be quite clear about what inferences may be drawn: it 
cannot be inferred that lead chromate is, therefore, cleared 
as a possible human lung carcinogen; perhaps lead chromate 
can cause lung cancer in man if exposure is very severe; for 
example, there is a possibility that it caused some lung cancer 
deaths at Factory C before 1946. What can be stated is that 
under the conditions prevailing at Factory C since 1946, lead 
chromate appears not to have caused lung cancer deaths. 
The author considers that it can reasonably be inferred that 
under today's stricter conditions of industrial hygiene it 
should be possible to make and use lead chromate without a 
lung cancer hazard for those involved. 

The hazard s t  Factories A and B 

High & Medium 52 0.23 0 'Ihree questions raised by the results for.these two factories 
Low 16 0.14 0 will be considered: How serious was the hazard? Has the 

hazard ceased, and if so, why? What substance was respon- 
sible for the hazard? 

Table 7 gives the results for Factory C, where only lead 
chromate was manufactured, and shows that there has been Firstly, how serious was the hazard? Unquestionably the 
no excess of lung cancer deaths. past hazard was severe, with men running two to four times 
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the usual risk of dying from lung cancer. This risk relates 
to men with High and Medium exposure who had service 
of at least one year; men with Low exposure do not appear 
to have been at risk, and nor do men at Factory A who had 
service of less than one year. Among those at risk at the two 
factories there have been 25 lung cancer deaths where about 
10 were expected; some of the 25 men died at unusually early 
ages-two were only in their thirties, and four in their 
forties. Numerically, 15 extra deaths may appear a small 
figure, but these were 15 extra deaths among only 291 
workers, for thankfully the factories are small. 

Has the hazard ceased? It is too early to know whether the 
risk at Factory B ceased following the improvements made 
in 1968, although so far there have not been any lung cancer 
deaths among later starters there. But at Factory A there are 
good reasons to believe that the hazard ceased to be 
effective in about 1955. There were only minor changes in the 
starting materials and end products at this time; the main 
changes were measures which reduced men's exposures to 
both lead and chromates, and more careful health sur- 
veillance of the workers. It should be noted that zinc 
chromate was still made at Factory A until 1964. 

Finally, which substance was responsible for the hazard at 
Factories A and B? In view of the apparent absence of a 
hazard at Factory C it is the author's opinion that the risk at 
Factories A and B probably arose from the manufacture of 
zinc chromate. It might be argued, however, that the 
different result for Factory C could be explained by working 
conditions there being better, with less exposure to chro- 
mates. Unfortunately, there is no way to make objective 
comparisons of chromate exposures at the three factories 
during the relevant period, but the author personally believes 
this explanation to be unlikely. This opinion is based partly 
on verbal accounts given of past conditions at all the 
factories, and partly on the fact that indirect comparisons in 
the form of data on lead absorption and cases of lead 
poisoning among workers at Factories A and C do not 
support the argument that conditions at Factory C since 1946 
have been consistently better than those at Factory A up to 
1954. It could also be argued that if zinc chromate gave rise 
to a lung cancer hazard and lead chromate did not, it could be 
because exposures to zinc chromate were more severe than 
exposures to lead chromate: workers always knew that lead 
chromate was a toxic substance and would have taken more 
care to avoid the inhalation of dust from this substance than 
dust from zinc chromate, which was not considered 
dangerous. There may be some force in this argument, and 
the possibility cannot be denied that severe exposure to lead 
chromate might induce lung cancer. However, it could be 
argued in reply that this exposure would have to be more 
severe than that at Factory C during 1946-60, and would, 
therefore, have to be such as to induce cases of overt lead 
poisoning. But here it becomes a matter of opinion rather 
than fact, and the findings of other studies that have been 
carried out should also be considered. 

The other studies 

The Norwegian studyZ covered three small plants where only 
zinc chromate was made. Between 1948-72, 133 men worked 
at these plants, and 24 of them had service of at least three 
years. By 1972, three out of the 24 men had developed lung 
cancer, whereas the expected number was only 0.08; none of 
the men with shorter service had been affected. It is difficult 
to compare the severity of the hazard in the Norwegian 
plants with that in the English Factories A and B because of 
different study definitions and different background lung 

cancer rates; however, it is thought that the Norwegian 
results for zinc chromate exposure alone are not necessarily 
dissimilar to the English results for combined zinc chromate 
and lead chromate exposure, especially those at Factory B 
where the period covered is similar. 

The unpublished USA study3 covered three plants, and at 
Plants 1 and 2 the workers included were exposed only to lead 
chromate; the 166 men studied at Plant 2 were engaged only 
from 1959 onwards. Out of the total of 393 men included at 
both plants, 23 were untraced, and the cause of death could 
not be ascertained for three of the 20 workers known to have 
died by the closing date of 1975. The authors present various 
tables of results, but only one is based on death rates 
corrected for date, area and race; this table relates to the 
184 men at both plants who were first exposed before 1960 
and had at least 10 years' service, and for these men the 
expected number of lung cancer deaths was 1.7 and the 
observed number was 2. Thus for Plants 1 and 2 (with 
exposure only to lead chromate) the result is negative, but 
the limitations of the basic data prevent the result from being 
definitive. 

Plant 3 made both lead chromate and zinc chromate, and 
here the study population consisted solely of the 164 men who 
were on the payroll in 1957 and so had exposure to chromates; 
all these men had mixed exposures to both lead chromate 
and zinc chromate, except for two who were only in contact 
with lead chromate. 

A study population defined in this way is unusual and has 
limitations, because it comprises men who have already been 
in employment for varying lengths of time; as explained 
earlier such men form a selected sample of a workforce and 
their exposures cannot be defined by date. There is again only 
one table which uses death rates corrected for area and date, 
and this relates to the 154 men who had at least ten years' 
service; the expected number of lung cancer deaths was 3.2 
and the observed number was 6. Thus the result for men with 
mixed exposure to lead chromate and zinc chromate appears 
positive, but it should be noted that one of the six men dying 
from lung cancer was one of the two in contact with lead 
chromate alone. Caution should be exercised in drawing 
inferences from this result based on an unusual type of study 
population. 

The continental study referred to at the beginning of this 
lecture is being carried out by Dr R. Frentzel-Beyme at the 
Deutsches Krebsforschungszentrum at Heidelberg, and it 
covers factories in West Germany and the Netherlands. All 
these factories manufactured both lead chromate and zinc 
chromate, and so this study will not be able to distinguish 
between the effects of exposure to one or the other. Sadly, 
the author is not aware of any further factories available for 
study where workers were exposed only to lead chromate, 
much as it would be desirable to learn more about the effects 
of such exposure. 
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The automatic cleaning of tanks, tankers and plant 
by high pressure spray 
By W. Hirzel 
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Various types of equipment for automatically cleaning tankers, Cons~deration is given to the operational facton, such as pressure, 
tanks, mixers and other plant by means of high pressure spraylng temperature, volume of washing liquid and the position ofthe spray 
are described. jets. The recycling of the washing liqu~d is mentioned. 
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Processes and methods primarily associated with 
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Equipment priniarily associated with 
manufacturing or synthesis 

tank 
vessel 
mixing equipment 

Le nettoyage automatique de bacs. camions-citernes et matbriel par les jets de liquide 
B haute pression 
R 6 m 6  

On dkrit de divers types de mattriel mis au point pour le nettoyage On considere les facteurs optratoires tels que la pression, la 
automatique de camions-citer~s, bacs, m6langeurs et autres temptrature, le volume de liquide de lavage, et l'orientation des 
616ments au moyen des jets de l~quide B haute pression. gicleurs. On fait mentionne du recyclage du liquide de lavage. 

Die automatische Reinigung von Tanks, Tankschiffen und Maschinerie mittels 
Hochdruckspritzstrahl 
Zusammenfassung 

Eine Beschreibung von verschiedenen Apparaten fur die auto- wie Druck, Temperatur, Volumen der Waschfliissigkeit und die 
matische Reinigung von Tankschiffen, Tanks, Misch- und anderen Positionierung des Spritzstrahls werden in Betracht gezogen. 
Maschinen mittels Hochdrucksprrtzstrah1. Arbeitsbedingungen Das Urnpumpen der Waschfliissigkeit wird ebenfalls erwahnt. 

Cleaning operations in the chemical industry involve the 
question of what type of possible contamination can best be 
cleaned with what particular equipment. 

It can be said today that the problems of internal cleansing 
of tanks and silos, vehicles, railway tank wagons as well as 
transportable containers and stationary storage tanks, have 
been solved. Any required degree of cleanlinesscan be achieved 
in the following stages: 

(1) Visually clean for refilling with other products of a 
similar type. 

(2) Chemically clean, when tank inspection is to be carried 
out. 

(3) Biologically clean, if a significant change in the type 
of product is involved, such as a change from petro- 
chemical material to a basic material of the dyeing and 
paint industries. 

The required degree of cleanliness can be achieved with 
automatic cleansing by the addition of washing and dis- 
infecting compounds (also with pure solvents), as well as by 
adjusting the time-factor of the process. 

Examples of some high pressure cleansing equipment are 
given below. 

The cleaning procedure 

There is no doubt that methods using liquids have great 
advantages in automatic cleaning because their application is 

independent of the shape and size of the containers, as 
distinct from appliances using brushes. These are, according 
to individual requirements, reliable high and low pressure 
systems. In the various fields discussed in this paper, practic- 
ally everything seems to indicate the advantages of the high 
pressure cleaning. This is done by a high pressure jet in which 
five factors are effective: pressure, quantity of water, tem- 
perature, chemicals and time. 

These five factors must be adjusted according to each 
individual case. 

Factors involved 

Pressure is of paramount importance for cleaning. The 
pressure of impact determines the speed at which a layer of 
dirt is torn away or broken up from its base. 

Experiments have shown that approximately 50 bar pres- 
sure is ideally suitable for this procedure and also that this 
does not damage the inside of the container. 

The quantity of the medium (water or solvent) issuing 
from the high pressure jet per nozzle, must be adjusted 
according to the pressure and size of the container. The 
temperature of the medium in the jet depends on the cleaning 
problem. High temperatures of approximately 100°C for 
instance, in the case of p>trochemical products, are very 
decisive and have a considerable effect on the amount of 
solvents used. Account must also be taken of the drop in the 
temperature of some 2" or more due to the impact on the 
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object to be cleaned. High temperatures are particularly 
effective in improving the efficiency of the process. The time 
cycle must be kept short for reasons of economy (capital 
investment with respect to water, oil, electric current and 
chemical usage). Any arbitrary reduction in the time is not 
possible, as the other four factors cannot readily be increased. 

Equipment 

The basic elements of equipment may be combined in any 
way to suit the problem to be solved. These are as follows: 

High pressure supply with a dosage device controlling 
the injection or pump. 

High pressure internal cleansing heads of various types. 

Automatic programmes (with time adjustment and re- 
mote control), the energy supply for instance, by thermo- 
oil installations with steam generators and temperature 
control. 

On the basis of the considerations mentioned above, the 
author's company is able to supply ready-made key in- 
stallations, which are suitable for any individual application. 
The most frequently used systems are explained briefly below. 

Cleaning equipment for tankers and silos 

This applies to practically all products in the chemical, food, 
beverage etc. industries. What types of installation are 
required to solve the multiple uses in these fields, particularly 
with regard to the question of economy? 

The vehicles are of a variety of constructions, depending 
on their special uses. Generally speaking, the containers have 
a diameter of approximately 2500 mm and in the case of 
those for liquids, they are divided into compartments. Most 
of these vehicles have three compartments. In the field of 
silo conveyors, there are large vehicles with a standard 
capacity of up to 50 m3 without compartments. 

