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He knows which coat counts 
For his money, it's the primer that counts. The 
finishing coatsmay lookgood but what he wants 
is a primer that will protect the substrata, go on 
evenly, dry quickly and cure well all the way 
through. That way he can finish the job sooner, 
get on with the finishing coat - and know there 
will be no con~plaints later. Good primers mean 
money to good painters. 
Farbenfabriken Bayer know it too, which is why 
they havedevelo~ed Desmalkvd S155 for use in 

excellent adhesion and resistance to water. 
Bayer prepare their product in two forms; in 
white spirit and in xylane. In the latter form it is 
especially useful as a binding medium for anti- 
corrosive and metal-effect finishes, machinery 
enamels and boat varnishes, and in combination 
with nitrocellulose and alkyds for clear or matt 
furniture lacquers. 
For detailed information on any of these 
ap~lications, write to : . . 

and finishes. An oil modified polyure- 
thane based on soya bean oil, Desmalkyd S155 
ensures that primers dry quickly and set fast 
right the way through, so that finishing coats, 
even those containing strong solvents, can be 
applied over the primers very shortly afterwards. ms J. M. STEEL 8 CO. LTD. 
%me counts in the painting business. V I I I ~ ~ ~ ; V J , , ~  t i l ~ l l ~ , l ~ ,  i:;/m ~ ~ , I ~ , I ~ I I S ~ .  R~I;ILJ, ~ ~ l . ! ~ f l ~ ~ f l d ,  

Desmalkyd S1 55 also ensures good flow from !;~~rr(:y T ~ ~ l ~ ~ ~ > l ~ i ~ r ~ ~ :  F~II :~I I I~~II I (~ b ~ i i  
the brush, and is used in primers because of its m ~ ~ ~ , . ~ ~ ~ d  lrsde mark of Bnyer Levcrioscn Germany 
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* OUTSTANDING PERFORMANCE 

* EXCELLENT CHEMICAL & CORROSION RESISTANCE 

* BEST FILM FORMING PROPERTIES 

* PROVEN SUCCESS- LITHOPONE WATER BASED 
PRIMERS ARE USED BY LEADING CAR MANUFACTURERS 

Wrrle ,,ow for your tec1111,cal dal.1 sheets lo 

MCKECHNIE CHEMICALS LIMITED 
P.O. Box 4, Ditton Rd., Widnes, Lancs. 
Telephone: Widnes 2611 

Branch Sales Office :- 50 Jermyn St., London S.W.1. 
Telephone: H y d r  Park 9841 



Septetn her vii 

. - . . 

There could well be. Most manufacturers 
of good paint have long realised 

the desirable qualities which china clay 
extenders give to their products. Fine 

particle size for " body ", easy 
dispersability, excellent rheological and 

anti-settling properties which 
preserve the consistency of the 
paint. The careful research and 
continuous production control 

carried out by ' English Clays ' ensure 
that their clays will meet the specific 

requirenients of the paint and 

.A. colour industry 

C& 
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TO l . < D U I I * V  1 9 6 5  

300 mesh Below Balow Brightness 
GRADE SPECIFIC 

PH Dry % 011 
GRAVllY restdue 10 microns 2 microns Reflectanore Absorption 

% max. % % at  4580 A - 
SPEsWHlrE 2.6 5.5f0.5 0.05 99.5 (min) 80f 3 89f 0.7 42 

6.s.H. (9 2.6 5.0h0.5 0.05 85-t 38t 86.5-10.7 53 

ECR* 2.0 5.5* 0.5 (o, 0.5 85t 35 t - 80 

M.loOs 2.6 6.5% 0.5 0.1 90 (min) 50t 91.5% 1.0 45 

'Calcined clays +Typical 

Ftrll techrrical cletails, samples and prices from: 

ENGLISH CHINA CLAYS SALES 
60 LTD. 

St. Austell, Cornwall. Telephone St. Austell 4482 

Prodlrccrs of fine china cla,vs front the ~vorld's 
larpest natlrral high quality (leposits. 
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A 'new grade of Zinc Oxide - Fricker's of course - ULTRA FINE PARTICLE 
Fricker's U.F.P. has been produced especially for white interior gloss enamels. 
This is a Zinc Oxide really worth trying in your formulations; send today for 
samples. Packing an'd express delivery are our specialities too-why not write 
or telephone Avonmouth 3631 ? 

Imperial Smelting Corporation (N.S.C.) Limited 
St. Andrew's Road ' Avonmouth ' Bristol 

This paint contains Fricker's U.F.P. 
because of this it will stay 

whiter, glossier, longer 
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testing 
paint finishes? 

Pyrene 'Gold Seal' steel* paint test panels are produced and pretreated on an  
automatic plant capable of reproducing manufacturers' processing condi- 
tions for any pretreatment sequence. The test panels are carefully inspected 
at each stage from pressing through to flatpolishing and processing. 
Every test panel is quality-controlled--every &st panel is dependably uni- 
form! Uncoated panels, used widely for control purposes, are also available. 
A Pyrene 'Gold Seal' quality controlled paint test panel is your safeguard to  
reliable test results. Write: The Py-rene CompanyLimited (Dept. J.O.C.C.A.9), 
Metal Finishing Division, Great West House, Great West Road, Brentford, 
Middlesex. Tel: ISLeworth 4131. 
*Zinc-coated steel and aluminium panels also available. 
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It is, in fact, one of the very wide range of chemicals which Durham 
Raw Materials supply-in bulk! And like theother products of DRM it 
is being specified by more and more manufacturers. Why? Because 
DRM have the know-how and breadth of experience to make sure 
that the quality of their products is precisely keyed to job require- 
ments. Because DRM have the resources to guarantee supplies year 
in and year out. In short, because DRM know their business and are 
therefore very good people to deal with. 

DURHAM RAW XATERIALS LTD. 
@$@ 

BRANCH OFFICES CANADA tiOUSE. CHEPSTOW STREET OXFORDSTf7EEl  MANCHESTEW CENTRAL 2683. 
BIRTLEY. COUNTY DURHAM EIRTLEY 2361 i a o  HOPE STREET GLASGOW c 2 IIOUGLAS 9245. 

HEAD OFFICE DURHAM RAW MATERIALS LTD 1 4 GREAT TOWER STREET. LONDON, E C 3. MANSION HOUSE 4333 



SOUTHERN SALES & EXPORT: Maryland Road, Stratford, London, E.15 
Telephone: MARyland 4151 Telex: 263664 

NORTHERN SALES: Newbridge Lane, Stockport, Cheshire 
Telephone: STOCKPORT 4474 
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CAR SPRA"'-'- 

ADHESIVES 

Where Shell Chemicals start... 
maybe your problems end 
Versatile Shell ketones and alcohols permit the greatest 
flexibility in surface coating formulations, being especially valuable 
in the newer types of coatings now being produced. 
Why not find out more details by writing to the Information Officer: 

Shell Chemicals U.K. Lirnited,shell Centre Downstream Building, London S.E.l 
Reqonal officer ar London, Blrm;nghem Mancheser. Glasgo w 
and Belfasr. Shell Chemicals Ireland Limlred. Dublin 
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Who makes the best metallic finishes? 



You-with Alcoa Tinting Pastes 
Today, automobile manufacturers and buyers, 
prefer the tough metallic finishes that highlight 
the best in modern styling, and keep looking 
beautiful for years. 

For the last 15 years, Aluminum Company of 
America (Alcoa) has supplied the bulk of the 
aluminium pigment for automotive finishes in  
the United States. Alcoa does not make paint. 
But it does make a comprehensive line of 
aluminium pigments that make it easier for you 
to produce these best-quality, best-selling 
aluminium pigmented paints. 

Working in close co-operation with manufac- 
turers of automotive finishes, Alcoa has devel- 
oped a wide variety of Tinting Pastes. Rigid 
control of particle size eliminates both oversized 
flakes (which cause seeding) and fine colloidal 
aluminium (which spoils colour). Asa result, you 
can take maximum advantage of the new colour 
pigments and synthetic resins to produce strik- 
ingly beautiful polychromatic pastel finishes. 

Send the coupon below for more information, 
or for samples of Alcoa Tinting Pastes. And, 
remember, we also have a ful l  range of alumin- 
ium pastes and powders for other formulations. 
Alcoa International, S.A., Avenue d'Ouchy 
61, Lausanne, Switzerland. (A subsidiary of 
Aluminum Company of America.) 

: To: Imperial Aluminium Company Limited. Kynoch Works. 
PO Box 216. Witton. Birmingham. Please send technical . literature, samples of Alcoa pigments and quotations to: . 
I I 

Name ............................................................................ .. ............... . 
Company ......................................... 

R position .................................................................................................... . . OALCOA : 
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NEW LOW PRICE - lM PROVED COLOUR 

HIGHER METAL CONCENTRATION . LOWER VISCOSITIES 

Sonlpies on request from J A M E S B E A D E L & C 0 M P A N Y L I M I T E D 
Member of the Re~chhold Chemicals Ltd. Group. 

H E A D  OFFICE : Frodshom House. Edwords Lane, Liverpool 24. Tel : Hunts Cross 139516. Grorns : Rodatz. Liverpool. 
LONDON OFFICE : Hillgate House, 26 Old Bailey. London. E.C.4. Tel .  and Grorns : City 240517. 
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Have vou seen our new booklet: - 
AMINO RESINS? A 
Write for it! 

UK Representatives: LONABARC Ltd. 
110 Cranbrook Road 
Ilford, Essex 
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FREE TEST FAElllTlES 
ON A11 THESE MACHINES 

Turbo Disperser Impaster 

Turbo Cleavers 

For d~sperston t o  highest 
gauge  r e a d ~ n g s  a n d  
t h ~ r o u g h  lrnpastlng of 
heavy pigment concen- 
t r a t i o n s - i n t e r -  
c h a n g e a b l e  w o r k i n g  
carts. 

For even spread of  
scanners In f in~shed palnt 
and all general mlxlng 
~roble:ns.  

Revolutionary machines 
for  the preparatton of 
heavy varnishes and the 
p r o d ; ~ c t ~ o n  of emuls~on 
punts,  caslne, latex. 
P.V.C.. etc.-impast~ng 
In  high concentrations. 
Alternative methods t o  
accelerate discharge can 
be provided. 

High product ion mills 
l o r  the fine grinding o f  
cltanlum, pigments and 
fillers. 

Turbo Mixers 

8 6  Mills 

For  f u r t h e r  i n fo rma t i on  
regarding Test Facilities and Thames Side. 

t echn i ca l  l i t e r a t u r e  o n  
Mor i tz  mixing and size 

0 1 z Kingston-on-Thames, 

Surrey. 
r e d u c t i o n  e q u i p m e n t .  CIIUIU~ tltlitrllit ~1.111. Telephone: 741 3;4 
contact: 
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ANTICORROSIVE 
PRIMERS 

I 
If you want to obtain 
GOOD ADHESION TO STEEL 
GOOD ADHESION OF TOP COAT 
GOOD ANTICORROSIVE EFFECT 

use MICRO TALC A.T. as an extender. 
This quality is also suitable for 
electrophoresis. 
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(Regd. Trade Mark) 

I 
Can be supplied in I 
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The Foundation Lecture* 
"CRAFT AGAINST CRAFT MAKES NO LIVING" 
By N. F. Astbury 
Director of Research of the British Ceramic Research Association and 
Chairman of the Committee of Directors of Research Associations. 

Mr. President, Master, Ladies and Gentlemen, 
You have conferred upon me today the privilege of delivering your 

Association's Foundation Lecture. To have refused your invitation would have 
been unthinkable, yet to meet the occasion worthily seems impossible. You 
will know, of course, that I am not, scientifically speaking, of your company, 
but. in another and wider sense, we are indeed of one brotherhood, for it is 
our task to serve, in our various ways, the national economy by providing 
industry with scientific services so that it may rest securely upon a sure base of 
science rather than upon the quicksands of empiricism and expediency. 

I have chosen as the title of this lecture a provocative generalisation made by 
George Herbert over 300 years ago, for my main theme will be co-operation. 
The very existence of your Association, Mr. President, shows at once that you 
have an investment in, and a feeling for, co-operation in your own field, and 
indeed, it would be easy to multiply such instances. But I shall speak of co- 
operation in wider terms-of co-operation in industrial research, which is a 
reality, and of co-operation in training, education and the provision of man- 
power, which is still largely a dream. 

Co-operative research in Britain 
I propose now that we should look at co-operative research activity in the 
United Kingdom. It is an activity which was originally peculiar to ourselves, 
but one which now appears, in one form or another, in many other countries. 
It is in fact the activity represented by the existence of 48 industrial, grant-aided 
research associations, covering about 70 per cent of British industry, measured 
by product value, employing some 6,000 scientists, engineers and technologists, 
and deploying a total income of about &12m a year, three-quarters of which, 
approximately, derive from industry itself and about one-quarter from 
government. u 

Many of you will be familiar with the history and origin of these bodies, 
but I hope you will bear with me if, for the sake of completeness, I give you a 
brief historical background. Until the turn of the century most research in this 
country was carried out in universities, and so little was done for or in industry 
that when Kelvin visited USA in the 1880s he was driven to remark on the use 
that the industry of that country was already making of science and scientists, 
particularly in its steel industry. In the declaration of the State's interest in 
applied research we were anticipated both by Germany and by USA for the 
PTR was established in 1887, and the Bureau of Standards a few years later, 
but it was not until 1902 that our own NPL was formally opened by the then 

*Presented to the Association at Painter Stainers Hall. London, E.C.4, on 30 June 1966. 
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Prince of Wales. Still, events then moved on fairly quickly, spurred of course 
by World War I, during which DSIR was founded (1917). I well remember a 
remark made by the late Sir Richard Glazebrook in a lecture he gave to the 
NPL in 1933. He said: " The years that followed the conclusion of the Franco- 
German war saw a great expansion of industry in Germany, an expansion 
supported by von Helmholtz and Werner von Siemens on the scientific side. 
They knew that science could give help of the greatest value to technical 
endeavours, and they pointed out the methods by which this could be done." 
The result, as 1 have said, was the foundation of the PTR, and it is curious and 
interesting that 40 years had to pass before a similar reaction, stimulated by 
the stresses and crises of war, was felt in this country. 

DSIR in 1918 was given an allocation of £1 m to enable it to give assistance 
to those industries which were sufficiently forward-looking to help themselves 
to put their research and development affairs in order. There was a ready 
response, with some non-starters, but the whole operation was well under way 
by 1920. There are now 48 research associations, with incomes ranging from 
under E20,000 p.a. to over f 1 m. 

It  could perhaps be argued that the research associations represented an 
attempt to bridge the gap between university and state research on the one 
hand and such large private industrial laboratories as there then were on the 
other. The smaller firms could not effectively take advantage of either and, 
short of groupings and take-overs, which were much less fashionable then than 
now, the solution seemed to be to co-operate in research-to have a stake in a 
laboratory and its facilities which would be beyond the resources of any one 
small firm. It was argued that in this way the small firm would survive as a 
viable economic unit and that all could share equally in research and 
development. I have sometimes reflected that in the research associations we 
have an excellent answer we did not expect to a question which was incorrectly 
posed! That the research associations make a massive contribution to British 
industry is undeniable: that the small firms really benefit as they were expected 
to do seems .questionable, and for a very obvious reason-development to 
the level of successful commercial exploitation is, in general, a much more 
expensive exercise than research. After over 40 years of research associations, 
there has to be some rethinking of their role if for no other reason than this. 
Whether by design or circumstance, research associations started their existence 
by setting out to help industry as it stood at that particular moment in time : 
some are still locked in this stasis by the sort of negative feed-back imposed 
on them by their industries and industrial committees, but others are striving, 
as eventually all must, to turn their endeavours more and more to the problems 
of industry a generation hence. And implicit in this, of course, is the concept 
that research associations are oriented to serve industry, and not to serve 
individualjirrns. This may have a hard ring to it, and before a less liberal audience 
I might well have to make the point more diplomatically, but it is an inescapable 
concept and carries with it some rather uncomfortable economic implications. 

Research associations continue to derive their funds very much in the 
pattern laid down 40 years ago. Industry supports them according to various 
formulae, and government offers a block grant conditional upon a minimum 
investment from industry, plus an incentive grant based on income over this 
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minimum, to a set ceiling. This equation is reviewed quinquennially for every 
research association, and it is an exercise in extrapolation, not to say crystal- 
gazing, for a director to forecast with conviction, and argue with compulsion, 
the case for continued expansion from one quinquennium to the next. There 
is, indeed, a good deal of financial bargaining of one sort or another, and this 
contributes to some of the problems of running an RA. 

1 have already indicated briefly the financial size of research associations. 
On the last available figures, which refer to 1964, the smallest had an income 
of just about £13,000 and the largest 100 times this-a very broad spectrum 
indeed. Four research associations enjoy-if that is the " mot juste "-a statutory 
levy : this requires a united demand from industry and parliamentary action. 
The rest depend largely for their industrial income upon agreed subscriptions 
or upon levies related to volume or gross output of product, or to number of 
operatives or to the wages bill. It seems likely that some sort of ad valorem 
formula is the most equitable. There is, of course, a fine field for economic 
dispute here, but it can be argued that the cost of research must ultimately be 
borne by the customer, and so it should be built by a proper cost structure 
into the price of the product : the price in turn will change with the changing 
economic climate, so that levies should be self-adjusting in regard to inflation. 

Government contributions, now standing, as I have said, at about one 
quarter the total income, have, on this average figure, diminished relatively 
over the years. This is not to be taken as a contentious statement, nor simply 
accepted at its face value. Government contributions do in fact range from a 
" low " of about 10 per cent to at least one case of over 100 per cent of the 
industrial income. We should note too that this revenue grant, as it is called, 
is not in any way controlled as to its use : its deployment is entirely a matter 
for the Director and his Council. In this respect Britain remains unique in 
the partnership between government and industry in the field of civil science, 
and in spite of this government investment, the research associations are 
completely autonomous. 

There are no formal links between the various associations, but there is an 
increasing amount of collaboration. This has been fostered by the formation 
of the Committee of Directors of Research Associations, and is manifest in the 
operation of certain joint working groups, such as the Industrial Automation 
Group, the Building Materials Working Party and a Public Relations Group, 
and by the operation of joint projects in certain fields. CDRA has no formal 
status, but it is increasingly recognized by the government as a body which can 
be usefully consulted on matters relating to industrial research. CDRA has 
recently established fruitful contacts with the Confederation of British Industry 
and we feel we are now entering upon a new phase in the history of co-operative 
industrial research in Britain. When the first research associations were formed, 
they were committed wholly to the interests of the industries they served, but 
by a process of natural growth and evolution, most of them find themselves now 
involved in tasks which transcend their original boundaries, and committed 
to a national, as well as a local, role. Those of us who have the responsibility of 
directing the British research associations feel that we are part of an integrated 
national network, as well as being the servants of our own industries : this is 
indeed the result of partnership with government. 
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Now, after this factual and, I hope, moderately enthusiastic account of the 
British research association system, it turns out that we are confronted by a 
very disturbing statistic. It appears that research association activities represent 
probably something under 2 per cent of the research and development effort 
of British industry. Can this really have a significant effect upon our affairs? 
Well, first we have the measure of confidence in the system displayed by British 
industry : as I have said, some 70 per cent of British industry is involved. The 
industries outside the system are mostly in the modern, science-based group, 
which are weak in regard to co-operative work because they generally consist 
of large companies which are technically self-sufficient. But even this is too 
facile a generalisation : if we take the " top 300" industrial and commercial 
concerns in Britain, we find that in the years 1960 to 1966 large company 
membership has increased from just over 1,000 to over 1,300. Some of the 
large firms not involved with the grant-aided research associations are, of course, 
concerned in another form of co-operation through private-that is, non- 
grant-aided-organisations, of which there are, interestingly enough, about 12. 

What then, does this 2 per cent mean? It clearly does not mean that industry 
has no confidence in the system : it could well mean the recognition of a quite 
large amplification factor resulting directly from co-operation. This amplification 
factor has in fact been put as high as 100 : my colleague Dr. Douglas Hill, 
addressing the Parliamentary and Scientific Committee in 1961, said that on a 
conservative estimate the direct benefit to industry today from the work of 
the research associations is something in excess of f 100,000,000 a year. This 
is indeed an amplification factor of around ten : I have quoted the higher figure 
just because it in turn has been quoted from time to time. 

How have the research associations achieved this? There are obvious 
advantages in co-operative laboratories which 1 need not specify--economy 
in man-power, equipment and real estate. But, additionally, as a matter of 
historical development, the British research associations have such close contacts 
with the industries they serve that they are indeed deeply involved in their 
problems, so much so that their outstanding achievement over the past 40-odd 
years has not been so much in the achievement of the spectacular " break- 
through "-although instances are not lacking-but in completely changing 
the climate of the industries they serve, so that productivity, efficiency and 
quality are continually advancing. The concept of the " breakthrough " as 
an index of performance is misleading and almost dangerous. A " breakthrough " 
has a powerful news value and is, instantaneously, at least, very impressive, 
but it cannot, and must not, break our commitment to the continued evangelism 
for a belief in a better understanding of the scientific background and the 
deployment of scientific techniques. I do not know that one can even plan for a 
" breakthrough, " but we can and must plan for the unremitting advance of 
our scientific and technological frontiers, and this in the main is what the 
research associations have done, and have done well. 

Looking back over the years since the end of World War I, it is difficult to 
see how industry, particularly traditional industry, could have sifted through the 
massive volume of technology it had inherited and could have placed it on a 
good scientific foundation without the research associations. It is never very 
fashionable to applaud government in this country, but it has been a remarkable 



1966 F O U N D A T I O N  L E C T U R E  711 

piece of non-political government over the years to have provided an external 
stimulus-indeed, a nucleating force-which has enabled industry to face this 
situation. This perhaps does not mean so much to those industries which 
sprang, fully-armed, from the laboratory bench-chemical and petro- 
chemical industries, pharmaceutical, communications and the like-but to 
those industries which started far back in the fields, like yours and mine, it 
has proved a most effective catalyst, and as I have said, the main return has 
been the change in industrial climate and the continued revitalising of those 
basic industries which are still our economic strength. Part of this exercise has 
been the encouragement, overt or covert, by the research associations, of the 
growth of scientific and technical man-power within the industries they serve, 
and the help they have given in setting up laboratories, however modest, in the 
firms themselves. Indeed, any research association must stake a claim in the 
wider field of education and training in and for its industry, or it will be operating 
in a vacuum. 