On the basis of these measurements, the following working 
data have proved to be particularly economical: 
The quantity of water of 3000 I/h (litres per hour) for each 
cleansing head, which generally has two nozzles. Thus, the 
consumption of water is 1500 I/h per nozzle. 

Tests have shown that working pressures of 50 bar are the 
maximum. For cleaning these vehicles, usually three internal 
cleansing heads are placed in the same cleansing line. This 
makes it possible to clean the usual type of tanker in one 
operation. This arrangement may also be applied to silo 
vehicles having a capacity of up to about 35 m3. For larger 
capacity silos, up to 50 m3, it is advisable to instal four 
internal cleansing heads in a line. 

The following requirements apply to such an installation: 
Cleaning with cold or warm water up to approximately 
100°C with a high pressure jet, with a choice of adding 
detergents and/or disinfectants, steaming out with saturated 
steam, followed by drying with warm air. 

The actual cleaning process depends on the type and extent 
of the polution, as well as on the product that is to be filled 
into the container after cleaning. During an average cleaning, 
the following working programme is practicable: 

Time Tempera- Chemicals Pressure Volume of water 
minutes ture % Bar 

degr. C. 

P r i v y  4 cold 0 50 3000 l/h 
rlnstng 

Cleaning 4 90 1 50 3000 I/h 
Second 

rinstng 8 90 0 50 3000 l/h 
Steaming - 160 0 9 1000 kg/h 
Disinfecting 1 cold 0.5 50 3000 I/h 
Drying 6 100 0 0.3 4000 mS/h (air) 

This type of installation is shown in Figure 1. 

Cleaning of railway tank waggons 

Railway tank waggons involve the same principles as road 
vehicles. 

As a ~ l e  these tankers have a diameter of approximately 
2500mm with the length of the tank approximately 15m. 
However, these tank waggons usually have a dome con- 
structed in the middle of an opening of approximately 500- 
600mm. The installation of the cleaning heads is possible 
only through this opening. This type of construction, as 
distinct from road tankers, needs longer jet distances. The 
cleaning installation must, therefore, be adjusted to allow for 
these changed conditions. 

Tests have shown that the following construction is parti- 
cularly economical: The impact of the cleaning medium on 
the tank surface is decisive for satisfactory cleaning. As the 
impact at the same initial parameters depends only on the 
distance from the jet, the quantity of water and the pressure 
must be so varied that similar values are produced as for 
road vehicles. In the case of smaller tank waggons with a 
length of 68m, cleaning is possible with a centrally placed 
cleaning head. In this case, water quantities of from 6000 to 
9000 I/h, using two nodes, at a spraying pressure of approxi- 
mately 100 bar, have been found to be economic. In the case 
of larger tank waggons, owing to the size when using centrally 
placed heads, the angles of impact are so small that the 
effective impact pressure is very much reduced. Increasing 
the quantity of water and pressure does not lead to an econo- 
mic solution, as only a small part of the increased energy is 
passed on directly to increase the effective impact pressure. 
In order to achieve a doubling of the impact pressure, it is 
necessary either to double the quantity of water or to quad- 
ruple the pressure. 

Both these increases result in greatly increased working 
costs, which bear no relation to the improvement in the result. 
Furthermore, larger quantities of water also have the dis- 
advantage that the expulsion of the water is no longer certain 
and that a bottleneck of water is produced in the tank waggon, 
which greatly diminishes the efficiency of cleaning. 

For this reason, the cleansing heads must be arranged in 
such a way as to produce an economic cleaning process. 
This is done by means of an automatic swivel device, which 
brings the two cleaning heads to the correct position in the 
interior of the tank. 

This improves the impact angle, and it becomes possible, 
using a two nozzle construction at approximately 6000 I/h and 
a pressure of 100 bar, to achieve the same conditions that 
apply to roadvehicles. Figure 2 shows the principle of arrange- . 
ment in tank waggons. 
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Fig. 1. Diagrammatical representation of the cleaning installation 

Fig. 2. Operating principle for rail tanker waggon 

In the case of older tank waggons with splash-proof walls, 
or similar devices, the cleansing head must be inserted 
individually with a skid runner. Almost the same jet com- 
position applies here as in the case of tankers, the compart- 
ments being similar in size. 

Cleansing installations for treatment containersands torage tanks 

The same considerations as described above apply, provided 
that water with added chemicals can be used as cleaning 
material. 

Transportable containers should be collected at a suitable 
central cleaning plant. In the case of fixed containers, the 
number of cleanings required will decide whether the cleans- 
ing heads are built into the container or are inserted into the 
tanks when required. 

In the case of containers with internal fixtures (such as 
stirrer equipment, etc.) it is necessary to provide the cleaning 
head with two operating positions so that shadow effects 
can be avoided. 

Figure 3 shows a cleaning installation for containers having 
stirring equipment. 

RECYCLING C 
WITH FILTER 

Fig. 3. Cleaning installation for containers with an internal 
stirring device 

Installation for cleaning contairters holding materials not 
dispersible with water (lye, caustic soda, etc) 

For the cleaning of mixing and stirring containers, hobbocks, 
packing material, etc. or in the entire chemical industry, 
installations must be provided which use solvents, such as 
toluol, xylol, acetone, ether or similar substances, or with 
hot lye (sodium lye of 10 per cent, caustic potash solution of 
10 per cent), because the products used in these industries 
cannot be dissolved in water. 



1979 (5) THE AUTOMATIC CLEANING OF TANKS, TANKERS AND PLANT 167 

These installations require a special layout and in view of 
the danger of an explosion, they have to be completely 
protected. The use of this type of cleansing is economic only 
if a recycling process is employed. 

The general statements already mentioned are valid also for 
these installations. The impact pressure here is a particularly 
important point. The containers are usually not cleaned 
immediately after having been emptied, so that a tendancy 
to polymerisation in the residual varnish on the polluted 
surface may be expected. This layer must be torn open by the 
high pressure jet, before there is any possibility of a speedy 
cleaning with satisfactory results. 

Installations with cleansing heads have proved themselves 
to be particularly useful in those cases where containers of 
various types had to be dealt with, because an  adjustment 
was unnecessary. 

The following types of installation have been found to be 
particularly useful: 

Installation type A. Compact installation for cleaning from 
below o r  from above. 

Installation type B. Cabin installation. This type of installation 
has many advantages when mounted in a production depart- 
ment and automatic feeding is desired. 

Recycling installation-Insfallation for treatment of waste 
water 

In view of the environmental protection and working cost, it 
is essential that cleaning plants are operated without causing. 
pollution and that operational costs are kept to a minimum. 
The installations described here may, without exception, be 
either operated with the recycling system or using a system of 
purification or treatment of the waste water, and this can be 
done economically and in a manner environmentally accept- 
able. 

Figure 4 shows an installation for treating waste water. 
Figure 5 shows the flow of the cleaning media. 

I I 

TO CANALISATION 

Fig. 4. Installation for treatment of waste water 
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Fig. 5. Flow of the cleaning medium 
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Film characteristics of polyepoxide resins based on 
novolac resins 
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.- 
served with regard to flexibility and resistance to alkali acids and 
solvents, which varied mainly with the epoxide equivalent and 
type of curing agent used. Films cured with butylated melamine 
formaldehyde resin showed good scratch hardness and resistance 
to alkali and solvents. These films showed poor flexibility and acid 
resistance. Films cured with castor alkyd resin showed good 
flexibility and resistance to alkali and acids. 

Epoxy resins were prepared by reaction of phenol-formaldehyde 
novolac resins with epichlon~hydrin. Samples having various 
epoxide equivalents were prepared and compared with epoxy resins 
based on bisohenol-A. The effects of two different curine aeents. 
namely butyiated melamine formaldehyde resin and cast& ilkyd 
resin, on epoxy resin films were studied. 

The heat cured films of novolac based ewxv resins were found to 
Films of epoxy resins having high epoxide equivalents had an 
increased tendency towards yellowing, particularly during stoving. 

be superior to those of bisphenol-A based epoxy retinc w~th regard 
to scratch hardness Honever, no s~gn~ficant d~fference was ob- 
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Les caracthristiques des films rendus par les resin 
du type novolac 

les poly6poxydes ZI base des resines 

On a prepart des rtsines tpoxydes par la rhction des resines 
formophtnoliques avec I'tpichlorhydrine. Les 6chantillons avant 

solvants, ces caractQistiques dependaient en gtntral de I'tquivalent 
en 6poxyde et du type de I'agent de durcissement que I'on utilise. 
Les films durcis par la rtsine du type melamine-formol butylie 
dtmontraient de bonne rtsistance L la rayure, aux alcalis et aux 
solvants. La flexibilite et la rbistance aux alcalis de ces klms se 
demontraient faibles. La flexibilitb et la resistance aux alcalis 
et aux acides des films durcis par la rtsine alkyde a I'huile de ricin 
se demontraient bonnes. 

de divers huivalents en 6poxyde-ont kt15 prtpark et compares 
auprks des rbsines tpoxydes basks sur le bisphtnol-A. On a 
ttudit les effets sur des films de rtsines tpoxydes qu'exercent deux 
dBerents agents de durcissement, savoir, une rtsine du type 
mdamineformol butylke, et une rhine alkyde a l'huile de ricin. 

On a trouvt que les films des rkines dpoxydes B base des novolacs 
durcis par la chaleur, sont suphieurs au point de w e  de la rtsistancl 
A la rayure a ceux rendus par les resines tpoxydes L base de 
bisphenol-A. Toutefois, on n'a note aucune difference sensible a 
I'tgard de la flex~bilite et L la rtsistance aux alcalis, acides ou 

Les films des rtsines tpoxydes ayant des equivalents en Cpoxyde 
61evts posstdaient une tendance aunmentte iaunir. surtout 
pendant I'etuvage. 

- ,  

Filmcharakteristika von auf Novolac-Harzen basie~ renden Polyepoxyharzen 

Es wurden Epoxyharze durch Reaktion von Phenolformaldehyd- 
Novolac-Harzen mit Epichlorhydrin hergestellt. Muster mit 
verschiedenen Epoxidequivalenten wurden erzeugt und mit auf 
Bisphenol-A basierenden Epoxyharzen verglichen. Die Wirkung 
von zwei verschiedenen Hartern, namlich butyliertem Melamin- 
formaldehydharz und Rizinusolakydharz, wurde anhand von 
Epoxyharzfilmen untersucht. 

Unterschied beziiglich Biegsamkeit und Bestandigkeit gegen 
Alkalien, Sauren und Losungsmittel beobachtet, sie unterschieden 
sich hauptsachlich je nach Epoxyequivalent und Art des Harters. 
Mit butyliertem Melaminformaldehyd gehartetes Harz zeigte 
gute Kratzharte sowie guten Widerstand gegen Alkalien und 
Losungsmittel. Diese Filme zeigten schlechte Biegsamkeit und 
Saurebestandigkeit. Mit Rizinusalkydharz gehartete Filme ziegten 
gute Biegsamkeit und Bestandigkeit gegen Alkalien und Sauren. 

Es wurde gefunden, dass warmegehiirtete Filme von auf Novolac 
basierenden Epoxyharzen denen auf Bisphenol-A Basis hinsichtlich 
Kratzharte iiberlegen waren. Indessen wurde kein wesentlicher 

Filme von Epoxyharzen mit hohen Epoxyequivalenten zeigten 
grossere Neigung zum Vergilben, besonders bei Ofentrocknung. 

Introduction corporated in coatings where resistance to  chemicals, impact, 
abrasion, and other types of physical abuse are of paramount 

RE~S. 1-5 importance. The commonly available epoxy resins are con- 
densation products of epichlorohydrin and bisphenol-A. 

Epoxy resins have been widely used in surface coatings on  A variety of epoxy resins can be obtained if bisphenol is 
account of their excellent flexibility, adhesion, toughness, replaced by other phenols having two or more hydroxyl 
and chemical resistance. As a result, these resins can be in- groups. 
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Epjxy resins based on 2.2' dihydroxy diphenyl propane 
were prepared and patented by American Cyanamid Com- 
pany'. Jaeger et al.' used phenol formaldehyde novolacs for 
the preparation of epoxy resins which were further modified 
with drying oil fatty acids to yield epoxy esters. Epoxy resins 
based oncondensation productsof o-cresol and formaldehyde, 
and bisphenol and n-butaldehyde have also been reported3r4. 
The epoxy resins based on condensation products of various 
monophenols with formaldehyde have been claimed to 
possess better hardness and resistance to solvents and alkalies 
than those based on bisphenol epoxy resins5. 

The present paper describes a study of the effects of differ- 
ences in the epoxide equivalents and curing agents on the film 
proparties of epoxy resins based on phenol formaldehyde 
novolac resins. 

Experimental 

Materials 

Phenol: BDH. LR grade phenol was used for the preparation 
of novolac resins. 

Formaldehyde: Formaline solution (BDH, 37.4 per cent w/v 
formaldehyde), LR grade was uwd for the preparation of 
novolac resins. 

Bisphenol-A: Bisphenol-A obtained from Ammt Industrial 
Products, India, was used for the preparation of epoxy 
resins as control samples. 

Epichlorohydrin: Danpha Chemicals, LR grade epichloro- 
hydrin was used for the preparation of epoxy resins from 
both novolacs and bisphenol-A. 

Melamine formaldehyde resin: Butylated melamine formal- 
dehyde resin was obtained as a sample from Asian Paints, 
Bombay and used as curing agent for epoxy resin films. 

Castor oil alkyd resin: Castor oil alkyd resin was prepared in 
the laboratory for use as curing agent for epoxy resin films. 
38g castor oil and 14g glycerol were heated to 220°C for 
1 hour after which 48g phthalic anhydride was added over a 
peliod of 0.5 hour whilst the temparature was maintained at 
220°C. After the addition had been completed, the tempera- 
ture was maintained for an additional 0.5 hour. The resin 
had an oil length of 40 per cent. 

Preparation of novolac resins 

Novolac samples of different functionalities were prepared 
by taking 250g batches of phenol and 250ml water in a three- 
necked flask. The pH was adjusted to 0.5 with sulfuric acid 
and the contents were heated to 80°C with constant stirring. 
Various calculated quantities of formaldehyde were added 
over a period of 3-4 hours. The temperature was maintained 
and stirring was continued for 0.5 hour, after which water was 
rem~ved under vacuum. Five samples of novolacs with 
different ratios of phenol to formaldehyde were prepared 
which were used for the preparation of epoxy resins. 

Preparation of epoxy resins 

Novolac samples prepared as above were reacted with 
different proportions of epichlorohydrin at 102-105°C. Cal- 
culated quantities of 10 per cent sodium hydroxide solution 

were added gradually to the reactants over periods ranging 
between 2-4 hours. Heating was further continued for 0.5 
hour after which the contents were washed with hot distilled 
water to remove completely the salt formed. Water was then 
removed under vacuum at 80°C. Epoxy resins thus obtained 
were thinned to 50 per cent solids with a mixture of methyl 
ethyl ketone, butanol, and toluene in the ratio of 2:l:l. 

Control samples of epoxy resins based on bisphenol-A 
were also prepared in similar manner. 

Epoxide equivalents of each resin sample were determined 
by a pyridinium chloride method6. 

Preparation of coating compositions 

Coating compositions containing the above resins were pre- 
pared by addition of stoichiometric quantities of curing agents 
to 50 pzr cent resin solutions. The quantity of curing agent 
required for each epoxy resin sample was calculated on the 
basis of its epoxide equivalent. The mixtures were thinned to 
a brushable consistency and applied on previously prepared 
tin or glass panels with a brush to obtain a uniform coat. 
After drying in horizontal position for 0.5 hour, the panels 
were stoved at 135°C for 2 hours where a butylated melamine 
formaldehyde resin was used as curing agent, and at 145°C 
for 3 hours where a castor alkyd resin was usd .  

Testing of epoxy films 

Film properties, such as gloss, hardness, flexibility, and 
resistance to alkali, acids and solvents were, determined by 
the usual procedures. 

Yellowing tendency of epoxy resins was studied by pre- 
paring white paints from these resins with rutile titanium 
dioxide pigment. The paint was cured with butylated mela- 
mine formaldehyde resin by stoving the panels at 135'C for 
2 hours. The panels were kept in diffused light for one month. 
The colour measurements were made with a Lovibond 
tintometer. 

Results and discussion 

The details of formulations of the epoxy resin coatings pre- 
pared for study are given in Table 1. The samples had a 
wide range of epoxide equivalents and, therefore, these were 
put in three different groups A, B, and C according to their 
epoxide equivalents, i.e., group A for samples of low epoxide 
equivalents (427-622), group B for samples of medium 
epoxide equivalents (723-827), and group C for samples of 
high epoxide equivalents (1440-2158). For the purposes of 
comparison, each group contained one sample prepared 
from bisphenol-A and other samples prepared from novolac 
resins. Table 2 gives the scratch hardness and flexibility of the 
cured films of epoxy resins. The resistance of these films to 
sodium hydroxide, hydrochloric acid, sulfuric acid, and 
nitric acid are given in Table 3, whilst their resistance to 
solvents, namely, acetone, toluene, n-hexane, and rectified 
spirit are shown in Table 4. The results of studies on yellowing 
during curing and on storage in diffused light of melamine 
formaldehyde cured films of epoxy resins are given in 
Table 5. 

Scratch hardness 

The films of novolac based epoxy resins possessed better 
scratch hardness in comparison with those of bisphenol-A 
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Table 1 
Epoxy resin coating formulations 

Sample 
No. 

Type of phenol used 
for preparation of 

epoxy resin 

Phenol/Fonnaldehyde 
ratio used for 

novolac preparation 

A-I 
A-I1 
A-I11 
A-IV 
A-V 
B-I 
B-I1 
B-111 
c-I 
c-11 
c-I11 
c-IV 

Bisphenol-A 
Novolac 
Novolac 
Novolac 
Novolac 
Bisphenol-A 
Novolac 
Novolac 
Bisphenol-A 
Novolac 
Novolac 
Novolac 

Epoxide equivalent 
of prepared epoxy 

resin 

Parts of melamine 
formaldehyde resin 
used for curing 100 
parts of epoxy resin 

82.0 
76.3 
b5.2 
58.3 
56.3 
49.8 
44.5 
42.3 
17.3 
24.3 
22.7 
16.2 

Parts of castor 
alkyd resin used 

for curing 100 parts 
of epoxy resin 

20.6 
19.7 
16.4 
14.7 
14.2 
12.2 
11.2 
10.6 
4.2 
6.1 
5.7 
4.1 

Table 2 
Scratch hardness andflexibility of epoxy resin films 

Sample 
No. 

Scratch hardness (Load in kg) Flexibility (d in. mandrel) 

Melamine formaldehyde Castor alkyd Melamine formaldehyde Castor alkyd 
cured film cured film cured film cured film 

A-I 
A-I1 
-4-111 
A-IV 
A-V 
B-I 
B-I1 
B-111 
c-I 
c-I1 
c-I1I 
c-IV 

pass 
pass 
fail 
fail 
fail 
fail 
fail 
fail 
fail 
fail 
fail 
fail 

pass 
pass 
pass 
pass 
pass 
pass 
pass 
pass 
pass 
pass 
pass 
pass 

T&b/e 3 
Alkali and acid resistance o f  epoxv resin films* at ambient temperature (30°C) 

-- 

50% Sodium hydroxide 37% Hydrochloric acid 50 % Sulfuric acid 20% Nitric acid 
solution (15 days) solution (15 days) solution (30 days) solution (7 days) 

Melamine Castor Melamine Castor Melamine Castor Melamine Castor 
Sample formaldehyde alkyd formaldehyde alkyd formaldehyde alkyd formaldehyde alkya 
No. cured film cured film cured film cured film cured film cured film cured film cured film 

(a! 

A-I 5 5 1 4 2 4 2 3 
A-I1 5 5 0 4 2 4 2 4 
A-111 5 5 1 4 2 4 1 4 
A-IV 5 5 1 4 3 4 1 4 
A-V 5 5 1 4 3 4 1 4 
B-I 5 5 2 4 3 5 2 3 
S I I  5 5 1 4 2 4 2 4 
B-111 5 5 1 4 3 5 2 4 
c-I 2 3 4 4 4 4 2 3 
c-I1 2 2 4 4 5 5 2 4 
c-I11 2 2 4 4 5 5 1 4 
c-IV 2 2 3 4 5 5 1 2 

*5  indicates that the film is not at all affected; 4 indicates slight change in wlour and loss in gloss; 3 indicates change in the colour of the film 
or slight wrinkling; 2 i~dicates wrinkling or blistering of film; 1 indicates ilaking or removal of film at some places; and 0 indicates complete 
removal of film. 
(a) panels were kept in solution for 10 days. 
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Tabh 4 
Resistance of epoxy resin films* to solvents at ambient temperature (30°C) 

Acetone (IS days) Toulene (30 days) n-Hexane (30 days) Rectified spirit (30 days) 

Melamine Castor Melamine Castor Melamine Castor Melamine Castor 
Sample formaldehyde alkyd formaldehyde alkyd formaldehyde alkyd formaldehyde alkyd 
No. cured film cured film cured film cured film cured film cured film cured film cured film 

A-I 5 0 5 0 5 2 5 0 
A-I1 5 2 5 5 5 5 5 5 
A-111 5 2 5 5 5 5 5 5 
A-IV 5 2 5 5 5 5 5 5 
A-V 5 2 5 5 5 5 5 5 
&I 5 0 5 0 5 2 5 0 
B-I1 5 2 5 2 5 5 5 5 
&I11 5 2 5 2 5 5 5 5 
C-I 5 0 5 0 5 0 5 0 
C-11 5 2 5 2 5 5 5 5 
C-111 5 5 5 2 5 5 5 5 
c-IV 5 5 5 2 5 5 5 0 

05 indicates that the film is not at all affected; 4 indicates slight haziness and loss of gloss; 3 indicates slight swelling of the film; 2 indicates 
softness in the film: 1 indicates removal of film at some places; and 0 indicates complete removal of the film from panel 

Table 5 
Yellowing tendency of melamine formaldehyde cured epoxy resin films (Pigment binder ratio of white paint as 0.4:1) 

Sample No. 

Colour of panels after Colour of panels after Colour of panels after one 
application curing month in in diffused light 
Y+R+B Y+R+B Y+R+B 

A-I 
A-I1 
A-I11 
A-IV 
B-I 
&I1 
8-111 
C-I 
c-I1 
C-111 

based epoxy resins. This can be attributed to a relatively 
larger proportion of aromatic rings in the molecule of novolac 
based epoxy resins. A comparison of epoxy films based on 
novolacs prepared with different P/F ratios further supports 
this view. Novolacs prepared with higher P/F ratio, which 
would have a comparatively lower degree of polymerisation 
(thus having fewer aromatic rings per polymer molecule) 
gave epoxy films of comparatively lower scratch hardness 
than the novolacs prepared with lower PJF ratio. Although 
large differences were not observed in case of melamine 
formaldehyde cured films, there were quite significant dif- 
ferences in the case of films cured with the castor alkyd 
resins. 