The research associations have carried out a good deal of objective basic 
research which has been, on the one hand, beyond the scope of individual 
firms and, on the other, of a kind outside the interest of university schools. 
The sort of work they have to do is dictated by the necessity of looking ahead 
in their chosen field, and has to be tackled irrespective of how difficult it may be 
and whether it corresponds to any particular field of academic interest. 
Numerous important techniques have emerged from research association work, 
one of the most notable being partition chromatography, developed at the 
Wool Research Association. 

A little-publicised but immensely valuable part of the work of the research 
associations is the contribution made to health and safety in industry and in the 
community. Again, it is difficult to see how this contribution could have been 
made quickly and effectively other than by co-operative effort. In my own 
industry we have successfully developed protection for the operative against 
the fearful hazard of silicosis: we are now involved in a joint enterprise with the 
Cast Iron and Steel Castings Research Associations directed to an attack over a 
wider front on the mineral dust hazard. Safety devices of every kind, hygiene in 
food factories and laundries, radiation hazards-to all these and many others 
research associations have made massive contributions. And in doing this the 
research associations have done magnificent liaison work between the Factory 
Inspectorate and the industries themselves. 

There is in some quarters an inclination to regard research associations as 
trouble-shooting agencies. I insist that this is only a subsidiary role, but it 
represents still a formidable force. It is of benefit to the smaller firms, but it is 
even more valuable to the larger firm with some scientific or technical staff 
of its own. There is no doubt that this sort of service contributes immensely 
to the establishment of the right climate for development, and it is peculiarly 
a product of co-operative effort because it depends utterly upon the accumulated 
know-how and expertise of the research association staff, which in turn is based 
on their wide and peculiar experience of their industries' problems. 

Another contribution made by research associations is in the establishment 
of standards and specifications, and especially in dealing with foreign 
specifications which could bear heavily on export trade. A single firm, or  



712 N. F. A S T B U R Y  JOCCA 

even a trade association, could well find itself powerless here, and the research 
association can provide the protection and advice necessary to place the home- 
made product correctly against its foreign competitor. Whether Britain formally 
enters the European Common Market or not, there is a great amount of 
technical interchange and movement towards standardisation with our European 
friends, and again a research association is certainly the best, and in some 
cases the only suitable, agency for this work. 

Co-operative research in other countries 
Before we go on to consider the reverse of this attractive coin I have been 
spinning before you, it may be worth while to comment upon the scene 
elsewhere: the co-operative research organisations in other countries. There 
are about 180 research associations in Europe, one third of them in Western 
Germany, and about 130 other forms of co-operative research organisation, 
not receiving government support. We in CDRA have during the past year 
made occasion to visit Europe to see at first-hand how these organisations 
operate. There is a great diversity in operating philosophy and in financial 
structure and, of course, a historical background quite different from that 
of the British prototypes. Unique amongst world organisations is the Netherlands 
TNO structure, which is a body set up by government and underwritten by 
government, charged with developing industrial research. It has discharged 
this responsibility by setting up a number of research institutes, some of which 
operate as research associations, with trade associations rather than individual 
firms as members. Indeed, TNO could, in principle, function without 
industrial support, but it would not wish to do so. Nevertheless, the total 
industrial support of TNO is much less, proportionally, than in the United 
Kingdom. A somewhat similar system operates in Norway under the Royal 
Norwegian Council for Scientific and Industrial Research. Both the Central 
Organisation TNO and the Norwegian Council are voted a sum of money 
by the respective parliaments to deploy as they think fit. In Norway, the 
Council has set up a Central Research Institute, which does a good deal of 
sponsored research in the field of applied physical sciences, while Norwegian 
industry has set up its own research associations independently. Now the 
Central Council is beginning to consider support to these research associations 
as their financial burdens increase. 

In Germany, almost 80 per cent of the co-operative bodies are connected 
in some way with the Technical Highschools. They receive money both from 
the Federal and Lander governments, but only against approved projects, and 
this is distributed by a body called the Arbeitsgemeinschaft Industrieller 
Forschungsvereinigung e.V. (AIF) which acts as a negotiating body between 
the Institutes and the governments. The German associations have as great, 
if not a greater, stake in training for industry as in applied research, and 
indeed this close partnership between education and research is one which we 
should examine closely ourselves. 

In France, many of the co-operative " Centres Techniques " have been 
established under the law of 1948, which provides for a statutory levy, raised 
as a tax within the Annual Finance Act. Thus government has no direct 
investment in these organisations, but has provided the legislation whereby 
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they have their being : the French government, however, reserves the right to 
certain appointments on councils and has certain powers of veto. 

To British eyes the continental scene presents, perhaps somewhat 
meretriciously. a picture of financial stability which we might envy. What it 
does not show, however, is that close contact with industry which, as I have 
said, is our great strength at home. Indeed, even in America, where I know 
some co-operative bodies in my own area of interest, 1 am not persuaded that 
this intimate involvement in industry is really apparent. Curiously enough, 
in spite of these differences and in spite of the different historical backgrounds, 
it is clear when we talk to our colleagues overseas that we have all just about 
contrived to reach the same problems at the same time by vastly different routes. 
These are basically problems of manpower and money : they derive from the 
circumstance that industry's desire for scientific services and investment in 
research now appears, everywhere, to go beyond industry's ability to pay. 
There, you note, 1 have deliberately said ability, not willingness. This is a hard 
economic fact : research, even at the level of scientific services, is a nionumentally 
expensive exercise, and the time is fast approaching when expenditure on this 
essential element of our modern life has to be rationalised. As I have said 
elsewhere, all rational research is good, but only some is timely, and it is 
increasingly the responsibility of those concerned with science, either at a 
national or lower level, to realise the truth of this before we have lost the 
balance between what is intellectually exciting and what is economically 
necessary. Again, 1 hope 1 have chosen my words carefully: I have spoken 
of balance. In no circumstances could a nation such as ours not afford to invest 
in the pursuit of knowledge for its own sake: without this, not only would our 
own technology fail to advance, but we could no longer avail ourselves of 
advancing technology elsewhere. But equally we must advance our technological 
frontiers, and the plain truth is that at the moment we do not seem-and we 
are not alone in this-to have either the men or money to do both on the scale 
we should like. These are the vital raw materials of research and they must be 
conserved and rationally deployed. 

Investment in research 
How much money is spent on research? While absolute figures are impressive, 
if only for their astronomical size, they are meaningless unless related to some 
index of economic activity. One such index is the value of the gross national 
product : another is based on the investment per head of population. The 
figures I am about to quote are taken from a recent issue of the OECD 
Observer, a journal to which I make my acknowledgements. The figures 
refer in fact to 1962 : there is always a time lag in producing reliable statistics 
of this sort. 

In the UK,  with a GNP of about £28.5 x lo9, our gross expenditure on R and 
D was E634m or 2.2 per cent. Of this, about £250m, representing some 0.9 
per cent of the GNP, was spent on R and D for defence purposes, so that about 
1.3 per cent of the GNP was spent on civil science, representing about £8 per 
capita. In the rest of Western Europe, the total expenditure was around 1.5 
per cent, the civil element being about 1 to 1.2 per cent, while in America the 
figures are 3.1 per cent and 1.6 per cent, so that here nearly one half the R and D 
effort is directed towards defence and space research. As far as civil R and D 
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is concerned, the American expenditure per capita was about f 16. It is believed 
that for USSR the total figure may be as much as 3 per cent. While these 
statistics are interesting and give one an appreciation of the magnitudes involved. 
we also have to remember that research costs, in which the principal element is 
likely to be research salaries, differ from country to country, and it has been 
estimated that US costs are at least 50 per cent greater than in Western Europe. 
where costs again are about double those in USSR. 

As to manpower, the total investment in R and D in America is 1 .lm people. 
just about twice that in Western Europe and five times that in UK. Setting 
these figures against working population, in America about 1 per cent of this 
body is involved in R and D compared with 0.6 per cent in UK and about 
0.4 per cent in Western Europe. Russia must be somewhere between UK and 
USA and probably nearer the latter. 

1 think these figures focus our attention upon the need to distinguish between 
percentages and absolute values. Suppose we have a small sector of industry 
worth about f5m and suppose this undertook to contribute to a co-operative 
research venture at the rate of 0.2 per cent, which is somewhere near the mean 
for British research associations. This yields £10,000, which would pay for no 
more than three or four qualified men with support staff. It is a reasonable 
contribution but yielding a scarcely viable working unit. In the same way. 
a small country like the Netherlands investing 4.5 per cent of its manpower 
in R and D can only produce a total R and D force of 33,000, of which about 
one third are qualified scientists and engineers. Higher investment in scientific 
activity, however statistically beguiling and however alluring, must inevitably 
react upon other vital aspects of the economy, notably management and teaching. 
Once again we face the problem of balance, and to achieve this feat of equili- 
bration we have to ask how far economic growth is really related to investment 
in science. That it is related is manifest : in almost every aspect of our life, the 
situation has been transfromed, for good or ill, within the lifetime of most of 
us, simply because more and more science has been injected into the system of 
living. But the hard fact is that although we believe we see this relation, it is by 
no means a simple linear association. Indeed, Professor Bruce Williams, who 
has put in a good deal of work in this field, is on record as saying that there is 
no significant positive relationship between the research and development 
rate and the economic growth rate, and he points out that Britain and America, 
clear leaders in the former, are near the bottom of the table in industrial growth. 
You may argue that Britain and America had reached a point on the curve 
where the slope was falling off, and that the others in the race were so far behind 
that they are still enjoying the region of high gradient. Be this as it may, it is an 
uncomfortable fact to face. Bruce Williams has in fact offered some cogent 
comments on possible reasons, but by far the most powerful, in my view, is that 
in which he says that the important part of the whole process is not the overall 
expenditure but the scientific manpower at the back of it. 

The manpower conflict 
We see, indeed, in the problem of manpower, craft pitted against craft once 
more, and making no living. I spoke earlier of the risk of losing the balance 
between what is intellectually exciting and what is economically necessary : 
it is easy to translate this problem into the balance of manpower. Not only 



1966 F O U N D A T I O N  L E C T U R E  71 5 

is this in short supply, but urgent demands are put upon it from all quarters. 
The more we put into research the less, as 1 have already pointed out, will be 
available for other vital activities. In speaking of the German scene, 1 noted that 
a substantial effort went into training men for industry : the men so trained 
actually go into industry, and indeed it seems very likely that the Germans use 
a higher proportion of their qualified scientists and engineers in productive 
industry than we do. Again, Bruce Williams suggests that there is a vast amount 
of evidence that, could we but deploy more scientific manpower in production 
and related processes, then would we bring about a faster and more extensive 
application of science to industry, and with it a greater economic growth rate. 
You may well point to USA and remind me that there it is always argued that 
productive industry employs a high proportion of scientific manpower, and 
yet is lagging behind in economic growth rate. Well, this is a fact, but we do not 
have all the data : is it once again the distinction between percentages and absolute 
values ? 

1 am now going to make a point which may well shock you. I was a few years 
ago a lone voice, but now I believe 1 have many supporters. The observation 
with which I shall shock you is that I believe our investment in education has 
gone adrift and that the balance between investment in universities and the rest 
L 

of our requirements has been seriously disturbed. I believe that too many people 
are going to universities for the wrong reason and that far too many people 
are remaining at universities to do research which, however good, is not 
necessarily timely, and too much of our scarce manpower is being sequestered 
in areas remote from our real economic needs. 1 have felt this for some time : 
it was sharply focused for me when recently I interviewed a young man for 
appointment at my laboratory. He was eminently suitable : he could have 
joined at a salary not far short of &1,000 p.a. and he could undoubtedly within 
three years have made a valuable impact on a problem which is not merely the 
concern of my industry, but which is of some significance nationally. He has 
opted to accept a research grant and to stay on at university to work for a 
Ph.D. This he will undoubtedly get : he will complete a research which, as I 
have said, however good is not likely to be particularly timely ; he will have 
cost the country perhaps f 10,000 and at the end of it all he will not necessarily 
be better 2r worse fitted for a task in industry than he is at present. Is this a 
good investment in manpower ? 

A recent White Paper gives the estimated government expenditure on research 
and development for various sectors. In the current year, 25 per cent goes to 
universities, 9 per cent to the Ministry of Technology and 16 per cent to the 
Science Research Council. The Ministry of Technology is indeed the low 
man on the totem pole : 20 years ago DSIR had 50 per cent more than the 
university investment. 

In putting these views before you 1 am not in any way condemning our 
universities. 1 am urging that in this moment of history we have our balance 
wrong and that we are not really earning enough as a nation to spend our 
money in this way. How then do we redress the balance? I think we begin by 
saying that the universities, particularly those of great tradition, must be 
sustained as the nurseries of pure science and that there must be a minimum 
national investment in this. A chosen few of the best graduates must remain to 
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carry on the torch of learning and discovery-1 have indeed said earlier that 
without this we could not advance the frontiers of technology. Some of the 
others must be encouraged to go directly into industry, to industrial laboratories 
and to research associations. If they too have their sights fixed upon a Ph.D, then 
today the means are to hand. London has always offered this opportunity, 
and some other universities now permit a master's degree to be taken externally. 
But now we have the Council for National Academic Awards, that catholic 
successor to the National Council for Technological Awards-The Hives 
Committee-which can under its charter award the degree of Ph.D for what 
is essentially extramural work. 

It is worth reflecting for a moment on the history of this, because it develops 
from a partnership between industry and government in the field of technological 
education. In 1955 the National Council for Technological Awards was set up 
by the then Ministry of Education under the chairmanship of Lord Hives. 
By a skilful integration of much of what had been known and tried before, 
the now familiar pattern of co-operative sandwich courses was established, 
leading then to the Diploma in Technology, now, under CNAA, to a bachelor's 
degree. In my view this has been the boldest and most imaginative educational 
exercise of this century. The success of the scheme lies not so much in the detailed 
tactics, for these had in some sense been explored over half a century or more, 
but rather in its enlightened strategy, for it seeks to build a man into his 
industrial career from the moment he leaves school. To do this it canvasses the 
assistance of industry both in selecting students and in providing schemes of 
training. Industry has responded well, although the burden is heavy. But one 
is impressed by the confidence of those colleges which, in their new life in the 
Robbins era, continue to pursue the pattern laid down by Hives, and by the 
appreciation expressed by the employers of those who have graduated under the 
scheme. 

Here we have a new source of trained men for industry : here we see, in the 
newer colleges of technology, opportunities for co-operation in research and 
training which might well recognise some indebtedness to the German scene. 

The research associations have, inevitably, been the outposts of what it is 
now fashionable to call the interdisciplinary sciences. It has been their especial 
task to produce a race of converts from the classical disciplines of science to 
tackle the regrettably unstylised problems of industry, and to do this some 
excursion into education has been inescapable. The most obvious task is that of 
securing a recognition of industrial problems and training needs, and a first 
step here has been taken over the years by the appointment to university staffs 
as honorary lecturers of people from research associations which are either 
geographically or technologically closely placed to the university. It is, indeed, 
very much the ambition of the principal of one of our famous colleges of tech- 
nology to see this idea extended to actual secondment and interchange of staffs. 
In addition to this sort of link, many research associations sponsor work at 
universities and colleges of technology, and provide occasional lecturers for 
short courses. The essential return from these exercises is not so much the 
completed research report, but rather the continuing awareness in the university 
of the problems of industry and of the possible avenues of employment for its 
graduates. 
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Research associations have been quick to support the Dip.Tech. scheme, 
both by providing training places-and here your own Paint Research 
Association has an impressive record-and by helping to establish new courses. 

As technical colleges develop, perhaps into Colleges of Advanced Technology, 
and as CATS themselves assume a steady state, we are made aware again of 
the philosophy which argues that good teaching at high level cannot proceed 
without good research schools. In this transient phase, it is not always easy to 
see how a coherent research policy can emerge in a college : staffs are new, and 
are anxious to retain their individual interests, while their conditions of service 
often leave only marginal time for research effort. Research associations are 
surely in a strong position to help establish growing points for research in these 
developing colleges, and perhaps to encourage a more generous outlook in the 
allocation of staff time to research. 

Quite apart from their conjoint efforts with established centres of education, 
research associations do an immense amount of teaching by " direct approach. " 
There can be few, if any, research associations which do not hold regular schools 
and conferences within their own walls, ranging from simple exercises in training 
in techniques for the younger people in industry to high level internationally- 
based symposia. That the research associations will have an important role as 
ITA develops is certain. 

One positive move of very great interest is the recent re-establishment of 
the Hydromechanics Research Association on the campus of the College of 
Aeronautics at Cranfield. The crystallisation of the fascinating possibilities 
of this situation will deserve close attention and one would hope to see a 
prototype pattern emerge which might form the basis of new conjoint institutes. 

Conclusion 
" Craft against craft makes no living." Have 1 indeed in this survey of some of 
the characteristic economic, industrial and educational conflicts of this present 
age, contrived to establish this thesis? You will decide, but I at least am 
persuaded that, in presenting to you the story of the British research associations, 
I have shown that craft moving with craft here has been a most profitable 
exercise. What I have not ventured to say is whether craft against craft is good 
or bad when we move from research to development-when we step across the 
development gap which separates the laboratory from the production unit. 
It may well be that here the thesis is not wholly tenable: the normal forces of 
industrial competition will always drive the livelier, more efficient firm ahead, 
even though all start with the same advantages of research. 

But the first of our real conflicts is not this : it is the conflict between the 
urgent need to provide science for industry and the ability of industry to pay. 
How far should government support develop? That the research associations 
have a national responsibility I believe 1 have demonstrated to you : this alone 
provides sufficient case for government involvement, but it tells us nothing about 
the magnitudes involved. Government is to diversify the activities of some of its 
own laboratories : how far can this be made a real investment in industrial 
research? Do we simply replan research programmes, or do we re-deploy staff? 

The manpower conflict is perhaps more formidable even than this financial 
conflict : inevitably, the two are mutually entangled. The present position is that 
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the universities and SRC together spend more than four times that spent by the 
Ministry of Technology. The concomitant aspect of this is that more people 
are being consumed by the universities than the nation can at present afford. 
1 have already suggested how the balance might be redressed even if the conflict 
is not fully resolved. More graduates should be persuaded to go directly into 
industry on graduation and perhaps return later for doctorate studies or to take. 
advantage of the CNAA post-graduate schemes. 

Finally, how far is training or education a responsibility of co-operative 
research bodies? There is an obvious acknowledgement of this responsibility in 
the present exercises of many research associations-can this conflict be finally 
resolved by conjoint institutes? 

I must leave you with these questions : if I have engaged your ear and perhaps 
beguiled your minds with my observations upon our present scene you will 
perhaps allow that 1 have discharged the agreeable task which has been laid 
upon me today. 
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Tramsactions and Communications 

The decoration of polyolefines 
for packaging* 
By C. R. Pye 

Flexitainers Ltd., Bessemer Drive, Stevenage, Herts. 

Summary 
A survey is made of the various methods used for the pretreatment of polyolefine surfaces 
to ensure satisfactory adhesion of printing inks and other surface decoration. This is followed 
by a consideration of the various printing processes, particularly dry offset and silk screen, 
and the necessity for the use of barrier lacquers to decrease the permeation of certain types 
of chemical compound is emphasised. Examples are given of the use of different types of 
lacquer and comparisons made of their effectiveness in reducing the permeability characteristics 
of a series of chemical compounds such as are used in, for example, adhesives, cosmetics, 
medicaments, etc. A comparison is also made of the permeability characteristics of a series 
of typical commercial products which could be packaged in low density polyethylene 
containers. Consideration is given finally to two methods of decoration not involving the 
use of fluid decorating materials, i.e. hot foil stamping and a hot transfer process. 

La decoration des polyolefines destinees aux emballages 

On passe en revue les methodes diverses propres au  traitement preparatoire des surfaces 
de polyolkfine pour assurer I'adhesion satisfaisante des encres d'imprimerie et des autres 
types de decoration superficielle. Puis on considere des procedCs d'imprimerie, surtout l'offset 
a sec et le pochoir sur soie. La nkcessite de d'utiliser des vernis-barrieres afin de faire rkduire 
la penetration de certains types de composes chimiques est soulignke. On pose des exemples 
de I'emploi des types divers de vernis et I'on fait des comparaisons de leur efficatite pour 
reduire la permdabilite d'une skrie de composes qui se trouvent, par exemple, aux adhbifs, 
cosmetiques, et medicaments, etc. On fait egalement une comparaison de la permkabilite 
d'une serie de produits typiques de commerce que l'on pourrait mettre en emballages de 
polyethylene de densitt faible. Enfin on wnsidere deux proc6dCs de decoration qui ne 
renferment pas d'utilisation des matkriaux liquides de decoration, c'est-&-dire, I'estampage a 
chaud de feuille plastique et un procede de dkalquage a chaud. 

Das Verzieren von Polyolefinen fiir Verpackungen 

Zusammenfassung 
Ein Uberblick uber die verschiedenen zur Vorbehandlung von Polyolefin-Oberflachen iiblichen 
Verfahren, welche eine geniigende Haftung von Druckfarben und anderen Oberflachen- 
dekorationen sicherstellen sollen, wird gegeben. Die Betrachtung der verschiedenen Druckver- 
fahren schliesst sich an, insbesondere des trockenen Offset- und Siebdrucks, wobei das 
Erfordernis Isoliergrundlacke anzuwenden, um das Durchschlagen gewisser Arten chemischer 
Verbindungen herabzusetzen, betont wird. Es werden Anwendungsbeispiele fur verschiedene 
Lacksorten gegeben, und deren Wirksamkeit bezuglich Herabsetzung des Durchschlagens 
einer Anzahl chemischer Verbindungen, die z.B. in Klebstoffen, Schonheitsmitteln, 
Medikamenten etc. vorkommen, verglichen. Ebenfalls werden die Durchschlagscharakteristika 

*Presented to the London Section, 16 September 1965. 
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einer Anzahl typischer Handelserzeugnisse, die sich fiir das Verpacken in Behaltern aus 
Polyathylen von niedriger Dichte eignen, verglichen. Schliesslich werden noch zwei weitere 
Verzierungsmethoden, die keine fliissigen Mittel erfordern, betrachtet namlich das Aufdrucken 
heisser Folien und ein Abziehbildverfahren, bei dem Hitze angewandt wyd. 