Of the two curing agents employed, the melamine formal- 
dehyde cured films showed better scratch hardness than the 
castor alkyd cured films in case of bisphenol based epoxies. 
However, this difference was not observed in case of epoxy 
films based on novolacs. The scratch hardness of bisphenol 
based epoxy resin films decreased as the epoxide equivalent 
of the resins increased. This can be attributed to a higher 
proportion of curing agents employed for low epoxide 
equivalent samples (to react with higher proportion of epoxide 
groups present per unit weight of low epoxide equivalent 
resins) which would thus contribute towards the hardness 
of the films. 

Flexibility 

The flexibility over a 0.125" mandrel of the cured epoxy 
resin films depended mainly upon the nature of curing 
agent employed. Except for the films of resins I and 
I1 of group A having epoxide equivalents 427 and 459, 
respectively, all the films cured with melamine formaldehyde 
resin failed the fleribility test. On the other hand, all films 
cured with castor alkyd resin passed the flexibility test. 
The reasons why the melamine cured films of resins I and 
I1 of group A passed the flexibility test, whilst the others 
failed may be attributed to the low molecular weights of the 
fonner resins. 

Films cured with melamine formaldehyde and castor alkyd 
except those of group C, having high epoxide equivalents, 
showed excellent resistance to 50 per cent sodium hydroxide 
solution for 15 days at ambient temperature. What is signif- 
icant here is that alkali did not affect the alkyd cured films of 
groups A and B although alkyds are known for their poor 
alkali resistance. The poor resistance of the epoxy films of 
group C can be explained by a comparatively larger number 
of hydroxyl groups present in longer chain epoxy resins of 
this group. 
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Acid resistance 

Films cured with the castor alkyd showed good resistance to 
37 per cent hydrochloric acid at ambient temperature for 15 
days. However, all films developed a slight pink colour which 
was more pronounced in the case of novolac based epoxy 
films. The melamine formaldehyde cured films were ad- 
versely affected by hydrochloric acid, except for resins of 
group C, having high epoxide equivalents, where there was 
development of a pink colour with some wrinkling in the case 
of sample C-IV. Since the acid resistance of melamine formal- 
dehyde cured films was generally poor, there seems to be a 
possibility of the acid reacting with the residual amino groups 
of the melamine resin, particularly where larger proportions 
of this resin were used for curing as in case of resins of group 
A and B. 

More or less similar behaviour had been observed with 
regard to resistance to 50 per cent sulfuric acid where the 
alkyd cured films showed good resistance, except for slight 
loss in gloss for the films of low epoxide equivalent resins. 
The melamine cured epoxy films showed poor resistance to 
sulfuric acid except for films of group C resins, having high 
epoxide equivalents, where only slight loss in gloss was 
observed in sample C-I, during 10 days exposure. 

Castor alkyd cured epoxy films showed fairly good re- 
sistance to 20 per cent nitric acid for 7 days at ambient 
temperature. Alkyd cured bisphenol based epoxy films, how- 
ever, showed some wrinkling in all cases. Among the novolac 
based alkyd cured films there was only the one isolated case 
of sample C-IV where some blisters were observed, whilst the 
remainder of the samples showed good resistance to nitric 
acid with some loss in gloss. Films cured with melamine 
formaldehyde resin showed poor resistance to nitric acid 
with most of the films forming blisters and flaking after 
7 days. 

Solvent resistance 

Melamine formaldehyde cured films of epoxy resins showed 
excellent resistance to acetone, toluene, n-hexane, and 

rectified spirit. Control samples of bisphenol based epoxy 
resins cured with castor alkyd showed poor resistance to all 
the above solvents. Castor alkyd cured films of novolac 
based epoxy resins showed good resistance to n-hexane and 
rectified spirit, except for sample C-IV whose resistance to 
rectified spirit was poor. The toluene resistance of castor 
alkyd cured films of novolac based epoxy resins of group A 
was good, whilst those of resins of groups B and C were poor 
and exhibited softening of films. Castor alkyd cured films 
showed poor resistance to acetone except in case of novolac 
based high epoxide equivalent epoxy films (samples C-I11 
and C-IV) which remained unaffected in acetone. 

Yellowing characteristics 

A study of yellowing characteristics of epoxy films showed 
that the films of low epoxide equivalent resins showed no 
significant yellowing after curing, as well as during storage in 
diffused light for one month. However, the higher epoxide 
equivalent samples showed an increased tendency to yellow- 
ing after curing, as well as during storage in diffused light. 
The tendency for yellowing during heat curing was 
more significant. Bisphenol-A based epoxy resin films showed 
lesser tendency to yellowing than those based on novolacs. 
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The efflorescence resistance of certain emulsion 
coatings 
By J. Boxall and W. Worley 

Department of the Environment, Building Research Establishment, Princes Risborough Laboratory, Aylesbury. Bucks HP17 9PX 

A range of proprietary emulsion paints has been assessed for their paints were found however, although the one coating type that was 
resistance to efflorescence. The coatings were applied to gypsum completely resistant to efflorescence was not primarily designed 
plaster panels that had been impregnated with sodium sulfate and for plaster substrates. 
then exposed to a source of water. 

Necessary performance criteria for resistant emulsion paints appear 
Of the ten coatings tested, the majority performed poorly, confirm- to be a low water vapour permeability and low permeability to 
ing previously reported results. Examples of tolerant emulsion et8orescence salts in solution. 

Keywords 

Types and classes of coatings and allied products Properties, characteristics and conditions primarily associated with 
structures or surfaces to be coated 

emulsion paint 
architectural finish efflorescenee 
masonry paint dried or cured films 
house paint permeability 

Types and classes of structures and surfaces to be coated vapour transmission 

gypsum plaster 

La resistance I'efflorescence de certaines peintures-6mulsions 

On a apprtcik une gamme de peinturesdmulsions de marque B plus stables, bien que le seul type de peinture qui fat compltrtement 
l'eeard de leur rkistance a I'efflorescenn. Les oeintures ont 6tt resistante I'efflorescence ne fat par concu en ~remier lieu Dour . . 
appliqukes des plaques de plltre de gypse,' qui avaient t t t  les supports en plitre. 
prtablement impr&gn&es de sulfate de sodium, et qui ont tte 
exuostes h une source d'eau aurb I'auulication de la ueinture. La Les caract&ristiques des peintures-kmulsions rksistantes, qui 
plupart des dix peintures qui faisaient I'objet de c&te etude se sont ntcessaires pour assurer un bon rendement, semblent eire 
comportaient mal, ce qui confirme le rtsultats d@B communiquts. la faible permeabilite B la vapeur d'eau, et aux solutions des sels 
Toutefois, on a trouve certains exemples de peintures-emulsions efflorescents. 

Die Ausbliihungsbestandigkeit gewisser Dispersionsfarben 

Zusammenfassung 

Eine Anzahl von Dispersionsfarben des Handels wurden auf ihre 
Widerstandsfahigkeit gegen Ausbluhen gepruft. Die Farben 
wurden auf Tafeln aus Gipsputz aufgetragen, die mit Natriumsulfat 
impragniert und alsdann einer Wasserquelle ausgesetzt worden 
waren. 

Die Mehrzahl der gepriiften zehn Anstriche verhielt sich schlecht 
in ~bereinstimmung mit frtiher berichteten Ergebnissen. Beispiele 

Introduction 

EWorescence damage to applied paint coatings is associated 
with the presence of water-soluble inorganic salts within the 
substrate. In gypsum plasters the salt is essentially sodium 
sulfate and arises either as an  impurity from the plaster itself 
or as  a result of migration from concrete o r  brickwork 
backings. The movement of these salts during the drying out 
of the plaster can cause severe disruption of the coatings 
applied and this problem is a common cause of premature 
paint failure in new buildings. 

A previous paper1 describedan accelerated test for efRoresc- 
ence resistance of a wide range of coatings on  damp plaster 
panels impregnated with sodium sulfate. Examples of coatings 
resistant to efflorescence were identified although they were 

toleranter Dispenionsfarben wurden jgoch gefunden, obwohl 
der eine vollig gegen Ausbluhen bestand~ge Anstrichtyp n~cht In 
erster Linie fur Putzsubstrate bestimmt war. 

Notwendige Leistungsmasstiibe Fur Widentandsfahigkeit von 
Dispersionsfarben gegen Ausbliihen scheinen niedrige Wasser- 
dampfdurchlissigkeit, sowle niedrige Durchlassigkeit fiir 
Salzlosungen zu sein. 

mostly based on solvent-soluble types of binder. The resistance 
to efflorescence was found to be dependent upon the use of 
a coating having a low water vapour permeability and on the 
formation of a uniform surface film. Failure t o  meet these 
requirements, either as  a result of over-pigmentation, o r  
excessive thinning which would result in excessive penetration, 
was found to reduce the coating's efflorescence resistance. 
The results indicated that paints based on emulsion binders, 
generally, provided low resistance to efflorescence as was 
found also in Lindberg's studies on the salt transmission 
through coatings applied to concretez. 

In view of the commercial importance of emulsion paints 
on plaster substrates, further work has been undertaken on a 
range of commercial systems to  provide a more comprehensive 
assessment of the resistance of these coating types to efflor- 
escence. This investigation has involved the study of ten 
commercial emulsion paints, covering a wide range of 
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formulations. The accelerated efflorescence resistance and 
water vapour permeability techniques used previously1 were 
adopted and the results are reported here, together with 
studies on the sodium ion transmission characteristics of the 
films. 

Experimental 

A number of commercial emulsion paints were selected to 
cover a range of pigment volume concentrations and polymer 
types (see Table 1). All paints except systems 1,2 and 8 were 
white. Systems 1 and 2 were pale blue and pale green respect- 
ively, each on a white pigment and extender base. System 8 
was a green colour based on a yellow iron oxide. Organic 
pigments were used as tinters in these three formulations. 

Table I 
Paints evaluated 

Formulation 
System 
No Paint type % PVCg P:B ratiot Solids % wt 

1 PVAc-copolymeremulsion, 
flat finish 40 2.4:l.O 55 

2 PVAc-copolymer emulsion, 
flat finish 35 2.0:l.O 50 

3 PVAc-copolymer emulsion, 
flat finish 35 1.8:l.O 55 

4 PVAc-copolymer emulsion, 
semi-gloss finish 20 1.O:l.O 45 

j Acrylic emulsion, 
semi-gloss finish 20 0.6:l.O 51 

PVAc-copolymer emulsion, 
flat finish 40 2.43.0 50 

PVAocopolymer emulsion. 
flat finish 45 2.73.0 55 

PVAocopolymer emulsion, 
flat finish 35 1.8:l.O 55 

Acrylic emulsion, 
eggshell finish 20 1.0:l.O 60 

Styrene butadiene emulsion, 
eggshell finish 25 1.2:l.O 65 

*Percentage pigment volume concentration (approximate) 
tP:B ratio = pigment:binder ratio 

Examples of semi-gloss and flat emulsion finishes designed 
for plaster substrates were included in the systems studied 
(systems 1-4 and 6-8). Three of the systems were not intended 
as finishes for plaster but were included in order to extend the 
range of types under study. System 9 was intended as a primer 
for plywood and system 10 was a thick-film emulsion coating 
for a variety of exterior building substrates. The latter system 
was characterised by having poor flow properties which 
necessitated "laying-off of the successive coats at right 
angles. System 5 was designed as a semi-gloss finish for 
exterior timber. 

Paints of very high pigment volume concentration, through 
which it is claimed soluble salts are able to pass without 
causing film disruption, were specifically excluded from this 
study since previous work has demonstrated that this sup- 
position is not tenable1.*. 