B~II~OJIHS~TCR 0630p pa3nM'IHbIX MeTOAOB yno~pe6nRe~blx B npell~apM~eflb~0fi 0 6 p a 6 0 ~ ~ e  
n o n ~ o n e ~ u ~ o ~ b r x  n o ~ e p x ~ o c ~ e e  c uenbto 06ecneqe~~n  y a o m e r ~ o p ~ ~ e n b ~ o f i  a n r e 3 ~ ~  
nesaTHbIx YepHMn H npyrux noeepxHocrHblx n e ~ o p a u ~ f i .  3 a ~ e ~  cnenye-r 0 6 c y m ~ e ~ n e  p a ~ n ~ s -  
HbIX neYaTHbIX IIpOUeCCOB, B SBCTHOCTH C Y X O ~  O @ C ~ T  M LlleJI~o~blfi 3KpaH, M n0nYepKMBaeTCR 
H ~ O ~ X O A U M O C T ~  npHMeHeHHR IlperpaXnakOLUHX naKOB nJlR YMeHbllleHMR IIPOHMUaeMOCTM 
HeKOTOpbIX THIIOB XHMHYeCKHX COCTaBOB. npH~eJleHb1 npMMepb1 npHMeHeHMH pa3JlHYHbIX 
TMnOB naKOB H CpaBHMBaeTCR MX ~ $ ~ ~ K T R B H O C T ~  B CHMXeHMU XapaKTepMCTMK npOHMUaeMOCTM 
PRna XMMHSeCKUX COCTaBOB KOTOPble nPMMeHRtoTCR B npOM3BOnCTBe, HanpMMep, KJleeB, 
KOCMeTUYeCKHX H MenHKaMeHTHbIX H3~enUfi. C P ~ B H M B ~ W T C R  TaKXe IlpOHMUaeMble XapaKTep- 
HCTHKU pRAa TUnHYHbIX TOprOBblX npOnyKTOB r0AHbIX YnaKOBKM B HM3KO-nnOTHblX 
nOnA3THneHOBbIX COCynaX. H ~ K o H ~ U  paCCMaTpMBaIoTC5l nBa MeTOAa AeKOPaUUH B KOTOPblX 
He IlPAMeHRlOTCR XMAKMe AeKOpaTMBHble MaTepMaJIbI, T.e. WTaMnOBltd Ha $0JIbre H npOUKC 
ropnsero nepeaoca. 

Introduction 
The packaging industry uses both thermosetting and thermoplastic materials 
but, as the bulk of the former are used primarily as closures for containers, 
the thermoplastic materials are those of principal interest so far as decoration 
is concerned. Of these, the greatest usage is to be found in the polyolefines. 
These polymers are used as extruded films for wrapping purposes and for the 
production of bags, as blow mouldings for bottle manufacture and squeeze 
tubes, and as extrusions for the bodies of composite containers, occasionally 
in combination with metal ends and sometimes with injection mouldings for 
the manufacture of squeeze tubes. Polystyrene is also fabricated by injection 
moulding to produce such packages as vials for cosmetics and pharmaceutical 
products ; polyvinyl chloride has recently been blow moulded to produce 
both rigid and squeeze bottles, and polyacetals have been blow moulded to 
produce aerosol containers. All these types of packages require to be decorated 
to identify the contents, brand names, user instructions and the name of the 
manufacturer and/or merchandiser. In this paper it is proposed to concentrate 
primarily on the methods adopted to decorate polyolefines when used for 
moulded containers. 

The efficiency of the adhesion of the decoration is dependent to a very great 
extent on the treatment to which the moulded article or extruded film has 
been subjected before the decoration is applied. This pretreatment is essential 
in the case of the polyolefines to ensure the permanence of adhesion of inks, 
lacquers and paints, and is necessitated by the fact that the articles to be 
decorated have smooth, glossy surfaces which afford little scope for the 
mechanical keying and bonding of the surface coatings, and the polymers 
themselves tend to be insoluble, chemically inert and non-polar. Pretreatment 
processes, therefore, are concerned with surface modification of the plastic 
and five methods have been proposed for this purpose, viz. (1) Solvent 
immersion, (2) Oxidation by chemical treatment, (3) Irradiation processes, 
(4) Electrical processes, (5) Flame treatment. 
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Pretreatment 
In the method of solvent pretreatment the plastic is exposed to suitable solvent 
or solvent vapours, when the surface is deglazed and roughened. Solvents 
used for this purpose include trichlorethylene, perchlorethylene and toluene, 
and the usual time of exposure is 15-30 seconds. The disadvantages of this 
method are the necessity to prevent the spread of toxic or inflammable solvent 
vapours and the fact that the treated surface so produced may only have a 
limited life. To improve the length of life, particularly in the case of poly- 
propylene mouldings, a suitable resin is sometimes dissolved in trichlorethylenel 
and the article to be treated immersed in the resin solution for about 20 seconds 
when, on slow withdrawal, a thin resinous film is left on the surface of the 
plastic. This process is seldom used for film or thin walled containers such 
as bottles or tubes and this restriction also applies to the oxidation treatment 
involving chemical reaction. 

A suitable oxidation process for polypropylene involves the use of saturated 
potassium permanganate solution2 to which has been added 2.5 per cent of 
concentrated sulphuric acid, the treatment being carried out at 65-70°C for 
4-5 minutes. Another solution which has been recommended comprises chromic 
acid and a typical composition contains one part by weight of potassium 
dichromate, 20 parts by weight of concentrated sulphuric acid, and 1.6 parts 
by weight of water. Both these chemical processes suffer from the disadvantage 
that the treated plastic has to be washed carefully to free it from residual acid 
and then has to be dried before any decorating process can be applied. Other 
disadvantages are the relatively lengthy time involved and the hazards attached 
to the use of highly corrosive liquids. 

Another oxidativc process, patented by Du Pont3, employs an aqueous 
solution of a halogen, hydrogen halide, hydrogen peroxide, nitrous acid, 
alkaline hypochlorite, concentrated nitric acid or mixtures of concentrated 
nitric and sulphuric acids at 25-95OC. The use of ozone has been patented4 
where the presence of an accelerator such as a halogen or nitrous oxide 
preferably in ultra-violet light is also claimed. 

Ultra-violet irradiation has been claimed in another patent5 where the 
exposure is to the radiation from a mercury vapour tube, but this requires 
an exposure time of about 20 minutes, which makes it quite uneconomical 
for practical purposes. 

Another irradiation process proposed is that using y-radiation produced 
from Cobalt-606, but this process can lead to marked changes in the physical 
properties of the polymer due to cross-linking and there is also the disadvantage 
of the precautions which have to be adopted when handling radio-isotopes 
in addition to the cost of such materials. 

The fourth group of treatments embraces the electrical methods, some of 
which are used on a considerable scale, particularly in the USA, for treatment 
of polyolefine films and blow moulded containers. One of these processes, 
developed by the Visking Corporation7, subjects the surface of the film to 
a high voltage electrical stress accompanied by a corona discharge. The film 
is fed on to a wheel, which is earthed and acts as a movable electrode, and 
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passes between this wheel and a fixed electrode. A diagram of the electrode 
set-up is shown in Fig. 1 where A is the movable wheel electrode and B the 

Reproduced by kitid permission of the Cuntrc~llcr, HM Slutiotirry Offire, from BP 71A!)IJ. 

Fig. 1. The electrode arrangement 

fixed electrode. Voltages between 10,000 and 30,000 volts are used and these 
are produced by built-in transformers from the mains supply. The exposure 
time is quite short as may be judged from the film speed, which is of the order 
of 300-360 ft per minute. The higher the speed of travel the longer must be 
the electrode to achieve the necessary exposure time. The distance between 
the fixed electrode and the dielectric around the wheel may be between 
1 and 4 in for films of thicknesses 0.01 in. Similar processes using different 
electrode forms have been claimed in several other patents8. A disadvantage 
of this method is that pinholing can arise due to arcing between the electrodes, 
particularly when treating very thin films. A process claimedg to eliminate 
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this weakness exposes the film to a rapid electronic bombardment brought 
about by a high frequency current between two electrodes. 

The electrical process which is most widely used in practice is that based 
on the corona discharge principle and known as " D " treatment, the circuit 
diagram for which is shown in Fig. 2. It is usual to treat films by this method 

2600 cps. GENERATOR 
SYNCHRONOUS GENERATOR OUTPUT 

MOTOR r - - -  7 VOLTAGE 

---I TRANSF 

GENERATOR 
CAPACITORS ' 

VOLTAGE 
CONTROL GAP VOLTAGE I 

Reproduced by kind permission (I/' Monsut~lo Chemicals Lld. 

TREATER BAR 1 
1 

Fig. 2. The circuit diagram of the " D " treatment machine 

FILM DRUM 
C 

in-line, i.e. immediately after extrusion, in order to minimise the effects of 
additives contained in the film. The fixed electrode is usually in the form of a 
metal blade held in an insulated hinged holder as shown in Figs. 3 and 4, 
and the distance between this and the insulated roller, which is the movable 
electrode, is of the order of $ in. 

3 

r 

The effects of changes in the major process variables on the degree of 
treatment by this method were studied by Wechsberg and Webberlo. It was 
found that the degree of treatment was roughly proportional to the voltage 
applied across the electrode gap up to a limiting voltage above which there 
was a tendency for the adhesive properties to decrease. This is shown in Fig. 5. 
A similar tendency to reductio~i in adhesive properties was also found if film 
speed was increased, i.e. the time of treatment was decreased (Fig. 6). 

-continued on page 728 

- - POLYESTER COVERING 
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Fig. 3. The " D " treatment machine 
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Fig. 4. A close up view of the electrodes 
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Fig. 5. Variation of peel strength with gap voltage for three different resins 
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Intensification of treatment either by voltage increase or the use of multiple 
treaters can permit decreased time of treatment provided that the vctltage 
increase does not reach the limiting values where adhesion decrease takes 
place. A further point to be noted with this method of treatment is that marked 
reduction in heat sealability occurs with increasing intensification of treatment. 
This is shown in Table 1 .  

TaAle I 

Applied voltage 
Heat seal strength (g/in) 

120 C 180 C 
- -- -- 

1,770 1,820 1,950 

The presence of lubricants in the polymer necessitates an increase in intensity 
of the pretreatment by this method in order to obtain adequate adhesive 
properties as is shown in Table 2. 

Peel strength (g/in) 
Applied voltage 

1 No lubricant ! 0.04 % oleaniide 0.04:/, ethylene 
I his-stearamide 

Minimum peel strength for acceptable ink adhesion is 650 glin. 

The effectiveness of slip agents is decreased by delay in treatment following 
extrusion as may be seen for the figures for coefficient of friction in Table 3 
where the additive was 0.04 per cent oleamide. 
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Table 3 

I 
Applied voltage Treated in-line 

i Treated 24 hours 
after extrusion 

Base resin without additive has a coefficient of friction greater than I .  
The effectiveness of antistatic additives is generally markedly improved by 

this method of treatment and this is a very important advantage when printing 
is envisaged. 

A more detailed study of the effects of corona discharge on polyethylene 
was presented to the AlEE summer general meeting in 195811, but this paper 
was mainly concerned with the deleterious effects of corona discharge and is 
interesting from the present point of view only in showing the dangers inherent 
in this method on overtrcatment. Discussions on the electron bombardment 
and corona processes have also been published by BloyerI2 and by von der Heide 
and V / i I ~ o n ~ ~ .  

An electrostatic technique has also been reported1*, in which the polythene 
film is led, under pressure, over a friction producing body, thus producing an 
electrostatic charge. Some distance from this point the opposite side of the 
film is discharged through an earthed electrode. 

The final method of pretreatment which should be mentioned is that in 
which heat is used. Several different techniques have been claimed in which 
the heat has been applied electrically by a heating element, by hot air or by 
oven heating1" but that which has gained most popularity is the application 
of a pas flame16. This flame treatment consists basically of the application to 
the surface of the polymer of a hot oxidising gas flame for a time of 1-3 seconds. 
The equipment is comparatively simple and can usually be fully automated. 
It is important to remember that in order to achieve adequate pretreatment, 
and hence satisfactory adhesion for surface coatings, it is necessary to control 
the process very closely, particularly in respect of distance of the moulding 
from the burner, time of exposure to the flame, type of flame and composition, 
i.e. air/gas ratio of the flame. Either town gas or bottled gas may be used and 
it should be fed with compressed air in order to produce an oxidising flame 
hot enough to allow for adequate treatment in as short a time as possible. 
A normal injection of atmospheric pressure air as in the Bunsen burner is 
generally inadequate. The flame should be quiet and steady and preferably 
produced by a burner having a multiple line of small flame holes rather than 
a single flame of low intensity1'. A survey of the method and comparison 
with the electronic 'methods has been given recently by BuchellR. The process 
is said to give a treated surface which will still show satisfactory adhesion 
properties up to at least six months, so that it is not necessary to decorate 
immediately after treatment, although for several obvious reasons this is 
desirable. 
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As with the electronic process, overtreatment tends to reduce the adhesive 
properties of the surface, but it has been reported that an overtreated surface 
can be recovered to a satisfactory state by a further light treatment. A further 
similarity with the electronic process is the antagonism of adhesive properties 
with heat sealability. In both cases, therefore, it cannot be stressed too highly 
that where a satisfactory compromise of the two properties has been achieved 
with any particular grade of polymer the conditions found should be maintained 
very closely. Further, it cannot be assumed that the conditions found with 
one grade of polymer will necessarily be the same as those applicable to another 
grade of the same polymer even from the same source of supply, and 
experimental work will have to be carried out to determine the optimum 
conditions of treatment when any change of polymer identity is envisaged. 
So far as change of polymer type is concerned, a rough guide is that the ratio 
of treatment times in the flaming method for low density polyethylene, high 
density polyethylene and polypropylene is 1 : 2 : 3. 

In the light of the necessity for the experimental approach to optimum 
treatment conditions, it is equally necessary to apply test methods which will 
indicate a satisfactory surface condition of the treated polymer. Chapmanls 
described a test method using a printing ink as an adhesive between two treated 
surfaces. Boxler et al.17 described methods of improving the reproducibility 
of this test, but it has not gained widespread acceptance. The two tests in 
common use today are neither of them quantitative measures of treatment 
efficiency, although modifications designed to that end have been proposed 
to both. Both tests are extremely simple in performance and, therefore, 
admirably suited for use in a production department by unskilled operators. 
The first of these, which was foreshadowed in the work described by Wechsberg 
and Webberlo, where the peel strength of a pressure sensitive tape applied 
to the treated surface under standard conditions was measured and correlated 
with ink adhesion properties, involves the application to the dried printed 
pretreated surface of a piece of pressure sensitive tape and the subsequent 
rapid removal of the tape. Should the treatment be inadequate the tape removes 
the ink film. This simple qualitative method can be applied to film, blow 
mouldings or.extrusions, but recently a British Standard20 has been introduced 
which uses a double surfaced adhesive tape which is applied to a metal backing 
plate and to which is applied by its untreated surface a sample of the film 
to  be tested. A length of standard pressure sensitive tape is then applied to 
the treated surface of the film under standardised conditions and the assembly 
mounted in the jaws of a suitable tensometer which pulls off the standard 
tape at a fixed rate of 1 ft per minute. The load required for this operation 
is recorded as a quantitative measure of the level of treatment. 

The other simple assessment method is to dip the cooled treated surface 
into a vessel containing clean cold water when, if the treatment has been 
adequate, the surface will be uniformly wetted and the water film will persist 
unbroken on the surface for up to 30 seconds on removal from the vessel. 
If the surface has been under- or over-treated the water film will form globules 
immediately on removal from the water vessel. A similar test has been suggested 
using a solution of a dyestuff, e.g. Victoria Pure Blue Lake 0.4 per cent w/v 
in nitroethaneZf. This has the advantage that the tested article is permanently 
stained by the dyestuff and can be filed as a reference standard for correlation 
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with treatment conditions. More quantitative tests based on the fact that the 
contact angle between the surface and a drop of water is reduced by pretreatment 
have been put forward. Allan2~howed that the contact angle between distilled 
water and polyethylene was related to ink adhesion and McLaughlinZ3 developed 
this basic principle into a practical test by measuring, by means of an inclining 
platform tester, the angle at which a polyethylene surface just fails to hold a 

0 1 I 1 1 
1 0  20  3 0 40 

ANGLE O F  INCLINATION 

Fig. 7. Relation of peel strength to water drop adhesion on inclined polyethylene sample 
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water drop. Correlation of the angle of inclination with ink adhesive properties 
of the treated surface was made by comparing results obtained with the 
Chapman peel testlg and these are shown in Fig. 7. These curvcs also illustrate 
the effect of time and extent of treatment on the adhesion properties, for each 
point represents a different gap voltage. 

It may be thought that considerable space has been devoted to this subject 
of pretreatment, but it must be emphasised that it is an extremely important 
prerequisite for satisfactory decoration particularly in the case of tlie polyolefines. 

Refore starting on any decorating process. in addition to the pretreatment 
already described, it is necessary to take cognisance of the fact that all plastics 
are electrical insulators, with the result that they inevitably pick up static 
electricity during fabrication. This means that the plastic surface to be decorated. 
being charged, attracts any dust or dirt present in tlie atmosphere and no 
great imagination is required to understand the way in which this can impair 
the final appearance of decoration particillarly the application of ink films. 
Immediately before any decorative process, therefore, some device to discharge 
the plastic must be employed. In some cases this is done by the incorporation 
of chemical agents, e.g. long chain amine salts, into the plastic before 
fabrication. In other cases a surface coating of an agent designed to produce 
a leakage path for the charge is applied. Both these methods sulrer from the 
disadvantage that they affect the surface of the plastic which is to be decorated 
and might impair the application of the decoration. A more satisfactory method 
of removing the charge is to use an ionised air flow over the surface which 
neutralises it. This airflow must be applied up to the time of application of 
the decoration to prevent a reaccumulation of static which can occur very 
rapidly. 

Printing 
Three principal methods are used for decorating plastics by printing processes ; 
flexographic or photogravure being largely used for continuous film printing. 
silk screening being used for bottles, particularly those of body shapes other 
than cylindrical, and off-set letterpress, sometimes known as " letterset " or 
" dry offset" due to the fact that no water is required as the printing plate 
used is in relief. 

It is not proposed to describe these various processes in detail as this has 
been covered adequately in a series of recently published  paper^^".'^^ 26. In 
all these cases, however, it has to be remembered that the surfaces to which 
the printing ink has to adhere are substantially non-absorptive and, in the 
case of the thermoplastics which are the principal plastics being considered 
here, the distortion temperatures are comparatively low so that stoving types 
of ink such as those normally used for metal decoration cannot be used. 
Furthermore, as the process is normally required to be carried out by a mass 
production method on a continuous basis and not in batches, in order to 
restrict the plant to reasonable dimensions it is necessary to restrict the drying 
time of the ink quite severely. It could be said that, at the best, a forced air 
drying technique is suitable although occasionally, particularly with silk screen 
printing, air drying inks are used. Conveyor type ovens are usually used through 
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which the printed objects pass on a series of pegs attached to a continuous 
chain. Typical stoving conditions used in such equipment are 10-20 minutes 
at 65-70C in the case of low density polyethylene and 5-15 minutes at the 
same temperatures with polystyrene. A further restriction is applicable where 
the printed objects are designed for use in the packaging of foodstuffs as both 
media and pigme~lts or dyestuffs must be selected such that there will be no 
contamination of the foodstuff to be packaged. This is particularly important 
in relation to the use of flexographic inks on thin packaging films where the 
ink ingredients may well permeate the thin plastics films used. There must 
also be no residual odour from the inks used for printing packages designed 
to contain cosmetics, pharmaceuticals or food products. 

In the case of ofl-set printing it is necessary to formulate an ink which will 
neither dry on the rollers nor be absorbed by the transfer rollers or blanket 
in order to obtain adequate printing definition and yet a t  the same time be 
capable of the extremely fast drying properties noted a little earlier. Satisfactory 
inks have been produced using media drying by oxidation and reduced for 
application with high boiling slow evaporating solvents. Two-pack inks have 
also been applied satisfactorily using both epoxy and polyurethane bases, but 
these have been used more in silk screen printing than in off-set, as with the 
off-set roller set-up it is necessary to use rollers covered with a synthetic rubber 
of the butyl type to prevent the absorption of the medium which is liable to 
occur with such of the more common coverings as natural rubber, acrylonitrile 
or chloroprene rubbers. Flame drying of some of these types of ink has also 
been satisfactorily used, a new technique which has materially assisted in the 
solution of the problems of obtaining the necessary rapid drying associated 
with adequate application properties. 

One type of ink which has been put forward for off-set printing and which 
is claimed to be applicable to unpretreated polyethylene and to give good 
adhesion is of interest. This is a thermal diffusion type of ink. Printing properties 
on a dry off-set machine are certainly very good and there is no doubt that, 
even with the restricted drying conditions permissible with low density 
polyethylene, the print has good adhesion to the base plastic even to the extent 
of satisfying the adhesive tape test. Llnfortunately the disadvantage which, so 
far at least, has restricted the acceptance of this type of ink is that which makes 
it dry so satisfactorily, namely the diffusion properties, for whilst the print 
obtained initially is extremely clear, after drying the edges are quite blurred 
due to the diffusion into the plastic. In consequence it is a t  the moment quite 
impossible to print letterpress, particularly the fine type so often required on 
cosmetic and pharmacei~tical packages, so that a legible result is obtained. 
It might be applicable where large rather diffuse designs are required, but 
these are so few and far between that at the present stage of development 
this type of ink is only a curiosity. 

Lacquering 
Whilst many of the inks used today on plastics will give a high gloss film, 
it is usually necessary to consider the application of an overprint varnish in 
order to produce a uniform finish to the container and to protect the ink film 
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from damage by scuffing or abrasion. In the case of low density polyethylene 
in particular, there is, however, a further reason because one of the unfortunate 
intrinsic properties of this particular plastic is the tendency for certain products 
to permeate through the walls of the container without any obvious chemical 
or physical deterioration of the polymer. Amongst these danger materials are 
hydrocarbons and other organic solvents such as might be incorporated into 
adhesives, etc. ; essential oils and perfumes as contained in cosmetics. One 
has only to smell a polyethylene tube of a hand cream, for example, to become 
aware of this fact. Permeation of these ingredients from the packaged product 
can result ultimately in a severe reduction of the contents or even a change 
in the properties of the product. Further, certain gases also will permeate 
through polyethylene and here one should mention particularly oxygen. Again, 
permeation of oxygen from the air can cause deterioration of the product 
inside the container. Table 4 shows some of the figures published for permeability 
of low density polyethylene compared with other polyolefines used for packaging. 

Table 4 

Permeability at 20°C 
cc/sq cm/sec/cm Hg/cm thickness of film 

Low density / High density Polypropylene 
Polyethylene Polyethylene 

Oxygen .. . . 
Carbon dioxide . . 
Hydrogen . . . . 
Nitrogen .. . . 
Methane . . . . 
Water vapour . . 

It is necessary, therefore, to apply an overall coating of a suitable barrier 
lacquer to reduce this permeation problem. It has to be admitted that to date 
no barrier coating has been found which will completely eliminate the problem, 
but a great deal of work has been carried out, and various types of surface 
coatings have been put forward ranging from solutions of other lacquer-type 
polymers, e.g. vinyl co-polymers and polyvinylidene chloride, to conversion 
coatings of the alkyd, alkydlamine and epoxy ester types, to the two-pack 
epoxy/amine or epoxy/polyamide types. 

Amongst the properties necessary in a commercially satisfactory barrier 
lacquer, in addition to the intrinsic barrier properties, are (a) application 
properties, i.e. viscosity, solids content, viscosity stability under working 
conditions, (b) film properties, i.e. flexibility, gloss, initial good colour, colour 
retention, flow. In many cases the application is by roller coater and a typical 
example of such a machine is shown in Figs. 8 and 9. The lacquer is placed 
in the tray A into which dips a steel pick-up roller B. The lacquer film thus 
picked up is doctored off by an adjustable doctor/transfer roller C and the 
doctored film is then transferred to a rubber blanket D which in turn comes 
into contact with the object to be coated which is carried on a rotating mandrel 
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Reproduced by kind permission of Alfons Mall KG. 

Fig. 8. Sectional view of the barrier lacquer application machine 

E. In this way a film of constant wet thickness can be applied to the object. 
This description of the operation of the machine also explains the importance 
of the consistency in application properties of the lacquer, particularly the 
viscosity stability. The continuous rotation of the pick-up roller in the lacquer 
causes a considerable degree of agitation of the lacquer resulting in aeration 
which can cause marked variation of viscosity of the lacquer over a continuous 
period of operation by both solvent evaporation and the chemical effect on 
the ingredients of the lacquer. 

As the film thickness which can be applied is limited by the necessity for 
the film to flow out to an even thickness on the coated object without running 
or tearing, it is obvious that the solid content of the lacquer has to be fairly 
high and this generally rules out such film forming polymers as vinyl and 
vinylidene resins where the molecular weight necessary to give good film 
properties invariably places a restriction on the solid content which can be 
attained with a reasonable application viscosity. Such polymers also usually 
require powerful solvents in order to obtain stable solutions and this factor 
can have an adverse effect on the films of printing ink to which the lacquer 
is applied. The use of two-pack lacquers has already been mentioned, but 
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Fig. 9. View from above of  the barrier lacquer application machine 

these have the great disadvantage of comparatively short (3-4 hours) pot life 
if the films produced are to have satisfactory drying properties ; in  fact it 
has been reported that it is necessary when using this type of lacquer to throw 
away the coiltents of the lacquer tray at least twice per day. This is obviously 
a very uneconomical procedure, particularly when it is remembered that the 
initial cost of the lacquer is comparatively high. The necessity for high solid 
content in the lacquer is also to some extent governed by the gloss requirements 
of the finished film which should be of a high standard i n  view of the importance 
of this property to the final appearance of the coated object which. in many 
cases, particularly in the field of cosmetic packages, can be a vital factor in 
successful marketing. A minimum figure for gloss as determined by a 45" 
standard gloss meter is 60-65". Initial colour is also of extreme importance 
in this respect when, as so many of the packages are based on white plastics 
and the colours of the inks are frequently very carefully chosen to produce 
artistic effects, a lacquer giving a slightly yellow finish would be completely 
unacceptable. Colour retention of the film is of importance for the same reasons, 
but the major causes of discolouration in this field are usually the products 
which are being packed and in particular the ingredients of those products 
which can permeate the plastic and attack the lacquer from beneath. Many 
otherwise excellent barrier lacquers have proved to be unacceptable because 
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of the yellowing caused by attack of, e.g. perfumes, in the product. This same 
problem is frequently encountered also in the choice of inks where, although 
the ink may appear to be resistant to smearing by the product on the outside 
surface, extended storage of the package with the product inside will cause 
discolouration. As examples of these effects, certain polyethylene tubes known 
to be overlacquered with an epoxy two-pack lacquer showed decided yellowness 
after storage when containing various types of hand cream, and a polyethylene 
tube decorated with a metallic ink and overlacquered with an alkyd/amino 
type of barrier lacquer, whilst showing no discolouration of the lacquer film, 
showed definite greening of the metallic ink when stored containing a certain 
type of shaving cream. 

As was stated before, no lacquer has yet been produced which has succeeded 
in completely eliminating permeation through low density polyethylene, but 
results obtained on long-term storage of various products in tubes coated 
with various types of barrier lacquers are shown in Figs. 10 and . I  I .  

0 

- ALKYD/AMINO - EPOXY ESTER 

0 - HIGH M.W. EPOXY - UNLACQUERED 

I 

Fig. 10 (above). Methylated spirit Fig. 11. White spirit 
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The tests shown in these figures were carried out by filling a known quantity 
of the product into a 1 in diameter polyethylene tube and weighing it at intervals 
during storage in a temperature controlled oven. The rapid permeation of 
hydrocarbons is shown by the complete loss of white spirit, in 13 days in the 
case of an unlacquered tube. Lacquering with an alkyd/amino type lacquer 
extends this period to something over 60 days. An epoxy ester lacquer gives 
extension to 21 days, but a high molecular weight epoxy resin lacquer allows 
complete permeation in much the same time as the unlacquered tube. Similar 
tests have been carried out using ethyl acetate, carbon tetrachloride, benzene. 
xylene, acetone, water and methyl salicylate. The test procedure was also 
carried out at room temperature when the permeation rate was considerably 
lower. Results obtained in these tests are shown in Tables 5 and 6. 

Tabk 5 

Rooni teniperature permeability 

Per cent loss of weight of prod~rct 

Ethyl acetate . . I  32.2 1 33.4 1 35.01 39.39 

Solvent 

- 

Acetone . . - 1 43.4 1 15.24 
1 (48 days) 

I 

Alkyd/arnino 
lacquer 

Methylated spirit 1.36 1 2.74 1 0.84 1 1.10 

Epoxy ester High MW 
lacquer epoxy lacquer 

Carbon tetrachloride 

White spirit . . 49.92 I 90.1 i 100 I 62-0 1 (76 days) 

Unlacquered 

100 100 
(28 days) (28 days) (27 days) (27 days) 

Benzene . . 100 1 100 / 100 
(20 days) (20 days) 1 (20 days) 

I 
I (20 days) 

I I 

Xylene . . 100 100 1 100 1 100 
(20 days) 1 (20 days) 1 (20 days) i (20 days) 

Methyl salicylate . . 1 7.5 1 8.1 1 8.28 i 11.14 
! 

Water . . .. I 0.29 i 0.25 i 0.25 0.25 
I 

I 

All figures are for a period o f  105 days unless otherwise indicated. 

One thing which seems to arise from these figures is that it may prove 
necessary to choose a barrier lacquer in relation to the product being packed 
in order to obtain the optimum in permeability reduction. This view is supported 
by the figures for weight loss shown in Tables 7, 8. 9 and 10, which are for a 
series of commercial products such as might be packed in polyethylene tubes. 
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Table 6 
Pernzeahility at 40°C 

Number of clays,for complete loss of product 

Ethyl acetate 
Acetone . . . . 

Carbon tetrachloride 1 
Methylated spirit 

- .  I 

Unlacquered 

White spirit . . 
Benzene . . - .  I . . 
Xylene . . 
Methyl salicylate . . 

High MW 
epoxy lacquer 

Solvent / Alkyd/amino 
lacquer 

Water . . .. i 

Epoxy ester 
lacquer 

52 
95.4% 

(104 days) 
10 
10.6% 

(1 05 days) 
63 
9 
9 

56.7 % 
( 104 days) 

3.0 % 
(105 days) 

50 
98.6% 

(104 days) 
10 

12.2% 
(105 days) 

21 
9 
9 

64.3 % 
(104 days) 

2.35 O/d 
(105 days) 

9 
8.98 % 

(105 days) i 14 
9 
9 

66.9 % 
1 (104 days) 

2.26 % 1 (104 days) 

13 
9 
9 

87.9 % 
(104 days) 

3.68 % 
(104 days) 

Table 7 
~e;nteabi l i t~ from hand creanrs 

A. Per cent weight loss of product at room tenzperature 

I -  I -- ! 
Barrier Days' storage 

Two-pack epoxy 1 . I8  1 .36 1 .52 1 . I 7  1 .38 

Alkyd amino . . / .25 1 .45 1 .63 1 .20 1 .41 

B. Per cent weight loss of procluct at 40'C 

E p e r  . . 1 9 . 3 8 . S 3 . / 8 ~ . B ~ . M - - - - -  - .I3 

N o  lacquer . . - - - - - - - - -  2 1  3 7  I SO 1 1 6  
I 

- 
Barrier Days' storage 
lacquer - ---- ---- ---- %- - - --- - - - - - - - 

1 5 0  I00 1501 50 I00 150 50 I00 1501 50 1001 I50 50 100 150 --------------- 

N o  lacquer 

.25 

.30 

.36 

.42 
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Table 8 
Perttteability frotn toothpastes 

A. Per cent weight loss of product at room teniperature 

B. Per cent w e i ~ h t  loss at 40' C 

Barrier 
lacquer 

- 
T w o - p a c k  

epoxy . . 

Alkyd amino 

Epoxy es ter  
amino . . 

H i g h  M W  
epoxy . . 

Nolacquer .. 

Barrier 
lacquer 

T w o - p a c k  
epoxy . . 

Days' storage 

Alkyd amino 

- 
50 
- 

.06 

.08 

- 

- 

.07 

No lacquer . . 

------- ------ P ------ P --- 
I00 1 5 0  I 50 I I00 ) I50 I 50 / I00 I I50 

Table 9 
Permeability from shaving creanis 

A. Per cent weight loss of prorluct at rootn temperature 

-- 

.11 

.I4 

- 

- 

.12 

Days' storage 

Barrier lacquer 1 Days' storage 

- 

I 5  

.I8 

- 1 -  

-15 

High MW epoxy . . .32 .46 .18 .34 ' .13 .27 
No lacquer . . 1 .28 1 .39 1 - 1 - i - 

- 

-- 
50 
- 

.50 

.53 

.44 

100 

.83 

.92 

.82 

Two-pack epoxy . . 
Alkyd amino . . 
Epoxy ester amino 
Epoxy ester - .  

0 
- 

.97 

.96 

.80 

I50 1 5 0  

- 
!- I 

' .50 .76 

1.25 1.49 

1.28 1.56 

i 
.65 1 .91 

- 
! 

- - - - 

0 5  0 9  1 2  2 3  

I50 

1.28 

1.42 

1.48 

1.42 

1.17 

50 

.28 

.3 1 

.29 

I - 

1- 
50 1 1 0 0  I50 

- -  i - - 

- 1 - - 

-- 

.44 

.49 

.36 

.06 

- 

.05 

1.17 / - - - 

.I 1 

- 

- 

.09 

.I4 .86 

100 

.38 

.42 

.39 

- 

- 

. l l  

50 

-08 
. I  I 
- 

.88 

.39 

- 

- 

50 

. I  I 

.I5 

.23 

100 

.16 

.I4 
- 

100 

.25 

.26 

.43 
.I4 .28 1 - - 
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B. Per cent weight loss o f  product at 40°C 

Barrier lacquer 

Table I0 
Permeability from hair shampoos 

A .  Per cent weight loss of product at room temperature 

1 A 1 B I C 

A I B 1 C 

Days' storage 

1 50 1 100 1 50 100 

2.38 

2.18 

3.14 

2.53 

3.00 

Barrier 
lacquer 

T w o - P a c k  
epoxy .. 

Alkyd amino 

Epoxy ester . . 
No lacquer . . 

Hot decorating processes 
There are other decorating processes which can be applied to plastics without 
pretreatment, because the decoration is applied by processes which soften the 
surface of the plastic during the actual decoration. Probably the most widely 

Two-pack epoxy . . 
Alkyd amino . . 
Epoxy ester amino 

Epoxy ester . . 
High MW epoxy . . 

Barrier 
lacquer 

T w o - p a c k  
epoxy .. 

Alkyd amino 

Epoxy ester . . 

I 

2.95 

1.13 

- 

- 

- 

1.44 

1.01 

- 

- 

- 

50 1 100 

Days' storage 

1.50 

1.20 

1.71 

1.30 

1.57 

-93 

- 

- 

- 

A I B I C 

Days' storage 

1.80 

- 

- 

- 

- 

I I 
B. Per cent weight loss of product at 40°C 

-----. 

100 

- 
.36 

- 

----- - ------ ------ - ------ 
50 1100 1150 / 50 1100 

--- 
150 
- 

- 

- 

- 

-- 
150 

- 

.48 

- 

- 

------ ----- 
150 5 0  

- I 7  i .28 I .36 

----- 
50 

1.04 

- 

- 

~~~~~~~~- 
.18 

-29 

.I7 

.39 

.39 

.24 

- 

----- 
50 

- 

5.90 

- 

.07 

.I8 

.09 

.I5 

- 

- 

- 

- 

.21 

- 

----- 
loo 

- 

- 

- 

- 
100 

1.94 

- 

.28 

- 

- 

------ 
~ s o  

2.70 

- 

- ------ 
so j loo 

~~~~~~~~ 

d7'1.84 

1.22 2.1 1 

.41 

- 

- 

- 

- 

- 
~ s o  

2.98 

2.98 

- 1 .87 j 1.83 2.71 
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used of these processes is that known as hot foil blocking. This has the advantage 
of being a dry process in which the decoration is complete and adherent to 
the plastic without subsequent drying or overlacquering. It consists in pressing, 
by means of a controlled temperature die of the required design, a foil on 
to the surface of the plastic to be decorated. The foil consists of four main 
parts : (a) a carrier, usually a polyester, acetate or cellulose film, (b) a release 
layer, which is a waxy substance under the carrier and which melts at a 
predetermined temperature under the hot die, permitting the coating 
immediately beneath the die to separate from the carrier and adhere to the 
plastic surface, (c) the coating, which may be a metallic foil or a pigment layer, 
and (d )  a sizing layer, which is a thermosetting adhesive which bonds the 
print to the surface. Descriptions of the process have been given by Bingham2' 
and HarbenZ8. As has been noted this process has the advantage of being 
completely dry and complete in itself, but it is rather slow in comparison 
with the off-set printing process (which can operate at  up to 5,000 prints per 
hour), being limited t e  about 2,000-2,500 prints per hour. Another disadvantage 
is that it is only possible to apply one colour per pass, so that if multicolour 
decoration is required it is necessary to have multiple application. A still further 
disadvantage in relation to the decoration of cylindrical containers is that the 
extent of coverage of the surface by the print in one application is a maximum 
of approximately 60 per cent of the area, so that if print is required on both 
sides of the container, double application is necessary or two machines in 
tandem have to be used with some means of turning the container between 
applications. A typical machine designed for printing tubes is shown in Fig. 12. 
Recent developments in machines, however, are tending to remove some of 
these disadvantages, and there is now on the market a fully automatic machine 
which is claimed to print at  7,000 per hour and to cover the complete surface 
of a cylindrical container in one application, but it is still only possible to 
apply one colour at a time. The main advantage of this process is the possibility 
of the application of metallic decoration with the brilliant finish associated 
with a continuous metallic coating as opposed to metallic ink. The opacity 
of the pigmented foils is also generally superior to that which can be achieved 
with normal printing processes with the possible exception of the silk screen 
process. In the application of this process care has to be taken to support 
the object to be printed fairly rigidly in order to ensure (a) no distortion of 
the plastic and (b) an even, clear and sharp print. I t  is also frequently very 
necessary, particularly when using this process in combination with a barrier 
lacquered plastic, when the foil blocking is normally carried out after the 
lacquering, to select the foil extremely carefully in order to obtain satisfactory 
adhesion of the print, this adhesion being tested in the same way as normal 
printing, i.e. by the adhesive tape test. 

Another process which has been developed recently, and which has found 
fairly wide acceptance in the USA, is that due to the Dennison Company 
and called " Therimage." Basically this is a transfer labelling process in which 
the design to be applied to the container is first gravure printed on to the heat 
release coating of a patented label paper. This transfer paper then passes 
between the rotating preheated container and a heated platen which presses 
the transfer on to the container. The process is completed by passing the 
transferred container through an oven where a glossy finish is imparted to 
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The process is said to give equally good results on all the polyolefines, 
polystyrene, polyvinyl chloride and urea/formaldehyde surfaces. In the case 
of polystyrene and polyvinyl chloride no post-heating is necessary to produce 
a glossy well adherent print. The process has been described and discussed in 
more detail by O'Connel12!'. 

Other methods of decoration which are widely applied but which are outside 
the scope of this paper are electroplating and vacuum metallising, both of 
which are restricted generally to the more rigid types of plastic. 
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Discussion 
M R .  E. L. FRENCH said that it had been shown that the bond strength of printing 
ink or paint increased with the applied voltage up to a maximum value. I t  was known 
that an electrical discharge in air produced ozone. Was the limiting value of adhesion 
due to the rate at which ozone was liberated (one would expect this to reach a 



746 C .  K. P Y E  JOCCA 

maximum value), or was the physical change produced in the surface of the plastic 
due to electrical stress? 

Considering the lacquers which are used for coating plastic materials, had i t  been 
established whether the molecular weight of the resin used in the lacquer had any 
bearing on the bond strength of the coating to the plastic substrate ? 

MR. C. R. PYE considered that the limitation was due to the ozone, or rather the 
resulting oxidation of the surface and not to the electrical stress. He had no personal 
experience of this particular work, but the evidence tended towards the oxidation 
theory. 

Mr. Pye said that he had not done any work in which the specific effect of molecular 
weight was studied. 

MR. T. R. BULLETT asked whether the lecturer had an explanation for the fall 
in adhesion properties claimed when electrical pretreatment was prolonged ? Possibly 
such treatment would produce a degraded and therefore mechanically weak surface 
layer, but this would not affect the water-wetting qualities which were also said to 
deteriorate. 

MR. PYE had no explanation to offer on that particular point ; as was shown on 
the graph, the angle of inclination increased steadily. 

MR. A. R. H. TAWN said that it had been stated that a disadvantage of the wet 
oxidation pretreatment was that the surface had subsequently to be washed and 
dried. Had any progress been made in the use of water-based inks which, by analogy 
with metal priming, should be applicable to wet surfaces ? 

The action of flame, chemical or  electrical pretreatments could be ascribed to 
surface oxidation. This did not seem to be consistent with the light re-treatment 
of an over-treated surface described by the speaker. Again, had not pretreatment 
by purely mechanical stressing been suggested ? Was it not possible that oxidation 
was not the sole effect, but that other factors, such as re-orientation of surface 
molecules or  even the creation of " living " polymer fragments in the surface, might 
play a part in surface activatio~ ? 

MR. PYE said that he knew of no use of water-based inks for this purpose. 
Concerning the pretreatment process, he shared the doubts expressed by Mr. Tawn. 

It had generally been accepted, and, in fact, various papers had been published 
commenting that oxidation was the prime result of these pretreatment processes. 
He had never been fully in support of this viewpoint and felt that while some oxidation 
was involved as a result of the presence of ozone, there was also some re-orientation 
of the molecules on the surface of the polymer. On the other hand, the polymers 
were basically non-polar and most of the inks were polar, so that tilere was a basic 
incompatibility and for the pretreatment process to be successful some chemical 
change must be involved. 

MR. J. S. MARSH said that Mr. Pye had mentioned that the flame treatment gave 
six months' life under ideal conditions. Was a similar degree of permanence obtained 
by other pretreatments? What were the possible mechanisms of loss of the effects 
of pretreatment ? 

MR. PYE said that some re-orientation probably occurred and it was difficult to 
establish definite times for stability. It had been reported that corona discharge had 
a long length of life and figures of 4-6 months had been quoted. The oxidation-only 
theory could not account for a lack of stability, but there was the observed fact that 
the longer a plastic was left before decoration the lower the bond strength became. 

MR. MARSH said that in many cases the bond strength decreased suddenly rather 
than gradually. 

MR. PYE agreed that this could occur. 
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MR. BULLETT asked whether the Bikerman theory of diffusion to the surface of 
low molecular weight components could explain the falling off in adhesive properties 
after pretreatment ? 

MR. PYE agreed with this possibility. A plastic was not a single entity, but a mixture 
of various molecular species. If there were lubricants in the polymer they also might 
come to the surface at a later stage and be the cause of the reduction in adhesion. 

MR. P. G. RICHARDSON askcd, with reference to flame and other pretreatments, 
whether the significant effect of such primarily oxidative processes could be to remove 
compounds such as lubricants and slip aids by oxidative degradation, and that they 
were subsequently replaced by migration to the surface from the body of the plastic ? 

MR. PYE said that could well be so. 
MR. P. J. QUORN asked which would become the more popular of the metal coating 

techniques, dry foil coating or vacuum metallising ? 
MR. PYE said that in the case of rigid plastics probably vacuum metallising would 

maintain its present position, but it had not been found possible to vacuum metallise 
polymer film or the softer thermoplastics, such as low density polyethylene, at a 
commercial rate. 

MR. QUORN asked further whether vacuum metallising was more restricting for 
mass production ? 

MR. PYE said this was not necessarily so. 
MR. G. C. HURST commented that foil stamping, which might involve metallic 

or coloured markings, was far more practicable if the decoration involved any design 
including fine detail. Vacuum metallising would be preferred for overall marking only. 

MR. V. F. JENKINS suggested that containers might have the barrier coating applied 
under the ink rather than above it. 

MR. PYE said that this had been done and there were certain barrier lacquers of 
the epoxy ester type which, applied under the ink, were claimed to bleed through 
the ink film on thermal drying and produce an overall protective glossy finish. He 
had had some experience of this process, but without any significant success. He 
believed that a claim had been made recently for the use of a 7-ply laminate to produce 
tubes by the spiral winding process. As one of the plies was a metal foil this should 
undoubtedly reduce permeation, but as he had not seen any of these tubes he could 
not comment on their efficiency as squeeze tubes, and he thought that the production 
of an integral shoulder and nozzle might cause some problems. Another process 
which had been suggested was to use two extruders and extrude two materials through 
one die so that the barrier layer was welded to the main tube plastic in fabrication. 
So far as he knew this process, developed in France, had not yet attained any 
commercial significance. Suitable selection of the plastics for this process could be 
expected to produce tubes with very low permeability characteristics. 