Elkescenee testing 
Rex 1 

The technique employed has been described previously1. 
This involved casting a retarded hemi-hydrate gypsum plaster 

panel 200 x 130 x 13 mm and then saturating it in a 2.5 per 
cent solution of sodium sulfate. After approximately 20 
hours' conditioning in an atmosphere of 90 per cent relative 
humidity (after which time the surface of the panel was damp), 
two coats were brush-applied, in accordance with the 
manufacturers' instructions, to one test face of triplicate 
panels. After painting, the panels were stored at 20°C and 
65 per cent relative humidity for 5 days prior to testing. 

Testing for efflorescence resistance was performed by 
immersing the backs of the panels in deionised water for 
5 days, then removing the panels and leaving them to dry 
for 3 days. The test faces were then assessed for salt eruption 
through the film and for blistering, these being the only 
types of failure modes observed in this series of tests. A 
rating system of 0-2, in increments of 0.5, was used to assess 
performance: with this system 0 represented no failure and 
2 severe failure. 

Permeability testing 

The water vapour permeability of the emulsion coatings 
on the plaster substrate was determined using a cup technique 
as reported previously1. The permeability testing employed 
plaster panels, 90 mm in diameter and 8 mm in thickness, 
prepared and painted by a similar procedure to that described 
above. The permeability of the paints was measured using 
the cup technique with the plaster panels mounted, painted 
face uppermost, in aluminium dishes. A small quantity of 
water was placed in the cup before sealing the plaster panels 
in position with a soft wax. After sealing, the cups were 
placed in a desiccator containing phosphorus pentoxide and 
weighed periodically. The surface area of the test panels 
after sealing was 50 cm2, and all tests were performed in 
triplicate. 

Sodium ion transmission 

The sodium ion transmission of each system was determined 
using a specific ion electrode assembly in a partition cell 
(see Figure I), similar to that described by Murray4. Paint 
films were brush applied in two coats to polyethylene sheets 
which were mounted on a rigid base and allowed to dry 
overnight. Application was controlled to give film weights 
similar to those deposited on the plaster test panels. Samples 
of film, 40 x 110 mm, were then peeled from the polyethylene 
and mounted between the gaskets of the test cell using a 
soft wax: this gave a test area of 25 x 75 mm. 

A sodium ion gradient of 100 mg Na+/litre to 1 mg Na+/ 
litre was established across the film using sodium sulfate 
solutions of different concentrations, and the ion trans- 
mission was monitored in the dilute compartment using a 
sodium ion electrode-saturated calomel reference electrode 
assembly. Osmotic effects were found not to be significant, 
as it was observed that there was no alteration in the solution 
levels in either compartment of the cell during the test. 

Readings were taken periodically using a high impedance 
millivoltmeter. The sodium ion transmission, expressed as 
mg Na+/litre of water, was obtained from calibration curves 
prepared from solutions of known ionic strength. 

Prior to each reading the solution was stirred for 5 minutes, 
and all testing was performed at 20°C. 
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ELECTRODE ASSEMBLY Water vapour permeability 
I 

MAGNETIC GASKET 
STIRRIER 

The water vapour permeabilities of the films are shown in 
Table 2 together with the coefficient of variation of the 
results. The water vapour transmission rate is expressed in 
grammes per square metre of film per 24 hours. As shown in 
Table 2, most of the systems possessed a permeability in 
excess of 100 g.ma (24 h)-I and one, system 9, was 91 g.m-a 
(24 h)-l: system 10 was exceptional in having a very low 
permeability of 12 g.m2 (24 h)-I. 

Sodium ion transmission 

VOLUME OF EACH COMPARTMENT lOOcm 

Fig. 1. Partition cell for sodium ion transmission 

Results 

Efflorescence resistance 

The results of the efflorescence testing are shown in Table 2. 
The majority of the emulsion paints studied exhibited poor 
resistance to efflorescence. System 10 showed no salt eruption 
after testing and systems 8 and 9, which both received a 0.5 
rating, had only very small isolated areas of failure. Close 
inspection of these areas indicated that failure occurred 
from small "point-source" defects in the film. 

Table 2 
Test results 

System 
No. 

Efflorescence 
resistance Permeability 

Blister 
resistance 

1 
0 
0 
2 
0.5 
2 
2 
1 
0 
0.5 

Sodium ion 
mg Na+ dm-' 

38 
32 
22 
26 
3.5 

20 
19 
6.5 
1.9 
1.5 

C 
Water vapour of 
gm-' (24 h)-1 V* 

% 

* = coefficient of variation 

Several systems exhibited a degree of film blistering 
during testing which, with the exception of system 10, was 
retained when the panels were dried out after testing. The 
blisters apparent on system 10 disappeared on drying after 
testing with no apparent reduction in adhesion. 

The sodium ion transmission results are tabulated in Table 2, 
expressed as mg Na+ ion per litre of water transmitted after 
24 hours. A sodium ion transmission curve is shown in 
Figure 2 and this curve is typical for all systems tested, 
that is with a nearly constant value being obtained in about 
24 hours. With systems 9 and 10 however, which had the 
lowest values, the pattern of performance shown in Figure 2 
was not as marked as with the other paints. 

'""I 

s 
0 10 20  30 

HOURS 

Fig. 2. Sodium ion transmission-System 4 

Two trends are apparent: systems 1-4, 6 and 7, all had 
fairly high sodium ion transmission rates, with systems 1 and 
2 attaining the highest values; systems 9 and 10 had similar, 
very low transmission rates, whilst systems 5 and 8 had 
values somewhat higher than these. 

Discussion 

Refs. 1.5.6 

The results of the tests show that the majority of the systems 
evaluated had poor efflorescence resistance; only one, 
system 10, was found to be completely resistant and it is 
noteworthy that this particular coating had exceptionally 
low water vapour and sodium ion permeability. No other 
systems had this combination of properties, although systems 
8 and 9, which had low salt transmission characteristics 



J. BOXALL ET AL JOCCA 

but high water vapour permeabilities, did exhibit only a 
slight failure during efflorescence testing. This tends to 
suggest that a combination of properties involving low 
water and salt permeability is required in resistant emulsion 
coatings. 

All of the emulsion systems studied here would be expected 
to be formulated somewhere below their critical pigment 
volume concentration, and they demonstrate a general trend 
of increased water vapour transmission with increasing 
pigment volume concentration. The water vapour trans- 
mission rate of system 10 is anomalous, and the measured 
value falls in the range identified in previous work on solvent- 
soluble systems as being necessary for good efflorescence 
resistance1. 

It is well established that measurements of a film's salt 
diffusion characteristics can be related to subsequent coating 
performance in situations such as metallic corrosion5, and 
the resistance of films to lime bloom from cementitious 
substrates6. In these situations, coatings with low salt trans- 
mission characteristics were more resistant than those of 
higher permeability. 

In this work, the influence of sodium ion penetration is 
less clear. Systems 8 , 9  and 10 which were found to have good 
efflorescence resistance, did have low sodium ion trans- 
missions, and systems 1 and 2 which had high transmission 
rates, had poor efflorescence resistance. In the middle of the 
range the relationship is ill-defined and it is possible that this 
is due to the ancillary requirement for low water permeability, 
although it is acknowledged that other factors, for example, 
the permeability of anions, may also be contributory. 

In this study it is considered that the tendency of the 
coatings to blister was related to the adhesion and swelling 

characteristics under the wet conditions prevailing during 
testing and, as found previously1, there was no well-defined 
relationship between salt eruption and blistering. 

This work has, therefore, served to confirm the difficulties 
in formulating efflorescence-resistant emulsion paints for 
plaster, since only one completely resistant product was 
found. It has not, so far, been possible to establish the reason 
for the low water and sodium ion transmission of this system, 
and it is recognised that conclusive proof of the influence of 
these properties on efflorescence resistance can be achieved 
only by studying model formulations. It is intended that this 
will constitute the next phase of the work. 

Conclusion 

The formulation of emulsion coatings which are resistant to 
efflorescence damage on gypsum plaster has been shown to 
be possible; the important characteristics of the films appear 
to be a low permeability both to water vapoui and to sodium 
ions. The formulation requirements necessary to obtain this 
combination of properties must, however, be balanced against 
other considerations, in particular, low blistering tendencies. 

[Received 29 January 1979 
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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 June issue of 
the Journal: 

Factors which affect the efficiency of sand grinding by  W. Carr and A.  Kelly 

Insulating surface coatings based on caster oil by  B. M. Badran, I. M. El-Anwar, M. S. Ibrahim and W. M. Khalifa 

Some effects of interrupted autoxidation (Short Communication) by  S. M. Argandeh and T. W. J .  Apperley 



Reviews 
UV Curing: Science and Technology 

Dr S. Peter Pappas (Ed) 

Technology 
Conn.. USA, 

Marketing 
,1978 

Corporation, Stamford, 

Pp 263. Price US $65.00 

UV curing of surface coatings and printing inks is a rapidly 
developing technology which utilises, in part, concepts 
derived from the closely related area of photoresist printing 
plate manufacture. Many problems remain to be solved and 
this book is both timely and useful. Scientific and techno- 
logical problems are fully discussed and contributors to 
the book have obvious industrial experience in the appropriate 
areas. 

Pigment + Fullstoff Tabellen 

By Olaf Luckert 

0. Luckert, D-3014 Laatzen, 1978 

Pp288, DIN A5, English translation booklet 8pp 

Price DM54 plus postage 

This volume tabulates nearly 3,000 pigments and extenders 
classified in accordance with the German RAGcolour 
system. There are 6 main chapters. The first one is headed 
colour pigments and comprises not only white pigments, 
but also all other inorganic and organic coloured pigments 
and dyestuffs. Chapter 2, entitled "functional pigments" 
covers, amongst other things, anticorrosive and flame 
retardant pigments as well as molecular sieves. Metallic 
pigments such as zinc dust and stainless steel powders are 
dealt with in chapter 3, but aluminium and bronzes are 
classified separately as "effect pigments" in chapter 4. Chapter 
5 lists over 500 extenders and fillers. A few special purpose 

Section Proceedinge 

Hull 
Training 

The fourth Ordinary Meeting of the Hull Section was held 
on Monday 8 January, at the "George Hotel", Land of 
Green Ginger, when Mr T. A. Fillingham, a retired member 
of the Section, gave a talk on "Training". 

Alan Fillingham was a founder member of the Hull Section 
and its first Honorary Secretary when the Section was formed 
in 1943. He began his talk by recounting the activities of the 
Section in those early days, remembering the parts played by 
the first Chairman, G. F. Holcroft, along with Price Jones 
and Syd Read as Vice-Chairman and Treasurer respectively. 
Unfortunately, the original records were destroyed in a fire. 

Training, at the Marfleet Refining Co Ltd, had been Alan's 
preoccupation in the years before his retirement. He outlined 

The following list of Chapter Titles indicates the subject 
matter covered: Photoinitiation of Free Radical Polymerisa- 
tion, Photoinitiated Cationic Polymerisation, Effects of 
Pigmentation in UV Curing, Light Sources, Calorimetric 
Analysis of UV Curable Systems, Resin Design, UV Curing of 
Coatings, UV Curing of Printing Inks, Photoresists: Photo- 
formation of Relief Images in Polymeric Films. 

A short list of suppliers of raw materials and equipment 
for UV curing is given as an appendix and the general level 
of presentation is excellent. 

This book will be a highly convenient reference for all 
those working in the general area of UV curing and an 
invaluable guide to those entering the field for the first time. 
Furthermore, because of its timeliness, it is to be recommended 
to those with interests in photochemistry outside of the 
general areas of surface coatings. 

A. Ledwith 

fillers are described in chapter 6. 