MR. J. F. BARTON asked, concerning the barrier lacquer, whether it would not 
be better to apply this internally, thus protecting the printing from outward 
permeation ? 

MR. PYE said that this was an interesting suggestion. He believed that at the present 
time there was only one company in the world which regularly produced internal 
coatings on polyethylene tubes. The difficulties were mechanical, in putting the coating 
on the tube. With metal tubes, however, the situation was quite different due to their 
greater rigidity, and the coatings could be cured at temperatures up to 300°C with 
aluminium tubes, while with polyethylene it was not possible to exceed 70-75°C 
without distortion. At the same time it had to be remembered that there was no 
problem of permeation with metal tubes, the main problem being reactivity between 
product and metal. 
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MR.  R .  N .  WHEELER, referring to the use of high molecular weight epoxy protective 
lacquers, said that presumably such materials were based on uncured high molecular 
weight resins, which might be expected to show a high solvent vapour permeability. 
Also, an epoxy ester was compared with an alkyd-amino system. Had an epoxy 
ester-amino resin system been examined, since this might well be superior ? 

M R .  PYE said that generally speaking the weight losses were not less, and indeed, 
slightly higher than for an alkyd system, which was rather surprising, but. as he had 
mentioned, this depended on the identity and composition of the product being 
packed. 
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An investigation of the ammonia 
and heat tests for the yellowing 
of white paints 
By C. A. Chaplin and R. A. Fish 

Scientific Branch, Greater London Council, County Hall, London, S.E.1. 

S~rnlnrar'y 
Measurements have been made of the yellowing of white alkyd gloss finishing paints under 
conditions of natural exposure in central London. and these results have been compared 
with the results of accelerated yellowing induced by ammonia tests and heat tests. N o  
consistent correlation has been found between these natural and accelerated tests and it is 
concluded that predictions of yellowing based on such accelerated tests are not valid for the 
London area. 

Une investigation sur des essais pour determiner le jaunissement 
des peintures blanches par le moyen de I'ammoniaque et la chaleur 
RPsrrmP 
Observations ont Ctt efectukes du jaunissement des peintures blanches brillantes aux alkydes 
sous conditions d'exposition naturelles au centre de Londres. Les resultats ont Cte compares 
des resultats obtenus par le jaunissement accelere produit par I'exposition a I'ammoniaque 
et a la chaleur. On n'a pas trouve de correlation reproductible entre ces essais. On n'a pas 
trouve de correlation reproductible entre ces essais naturels et acceleres et on conclut que 
des prkdictions de jaunissement derivees de ces essais accCl6ris n'ont pas de validite en ce 
qui concerne la zone Londonienne. 

Eine Untersuchung der Ammoniak- und Hitzeprufungen auf das 
Vergilben weisser Anstrichfarben 
Zrrsanltr~enfa.ssung 
Das Gelbwerden weisser Glanzemaillen auf Alkydharzbasis wurde unter den bei naturlicher 
Exponierung in Zentral-London herrschenden Bedingungen gemessen. Diese Ergebnisse 
wurden mit denen mittels der Ammoniak- und Hitzepriifungen erzeugten beschleunigten 
Vergilbung verglichen. Es konnten jedoch keine ubereinstimmenden Beziehungen zwischen 
den Priifungen unter diesen natiirlichen und beschleunigten Bedingungen festgestcllt werden. 
Es wird daher die Schlussfolgerung gezogen, dass Voraussagen fur den Vergilbungsgrad 
auf Grund solcher beschleunigten Versuche fur die Gegend von London wertlos sind. 
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In 1950, the Baltimore Club1 published results comparing various accelerated 
yellowing tests with natural indoor exposure on eight white paints (two alkyd 
media, each with four different pigmentations). Very good correlation with 
natural exposure was obtained in tests exposing painted panels at room 
temperature to an ammonia atmosphere prepared by placing an open beaker of 
28 BC ammonia in an 18 in x 18 i n x  18in glass cabinet. Five hours of such 
exposure gave results equivalent to seven months of normal indoor exposure. 

In 1963, Valentine2 gave qualified approval to this type of test, particularly 
with regard to alkyd paints, and said that exposure of films over either a 2-5 
per cent aqueous solution of 0.88 s.g. ammonia or solid ammonium carbonate 
was equally effective. I-le suggested that such a procedure might simply be 
intensifying the prime factor responsible in normal yellowing, i.e., ammonia 
or nitrogenous bases in the atmosphere. The present authors consider that 
although this may well be true in some locations (e.g. in kitchens, toilets, etc.) 
it is unlikely to be true generally of London and similar large urban areas. 
In rural atmospheres free ammonia in the atmosphere may arise from farmyards 
or other nitrogenous concentrations, but in urban areas it probably only arises 
appreciably from the destructive distillation of coal and, possibly, from 
sewage treatment works. The GLC Scientific Branch carries out regular deter- 
minations of atmospheric pollutants sampled at 12 points in the London area. 
No measurements of ammonia concentrations are made, as acidic components 
of the air are always in excess in towns and the rainfall in London can have as 
low a pH as 4.0. In the London atmosphere, the average sulphur dioxide content 
is about 0.1 part per million by volume and may reach 10 times that amount 
during fog conditions. Compared with these figures any concentration of free 
ammonia in London's atmosphere must be negligible. Before adopting an 
ammonia test technique in the paint approval system of the London County 
Council (now the Greater London Council) it was, therefore, considered 
desirable to establish its validity for the purpose. This was done as follows :- 

For estimating the yellowness of the panels a reflectance spectrophotometer 
was used with a head carrying a tri-stimulus wheel. Reflectance figures were 
obtained through each of the three filters (x, y and z) in turn compared with 
reflectance from a standard magnesium carbonate block. Yellowing was 

expressed by the formula loo (x-z). The authors have found this over a 
Y 

considerable period to be a reliable method and throughout these tests the 
results were consistent with visual inspection. 

Eight white alkyd gloss finishing paints, chosen to cover an expected wide 
range of yellowing properties, were applied by brush to identical clear glass 
substrates to give an estimated wet film thickness of 60 microns. As only one 
exposure cabinet was available not all the panels were coated on the same 
day, but after seven days drying each panel was measured for yellowness and 
then exposed. 

The exposure cabinet consisted of a cylindrical glass container, Il* in. in 
internal diameter, 6 in high and with a ground rim carrying a normal desiccator- 
type lid. Supports were placed in the cabinet so that 16 panels could be accom- 
modated at one time. A 600 ml beaker in the centre contained 200 ml of a dilute 
ammonia solution as under :- 
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Duplicate panels were exposed 
for 3 hours to 2 % of ammonia (0.88 SG) 

9. 5 7 .  9 ,  2 % 9 ,  9 7 9 9 

,, 2 days ,, 5 % ,, . , ,, 
7 3  5 7 .  7 .  5 % 9 ,  9 r 7 7 

,, 8 - r  7 9  5 %  ,, 9 9 99 

1 5  ,, , , 5 % , ,  ,, . , 

Not all panels could be placed at equal distance from the source of the 
ammonia and duplicate panels were therefore mounted at varying distances 
but, as might be expected, no clear differences arose between duplicates. (In 
the five-day, eight-day and 15-day exposures, panels generally developed some 
degree of blistering.) 

Duplicate panels of all the paints were left to yellow naturally in a room in 
reasonably good light and measured at ages of 12, 18,24 and 27 months. As the 
panels were of glass they were always read over a black tile to eliminate 
any effect of the colour of the support. 

Results are given in Tables 1 and 2, and the means of the duplicate pairs are 
shown in histogram form in Fig. I (p. 753). (The paints have been designated A-H 
in order of increasing degree of yellowing on 18 months' interior exposure.) 

Table 1 

Natural interior exposrires ( a )  recorded yellowness (b) increase of yellowness over original 

The four periods of natural interior exposure yielded broadly similar results. 
(It is interesting to note that generally there was no increase of yellowness 
after 18 months, though some fluctuations are recorded, possibly caused by 
seasonal variations in hours and intensity of daylight.) 

1 Original 
Paint 

1 (a) 

12 months 
-,- 

(a) 

18 months 

(b) 

2.5 
2.5 
3 .O 
3.0 
3.5 
3.5 
3.5 
3.5 
3.0 
3.5 
4.5 
4.5 
3.5 
3.5 
6.0 
5.3 

* 1 -I3 I I:: 

------- 
(a) 

2.0 
2.0 
2.0 
2.0 
1 .O 
1 .O 
4.0 
4.0 
6.0 
6.0 
3 .O 
3.0 
4.5 
4.0 
6.0 
5.5 

B 

C 

D 

E 

------ 
(b) - ~ ~ ~ ~ ~ ~ - - -  
3.5 
3.5 
3.5 
3.5 
4.0 
4.0 
5.0 
5.0 
5.5 
5.5 
5.5 
5.5 
6.0 
5.5 
7 .O 
6.5 

24 months 27 months 
------- 

(a) 

1.5 
2.0 
3.0 
3 .O 
1.5 
1.5 
3.0 
3.0 
4.0 
4.0 
1.5 
1.5 
3.5 
3 .O 
4.5 
5.0 

-1.5 1.5 

------ 
(a) 

2.5 
2.5 
3.5 
3.5 
1 .O 
1 .O 
3.5 
3.5 
4.5 
5.0 
2.5 
2.5 
4.0 
3.5 
5 .O 
5.0 

------ 
(b) 

3 .O 
3.5 
4.5 
4.5 
4.5 
4.5 
4.0 
4.0 
3.5 
3.5 
4.0 
4.0 
5.0 
4.5 
5.5 
6.0 

-3.0 

-1.0 

0.5 

F 1 -2.5 

--- 
(b) 

4.0 
4.0 
5.0 
5.0 
4.0 
4.0 
4.5 
4.5 
4.0 
4.5 
5.0 
5.0 
5.5 
5.0 
6.0 
6.0 

1.5 
0.5 
0.5 
2.5 
2.5 
3.5 
4.0 
2.0 
2.0 

G -1.5 1 2.0 
2.0 

- 1.0 1 5.0 , 4.5 
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The results obtained by exposure to ammonia did not generally correspond 
with those obtained by natural ageing. For instance, the ammonia tests predicted 
that paints A and C would have strong yellowing tendencies, but in fact they 
showed a relatively small degree of yellowing in the natural tests. The respective 
manufacturers of paints D and F claim their products to have superior whiteness 
retention. The ammonia tests support this, but the natural exposure tests do not. 

As far as the authors are aware, the ammonia test has never been suggested 
for predicting the yellowing of paints on exterior exposure. Chalking, erosion 
of the surface, intensity of incident uv light, etc., would be expected to affect 
the colour of a paint on exterior exposure. Nevertheless, as six of the above 
paints were submitted as being also suitable for exterior use, opportunity was 
taken to measure the yellowness of the paints shown on the exterior-exposure 
panels which form part of routine testing. At two years all showed a remarkably 
similar yellowness, viz.: 

A=4.0 B =4.5 C=interior brand 
D=4.5 E =4.0 F=4.0 
G=4.0 H-interior brand 

Since the original degree of yellowness of these panels had not been measured 
the actual yellowing cannot be calculated. Nevertheless, it seems clear that the 
ammonia test is not suitable for predicting yellowing on exterior exposure. 

I t  is concluded that simple ammonia tests of the type described are not 
reliable for the prediction of the yellowing properties of alkyd based hard gloss 
white paints in normal London atmospheres. 

Another test method occasionally used for predicting the yellowing of white 
paints measures the degree of yellowing suffered by panels maintained at an 
elevated temperature. For most air-drying paints, panels are kept at a fixed 
temperature, usually between 60" and 70°C, for about four days. The Baltimore 
Club1 commented favourably on this type of test but otherwise there seems 
to be little published information as to its reliability. 
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With most laboratory ovens, panels placed inside are maintained in total 
darkness and this can itself induce a temporary yellowing effect. Different 
degrees of yellowing can, therefore, be recorded according to whether the 
yellowness is measured soon after removal of the panels from the oven or later, 
after some days in the light, when partial recovery to whiteness may have 
occurred. 

In the authors' preliminary tests, panels maintained at 68°C for four days 
in a dark oven and then left at room temperature in the light for five days, gave 
about the same degree of yellowing as panels given 18 months' natural interior 
exposure. This temperature was, therefore, accepted as suitable for the later 
tests, but tests at both higher and lower temperatures, viz., at 50°C and 84°C 
were also carried out. In each case, panels were left for four days (96 hours) 
in a dark oven adjusted to the selected temperature. Yellowness readings were 
made on the abstracted panels (i) almost immediately after cooling and (ii) at 
the end of a further 5-6 days normal exposure to daylight. 

In the tests at 50°C only a small degree of yellowing occurred, and even 
this almost completely disappeared after leaving the panels five days in diffused 
daylight. Tests at 68°C and 84°C produced more definite yellowing: the figures 
recorded are tabulated in Table 3 and shown in histogram form in Fig. 2. 

Table 3 

Heat tests ( a )  recorcled yellowtress (h)  increase of yellowness over original 

Paint i Original 4 days 68C 1 
I 

4 days 84°C 4 days 68C I 
5 davs recovery I 

As can be seen, correlation with natural interior exposure was poor in each 
series. It is concluded that this test is no more reliable than the ammonia test 
for the prediction of the degree of yellowing of alkyd-based hard gloss white 
paints in normal London atmospheres. 

[Received 22 February 1966 

- 

4 days 84°C 
5 davs recovery 

-, 

( a) 

2.5 
0.0 
I .O 
0.0 
5.0 
0.5 
2.5 
5.5 

References 
1 .  Baltimore Club, Off :  Dig., 1950, 22, 815. 
2. Valentine, L., JOCCA, 1963, 46, 692. 

(a) 

6.0 
5.0 
4.0 
I .o 

11.5 
4.0 
5 .O 

10.0 

(b) 

4.0 
1.5 
4.0 
1 .o 
4.5 
3.0 
4.0 
6.5 

-- 
(b) -- 
7.5 
6.5 
7.0 
2.0 

11.0 
6.5 
6.5 

11.5 
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Coloured pigmentation for 
electrodeposition* 
By L. Tasker and J. R. Taylor 
British Resin Products Limited, Hayes Road, Penarth, Glamorgan. 

Summary 
The effects of discoloration and hardness of films on baking caused by iron from anodes 
is discussed along with the effects on colour of films on various substrates. These are illustrated 
by spectrophotometric curves. Questions are raised as to the general application of results 
obtained by other workers using titanium dioxide .pigmentation. The effects of oxidation 
at  the anode and methods to eliminate defects arislng therefrom are briefly discussed. The 
use of organic anti-corrosive agents suggested. The examination of electrodeposited film 
by Talysurf is illustrated. 

La pigmentation des peintures de couleur pour I'~lectrod6position 
RPsumP 
On discute I'effet du fer en provenance des anodes sur I'alteration de la couleur et la duretC 
des feuils apres le sechage au four, ainsi que I'effet sur la couleur des feuils produite par des 
subjectiles diverses. Les effets sont illustrks par des courbes spectrophotomCtriques. On pose 
des questions quant a l'applicabilite en gkn6ral des rtsultats obtenus par autres investigateurs 
qui ont utilist le dioxyde de titane dans la pigmentation. On discute brievement a la fois 
les effects de i'oxydation a I'anode et les methodes pour Climiner les dtfauts qui en suivent. 
On propose I'utilisation des agents anti-corrosifs organiques. On dCmontre I'examen d'un 
feuil de peinture electrodepose a l'aide de I'appareil Talysurf. 

Farbige Pigmentierung fiir elektrophoretische Anwendung 
Zusammenfassung 
Es werden die durch von Anoden stammendes Eisen bei Ofentrocknung hervorgerufenen 
Wirkungen auf die Verfarbung und HBrte von Filmen, ebenso wie diejenigen auf die Farbe 
van Filmen iiber verschiedenen Substraten besprochen. Sie werden mit Hilfe von Spektro- 
photometerkurven illustriert. Von anderen auf dem gleichen Gebiet arbeitenden Chemikern, 
die aber mit Titandioxyd pigmentierten, erzielte Resultate werden hinsichtlich allgemeiner 
Anwendbarkeit einer kritischen Betrachtung unterzogen. Die Auswirkungen von Oxidation 
an der Anode, und Methoden dadurch verursachte Fehlschlage auszuschalten werden kurz 
besprochen. Die Anwendung organischer, antikorrosiver Mittel wird angeregt. Die Priifung 
rnit Hilfe des Talysurf Instruments von durch Elektrophorese erzeugten Filmen wird illustriert. 

Pes lo~e  
06cyrnnae~cs1 BnHnHue Ha O ~ ~ C U B ~ ~ H B ~ H H ~  M TBepAOCTb nneHoK npu cneKaHucl, 06ycnos- 
neHHOe aHOAHblM Xene30M, a TaKXe BnMrlHMe Ha 4BeT nneHOK Ha pa3nH'iHbIX HMXHUX cnonx. 
~ T H  BJlMRHMsI MnnmCTpMpymTCsI C ~ ~ K T P O @ O T O M ~ T P M ' ~ ~ C K U M U  KPMBblMM. 
B b 1 3 b l ~ a m ~ ~ ~  BOnpOCbl 06 o614e~  npHMeHeHMH pe3yJlbTaTOB DpyrHX COTpyflHMKOB C 
MCnOJIb30BaHMeM nMrMeHTa4HM IlOCPeACTBOM ABYOKHCM TMTaHa. 
BnusI~un OKMCJIeHMR OKOnO aHOAa M MeTOAbl YCTpaHeHHsI TaKHX A ~ @ ~ K T O B  KpaTKO 
06cyxnam~cx. 

-- 
*Read to Bristol Section, 7 January 1966-and containing work presented by W. B. Curtis 

to Newcastle Junior Section, 14 December 1965. 



Introduction 
It is not proposed to devote time to the general principles of electrodeposition 
as these have been dealt with fully in the past by various authors1* *. 3t  4 9  5 9  

but to consider some aspects of pigmentation and itseffect on theelectrodeposited 
film with particular reference to colour. 

Many of the resins which have been used successfully for the electrodeposition 
of dark coloured primers and finishes are unsuitable for production of light 
shades because of the discoloration of the resin during stoving. Such resins 
are often of the phenolic and solubilised oil types. The colour of such films may 
also be affected when exposed in subdued light. These defects are overcome by 
the use of other resins, for example, acrylics. In part of the work described, 
acrylic water soluble resins, which gave pale coloured unpigmented films on 
stoving with good colour retention and which were not expected to show 
discoloration due to the reactions taking place at the anode, were examined. 

The effect of type of resin on the colour of the deposited film 
Discoloration of depositedjlms on iron anodes 
It is well known that metal ions are often present in the deposited film because 
of their migration from the anode during electrodeposition. When iron anodes 
are employed the amount of iron present in the film has been found to be as 
high as 0.6 per cent for many resins and that in the case of thin films the presence 
of the iron has caused discoloration during stoving. Various theories have been 
put forward to explain the function of the iron in the film after stoving. Tawn 
and Berry3 have suggested that it is present as a salt of the carboxyl in the resin. 
In our work the analysis of the iron content of a film of solubilised oil type 
resin has shown it to be in the range of 0.2-0.6 per cent dependent upon 
conditions of electrodeposition. This quantity is not sufficient to react with 
all the carboxyl groups in a resin of acid value 120 milligrams KOH/gm but has 
been found to produce darker coloured films on stoving than similar films 
applied to non ferrous metals by spraying. 

Table I 
Iron content of electrodeposited films 

Fig. 1 shows graphically the variation in film resistance with percentage 
iron content, the broken curve represents film resistance in terms of resistivity, 
on deposition of an unpigmented resin. 

Tawn showed that, in simple precipitation experiments, the amount of ferrous 
sulphate needed for complete coagulation of resin from solution was roughly 

Per cent 
solids content 

Resistance Specific I (ohms ft2) resistance 
Time of 

deposition 
(secs) 

Per cent 
Fe in stoved 

film 

Per cent 
carboxyl ions 

reacted 
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Fig. 1. Variation of resistance with percentage iron content 

equal to that calculated from the apparent equivalent weight of the resin as 
defined above. Finally, the precipitates so obtained were unlike the electro- 
deposits on mild steel in being insoluble in organic solvents such as methanol 
and acetone. 

It has been observed that the iron present in a film of maleinised oil has 
the effect of increasing the hardness of the film, acting as a catalyst during 
stoving. On zinc phosphated steel the amount of iron which may be present in 
the film and which can react with the resin is again dependent upon the electrical 
conditions employed, but is generally found to be lower than when untreated 
iron is used as the anode. 
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The effect of anodic iron on the hardness of electrodeposited film 
During the examination of the variation in iron in the stoved film with time of 
deposition, and the determination of film resistance, it was observed that there 
was a significant difference in film hardness as the percentage of iron content 
changed. Fig. 2 shows the variation of film hardness with thickness for films 
of the same resin applied by electrodeposition and spraying. In the case of the 
electrodeposited film the hardness decreases with film thickness but the spray 
applied film does not show significant variation. 

Effect of iron on pigment flocculation 
Dtiling the investigation of the effect of anodic iron on film properties there 
has been no evidence to suggest that iron i n  solution has been responsible 
for the flocculation of multiple pigment systems and hence for colour changes 
when deposited films are compared with films of the same paint applied by 
conventional methods. 

A simple acrylic paint pigmented with Tioxide RCR at a pigmenttbinder ratio 
of 0.5: 1 and diluted to 10 per cent solids was deposited under a potential 
difference of 60 volts for two minutes on the same area of anodes of various 
metals, viz, mild steel, tinplate, aluminium and Zintec. 

Fig. 3 shows the Recording Spectrophotometer curves produced by these 
films. 

From examination of these it is significant that the film applied to the mild 
steel anode has a poorer overall whiteness and a noticeable red tone. The 
characteristics of the reflectance curves on Zintec, aluminium and tinplate are 
similar, between wavelengths of 380 to 700 millimicrons. This difference in 
whiteness is possibly due to the difference in film thickness obtained under 
fixed conditions, the thickest film being obtained on tinplate and the thinnest 
on Zintec. under these conditions. 