Each chapter is divided into a number of sub-sections 
and a brief general description of every group of pigments 
precedes the tables. Every entry in the tables is given a running 
number, and across two pages relevant data are given, such 
as trade name, manufacturer, composition, lightfastness, oil 
absorption, chemical resistance, fields of application and a 
remarks column. In appropriate cases, particle size, solubility 
in various solvents and the form in which the products is 
available are given. To convey some idea of the range of 
products covered it is sufficient to mention that 67 grades of 
rutile titanium dioxide and 11 grades of anatase are listed. 

For the benefit of the English speaking reader, an 8 page 
booklet is now supplied which gives a translation of the 
column headings and provides adequate explanations of all 
symbols and abbreviations. The use of the tables need not, 
therefore, be confined to the German reader. On the other 
hand, the reviewer noted gaps in the ranks of products, as 
some pigments and extenders in use in the UK are not 
included. 

H. R. Hamburg 

in general terms the development of training through the 
decades up to the Industrial Training Act of 1964. Most 
training up to that time and since, has been of the form of 
"sitting alongside Nellie", gaining experience from a well 
informed operator. The Act enabled the Minister to establish 
Training Boards and the fixing of levies on companies whose 
only course was to operate their own training schemes in order 
to claim the grant. There was no legal obligation on firms. 
The vast majority responded by training rather than paying 
the levy. 

Training can be a nuisance, taking skilled operators away 
from their main work tasks. However, there is a need to 
identify the basic training needs and to supply the necessary 
supervision, not only for the induction training, but for the 
further development needs of the company. 

Examples of training methods were outlined, leading to a 
lively exchange of questions and answers from the 16 members 
and guests who were present. Mr N. Lythgoe proposed the 
vote of thanks. 



SECTION PROCEEDINGS JOCCA 

Milling and dispersing equipment 

At the fifth Ordinary Meeting on Monday 5 February, 
Mr R. Hildyard of Herbert Smith & Co Ltd, gave a lecture on 
"Developments in milling and dispersion equipment". At the 
time of arranging the programme earlier in the year, it was 
stated that a new development might be available for publica- 
tion at the lecture. However, the development had not made 
the progress that was expected. 

Mr Hildyard outlined the development of milling equipment 
from the earliest stone mills to present day high shear mixers. 
Examples of the earliest mills were conical mills and edge 
runners, followed by ball mills and pebble mills; the latter 
charged with round flint stones from the French and English 
Channel beaches. Developments from ball mills were attritors, 
sand and bead mills, as well as the Vibro energy mills of the 
Podmore and Sweco types. 

In high shear mixers, the design of the mixing head was 
the important feature and the lecturer showed diagrams of the 
various designs used by different manufacturers. 

As to the future, Mr Hildyard proposed ultrasonics as being 
a method of transmitting the energy effectively into the 
dispersion system. 

The Hull Chairman, Mr R. Brooks, gave the vote of 
thanks, complimenting the lecturer on the many cartoons he 
had produced to illustrate his talk. Twenty members and 
guests attended. 

F.D.R. 

London 
Novel ink system 

The fourth technical meeting of the 1978179 session took place 
at the Rubens Hotel on 21 February 1979 at 7.00 p.m. Mr P. 
Richardson of Fishburn Printing Ink Co Ltd presented a 
paper on "Novel ink systems". 

Before discussing what were claimed as being ways of 
accelerating the drying of printing inks, Mr Richardson 
reviewed the conventional methods by which inks dried. In 
describing methods such as absorption (newspaper inks), 
precipitation (glycol based inks), evaporation (gravurelflexo 
inks), oxidation and polymerisation, Mr Richardson con- 
sidered the disadvantages as well as the advantages of these 
drying systems. 

For instance, precipitation dried inks exhibited low gloss, 
and gravure and flexo inks required heat to obtain dry films 
at the very fast printing speeds used. 

Ways in which inks could be modified for use in existing 
drying methods were described. Lower temperature drying 
gravure inks could be achieved by either increasing the solids 
so that less heat was required to remove less solvent, or by 
using fast solvent release resins, with a blend of true and 
latent solvents. The volatility and retention of solvents chosen 
were such that the latent solvent was the slowest solvent, 
allowing for rapid release from the film. Press and in-can 
stability needed to be carefully monitored but the advantages 
of lower web temperature included, as well as lower energy 
use, better substrate performance and less atmospheric 
pollution. 

Mr Richardson then went on to describe the alternative 
techniques available, such as ultraviolet, infrared, electron 
beam, radio frequency and microwave drying and water 
borne coatings. 

No one alternative looked likely completely to supersede 
existing systems, although infrared cured inks, using con- 
ventional, relatively cheap raw materials compared with 
those required for electron beam and ultraviolet curing, 
were considered to be of widest application and acceptability. 
It was inevitable that all types of alternative to conventional 
solvent borne inks would be used in the future. 

Following an extensive question time, the Chairman for 
the evening, Mr T. Banfield, called for a vote of thanks 
from Mr J. A. Hawkey to which the audience of 40 members 
and guests warmly responded. 

A.J.N. 

Manchester 
Powder versus water based paint 

Speaking to an audience of 50 members and visitors present 
at the Manchester Literary and Philosophical Society on 
Wednesday 21 February 1979, Mr K. H. Dodd of Carrs 
Paints Ltd presented his paper to the Student Section, as a 
final contribution to previous papers presented in the present 
session on the subject of water borne coating. 

Keith Dodd transgressed from conventional "wet" coatings 
five years ago and is now Product Manager-Powder Coatings. 
Totally committed to his subject, he initially admitted his 
complete bias and prejudice in favour of powder coatings 
and then proceeded to argue their case. 

Commencing with a short film depicting a robot operated 
powder coating application plant at Fiat, Italy, the poor 
performance of high solids coatings in the USA automobile 
industry was then allied to the lecturer's claim that so called 
water borne coatings often contained up to 40 per cent 
organic solvent. 

It was claimed that a product range for powder coating 
enabled coating thickness to be varied between 0.5 and 25 
mils, and types of coatings available included textured, 
hammer, foam powder, electrical, can and coatings applied 
to pipes measuring 40" long and 5" diameter in 30 minutes. 

The lecturer claimed that the title of his paper showed an 
equilibrium in relation to dip/low volume applications and 
he elaborated further with reference to electrophoretic paints. 
An advantage claimed for powder coating is relatively low 
energy consumption involved in their application. 

The various types and quantities of powder used in Europe 
were fully discussed; a 7,000 tonne total was divided into 
70 per cent epoxy, 20 per cent polyester, the remainder being 
silicone polyesters, acrylics etc. 

The end-use application of powder coatings is increasing 
and includes domestic/electrical appliances, motor industry, 
chemical environments etc. 

The final topics discussed included sublimation inks, 
vapour transfer chambers, micro powders and cryogenic 
grinding, spray drying etc. 

A lively question period followed and the vote of thanks 
was given by Mr G. T. Flood. 

F.B.W. 
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Technology Marketing Corporation, the original and leading 
publishers of radiation curing and processing technology news 
proudly announces a NEW SCIENTIFIC BOOK: "UV Curing: 
Science and Technology!' 

This authoritative and highly regarded scientific book has just 
come off the press and is ready for delivery. Co-authored by 
leading scientists and professionals from both industry and 
academic ranks, the book describes the basic principles of the 
science and technology of uv curing. The integration of scientific 
and technological aspects of these areas enhances the 
usefulness of this book to a diverse readership, spanning the 
gamut from research scientists to sales personnel. 

The unique balance between theoretical and practical presenta- 
tions, makes this book a vital part of any research and develop- 
ment organization currently involved (or desiring to get involved) 
in the rapidly growing technology of uv curing. Contents of this 
book are not found in any other publication. 
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I "The OCCA" I 
The annual technical exhibition o f  the Oi 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, to emphasise the very wide coverage which all the Association's activities attract: 

I / ! < ,  ,,,<>,,I I,,, O C  c.4-26 ,,,,vl ,I,,. Jl,,L!> ,,I ,I!,. 
<~"l<!rxt~d fit.<' <<>r!~PrX,?,v <>!I fir<, I I !z !z \ I ,  ll<,L! ( ( 8  
.~j, , jb,lnc. tbr a.rlro,,rc, cctr~~nrb~d ro ~ , r , , r o n  Iror,, 
o>,rvwn~ to rhr I..tbiDiri<,,n Ivr  ,>run. fln,,~ 2S>rrrr.,. 
(1974)  

The 

INTERNATIONAL 

Focal Point 
for the 

Surface Coating 

Industries 

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 

ticket of over 10,'000 were recorded at the 
turnstiles in the hall. 

I 7hr 197.5 tlrrrrj<, (rrrr,rnrr.rl a, O('C.4-27 ht. 
skow,,zu rhc ~or l r l -n t r l r  rnrc.rc,,r nnru,rd I,! tbr 7ar t ,~orr f /or  OCC1-30 rlscrl rlrr r.v~~rhnl 01 o 
,I~ro~i,,,riur,'r o,rnuul L~bil, ,f ,onr L r  Lonrhm a,hrc.b The Exhibition provides an ideal oppor- "'"'"" i"di""" ''tz 'I "llr'l'br '0 ""'pllu'i'r "" 
urlmrr Ilvrorr lrual rrll pnrn oJ Ihr slobc. i,rl,,",,o,ar ,,I ,kc ro,,rin.o,n rli,rl#>s,rc. Jror IIY 

tunity for organisations to display and ymtr / ~ ~ ~ w ~ ~ ~ ~ ~  s#tpplicr~ ,t,xl ~ ~ z ~ r n u J ~ ~ c t ~ ~ r ~ r . ~ .  I 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 
Secretaw, Mr R. H. Hamblin, Oil Et 
Colour Chemists' Association, Priory 
House, 967 Harrow Road, Wembley, 
Middlesex HA0 2SF. England (Tel: 
01-908 1086 Telex: 922670 OCCA G). 
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,zo,n hcrtr bren brhl. crtzrl <onl,nar,rl r l ~ r  rhcvnc 
01 8rv ttilcrn~rlk?nsl cr\prcf. 



Information Received 
Enlarged protective coatings division 

International Paint has enlarged its Pro- 
tective Coatings Division. which s~ecialises 
in the cupply ;f paint for the proiection of 
heavy \leel structurcc in corro\ive environ- 
ments, to include offshore construction 
contracts and factory maintenance projects, 
formerly handled by the Marine and 
Building Paints Divisions respectively. 
This makes the new Division the largest 
organisation of its type in the world with 
an annual turnover in excess of thirty 
million pounds. The purpose of this new 
structure is to co-ordinate the Comoanv's 

Ltd and Rex Campbell & Co Ltd are being 
amalgamated under the new name of 
Blagden Campbell Chemicals Ltd, and will 
also take over responsibility for some 
productscurrently handled by Thechemical 
Supply Company Ltd. 

New agency 

PAL Services has been appointed sole 
agents in Europe and certain Middle East 
countries for the laminating and varnishing 
machines manufactured by Matsumoto 
Kikai of Tokvo. 

world-wide expertise in structural stedlwdrk 
and chem~cal plant protection, to rational~se 
trade names, and to  improve the availability 
of their products from all 37 factories and New products 
24 countries in which they operate. 

Low pressure ion plating 

An offshore structure protected by 
International Paint 

UK Office 

Gema AG of Switzerland, who specialise in 
an extensive range of powder coating 
equipment, has opened up its own UK 
Office in Dollis Hill, London, NW2. 

New protective coatings service 

A specialist section has been set up by 
Crown Paints to offer a comolete sales and 
service t;lcil~ty to malntcnanco engineers 
and olhcr \pecificrs of protcctl\,c c(rdtlngc 

Ion Tech Ltd has available a new ion 
source Model B92 Saddle-Field Ion Source 
which enables a new low pressure ion 
plating technique to be used for high 
quality thin films. The ion sourceis mounted 
in a high vacuum evaporation work 
chamber alongside a resistance heated 
evaporation filament or electron beam 
gun. Once the chamber is evacuated, the 
neutral beam cleans contaminants from 
the substrate surface at low pressure. 
The cleaning action is continued while the 
evaporation source is heated and the first 
layers are deposited. This ensures deposition 
on a clean surface without the pump down 
interruption after conventional glow dis- 
charge cleaning. 

to provide advice on the correct use of The ion plating chamber from Ion Tech ~ t d  
colour from an environmental or safety 
standpoint. 

New colour black for lacquers 
Re-organisation 

The Pigments Division of Degussa has 
Themanufacturing, tradingand distribution extended its range of colour blacks for the 
activities of the Chemical Division of pigmentation of lacquers to include a 
Blagden & Noakes (Holdings) Ltd are newly-developed, high-quality gas black 
being re-organised. Victor Blagden & Co named "Special Black 6", which can be 

used to produce surface coatings with 
great depth of shade characterised by a 
blue tinge. The new product's flocculation 
stability is good compared with other 
carbon blacks, offering uniform qual~ty 
and problem-free application of lacquers. 

Cleaning wheel 

Whirlaway (UK) Ltd has introduced a 
versatile range of cleaning wheels named 
the Whirl Away consisting of 3 models 
designed for attachment to power drills. 
The cleaning wheels have been developed 
to give clean. safe, low-cost removal of 
rust, paint. scale etc. from steel, concrete 
and other hard materials. 

The Whirl Away power drill attachment 

New isoindoline pigment 

BASF has introduced Paliotol Yellow 
1841K, an easily dispersible reddish 
yellow pigment for colourisation of plastics, 
which has outstanding light fastness and is 
resistant to migration. 

Direct reading titrator 

Baird & Tatlock has announced the 
addition of the Model AF3 to its range of 
Karl Fischer titration equipment which 
employs modern computer technology and 
a controlled impulse metering pump as 
the two principal elements of a fully- 
automated, push-button system. 

The new model AF3 titrator from Baird 
& Tatlock 

Conferences. courses, etc. 

"Elvanol" information 

Du Pont has published a new guide to 
methods for increasing water resistance 
of "Elvanol" polyvinyl alchohol, a water- 
soluble synthetic resin with excellent 
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film-forming and adhesive properties and 
outstanding resistance to oil, grease and 
solvents. The guide contains a section on 
various chemical agents that will cross-link 
with polyvinyl al6hohol and includes a 
safe handling and waste disposal section. 

Colour co-mdination handbook 

The Building Research Establishment has 
published a new handbook entitled "Colour 
co-ordination handbook" by H. L. Gloag 
and M. J. Gold which explains the philo- 
sophy and research behind the development 
of the concept of colour co-ordination for 
building. The framework for colour 
co-ordination in the building industry 
published in Building Standard 5252: 1976: 
stems from proposals drawn up by the 

BRE for bringing the colours of building 
materials into a systematic relationship, 
and on this basis various colour standards 
have been issued for paints, sheet and tile 
flooring, vitreous enamel and plastics. 

Perkin-Elmer Ltd has published a new 
edition of its Analvtical Instruments 
Catalogue which contains comprehensive 
information on the Company's major 
product lines. 

Directory of d a c e  active agents 

Tergo-Data has published a second edition 
of Surfactants UK, a directory of surface 

active agents available in the UK, first 
published in 1976. 

Safety l d e t  

The British Safety Council has issued a 
six-page leaflet on safety training which 
gives details of 18 different courses ranging 
from a basic three-day first aid course to a 
series of four courses leading to the 
qualification Diploma in Safety Manage- 
ment. 

Germao address book 

Farbe und Lack has published a wmpre- 
hensive Directory of the paint, adhesive 
and putty industries and related trade 
associations and organisations for West 
Germany, including Berlin. 

Notes and News 

OCCA Biennial Conference 1979 The registration fees for the Stratford 
Conference will be f60 (plus Value Added 
Tax at  the standard rate) for Members, 
£80 (plus VAT) for non-members and 
£20 (plus VAT) for wives. A daily registra- 
tion fee for Members of the Association 
of £35 (plus VAT) and of £20 (plus VAT) 
for Registered Students of the Association 
has been set. 

Preprints 

Preprints of the papers are now being 
prepared and it is expected that these, 
togither with details of accommodation, 

20-23 J U N E 1 979 STRATFORD H l LTON HOTEL ;;,"g~~;y;,";~t~~;;;e~;;;i; 
of June. I t  is a feature of the Association's 

The challenge to coatings in a changing world Conference that preprints are sent out well 
in advance of the function in order that 
delegates can read them before the Con- 
ference, at which Lecturers illustrate their 
topics, but do not read their papers in 

Registrations should cover both the membershipentrance their entirety. This allows for a much 
fee, 1979 subscription and the Conference longer discussion period than at many 

The closing date for registrations for the registration fee. Membership application other conferences and has proved of 
Conference was given as 1 April 1979, forms can be obtained from the Associa- immense value to those attending previous 
primarily for the benefit of the hotel tion's offices. Association Conferences. 
managements who would be in a position 
to let any accommodation not taken by . 
that date. Registrations have been received 
from delegates in the United Kingdom 
and several overseas Countries. 

Applications can still be accepted and 
delegates are reminded that VAT, 8 per 
cent at the time of going to press, applies to 
all registrations. 

A list of papers to be presented together 
with their summaries and biographies of 
the Lecturers was published in the December 
1978 issue of the Journal and copies of 
the Conference brochure and registration 
form were enclosed in copies sent to 
Members attached to the General Overseas 
Section and non-member subscribers to 
the Journal. The brochures have been sent 
to all Members of the UK and Irish 
Sections with Section circulars. Any 
non-member who has not yet received a 
copy of the brochure and wishes to register 
for this important Conference should apply 
for the necessary form to the Association's 
offices. 

Non-members wishing to avail themselves 
of the preferential Conference fee for 
Members may do so by sending in a ..:' ,. 
membership application form at the same 
time as they submit their Conference A view of Anne Hathaway's Cottage, situated close to Stratford-upon-Avon, which contains a 
registration form and the fee enclosed museum of Shakespearian articles 
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Social Events Further information may be obtained Technical Training & Education Com- 
from the Director and Secretary at the mittee of the Paintmakers Association. 

Stratford-upon-Avon is a new venue for address shown on the Contents page of 
the OCCA Conference and it is expected this issue. 
that it will prove popular and interesting 
to delegates. A full social programme has Mr S. E. Young, an Ordinary Member 
been arranged for the benefit of delegates attached to the London Section, has 
and their families, including coach parties N ~ W S  of Members retired from his position as Technical 
to local places of interest such as Liaison Manager of the Donald Macpherson 
Shakespeare's Birthplace, Warwick Castle, Mr D. J. Morris, an Ordinary Member paint group's industrial division, 
Coventry Cathedral and Oxford, a golf attached to the General Overseas Section Macpherson Industrial Coatings Ltd, after 
tournament, a river trip, and a theatre and a Fellow in the Professional Grade, 40 Years with group companies. 
party to the Royal Shakespeare Theatre. has been appointed as General Manager 

of Homecharm Paints (Nigeria) Ltd. He 
There will be an informal reception for is a past Secretary and past Chairman of 

all delegates at lunchtime on Thursday and the West Riding Section, a Founder 
the Association's Dinner and Dance will Member of the West Riding Chemical 
take place on the Friday night. Training Group and was a Member of the 

Forthcoming Events 
Details are given of Association meetings in the United Kingdom and Ireland up to the end 
of the month following publication and in other parts of the world up to the end of the 
second following publication. 

June Friday 22 June 

Irish Section: Annual golf outing, Association Annual General Meeting: At 
details to be announced. the Stratford Hilton Hotel, Stratford- 

upon-Avon, at 4.00 p.m. or as soon 
Wednesday 20 June thereafter as the final Technical Session 

of the Association Conference shall 
London Section: Afternoon visit to terminate. 
Exposure Trials Station, Central Dock- 
yard Laboratory, Ferry Road, Eastney, 
Portsmouth, commencing at 2.30 p.m. 

July 
Wednesday ZO-Saturday 23 June 

Monday &Tuesday 3 July 
Association Biennial Conference: "The 
challenge to coatings in a changing South African Division: "The role of 
world", at the Stratford Hilton Hotel, protective coatings". Winter school to be 
Stratford-upon-Avon, Warwickshire. held at the Dorothy Susskind Auditorium, 
See page 181. University of Witwatersrand. Mr S. I?. Young 

Professional Grade 
At a meeting of the Professional Grade Committee held 21 March Associate 
1979, the following Ordinary Members of the Association were 
admitted to the categories shown. The Section to which each Abel, Adrian George (Manchester) 
Member is attached is shown in brackets. 

Fellow 
Transferred from Licentiate to Associate 

Pienaar, Dirk Jacobus (Transvaal) 
Elliott, Peter (London) Astfalck, Anthony Noel (Transvaal) 

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

Ordinary Members PAUL, CHRISTOPHER MICHAEL, PO BOX 17-037, Wellington 5, 
New Zealand (Wellington) 

BEND-, GRAHAME DESMOND, BOX 61659, Marshalltown 2107, PLOWMAN, DAVID JOHN, 35 Schofield Walk, Blackheath,  ond don 
South Africa. (Transvaal) SE3. (London) 

CONNOLLY, ROBERT STEPHEN, BSC, 65 Belmont Terrace, Lower Hutt, 
New Zealand. (Wellington) 

HERMAWATI, HAPPY, J1. Pulogadung No. 37, Jakarta, Indonesia. Members 
Overseas) ANDREW, TERENCE SIDNEY, Pennine Chemicals Ltd, Williams & 

MAHILALL, VWRAKASH NUNKISSWAR, BOX 65, New Germany, Glyns Bank Chambers, High Street, Congleton, Cheshire. 
Natal, South Africa.. (Natal) (Manchester) 

MEISEL, NICK, BOX 7127, Brackenhurst Ext. 2,1450, South Africa. NAIDOO, VIMOTHAN, BOX 65, New Germany, Natal, South Africa. 
(Transvaal) (Natal) 

MOYNAOH, SHAUN MICHAEL, BSc, Shell Chemicals (NZ) Ltd, 
PO Box 2091, Wellington, New Zealand. (Wellington) 

OOSTKUIZEN, CHRLFTOPHE~, Metal Box (SA) Ltd, PO BOX 2226, Registered Student 
Cape Town 80G€I, South Africa (cape) 

OWERS, WILLIAM RONALD, Corner Howard Road and Marine REDPATH, NEIL DOUGLAS, 35 Ludlow Drive, Whitley Bay, Tyne & 
Drive, Eastbourne, New Zealand. (Wellington) Wear NE25 9QG. (Newcastle) 
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I AT YOUR SERVICE to develop finer, more durable products 
The fast, economical weather tests o f  

SUB-TROPICAL TESTING SERVICE, INC. 
established 1929 

I 
Sub-Tropical Testing Service is known and utilised world wide 

Our 50th year Sub-Tropical colour 

1 

Sub-Tropical Testing gives fastest Natural Weather tests available for * paints * chemical coatings * plastics * textiles * fabrics * related products * 
1 

(List of representative clients given upon request) 

i Wir waren die ersten, welche einen Priifdienst dieser Art fur Lacke, Kunststoffe, chemische Beschichtungen, 
Stoffe und Gewebe aller Art, Farbstoffe und verwandte Erzeugnisse in den U.S. moglich machten. 