Continuity of colour on deposition under various conditions 
An acrylic resin paint with a pigmentlbinder ratio of 0.5: 1 using Tioxide RCR, 
tinted to a pale grey colour with Rajah Beads, dispersed in the same medium, 
was deposited under the following conditions : 

3 amps per sq.ft 
20, 40, 60 and 80 volts on mild steel panel. 

Fig. 4 shows the reflectance curves obtained on the Recording Spectro- 
photometer. Although there are small differences in reflectance at the blue end 
of the spectrum, the colours are very similar at the red end. 

We conclude that the concentration of iron ions produced under the various 
conditions of deposition does not have a significant effect on the colour of 
baked films. 
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Fig. 3. Reflection spectrum of the paint on various substrates 

The work of Rechmann4 and Landon and Ashton5s on the electrodeposition 
of titania pigmented resins is of particular interest. Landon and Ashton have 
described the deposition of titania pigmented acrylic resins to zinc plated steel. 
This type of anode was selected in order to eliminate the effects of anodic iron 
in the films. They suggested that examination of the deposited films showed an 
increase in pigmentlbinder ratio with duration of deposition and that there was 
a deficiency of pigment in the film adjacent to the substrate. Rechman has 
suggested that the pigment concentration in a deposited film was either constant 
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Fig. 4. Reflection spectrum of paint deposited under various potentials 

or decreased on deposition in the case of rutile titania, but that some anatase 
titania showed an increase in pvc in comparison with the composition of the 
paint in the deposition cell. We do not agree that these suggestions are of general 
application to paints for electrodeposition. The general conclusion to be drawn 
from the work by the titania manufacturers is that consideration of pigment 
and resin must be undertaken as an entity since one grade of titania may be 
more suited to use with a particular resin than others. 

Distribution of titanium pigments in electrodeposited films 
Following Landon and Ashton's work, and in order further to examine distri- 
bution of pigment in electrodeposited films and its effect on the colour of the 
film, two pale blue paints were prepared. 

The pigment combination was as follows : 
Monastral Fast Blue LBXS 20 parts by weight 
Tioxide RCR3 5 0  parts by weight 

These were dispersed in two different water soluble acrylic resins reduced to 
pigmentlbinder ratio of 0 . 5 : l  and deposited under a potential of 60 volts for 
two minutes at 1 0  per cent solids concentration. Films were deposited on mild 
steel anode at a thickness of about 0 . 8  x in. 

The stoved films were sectioned by rocking microtome, sections of about 0.1 
micron thickness being obtained. After shadowing with palladium these were 
examined by electron microscope. Figs. 5, 6, 7 and 8  show that there is little 
difference in pigment dispersion between such films and between similar films 
applied by spraying. These results do not substantiate those obtained by other 
workers. The pigment is well distributed throughout the electrodeposited film 
and flocculation is not markedly different from that obtained in the sprayed 
film. There is not a clear resin film at the anode surface nor at the air interface 
in the cases of the deposited and sprayed paint films respectively. 
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Fig. 5. Section of  clcctrodeposited paint containing first resin. The paintlsubstrate boundary is 
visible at the top right 

Fig. 6. Section of sprayed paint containing first resin. The paintisubstrate houndary is at the 
top right 
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Fig. 7. Section of electrodeposited paint containing second resin. The paint substrate boundary 
is at top right 

Fig. 8. Section of sprayed paint containing second resin. The air suhstrate boundary is visible 
bottom left, as in Figs. 5, 6 and 7 
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No surfactant was added to these paints since both resins were found to be 
good dispersants for the pigment systems. 

Investigation of the use of surfactants in titania/acrylic resin paints for 
electrodeposition was made by Landon and Ashton. They found that the 
addition of Calgon S to such systems in quantities of the order of 0.1 per cent 
on the paint produced films of increased gloss, but had no effect on the coulomb 
yield. The use of polyacrylate dispersing agents also gave increased gloss and 
thicker films. 

It has been the experience of the authors that white or coloured paints 
based on titanium dioxide yield thicker films of higher gloss when pigment/ 
binder ratio is reduced to a minimum. The balance between optimum film 
thickness with adequate gloss and satisfactory opacity is somewhat delicate to 
strike for any particular conditions of deposition. 

Oxidation at  the anode 
Recent work has shown that oxidation of the polymer can take place due 
to the liberation of nascent oxygen at the anode. Sullivan7 has published 
data on this effect. It is stated that the resin may be polymerised under these 
conditions, especially on prolonged periods of electrodeposition, the resulting 
paint on resin film becoming increasingly rough because of the increase in 
viscosity and reduction of flow of the polymerised resin. These have been 
confirmed in our recent work. The addition of pigments prepared from easily 
oxidised metal to paint formulations are suggested by Sullivan to prevent 
polymerisation of the resin and are described as scavenger metals. 

We have investigated the use of anti-oxidants in the electrodeposition bath 
and found that the number of turnovers of the tank during use can be prolonged. 
For example, 0.2 per cent of hydroquinone, calculated on the weight of resin, 
has been found to increase significantly the stability of the paint when a simple 
maleinised vegetable oil was examined. It is not yet possible to make general 
recommendations as the type of anti-oxidant appears to be specific to a particular 
resin type and the following have been examined and found to be of interest : 
guaiacol. (3-naphthol, phenol, methyl ethyl ketoxime and pyrocatechol. 

Pigmentation of paints containing more than one tinting pigment and maintenance 
of shade during long term 
White and red oxide paints of the composition shown below were prepared 
and electrodeposited with daily work load greater than that expected to be used 
in practice and with pauses for weekends and seven-day intervals. Initially the 
tank contained only the red oxide paint but on replacing the contents of the 
tank to keep the solids at 12 per cent only white paint was added. 

Red 0-uide White 
Red iron oxide M R I 1 20 - 

Titanium dioxide Tioxide RCR - 20 
Epok WL.1762 36.4 36.4 
Water 43.6 43.6 

- - 

100.0 100.0 



The electrodeposition bath was maintained at 12 per cent solids and the two 
invidual paints had pigmentlbinder ratios of 1 : I .  The medium was an oil 
modified type resin. 

By mixing the two paints in known proportions and preparing standard 
colour panels it was possible during the deposition to check if the proportions 
of pigment deposited were the same as expected from the known contents 
of the bath. Fig. 9 shows the varying amounts of red oxide and titania present 
in the mixture as the bath was made up. Over a period of three months the 
shades which were obtained by deposition were similar to those obtained by 
mixing known amounts from the freshly prepared paint. 

The rate of consumption of the red oxide paint with surface area coated is 
shown graphically. 

T i 0 2  PAINT 

LL 

Fig. 9. Rate of consumption of red oxide with surface area coated 

Effect of change in pH of the bath on the coloured film 
Fig. 10 shows the effect of change of pH on the electrical resistance and film 
retained after washing of a deposited paint film. It is known that as the electrical 
resistance increases the uniformity and texture of the film often becomes 
unacceptable. It has not been evident that the colour of the film is altered, 
apart from the visual effect of roughness. 

Effect of temperature in electrodeposition bath of the colour of the deposited film 
Fig. 1 1  shows that change of temperature affects the electrical resistance and 
film retained after washing a paint film, as it is being built up on the surface 
of the anode. As the electrical resistance increases so the uniformity of the film 
surface decreases, but no change in colour has been noted. 
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Fig. 11. Variation of resistance and percentage film retained with temperature 
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Fig. 10. Variation of film resistance and percentage film retained with pH 

100- 

ELECTRICAL RESISTANCE 
90 

- 80 

70 
0 
w 
z u 60- 
t- 

2 50- 

- - 

I: LL -1 ' 40- 30- 20- 

10 

7.L 7'8 d.0 812 8!4 816 8!8 

- 
FlLM RETAINED 

- 

- 

- 

- 

- 

I I I 
10 20 3C) 

100- 

8 0 -  

N 
I- 
LL 

V) 
>60- -  

6 - 
W 
U 
= 4 0 -  
2 
52 
ul 
W 
a. 

20 

O o  
TEMPERATURE (OC) TEMPERATURE ("C) 

100- 
ELEC-TRIC AL 
RESISTANCE 90 

80 

0 70- 
W z 
2 60- 
W 
CK 

50 
2 " 

40- . 
30 

- 20 

10 

I 1 I 

10 2 0 3 0 Oo 



The results were obtained using a modified oil type resin pigmented as 
follows : 
Red oside primer 

Formulation : 
Resin (55 per cent NV) 60.7 parts by weight 
Lead silico chromate (M.50) 0.8 ,, ,, ,, 
Natural red oxide (MRI I )  7.9 ,, ,, ,, 
Micronised barytes 4.0 ,, ,, ,, 
Norwegian talc 4.0 ,, ,, ,, 
Water 22.6 ,, ,, ,, 
Ammonia to pH 7.8 trace 

Films were deposited on duplicate panels using a potential difference of 
60 volts for two minutes, and solids content of 10 per cent. One panel was 
rinsed before baking. Bath temperatures between 4°C and 45°C were employed. 

The experiment was repeated using the same pigmentation in a variety of 
water soluble resins. Whilst the order of resistance changed the graphs followed 
the same general pattern. 

Agitation of the contents of the bath 
Adequate agitation of the contents of the bath, by stirring or re-circulation, is 
essential to prevent settlement of the pigment. Apart from settlement in the 
bottom of the vessel it is necessary to prevent settlement of pigment on 
horizontal surface of articles which are being coated. Pigment settlement on 
such surfaces produces films which are unsatisfactory because of their rough 
surface texture. The colour of such films is not significantly different from that 
of the film which has been deposited satisfactorily. These films do, however, 
contain a higher proportion of pigment than that in the body of the liquid paint. 
Even if such deposition was acceptable from the point of view of film appearance 
the removal of excess pigment from the bath would necessitate very careful 
control and specially formulated paint for topping up. In practice prevention 
by adequate agitation is better than cure. 

Pigmentation of anti-corrosive paints 
The use of lead silico-chromate and strontium chromate has been widely 
recommended for the preparation of corrosion resistant paints for application 
by electrodeposition. As both have some tinctorial properties they are not 
suitable for use in the formulation of many very pale coloured paints. There 
is some objection to their use on the ground of toxicity. Chromates in general 
use are sometimes considered to be hazardous because of their possible irritant 
effect on the skin and lead is in some cases prohibited. There have been comments 
also that chromates show preferential settlement and suggestions that they may 
cause instability in some specific electrodeposition systems. 

Alternative rust inhibiting additives have been briefly examined with 
promising results. Zinc phosphate confers appreciable rust inhibition and may 
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be considered to be a satisfactory substitute for the chromate, used in the same 
proportions. 

Exploratory work using organic phosphates has shown great promise and this 
work is continuing. Alternative organic compounds which have given promising 
results include metallic benzoates, for example, sodium lead and zinc salts. 
Quaternary amine compounds have also shown promising results. Apart from 
other advantages this type of rust inhibitor has no tinctorial effects. 

It is necessary to avoid contamination of the deposition bath by soluble 
salts as these can give rise to instability in the same way as traces of pre-treatment 
carry over. Stability to soluble salts varies widely from resin to resin. 

It has often been found by many workers that the corrosion resistance of an 
electrodeposited film may be inferior to that of a similar film applied by 
conventional methods or solvent based analogues. Careful examination of films 
has shown that the reduction in corrosion resistance can be caused by disruption 
of the film due to either gassing at the anode if the initial deposit has very low 
electrical resistance or very uneven deposition if the resistance is too high. 
In his lecture to the OCCA Conference in 1965, Rechmann illustrated such 
film defects with some very well prepared photographs. 

Fig. 12 shows traces of Talysurf examination of rough and smooth films 
applied by electrodeposition. In this case the variation in surface roughness 
was produced by the change in pigmenttbinder ratio of an iorn oxide based 
primer from I & / 1  to $11. 

HIGH PIGMENTATION 

~ ~ " ~ " " " ' " ~ ~ l l l ~ l ~ ~  LOW PIGMENTATION 

VERTICAL ENLARGEMENT x 1 0 0 0  
HORIZONTAL ENLARGEMENT x 1 0 0  

Fig. 12. Talysurf examination of rough and smooth films 
Conclusions 
So long as resins under consideration do not discolour on baking or on subse- 
quent storage in subdued light the pigmentation of coloured paints for 
application by electrodeposition is possible. Batch to batch variation will 
not be a serious problem providing that the effects of variation of pH, tem- 
perature, solids content and dispersion are taken into account. 



Properties apart from colour, such as stability of the bath in long term use, 
and pigment suspension, may vary between trials in a small cell and in a 
production unit. It does not yet appear that scaling up follows small scale 
results. The larger the scale on which trials can be carried out the better. 
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Prefabrication primers for 
structural steelwork* 
By D. A. Bayliss and D. C. Wallt 

Research & Development Department, S.E. Region, Central Electricity Generating Board, 
Cockfosters, Herts. 

An examination of prefabrication primers carried out for the Central Electricity Generating 
Board has shown, after 18 months'exposure, that a phenolic resin modified single pack etch 
primer has advantages over certain zinc or aluminium containing primers in holding blast 
cleaned structural steelwork until it can be painted on site. 
The etch primer shows advantages in respect of cost, and ease and consistency of application 
and, at the same time, gives reasonable corrosion protection on various types of blast cleaned 
surfaces, even in thin films. If rusting of the exposed primer does occur, it is light and more 
uniform than in the case of the zinc containing primers and is easily prepared for subsequent 
painting. Alternatively, if the primer film is still largely intact, it will present less difficulty 
when overcoated by conventional paint systems. 

Peintures de fond pour protkger les charpentes en acier 
apris leur prbfabrication 

Une investigation des peintures de fond pour cet eniploi effectuee au nom du Central Electricity 
Generating Board (la commission pour la generation d'electricitt), a demontre apres une 
exposition de 18 mois aux intempkries les avantages que posskde un " wash-primer " a seul 
emballage modifie a une resine phenolique, auprks de certaines peintures de fond contenant 
zinc ou aluminium, en ce qui concerne la protection, jusqu'i la peinture pied d'aeuvre, des 
charpentes en acier dkcapees par grenaillage. 
Le " wash-primer " dkmontre des avantages ii I'Cgard de prix, et a la fois de la facilite et 
de la consistance de I'application, et en mCme temps donne une protection anti-corrosive 
raisonnable .aux types divers de surfaces decapees par grenaillage, mCme avec des couches 
minces. Si la formation de rouille se produira pendant I'exposition du " wash-primer," en 
comparaison des peintures de fond au zinc ou a I'aluminium. elle est Kgere et plus uniforme. 
et la surface est facilement prkparee pour la peinture suivante. De I'autre part, si le feuil du 
" wash-primer" reste encore presqu'intact, il presentera moins de difficulte lorsqu'on 
appliquera au-dessus des systemes de peinture conventionnels. 

~abr ikmass i~e  Voranstrichmittel f"r Eisenkonstruktionen 
Zusamtnenfassrmg 
In einer fur den Central Electricity Generating Board ausgefuhrten Priifungsserie wurde 
nach achtzehnnionatlicher Bewitterung aufgezeigt, dass ein Init Phenolharz modifizierter 
Eintopf-Washprimer gewissen Zink oder Aluminium enthaltenden Primern insofern iiberlegen 
ist, als er durch Strahlung gereinigte Eisenkonstruktionen besser schiitzt ehe sie auf der 
Baustelle angestrichen werden konnen. 

-- -- - - - p- - - - - - - - - --- 

*Read before the Newcastle Section on 4 November 1965. 
+Smith and Walton Ltd., Haltwhistle, Northumberland. 
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Die Vorteile des Washpriniers bestehen i n  niedrigeren Gestehungskosten, leichter und  
gleichmassiger Anwendung und, weil er ausserdeni verschiedenen Arten durch Strahlen 
gereinigten Oberflachen selbst i n  dunnen Fi lmen angemessenen Korrosionsschutz verleiht. 
Selbst wenn bei Bewitterung Verrostung so vorgestrichener Flachen eintritt, ist diese leicht 
und gleichmassiger als bei Anwendung zinkhaltiger Primer, und sie lassen sich leicht fu r  
den endgiiltigen Anstrich vorbereiten. Wenn andererseits der Primerfi lm i m  grossen und 
ganzen noch unbeschiidigt ist, w i rd  das Uberstreichen m i t  den iiblichen Anstrichsystemen 
mi t  weniger Schwierigkeiten verbunden sein. 

PPYN).IIC 
M c c n e n o ~ a ~ k i e  3apdHee nptlrOT0BneHHblX rpyHTOBOK, BblnOJlHeHHOe nnR & 2 ~ ~ p a n b H o f i  
3 n e ~ ~ p M ' i e c ~ o f i  r e ~ e p a ~ O p H 0 f i  K o ~ u c c u u  nOKa3anO 'ITO, FlOCJle BOCeMHanUaTM MeCRUeB 
BblBeTpMBaHMR On~OCnOfiHa5l TpaBneHHaR rPYHTOBKa M3MeHeHHaR & H O ~ O M  MMeeT npeM- 
MyUleCTBa n o  CpaBHeHMtO C HeKOTOPblMM rPYHTOBKaMM COLlePXalllllMM UMHK M n M  ~ ~ H ) M M H M ~ ~  
L ~ J I R  XpaHeHMR B r MCTOM COCTORHMM CTpYKTYpHblX CTanbHblX C O O P Y X ~ H H ~ ~ ,  OY HUleHH b lX  

LlYTbeM, n o  MX OKpdluklBaHMR Ha MeCTe. T p a ~ n e H ~ a R  rPYHTOBKa O ~ H ~ P Y X M B ~ ~ T  nPeMMY- 
UleCTBa B OTHOUleHUM CTOMMOCTM, y n 0 6 c ~ ~ a  M nOCTORHCTBa npMMeHeHMR tl, El TOXe BpeMR, 
UaeT YMepeHHyKI 3BUlMTY nPOTMB KOPPO3MM Ha pd3JlUYHblX TMnaX ~ O B ~ ~ X H O C T ~ ~ ~  OYMUIeHHblX 
LIYTbeM. IlaXe SmR TOHKMX nneHOK. Ecnu nOny'iaeTCR PXaBneHMe Ha O ~ H ~ X ~ H H O ~ ~  TPYHTOBKe. 
TO OHO 6 y n e ~  H O C M T ~  n e r ~ ~ f i  xapanep  u 6 y n e ~  onHoponHee reM B cnyrae rpytiToeoK 
COnepKdUlMX UMHK, M rPYHTOBKY MOXHO JlerKO nPMrOTOBMTb AJIR n0cneLly~lLlefi OKpaCKM. 
C .rlpyrofi CTOPOH~I. ecnn nneHKa rpyHToBKn e u e  B 3 ~ a r ~ ~ e n b ~ o f i  cTeneHn uena, TO otia 
npeJlCTaBMT MeHbUle 3a~pyLIHe~Mfi npM nepeKpblTilM O ~ ~ I K H O B ~ H H ~ I M C I  CMCTeMaMM 
OKpaUlMBaHUR. 

Introduction 
In the next five years the building programme of the Central Electricity 
Generating Board calls for approximately 80,000 tons of structural steel each 
year. There is a special interest therefore in the provision of long-term 
maintenance-free protective coatings for such steelwork and in the initial 
cleaning and the protection of the steel surfaces during the building period, 
since the general painting must be carried out after fabrication. 

Much ;f the piblished work on blast cleaning and prefabrication or holding 
primers has been concerned with submerged marine conditions and it was 
considered by the authors that more information was required in respect of 
normal atmospheric exposure. In particular : 

1. Which holding primer was most suitable for such application ? 
2. What degree of blast cleaning was required ? 
3. How much surface preparation of the weathered holding primer was 

necessary before the follow-on painting ? 
4. ~ s s u m i n ~  that the follow-on paints would be conventional undercoat 

and gloss systems, which was the most satisfactory conventional primer 
to use ? 

It seemed necessary to carry out some experimental work on as practical 
a level as possible and early in 1964 the CEGB and Smith & Walton Limited 
decided to collaborate on an investigational programme. It was agreed that 
the results obtained should be made freely available to all, and this paper 
represents the completion of the first stage of the programme. 

Millsc.aIe 
Whilst it is generally accepted that the removal of millscale from structural 
steelwork is a fundamental requirement to obtain maximum performance 
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from subsequently applied paint coatings, it was considered important to 
establish that the process of cleaning and the preservation of the clean surface 
with a prefabrication primer offers considerable advantage over the current 
practice of weathering and wire brushing. 

In the exposure programme, samples of weathered and wire brushed steelwork 
were exposed alongside the blast cleaned and treated steelwork. The results 
re-emphasise the well-known detrimental effect of painting on to millscale. 

A paint system of red lead primer to BS 2523. Type B, an alkyd gloss and 
undercoat, was applied to intact millscale and weathered at Shoreham for 
18 months. Isolated breakdown and rusting occurred. 

After 16 months' exposure at Shoreham of the same paint system applied 
to steel which was weathered for two months before wire brushing and painting. 
the breakdown of the paint system was serious ; and before repainting could 
be carried out it would be necessary to clean down to bare metal. 

There was extensive breakdown of the same system after only 12 months' 
exposure at Shoreham when applied to a surface wire-brushed and painted 
after six months' weathering. 

Rust spotting occurred after six months' exposure on a surface wire-brushed 
and painted after 12 months' weathering. 

It should be noted that even after 12 months' weathering at Shoreham 
there were still patches of millscale on the steel which were not removed by 
good hand and mechanical wire-brushing, and that it is to be expected that 
this standard of preparation was higher than that normally achieved on a 
construction site. 

An identical series of samples were exposed on a roof at Battersea and 
gave similar results, but at a slower rate of breakdown. 

In practice the length of time that structural steelwork for the CEGB is 
stored on site varies considerably according to the contingencies of the supply 
position and ,plant installation programme. The steel can be partly or wholly 
exposed and the exposure environment can vary as from Brighton to Battersea. 
It is very unlikely that a uniformly rusted millscale-free surface will be obtained 
unless the weathering period is very long, and even if this occurs. the surface 
will then be rough and contaminated with corrosion products. 

Experimental methods 
Preparation of samples 
The basic specimen for the exterior weathering trials was an RSJ steel section 
4 ft long and 6 in wide with 3 in deep flanges and 127 such lengths were used 
in the experiments. Some of these were shot blasted with S230 chilled iron 
shot on an efficient automatic blast cleaning plant of the airless (impeller) 
type at the Stockton on Tees works of the South Durham Steel & Iron Co. Ltd. 