Mr. C. Hubbard Davis. Founder, Sub-Tropical Testing Service. Inc. (19C4-1977) Phones: (305) 233-5341 

I P.O. Box 560876, 8290 S.W. 120th Street, Miami, Florida, U.S.A. 33156 Cable: SUBTROPIK, Miami 

5000 

Corn parison of circulations 
4000 of U.K. publications to the 

CIRCULATION 
W paint, printing ink and 
2 3000 
[L 

t: allied industries 
cn w 
a2000 
8 

For ful l  details o f  advertising i n  this, and other 

Association publications. contact D. M.  Sanders. 
1000 

Assistant Editor. 

0 
LT 

3 
W 
[L Journal of the Oil and Colour 

28-l t; 
Q 2‘9 2 

Chemists' Association (JOCCA) 
U 32% 284 $$ Priory House, 967 Harrow Road, Wembley, Middx. s! 

HA0 2SF. England Telephone: 01 -908 1086 
(Reference A u d i t  Bureau o f  Circulat ions 

Reviews. Jan-Dec 1977) 
Telex: 922670 (OCCA Wembley)  
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Classified Advertisements are charged at the rate of £4.00 per cm. 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 
Priory House, 967 Harrow Road, Wembley, Middlesex HA0 2SF. JOCCA is published EVERY month and Classified ~dvertisementi 
can be accepted up to at least the 12th. and in exceptional circumstances the 20th of the month preceding publication. Advertisers 
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). 

Flame-Protected Battery Electric 
Forklift Trucks 
Reach-type, pedestrian and counterbalance types. 
Reconditioned and guaranteed. Limited number 
available. Full details and photographs on request. 
We buy surplus flame-protected firklift trucks ! ! ! 

Speed Electrics. The Wells Road. Mapperley, Nottingham 
Tel : 0602-609782 

SITUATIONS WANTED 

PAINT CHEMIST, BSc Hons., Fellow 
Technology Surface Coatings, 30 years 
experience UK and abroad of which 25 
years was with two international com- 
panies in product management, mar- 
keting, development and technical 
service, seeks position in UK or overseas. 
Specialised experience in pigments, 
polymersincluding polyurethanes, heavy 
duty coatings and corrosion protection. 
Particular interest in technosommercial 
market surveying. Reply Box No. 470. 

MISCELLANEOUS 

Member ofAssociation wishes to dispose 
of back copies of the Journal in good 
condition, covering period 1930-1967. 
Some copies missing. Please write for 
full details to Box 471. I 
All types of 
handicapped 
children 
are helped by the 

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. 

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

AT ANY TIME 
DAY OR NIGHT 

TELEX 
YOUR CLASSIFIED 

FOR 

JOCCA 
Telex 922670 (OCCA Wembley) 

See this page for details of rates 
for Classified Advertisements. 



MAY xiii 

C L A S S I F I E D  A D V E R T I S E M E N T S  

Materials and Process 
Development 
Metal Box, Europe's largest packaging Company, is moving its 
Research and Development in September to a new R. 8 D. 
Centre at Wantage in Oxfordshire. 
As a result of this move we have the following two immediate 
vacancies for experienced men and women with potential 
for managerial responsibility. 

Senior Chemical Engineer 
To join a multi-discipline team developing processes for the 
manufacture of metal containers. Applicants should have 
at least 5 years industrial experience and a degree or 
equivalent in Chemical Engineering. 

Senior Coatings Chemist 
To work on the development of materials and processes for 
the protection and decoration of metal containers. Applicants 
should have at least 5 years industrial experience in the coatings 
industry and a degree or equivalent in Chemistry. 

Good salaries are offered, commensurate with experience and 
qualifications. Until the move the work will be in London, 
but free travel will be provided from the Wantage area. 

B Metal Box QD Research  a n d  D e v e l o p m e n t  D e p a r t m e n t  

DEVELOPMENT CHEMIST 
We are a major supplier o f  materials to the Ceramic lndustry and 
the vacancy occurs i n  our Ceramic Ink Division. 
The post involves development work on media and inks for ceramic 
decoration and supervision of the quality assessment o f  raw materials 
and finished products. 
This is  an interesting and challenging appointment requiring an 
innovative and self-motivated Technologist w i th  management poten- 
tial. 
Applicants should be under 30 years .of age wi th  a degree i n  
Chemistry or an equivalent appropriate qualification. The preferred 
candidate wi l l  have had two or three years' experience i n  the ink. 
paint or surface coating industry. 
The position offers an attractive salary and excellent conditions o f  
employment. 
Suitably qualified persons should apply, i n  writing, stating age. 
qualifications and experience to: 

Personnel Manager, 
HARRISON MAYER LIMITED, 
Meir, 
Stokaon-Trent ST3 7PX. 

I 

Manchester Section Technical 

Discourse 

THE WHYS AND WHEREFORES 

OF CORROSION 

The Manchester Section of the Oil 
and Colour Chemists' Association 
will be pioneering a novel form of 
one-day technical meeting in Septem- 
ber next which, it is believed, will be 
an advance on the more traditional 
formats of conferences and symposia. 
The overall subject chosen is "The 
Whys and Wherefores of Corrosion". 
Within this, the Discourse will cover 
the key topics of corrosion inhibition 
(including theoretical background), 
cathodic protection, microbiological 
corrosion, and practical aspects of 
protection against corrosion in the 
atmosphere, aqueous and specific 
chemical environments, including 
protective coatings. 

Topics wi l l  be introduced and dis- 
cussions will be led by well known 
experts from Industry and from the 
Corrosion and Protection Centre at 
UMIST. The aim will be to achieve 
maximum involvement and learning 
by participants. 

The Discourse will be held at UMIST 
(University of Manchester) on 13 
September 1979. Advance informa- 
tion is available from: 

Mr G. R. Robson. 
AR.TS Dept: Pigments, 
c /o  ICI Ltd. Organics Division, 
Hexagon Houae, Blackley. 
Manchester M9 3DA. 

- 

JOCCA 
Change of 

production method 

From the  June  1979 issue 
of JOCCA, the  product ion 
method will be  changed f r om 
letterpress t o  s h e e t  f e d  off- 
s e t  litho. 

Full details may be  obtained 
from the  Assistant Editor, Mr 
D. M. Sanders, a t  t he  address 

o n  the Contents page. 

Please phone or write for an application form to: 
G. P. Smith, Personnel Manager, Metal Box Limited, 
Stirling Way, Borehamwood, Herts. Tel: 01-953 6831. 
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APPOINTMENTS VACANT 

I Lacquer Development Chemist 1 
Alcan Foils, a subsidiary of the international Alcan 
Aluminium Company, specialises in the converting and 
printing of aluminium foil, paper and plastic films for 
flexible packaging and industrial end uses. 

Weareat a particularly exciting stage in our development 
as a company -we are expanding our product range and 
investing heavily in new equipment to take full advantage 
of the opportunities that we foresee in the 1980's. 

, Toassist inour successful development, weseeka Lacquer 
Development Chemist to join our young technical team 
and to be responsible fordeveloping new lacquer systems 
and ink required for new products and processes. Main 
duties will include formulating and evaluating new 
lacquers in the laboratory, on our pilot coater, and under 
production conditions in the factory; providing technical 
advice on lacquer problems to thecompany; and keeping 
abreast of developments in the coatings field. 

Ideally, you should hold a qualification in the coatings 
field, but more important is sound experience in ink or 
lacquer development gained either with a manufacturer 
or user. We would also like to hear from people with a 
good knowledge of resins used in the manufacture of 
industrial paints or packaging coatings. 

Salary, dependent on experience, will be in a range up to 
f5500 plus bonus. First class benefits include assistance 
with relocation expenses to the Wembley area, where 
appropriate. 

Please write or telephone for an application form to 

The Recruitment and Training Manager, 
Alcan Foils Limited, 
First Way, Wembley, 
Middlesex HA9 ODH. 
Tel: 01 -902 601 1. 
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CONDENSATION TESTER 

U 
U 
. W 

The QCT Condensation Tester tests finishes 
for resistance to moisture in the form of rain and 
dew. The QCT's unique condensation system 
gives faster, more realistic tests than conven- 
tional humidity. while maintaining foolproof 
control of water purity, oxygen saturation, and 
test temperature. Initial cost is quite low, and 
maintenance is almost nil. Ordinary tap water 
may be used. because the QCT distills the water 
in the process of transporting it to the test 
surface. Test severity can be varied widely by 
regulating the temperature. 

ACCELERATED WEATHERING 
TESTER 

a n  . 707-*sz 4 
c . .  

V ' 
The QUV Accelerated Weathering Tester has 
replaced conventional methods of durability 
testlng In hundreds of labs throughout the world. 
The QUV simulates rain and dew by the same 
mechanism as  our QCT Condensation Tester. 
The effects of sunlight are simulated by an array 
of 8 special fluorescent lamps. Light emission is 
concentrated in the critical UV wavelengths. 
providing closer control and faster testing. 
Users report excellent correlation u;ith out- 
doors. 

1111ti~il cost <111d opcrdtil1y costs are suprisinyly 
ION' cornpored to carhori arc or xenon arc 
rnachi~luh. Filc,ctric;il cons~~rnption is just 700 
1i8~\tts. Oper;~tioli is co1111~IeteIy automatic. with 
d [ride v~irietv of temperatut.es and cycles easily 
proyr~~mnied. Scheduled n ia i~ i t e~~a~lce  is just 
15 rni~lutc~.; 1111rc~ n rnontli 

TEST PANELS 
The Q-Panel Co. IS the world's largest manufac- 
turer of steel and aluminium panels for paint 
testing. Millions of Q-Panels are used every year 
because of their consistently high surface quality 
and remarkably low price. Q-Panels are availa- 
ble in a variety of sizes and finishes. 

THE Q-PANEL CO. 
15610 lndustr~al Pkwy Cleveland. Ohio 44135 U.S.A. 

I PAINTS 
There's a world of experience in HARDMANS 
OLEO-RESINOUS VARNISHES - no  wonder they 
a re  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. 

HARDMANS 
Specralrst Varntsh makers ro the pa~nt andpr~t~t tng~nk tndustrles 

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

Tel. 0482 - 23901 



Immediate delivery of 

of glass and zirconium oxide 

We carry large stocks of grinding bcads made of specially of best quality glass. Available at present in sizes 0.5 to 0.8, 
formulated wear resistant lead-free glass. The beads are 0.8 to 1.0 and 1.0 to 1.25 mm w .  Larger sizes will be 
carefully selected for surface perfection, being as near as produced later. 
possible-to a spherical shape to minimise fracture. Equally Please or write for to: 
important they are meticulously double sifttd to sizes of 
close tolerances. The entire range extends from 0.1 mm to 
3.0 mme. 

And now, we also stock beads of ZIRCONIUM OXIDE to 
give you a really startling improvement in the quality of inks 
and paints. The high density of these beads shortens-milling Glen Creston Machinery ~ t d . ,  16 Carlisle Road, London NW9 OHL 
times and they last up to eight times longer than tho* made Telephone: 01.200 1666. Tclrr: 925791. Tc lcpuna:  Glencrest London NW9 

- - 

QUALITY CONTROL APPARATUS 

1 .VISCOSITY 7 GLOSS 

a DRYING TIME 
I COLOUR 

HARDNESS 

OPACITY 

IMPACT 

An lllustrat~on to show a range of D~g~ta l  Glossrneters 
at 20", 60". and 85" geometries cornplylng w ~ t h  ASTM 

D523 and I S 0 Spec~flcat~ons 
.ABRASION FILM APPLICATION 

SHEEN INSTRUMENTS (SALES) LIMITED 
9, SHEENDALE ROAD, RICHMOND, SURREY TW9 2JL Telephone: 01 -940 0233 and 171 7 

CABLE SHEENINST RICHMOND SURREY 
-- - - - - - - - - - - - 

Watford Printers Ltd, Vicarage Road, Watford. Herts. r ?  3;' 
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