Half of the sections were passed through the plant at the lowest speed possible 
(2 ft per minute) to obtain a " white" metal finish and the other half at the 
fastest available speed (8 ft per minute) to obtain a commercial blast finish. 



1966 S T R U C T U R A L  S T E E L W O R K  773 

The level of cleanliness, described as a commercial blast finish, approximated 
to the Swedish Standard SIS 05.59.00, Type C, Sa 2. 

The other RSJ sections were grit blasted manually with abrasive grit 
Silikasafe, Type B (passes 16 screen, retained on 36 screen), again to two 
standards of cleanliness similar to those described above. 

In all cases the cleaned sections were coated with prefabrication primers, 
immediately after blasting, by a trained operator using airless spray equipment. 

A number of steel sections from the same batch were used to carry out 
the comparison trials on surfaces which had received no blast cleaning treatment. 

Fortnulution 
Initially. ten prefabrication primers were included in the experiments and each 
of these was applied to the two types of blast cleaned surface at two levels 
of surface cleanliness at two exposure sites. After six months' exposure 
experience more prefabrication primers were added to the programme, bringing 
the total to 15. 

Before deciding on the composition of these primers, several consultations 
were held and advice was sought from various experts within the paint industry, 
both manufacturers and raw material suppliers. Eventually the choice was as 
_given in Tables I and 2. 

It appeared that the general types to be included should be cold cured epoxy 
resin based zinc containing primers, both zinc rich and reduced zinc types, 
epoxy resin based aluminium primers and finally etch primers. 

After some consideration it was decided to include in the experiments a 
number of proprietary prefabrication primers and four of the Board's regular 
suppliers agreed to co-operate in the programme and submitted their standard 
products. The composition of these paints is unknown to the authors, but 
they are all obviously zinc-containing two-pack types. 

Zinc-containing pritmrs 
The variables which had to be considered were the binder and the pigment 
type and quantity. 

Published work indicated that polyamide resin cured epoxy resin provided 
an ideal binder for zinc rich primers and this combination was accepted as a 
general standard, but it  was decided that an alternative isocyanate curing 
agent should be used in one instance in order to establish whether or not curing 
mechanism had any effect on performance. In addition the isocyanate cured 
epoxy resin combination could have the advantage of curing at lower 
temperatures than the polyamide cured type. 
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Table 2 

Corripo.sition of etch priniers (percentage by weight) 

Component 1 CEGB7 ~ CEGB8 

5.2 
I 

Composition to Specification 
DEF. 1408 

5.2 1 Spraying quality 
9.7 

Polyvinyl butyral resin I . . 
Heat hardening phenol jd resin / 

M.P.48-56 . . . . . .  I 

There seems little doubt that a very small particle size zinc dust (2.5-3.0 
microns) gives best results in primer coatings and so this grade was used 
throughout, except in one instance where a leafing zinc flake pigment was 
used in place of the zinc dust. The zinc flake primer was included in view of 
the recent general interest in this type of pigment and because of the claims 
made that the high specific surface area of the flake permits the formulation 
of zinc rich primers containing 25-30 per cent solid binder which are still 
capable of providing cathodic protection to bare metal areas. The higher 
binder content is said to improve the mechanical properties of the primer 
and to provide a satisfactory surface for overcoating with drying oilbased paints. 

Zinc chromate . . . . . . 
Asbestine . . . . 
Methylated spirit 64.0.~. . .  . . 
Methyl ethyl ketone . . . . 
Toluene . . . . . . 
Phosphoric acid . . . . . 

It was also well known that " reduced " zinc primers were being used in 
the marine field, presumably on economic grounds, and it seemed desirable 
to include a range of paints which contained less zinc dust than normal whilst 
still being pigmented overall at a high level (92 per cent) on dry film weight. 
Zinc oxide and a siliceous type extender were used to reduce the zinc dust 
content. 

, 

In the case of CEGB 1, which was intended to be a " true " zinc rich type, 
the zinc content on dry film weight was 87 per cent instead of the recognised 
92 per cent. This happened more by accident than by design, but this mistake 
has provided interesting information on the effect of zinc content on performance 
as will be seen later in this paper. 

Butyl alcohol . . . . 

Reference should also be made to CEGB 5. This is a single-pack paint based 
on a high molecular weight cocondensate of bisphenol A and epichlorohydrin. 
In the authors' opinion and experience, zinc rich primers based on polystyrene 
and chlorinated rubber resin (normal single-pack types) do not perform as 
well in many respects as do the cold cured epoxy types. However, there are 
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obvious advantages in using a single-pack material and if such a paint could 
be produced it would be attractive to the user industry. The particular epoxy 
resin used in CEGB 5 produces, by solvent evaporation alone, films which. 
it is claimed, have excellent adhesion, hardness. flexibility and chemical 
resistance. 

Aluminium prirners 
Aluminium primers were not included in the original series, but subsequent 
discussion with interested parties in the industry indicated that such paints 
were being used as prefabrication primers and had certain advantages in respect 
of overcoating. Again it was decided to confine attention to epoxy resin binders 
and the choice of an epoxy resin ester and an amine adduct cured epoxy resin 
appeared to represent fairly the possible variations and combinations. 

Etch primers 
Finally, etch primer formulations were considered and, to avoid using 
proprietary formulations, the main choice was the widely used two-pack type 
described in specification DEF 1408. However, the authors had experience 
of a single-pack etch primer which contains zinc chromate and is reinforced 
with a phenolic resin. Because of the user advantages to be obtained with a 
single-pack paint, it was decided to include this paint (CEGB 7) in the trials. 
Every attempt was made to produce paints which would : 

(a) be suitable for spray application. 
(h)  dry within a few minutes of application to facilitate speedy and easy 

handling of the coated section, and 
(c) store satisfactorily in the container for a reasonable period of time. 

Attention was given to the choice of solvents, the inclusion of anti-settling 
agents and anti-gassing agents in the case of certain of the zinc rich primers. 
In all instances pigment dispersion was carried out carefully and thoroughly. 

Table 3 shows the physical and mechanical properties of the primers included 
in the tests. 

It could be said that some of the zinc primers were comparatively slow 
drying, but this defect could be rectified by the use of slightly more volatile 
solvents. Some gassing was experienced with the zinc primers, including two 
of the four proprietary paints, but subsequent evidence has shown that the 
more precise use of a micronised silica gel anti-gassing agent controls this 
undesirable feature, particularly if additional care is taken to ensure that 
water-free solvents are used. Settlement did not generally present a problem 
in the zinc rich paints with the use o f "  Bentone " gellants and small quantities 
of finely divided silicas. although, for some unknown reason. CEG B 4 provided 
the exception. 
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Exposure programme 
After the completion of the blast cleaning and prefabrication PI imer application, 
the girder sections were transported to the exposure sites without any particular 
care being taken and, in fact, were handled fairly roughly. 

The main exposure site is at Brighton 
"A" Power Station, Shoreham, which 
is considered to be one of the most 
aggressive sites i n  the country. The 
girder sections were laid horizontally 

f on the centre parapet of a cable 
bridge. The water under the bridge is 
part of the station cooling system and. 
although it is sea water, it is not 
subjected to tidal movement. In Fig. 1 .  
Shoreham Harbour is to the right of 
the bridge and the open sea can be 
seen to the left. Brighton " B" Power 
Station is in the distance with Brighton 
" A " and the gasworks behind. 

Exposure tests of the same type have 
Fig. 1. The exposure site at Brighton Power been carried Ou t  at  a rooc 'site at 

Station Battersea, and flat plates, blast cleaned 
and treated with prefabrication primer. 

have been exposed at Hayling Island. The results of the exposure trials at 
Hayling Island are not included in this paper since they were merely con- 
firmatory of the results obtained at Battersea and Brighton, the rate of 
breakdown being intermediate between those obtained at these two main sites. 

Overpainting 
It is important to know which primer should be used in the final paint system 
to ensure adequate adhesion and provide maximum performance from 
conventional " decorative" undercoat and gloss which it is desirable to use 
on power station structures. It has been said by a number of workers in this 
field that if zinc based prefabrication primers are used to protect blast cleaned 
steel, they should be overpainted with a chemical resistant coating if blistering 
and failure by intercoat adhesion are to be avoided. However, these statements 
generally refer to experience under marine conditions and it was felt that 
under the less stringent conditions of atmospheric exposure it was possible 
that the systems in current use in power station painting would behave 
satisfactorily. Perhaps of more importance is the desirability, on economical 
grounds, of finding a satisfactory prefabrication primer which will permit the 
continued use of the existing paint systems. 

To complete the exposure programme, each pretreated girder section was 
marked off into 1 ft lengths and treated as follows : 

First 1 f t  length - overpainted with appropriate primer two days after 
surface treatment. A " standard " white undercoat and 
gloss paint (both alkyd based) were then applied after 
a further seven days. 
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Sccond I ft length - painted as above at exposure site two months after 
surface treatment. 

Third 1 ft length - painted as above at exposure site six months after 
surface treat men t. 

Fourth I ft length -- painted as above at exposure site 12 months after 
surface treatment. 

In all instances, except the first, the prefabrication primer treated steel 
was exposed to the site conditions during the period between surface treatment 
and the subsequent application of the final paint system. At each painting 
half of the area of prefabrication primer to be overcoated was washed down 
with water, otherwise no other surface preparation was carried out, with the 
exception of the non-treated RSJs, which were, of course, appropriately wire 
brushed. 

I t  was intended originally to examine the three primers, Red Lead Primer 
BS 2523, Type B, Zinc Chrome Primer to Specification DEF 1039A, and 
Calcium Plumbate Primer to BS 3698, Type A, over all of the prefabrication 
primers, but this was not practical because of the vast number of girder sections 
involved. As a compromise, the following " standard " primers were applied : 

On zinc rich and reduced zinc prefabrication 
primers - Calcium Plumbate Primer 

On aluminium prefabrication primers - Zinc Chrome Primer 
On etch prefabrication primers - Red Lead Primer 

However, on a limited number of sections it was possible to apply further 
variations so that each primer has been applied over each prefabrication primer 
on one specimen at least. 

It is not our intention to discuss in detail the performance of the various 
primers over the prefabrication primers in this paper since the maximum 
exposure of 18 months is not sufficient to show any significant differences. 

Assessment of performance of prefabrication primers 
The girder sections exposed at Brighton and Battersea were examined at 
6-, 12- and 15-monthly intervals. The performance of the single coat films 
of the primers was assessed visually and the amount of rust formation recorded 
as a percentage of the surface area of each " side" of the girder section, the 
" sides " being numbered one to eight as shown in Fig. 2a. At the same time 
a colour photograph was taken of each girder at every inspection. 

Results 
Filni tliickness 
It is important to examine the film thickness of the primer coatings since this 
could have a bearing on the interpretation of the results obtained. The spray 
application of the prefabrication primers was carried out by an experienced 
operative, but. even so, a wide variation in film thickness was obtained, 
presumably due to the shape of the sections. Magnetic thickness gauge 
(Elcometer) measurements were taken on each section after the prefabrication 
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primers had been allowed to harden thoroughly, but before exposure 
commenced. Twelve measurements were taken on each coqed section and 

Fig. 2a. Numbering of sides for rust Fig. 2b. Positions of Elcometer readings 
assessment 

the points indicated on Fig. 2b and these show that the central area of the 
horizontal surfaces received a comparatively thick coating, whilst the internal 
vertical surfaces were coated with films of a thickness normally prescribed 
for these types of primers. Table 4 gives the results obtained on 21 specimens 
together with the mean average film thickness measurements. 

Table 4 
Elconteter readings in inches :: lo-:' 

S ~ ~ ~ ~ ~ A ~ B C ~ D E ( F ( G ( H (  No. 
1 1 J 1 K ~ L ~ Y : ; ~  

IT<--- - -- - -  - -  
Mean ' 0.9 1 0.9 / 2.2 , 0.8 1 1.7 j 0.8 / 0.8 I 2.1 I 1.3 0.9 1 1.7 I 1.3 

(21) 1 I 1 I I I 
I 

Film thickness measurements by the Elcometer, particularly on blast cleaned 
surfaces, can be inaccurate and so the results obtained were compared with 
measurements taken by projection microscope (magnification 300 x ) on 
prepared cross-section specimens taken from the girders, as in the following 
example : 



San~ple N o .  of' Mean Standarvl 
tlrterminations (in x I0 7 deviation 

(in x  lo-:') 
Magnetic gauge 6A 50 1.3 0.5 

( Elcometer) 
Projection microscope 6A top 

50 1 .O 0.6 
bottom 

Whilst the results are not exactly similar, they confirm that the magnetic 
gauge readings were of the right order and, in any case, indicate thick and 
thin areas. The con~parison of sets of figures from a number of specimens 
show the Elcometer measurements to be generally slightly higher than the 
projection microscope results, but the latter were taken from a much smaller 
area. 

The average film thickness of the prefabrication primers on the internal 
vertical surfaces was 0 . 8 ~  10-Vn and is relative to the rusting assessment 
of sides 2, 4, 6 and 8, but particularly to sides 2 and 4, which have been fully 
exposed to the weather. The average film thickness of the horizontal (centre) 
surfaces was 2.15 x in and relates to the rusting assessment of sides 3 and 7, 
but particularly side 3, which has been fully exposed to the weather. It is 
interesting to compare the performance of a selection of zinc primers in relation 
to film thickness (see Table 5). As might be expected, in general the level of 
rust formation is inversely proportional to film thickness, but increased film 
build does not affect the order of merit of performance. i.e. the poorer primers 
still behave badly when applied in thick films. 

Blast cleaning 
It has been stated previously that different methods of blast cleaning were 
used to obtain different levels of surface cleanliness and it is desirable to 
determine the effect of surface preparation on the performance of the 
prefabrication primers, both individually and collectively. When cross-sections 
taken from girders are viewed on the projection microscope, a 6 in wide image 
is obtained on a screen. By moving the specimen along and tracing the surface 
outline on to paper of 3 ft lengths an actual surface profile is recorded. This 
recorded profile represents I',, in of surface only. Whilst this appears to be 
very small, it is 100 times greater than the paint film thickness. The shaded 
area of the projections is the metal. Obviously this has been condensed otherwise 
the actual 4 in of metal would have to be shown at a thickness of 124 ft. 
However, the surface profiles and the paint films are to scale and represent 
the top and bottom faces of the specimen. Even though the sample area is 
extremely small, the isolated surfaces of each specimen have similar profiles. 
therefore it is reasonable to assume that they are representative of the whole 
area. A general examination of the profile shows that shot blasting gives a 
smoother finish than grit blasting, which is not unexpected. 

The commercial shot blasting gives the smoothest finish (Fig. 3) although 
not greatly different from the white metal finish achieved by this method of 
surface cleaning (Fig. 4). Grit blasting to white metal gives the roughest finish 
(Fig. 5) with the commercial finish by this method being slightly smoother 
(Fig. 6). 
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PRIMFI: 1 S I l C l l  B L A S T  ( i l l - l h n l  1,'C'lAl 

PRIME[? ;'-Stii'iT B L A S T  i OMMf l i t  :A1 

I ' H I M E I I I I  S H O T  H I  A S T - C ( J M M L I I C 1 A L  

P R I M E R  7 SHOT B L A S T - C ' 3 h l M F  R C A L  

FIG. 3 

PRIMER 1 -SYOT D L A S '  W t i l T k  M t  I A L  

-- 
PRIMER 2-SHOT B L A 5 T - W H I T  k MF TA 

PRIMER 7 S l i (  1 1  L I L A ' > l - W t l I :  I .  MI 1 A1 

-- 
P R l M E i i  / S H O T  U L A C 1  - W t l I  t Mi I A L  

FIG. 4 
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- 
PRIMER 1 - GRIT BL-AST W t i l T E  METAL 

PRIMER 2 - G R I T  DL A S T - W t i I T t  METAL 

PRIMER 3 -GRIT  BLAST WHITE METAL 

PRIMER 11-GRIT BLAST WHITE METAL 

PRIMER 6 GRlT BLAST WHITE METAL 

PRIMER 7 - G R I T  BLAST WHITE METAL 

FIG. 5 

PRIMER 1 - GR lT  B L A S T  - C O M M E R C I A L  

PRIMER 3 - GRIT B L A S T  - C O M M F R C I A I  

PRIMER 11 - GRlT B L A S 1  - C O M M F  R (  41  

- - - -- -- 
PRIMER 7 - G R I T  B L A S 1  - ( 'Ohll i lkH(' lA! 

FIG. 6 
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Table 6 gives a comparison of the effect of surface treatment on primer 
performance which has been made by determining the rust formation on each 
girder section as a percentage of the surface area after 12 months' exposure 
at both Brighton and Battersea. There are a few discrepancies between 
individual primers, but, taking the mean at Brighton as a guide, it can be 
seen that there is little significant difference between the four surface treatments : 

White metal grit blasting . . . . . . 48 per cent 
Commercial finish grit blasting . . . . 59 per cent 
White metal shot blasting . . . . . . 55 per cent 
Commercial finish shot blasting . . . . 50 per cent 

At the less aggressive Battersea site, the commercial finish of shot blasting 
has given the most favourable results except in the case of etch primers, which 
have performed at least as well on the grit blasted surface as on the shot blasted 
surfaces. 

Rusting assessment after various periods of exposure 
The rusting assessments made after exposure periods of six n~onths. 12 months 
and 15 months are presented in tabular form, together with graphical summaries 
to obtain a general picture of the anticorrosive properties of the prefabrication 
primers examined. Rust formation is expressed as an average percentage of 
the surface area of all the exposed RSJ sections for each primer. the mean 
figure for each site being obtained from at least 32 sides. 

Fig. 7 is a graphical representation of the average rusting figures after six 
months' exposure. The left hand column for each primer represents exposure 
at Battersea and the right hand column that at Brighton. The zinc rich, reduced 
zinc above 74 per cent zinc, the proprietary primers and the etch primers 
were all in very good condition after this period of weathering. However, 
the aluminium primers and the reduced zinc primers below 74 per cent zinc 
content were already showing a 50 per cent rusting, even at Battersea. The 
rust formation for all " sides" of the girder sections for the original series 
of primers have been assembled in table form and the mean averages determined 
for the six months' and 12 months' periods (Tables 7-16, pp. 792-801 ). 

After 12 months' exposure only the primers containing a minimum of 
91.5 per cent zinc on the dry film weight are in reasonably good condition. 
that is, showing less than 10 per cent rust formation. Even when the zinc content 
on the dry film is allowed to fall only slightly below the theoretically required 
figure of 92 per cent, there is a marked deterioration in performance. (See 
Table 7 for Primer I .) 

It is interesting to observe the performance of the proprietary primers in 
the series. The formulations were not disclosed, but by analysis and by results 
they could be placed in the following order : 

Primer 2 (Table 8) appeared to have a minimum of 92 per cent zinc on the 
dried film and was similar in result to CEGB 4 (Table 10). 

Primer 3 (Table 9) had less than 92 per cent, but not below 85 per cent zinc 
on the dry film weight and appeared similar to CEGB I (Table 7). 
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Primers 1 1  and 12 (Tables 8 and 9) had approximately 65 per cent zinc 
on the dry film and behaved similarly to CEGB 6 (Table 11). 
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was designed. After 12 months at Brighton the sections were rusting badly 
(Table 14). However, it was subsequently found that due to an error in the 
originally suggested formulation, the zinc content was low and this probably 
reduced the effectiveness of this particular test. 

The two-pack etch primer, after 12 months' weathering period. showed an 
average rust formation. 40 per cent of the surface area at Battersea and 
70 per cent at Brighton, but the one-pack type performed extremely well at 
Battersea after 12 months, showing less than 20 per cent rusting. At Brighton 
it was estimated, after 12 months, to have an overall rusting of 70 per cent 
of the surface area, which is approximately equivalent to a number of the 
zinc rich primers, but, due to the colour of this particular primer, the assessment 
was difficult to make. Certainly the overall rusting was light in nature. 

A summary of the 12 months' exposure results is shown in graphical form 
in Fig. 8. 

After 15 months' exposure at Brighton all the primers were failing. and 
even the full zinc rich primers 2 and 4, which gave the best all round 
performance, had an average of over 40 per cent rusting. Perhaps what was 
more significant was that in places the rusting tended to be of a pitting nature 
(Fig. 9) and more severe than the overall light rusting present on the single-pack 
etch primer CEGB 7. 

At Battersea, where the exposure conditions were not so severe, the single-pack 
etch primer was still affording good protection to the steel after 15 months. 
The condition of the zinc rich primers was similarly better, but there was 
still a reasonable percentage of heavily rusted areas. Fig. 10 shows the side 
face of a girder primed with a single-pack etch primer compared with that 
surface primed with zinc rich primer CEGB 4. 

On the underneath surfaceswhich were not exposed directly to the weather 
the performance of the holding primer was good in all cases, but on the zinc 
rich primers there were deposits of zinc corrosion salts which were even heavier 
on the extended zinc primers (Fig. I I ). 

A cceleratecJ rveathei-ing 
Attempts were made to reproduce by accelerated means the results obtained 
from the natural exposures. The tests included accelerated weathering and 
exposure to salt spray, humidity, sulphur dioxide and ammonium sulphate. 
In practically each case it was possible to distinguish an order of merit for 
the zinc containing primers, but not possible to relate the performance of 
any of these primers with that of the etch or aluminium primers. 

Discussion of results 
From the results of this work it is obvious that there are a number of primers 
which will " hold " blast cleaned steel in a rust free condition on even the 
most aggressive site for a period of six months. However, longer periods of 
exposure result in some breakdown with all the primers examined, particularly 
at film thicknesses below 10 in. It is assumed that it is important not to 
exceed a film thickness of 10-Vn with any prefabrication primer to minimise 
adverse effects on welding, friction grip surfaces and to maintain cost at the 
lowest possible level. In the opinion of the authors it is impractical to apply 
by spray a uniform coating of zinc containing primers on to large complicated 
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The durability of zinc based primers depends largely on the zinc content, 
but even the primers examined in this programme with a minimum of 
91.5 per cent zinc on the dry film weight had approximately 40 per cent rusting 
after 15 months' exposure. In addition the isolated areas of rusting of steel 
coated with even the best zinc rich primer were heavier and more aggressive 
to the base metal than the overall rusting obtained with etch primer for example. 
I f  these rusted areas are not to be the weak link in the protective system they 
would need to be cleaned and prepared for overpainting, but, at the same 
time, the surrounding zinc primer coated areas may also need cleaning and 
preparing. The methods employed for cleaning these two different surface 
conditions and the types of following-on primers required to give the best 
performance on each surface are not necessarily compatible. 

Conclusions 
There is doubt of the desirability of using zinc containing primers on power 
station structures where steel coated with prefabrication holding primer is 
likely to stand on site for periods well in excess of 12 months before being 
overpainted. Since there is no primer type which will provide overall protection 
for the periods of time involved, one could question the desirability of blast 
cleaning at all. However, the non-uniformity of the weathering effect on 
millscaled steel inevitably presents an inadequate surface for subsequent 
painting. There is undoubted merit in the use of blast cleaning, even to a 
commercial grade, to remove millscale, and, in the authors' opinion, the 
single-pack etch primer of the type used in this work will give many advantages 
when applied to this surface. 

Ad~tnntages of one-pack etch primers over zinc rich types 
I. They are cheaper. Assuming similar coverage rates then the ratio of cost, 

considering raw materials only, would be 3 : 1, full zinc rich primer to 
one-pack etch primer. 

2. They are one-pack materials with very obvious practical advantages to the 
applicator. 

3. They will provide good protection for six months at any site and for 
12 months at a protected site. 

4. They give similar corrosion protection on both a comparatively rough 
grit blasted surface and a smooth shot blasted surface. 

5. The eventual rusting of the coated steel is uniform and light and can be 
easily prepared by the traditional wire brushing. Practical tests demonstrate 
that a well weathered etch primed surface can be properly prepared for 
painting three times quicker than a steel surface which has not been blast 
cleaned but which has weathered naturally for the same period of time. 

6. It is d i f i c~~ l t  to apply etch primers in thick films and this would reduce 
considerably the practical possibilities of the paint film having an adverse 
effect on welding. 

7. To date the one-pack etch primer has presented no problem with regard 
to overcoating. Although it is at an early stage yet there are already some 
indications from this particular exposure programme that the weathered 
zinc rich primers are not ideal surfaces to receive subsequent paint systems 
of the types normally used in power station work. 
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Discussion 
The first question was on the method of assessment of rusted areas, to which the 
reply was that it was visual. 

MR. D. S. NEWTON said that he would have expected increased corrosion in cool 
moist conditions and therefore that the underside (facet No. 7) of the girder would 
rust more than the upper side (facet No. 3). Dr. J. B. Harrison had found this in 
his girder trials. 

THE AUTHORS replied that in fact facet No. 3 rusted more rapidly than facet No. 7 
and with more uniform corrosion than the latter, which became spotty. 

MR. NEWTON asked whether this were perhaps due to  acidic fall-out, rather than 
purely vapour-phase corrosive agents. 

THE AUTHORS agreed and said that Dr. Harrison's girders were propped up against 
a wall and therefore did not present a horizontal surface. 

MR. E. L. FARROW asked about the effect of washing down the prefabrication 
primers, especially those exposed at Brighton. 

THE AU~HORS said that, although the exposures had only been for 18 months, 
the conventional paints were already showing an alarming lack of adhesion to zinc 
primers and washing had had little effect. 

DR. T. 4. BANFIELD remarked on the reported high percentages of rusting and 
thought that much of it might be rust staining of the paint surface rather than rusting 
of the metal ; he asked whether the film detached from rusty metal. Further, he pointed 
out-on the subject of cost-that etch primers were cheaper than zinc primers per 
gallon, but not when calculated per square yard to the same dry film thickness. 

THE AUTHORS replied that the type of rusting was hard to assess with the etch 
primers on account of the small colour differences. With these primers rust was 
formed " gently " and if brushed off it revealed primer underneath. 

On the matter of cost, MR. BA\.LISS said that the primers had been applied at similar 
spreadage rates and therefore the cots per unit area would be relative to the cost 
per gallon. He appealed to  MR. R. P. HANSOX, who said he had recently conducted 
a questionnaire to paint manufacturers on the subject of shop primers on behalf 
of his Company (Swan, Hunter & Wigham Richardson Ltd.). The solids content 
by volume of a primer affected its true cost greatly and other primers of higher solid- 
content had been found cheaper than the wash-primer types. 

MR. HANSON remarked that the weathering period for etch primers had been found 
to be less on shot- than on grit-blasted surfaces and asked why. THE AUTHORS could 
not explain this. 

MR. HANSON said that this was unexpected since the angular abrasives might 
produce a profile of 8 x in amplitude, compared with 2 x lo-= in for round steel 
shot. 
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THE AUTHORS replied that the performances of the schemes had not varied 
significantly on any of the surfaces used. The effect of a surface profile might be 
expected to relate to the number of " peaks" penetrating the paint film ; the etch 
primers had more such peaks than the rest, but rusted less. 

MR. J. C. LION said that zinc-epoxy primers had the ability to protect steel in the 
vicinity of scratches in the paint film, and asked whether the specimens had had 
rough enough treatment to bring out this important practical advantage. 

THE AUTHORS said that the treatment was pretty rough. They were thrown on 
to a lorry at Stockton, thrown off again at their destinations, and all the samples 
at Brighton were on one occasion thrown off a roof on to the earth. But in any case 
serious mechanical damage was most likely to result in a comparatively large bare 
areas across the paint surface rather than a scratch. Cathodic protection could only 
be effective within fractions of an inch from the edges of damaged areas. 

MR. D. P. DODGSON commented on the surprising difference between paints with 
high zinc contents and those slightly lower. 

THE AUTHORS agreed, but pointed out that an '. extended-zinc " paint with a zinc 
content of 74.5 per cent and a total pigment content of 92 per cent behaved as well 
as a pure zinc paint containing 88 per cent of zinc, so the total pigment loading also 
had an effect. 

MR. K. F. Bax-r~n asked whether the one-pack etch primer was used fresh or 
after ageing. 

THE AUTHORS said that it was aged a little while before use. No tests on the effect 
of ageing were done in this series, but previous tests had shown three or six months' 
ageing to have no effect. 

MR. E. A. DULIGAL asked whether Elcometer and microscopic readings of film 
thickness agreed on all parts of the girders ; he would have expected magnetic shielding 
on the enclosed sections. 

In general he commented that the authors' condemnation of zinc primers ran 
contrary to the experience of constructional engineers and shipyards. 

THE AUTHORS replied that to avoid the magnetic effects the Elcometer readings 
were done on I in long sections cut from the ends of the girders. 

Regarding experience, they said that conditions in power station constructions 
were different from those in shipyards. 

In reply to a question about the uniformity of paint film thickness, THE AUTHORS 
said that the rusting was uniform over each side of the girders, which suggested that 
the films were uniform too. 

MR. D. M. JAMES asked about differences in the abilities of different paints to 
follow the contours of grit-blasted steel. His laboratory had found that etch primers 
were better than zinc-epoxies in this respect and this would help to maintain their 
performance at low overall film thicknesses. Had the authors found differences in 
the order of ranking primers at different film thicknesses? 

THE AUTHORS agreed with the observation on etch primers and commented that 
differences were observed at different film thicknesses, but ultimately film thickness 
had no effect on the order of ranking the primers. 

MR. D. S. NEWTON referred to experiments he had done on extending zinc dust 
with colloidal zinc oxide and asbestine : he had found the best results to be near 
the critical PVC. 
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THE AUTHORS thanked him for this suggestion, which they would consider in future 
work. 

MR. K. F. BAXTER asked if there were significant differences in the performance 
of zinc primers based on different media. 

THE AUTHORS replied that the effect of zinc-content was overwhelming. However, 
accelerated tests did differentiate between media and showed isocyanate-cured epoxies 
to be better than polyamide-cured. 

MR. E. L. FARROW asked whether these were alkanolamine adducts of epoxy 
resins cured with isocyanates ; THE A L I T H ~ R S  replied that they were not, a simple 
solid epoxy resin was used (Epikote 1007). 

Next month's issue 
The Honorary Editor has accepted the following papers for publication and these 
are expected to appear in the October issue of the Jolrrt~al : 
" Texture of pigments," by W. Carr. 
" Influence of particle size and particle form of inorganic pigments on change of shade 

in coloured paints and lacquers," by P. Kresse. 
" Recent advances in the chemistry of fatty acids," by M. E. Atisell. 
" The interaction between paint and substrate," by J. van Loon. 



Correspondence 
The varnish holding properties of timber 

SIR,-The above paper by the late Mr. K. L. Jones, published in the April 1966 
issue of JOCCA (pp. 314-339), raised a very pertinent issue which perhaps 
can be best expressed in a query : 

" Can a statistical analysis of the behaviour of grouped types of a 
heterogeneous material such as timber give results of value in their reactions 
to protective coatings such as the varnishes described in the paper? " 

That is the widest approach possible to the author's problem, which is, 
however, further complicated by his random selection of groups of 12 species 
of wood examined (not 16 as stated in the summary), and of these two 
unidentified-this, however, is a minor fault for which the taxonomists are 
perhaps most to blame. 

The acid test of any study of this nature is whether the results obtained 
are repeatable and reproducible. In the opinion of the writer, as. a forester 
who spent a considerable part of his service in India on timber and allied 
research (and also, strangely enough, for a while in Australia*), the problem 
should be re-investigated in close co-operation with the forestry research 
organisations in Canberra and elsewhere in order to bring about a better 
understanding of the natural characteristics of timber in their relation to 
protective coatings. To mention a few : habitat, width of annual rings (rate 
of growth), nature and duration of seasoning, ratio of sapwood to hardwood 
in test samples, occurrence of resin, and so on. An improved classification 
and evaluation of timber defects may result and further light be shed on that 
unusual and elusive expression of the author's " the integrity value " of a 
timber. 

The writer was influenced in his decision to raise the matter in the 
correspondence columns of JOCCA by the fact that the statistical analysis 
resulted in pinus radiata being placed top. The Radiata Pine (the only true 
pine tested in the analysis) is not generally recognised as a good timber tree, 
mainly because of its branchy character, while all paint technicians know 
that pine knots contain resin, which normally require special treatment before 
application of the final protective coatings. Perhaps the varnishes applied 
served the double purpose of sealer and of coating? 

Yours faithfully, 
6 Chesil Court, A. J. Gibson. 
London, S. W.3. 2 June 1966. 

SIR,-We were interested to receive Mr. Gibson's letter and offer the following 
comments in reply. 

In the assessment of the varnish holding properties of the 12 timbers exposed 
on our test fence, it was apparent both to the late Mr. K. L. Jones and to 
his colleagues that pinus radiata was superior to the other timbers. Each board 
was then rated in the manner described in the paper, both with respect to 
- -- 

*See Commonwealth of Australia CSIR Pamphlet No. 9, 1928 
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whole board and sound areas ; detailed statistical examination of the results 
confirmed our general impression that Radiata Pine was outstandingly the 
best timber for overall performance when finished with varnish. 

The timbers used in the test fence were supplied by two organisations already 
acknowledged and were selected by the Timber Development Association of 
Australia as representing the timbers most widely used as cladding materials 
in the Australian building trade. Full details of these timbers of interest to 
the forester were not available, and I regret that we are unable to continue 
this work and to investigate more fully the timber variables as suggested by 
Mr. Gibson ; however, 1 have sent a copy of his letter and a copy of my reply 
to the Forestry and Timber Bureau, Canberra. 

Although Mr. Gibson's criticism of Radiata Pine is valid, this timber is 
and will remain important in Australia and cannot be ignored. Climatic 
conditions in this country are such that pinus radiata has been recommended 
by the Australian Forestry Council as the principal species for extensive planting 
to provide for softwood requirements as far ahead as the year 2000. Further. 
it is considered economic in some areas to prune off side branches in order 
to eliminate knots in the mature timber. Pinus radiata is subject to a high 
rate of resin bleed from knots during kiln drying, but the subsequent rate 
of resin bleed is then much lower than after air drying. Kiln drying is therefore 
recommended for Radiata Pine when used for external cladding where painting 
or clear finishing is required. In the test fence set up at these laboratories, 
holes were stopped with linseed oil putty, but knots were not given any special 
treatment. 

Yours faithfully, 

Defence Standards Laboratories, 
South Australian Branch. 
c/o Post Ofice. 
Woodville, 
South Australia. 

H. C. Baghurst. 

I8 July 1966. 



Editorial 
Le divertissement nouveau 
We were recently privileged to attend press shows of two films produced by firms 
well known to all our readers. 

" Careers in Chemicals " has just been completed by Distillers Chemicals and 
Plastics Group in co-operation with the Appointments Boards of eight universities. 
It seeks to answer some of the questions which undergraduates are wont to ask about 
industry. On the whole it does a good job of presenting a balanced picture of what 
they can expect, but it is unfortunate, if perhaps inevitable, that it raises more questions 
than it answers. 

" Tioxide " is the sequel to " The Titanium Pigment Story," made by British Titan 
Products Ltd. To  one like ourself, knowing no more about pigment manufacture 
than can be found in the text-books, its portrayal of the processes involved appears 
realistic and, if the " hidden persuasion " is not too well hidden, what matter? 
A criticism which may be levelled at this film, among many others of its kind, is 
that one is not a t  all sure at what audience it is aimed. This information should be 
made available whenever such a film is launched and we would exhort the Royal 
Institute of Chemistry to insist on its inclusion in the notes prepared for the otherwise 
excellent Index of Chemistry Films. 

Did you know that the RIC Index lists some hundreds of films and film strips 
covering all aspects of chemical science and technology ? Did you know that, alongside 
those produced for sale by publishing houses like McGraw-Hill and Encyclopedia 
Britannica, there is a majority available on free loan from firms which together 
constitute a representative cross-section of the industry ? Those responsible for forward 
thinking, not to mention training, could d o  a lot worse than devote a couple of hours 
of their employer's time, at intervals which should not be too short, to taking advantage 
of this free service. 

Scientific principles and laboratory techniques are well presented in films by ICI, 
Perkin-Elmer, Crookes Laboratories and Oertling, to name but a few. Plant, 
instrumentation and materials handling are featured in profusion by a score or  more 
manufacturers, and the more disinterested works of such bodies as  the British 
Electrical Development Association will commend themselves particularly to those 
resentful of the flavour of publicity, however subtle, which is inseparable from the 
majority of these productions. Petroleum and petrochemical interests are well catered 
for by all the major oil companies and few would deny the Shell Film Unit honourable 
mention. 

Safety is a subject which lends itself to disinterested and particularly effective 
presentation on " celluloid." Pyrene and Walter Kidde offer convincing demonstrations 
of  fire-fighting equipment, but we would divide the honours between " It Couldn't 
Happen To  Me " (J. Lyons), " Luck of the Devil " (Distillers) and " Black Monday " 
(ICl) ; the last is not for the squeamish. 

If you seek a well balanced programme, you will no doubt want to include something 
about paint, pigments or resins. There is again no lack of choice, but you may have 
to sublimate your aversion to the voice of the tempter with the thought that you 
are discovering how the other fellow handles his publicity, if not his raw materials. 
To sweeten the pill, you may round off your programme with Cadbury's " Chocolate 
Odyssey," or, if you prefer other flavours, Harvey's " Your Glass of Sherry," or  
the Scotch Whisky Association's " Keepers of the Mystery." 
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So why bemoan the fate of our picture palaces, converted by the hatchet men 
into bowling alleys and masonry-strewn car parks? If  our proposals do not satiate 
your craving for bygone diversions, take heart-you still have the telly. And if you 
did not avail yourself of the privilege of viewing that inspired exercise in international 
relations, the World Cup (available on two channels, mark you), there is no doubt 
that you will be welcomed back into decent society, provided you keep such trivia 
as economic crises firmly in their place and make up for your lack of taste-by 
watching a reasonable number of the post-mortem presentations and buying the 
special bumper commemorative issue of the Evening Blurb, on which you will surely 
be able to dine out for the next four years. 

Reviews 
OILS, FATS AND FATTY FOODS, THEIR PRACTICAL EXAMINATION 

Fourth Edition. By K. A. WILLIAMS. J. & A. Churchill Ltd., London, 1966. 
Pp. viii+488. Price 100s. 

This book is remarkable in several different ways, not the least of which 
is the fact that it has managed to retain the same convenient size over the 
years, whilst most of its contemporaries have grown beyond all recognition. 
First published by Bolton and Revis in 1913, the present author received 
honourable mention for his assistance with the second edition of 1928 and 
he has had sole responsibility for the two further revisions, in 1950 and 1966. 
Keeping within bounds in this fourth edition has not been achieved without 
the use of certain stratagems, such as increasing the average number of words 
per page, but the high quality of the publication has not been jeopardised 
thereby. 

The second point to notice is that the manuscript is founded upon the personal 
experience of analytical consultants specialising in oils and fats, and readers 
accustomed to literature surveys should not be dismayed to find that in some 
of the sections the references appear to die out in about 1930, and in others 
in about 1950. The first four chapters, dealing with analysis and the inter- 
pretation of results, have been very carefully revised and can be thoroughly 
recommended to anyone interested in the particular subject. But this is not 
just an analytical textbook, but one which provides sufficient background 
information to excite the analyst's interest in the material he is examining. 
Chapters on such topics as " Industrial Production of Vegetable Oils and 
Fats," " Hydrogenated or Hardened Oils," " Butter and Margarine." etc., 
should be regarded in this light rather than as up-to-date summaries of the 
technologies concerned. Nevertheless, at least one reader would have been 
happier if more attention had been given to the revision of some of them. 

We now come to what many will consider to be one of the most interesting 
chapters in the book, entitled " Vegetable Oils and Fats," which gives details 
of the source and properties of about 150 varieties, including all of the important 
materials of commerce and many more besides. Here we must draw the line 
and say, quite firmly, that the material presented under this heading needs 
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extensive revision to bring it up to date. The statement that cay-cay fat is 
produced in Cochin China and used by the natives for making candles may 
have meant something to readers of the second edition, but since then a whole 
generation has grown up that has not even heard of Cochin China as a place, 
nor even as a chicken. Of course, you may not require to look for cay-cay 
fat, but you will certainly want to read about soya bean oil. Perhaps it will 
surprise you to learn that the linolenic acid content is around 3 per cent- 
an idea that was out of date even when the statement first appeared in the 
third edition. Indeed, if you compare the chapter with the corresponding one 
in previous editions you will find much of the material going back for 40 years 
or more. Not that this necessarily invalidates the information, but interest in 
or availability of the lesser known oils changes from time to time and the 
list of those deemed worthy of mention should be adjusted accordingly. Oils 
such as kamala. ongokea, crambe, kenaf and many others spring to mind 
as having been much in the news during recent years, but no mention is made 
of them here. Vernonia anthelmintica oil is said to have evoked much interest 
on account of its unusual fatty acid composition-but what that is we are 
not told. The inclusion of an appendix giving a list of oil sources investigated 
during the period 1952-62 does not help in any way to redress the balance. 

In spite of what has been said about the chapter on vegetable oils, experience 
has proved it to be useful in the past and no doubt it will continue to be so 
in the future. But no book is so good that it cannot be made even better and 
the revision of an old one is often more difficult than the production of an 
entirely new text. There is no doubt that Dr. Williams' new volume will occupy 
a prominent place in the libraries of all analysts dealing with oils and fats. 

M. R.  MILLS. 

By E. HASLAM. Academic Press Inc. (London) Ltd., 1966. Pp. 179. Price 
47s. 6d. 

The relatively recent development and application of new techniques has 
resulted in considerable progress in the analysis and elucidation of the structure 
of vegetable tannins-complex polyphenols with molecular weights in the 
range 500 to 3,000. This book meets the need which has thereby arisen for 
an up-to-date and critical survey of the present state of knowledge. 

The subject is treated solely in relation to the use of polyphenol compounds 
as tanning agents for leather, and the first chapter, in fact, includes brief 
descriptions of the structure of collagen fibres i n  animal skins and of the 
mechanism of vegetable tannage. 

The major part of the book is devoted to hydrolysable and condensed tannins, 
the two main structural types, and the related simpler polyphenols, such as 
flavanoid compounds, which are present in tannin extracts. The application 
of various techniques, such as chromatography, counter-current distribution, 
nuclear magnetic resonance and spectroscopy to the problems of analysis and 
characterisation is critically assessed. 
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Finally, there is a detailed account of investigations concerned with the 
identification of precursors in the biosynthesis of plant polyphenols and the 
elucidation of probable routes for their formation in nature. 

A large amount of factual information is condensed into this book and 
the text is well illustrated by numerous formulae and tables. It provides a 
very readable account for those who wish to inform themselves on the latest 
developments in tannin chemistry, but it is primarily intended for the specialist 
in this or related fields of natural products chemistry. 

R. N. F A U L K N E R .  

Information Received 
( I n  case of dificrtlty regarditrg addrrrser, nrern1jer.v n~rd .rrth.rtrihrr.v to the JOURNAL shr~uld apply 

for drtails t o  the G r n r r ~ t l  Srrrrtar?. of t1w A.v.vr~ciatk~fr 111 rhr arldre.s.r .\lro~vtr on the jroftr cwvrr.) 

The SERICOL GROUP LTD. showed a number of interesting new developments at the 
" FESPA " Screen Printing Exhibition in Zurich. Their niain exhibit comprised an 
automatic line suitable for the production of 50 in / 36 in screen prints on a variety 
of materials ranging from corrugated board to plastic sheeting for road traffic signs. 
The line consisted of an Aeropress Model 111 screen printing machine, the Autotake 
delivery unit and the Aerojet Type HHC jet air dryer. The Aeropress was shown 
for the first time with the new SPM automatic ink feed, which obviates the frequent 
stoppages hitherto necessary for the replenishment of the screen. 

The Board of AUSTRALIAN CHEMICAL HOLDINGS LTD. has announced the completion 
of its plans to combine its wholly-owned subsidiaries in the chemical field into one 
chemical division. The new company, to be known as A.C. Hatrick Chemicals Pty. Ltd. 
from 1 July 1966, will encompass the entire operations hitherto carried out by 
Reichhold Chemicals Inc. (Aust.) Pty. Ltd., A.C. Hatrick Pty. Ltd. and Cenient 
Chemicals (Aust.) Pty. Ltd. 

The Chemical Society and the University of Nottinghani announce the establishment 
of the CHEMICAL SOCIETY RESEARCH UNIT IN INFORMATION DISSEMINATION AND 
RETRIEVAL at Nottingham as from I August 1966. 

LEWIS BERGER (GREAT BRITAIN) LTD. has announced a new product, Bergermaster 
acrylic primer/undercoat, marketed in either one-gallon or half-gallon sizes. In addition 
the company has announced a revision of the Bergerflek colour range, which amounts 
to a complete replacement of the existing 20-colour range with the same number 
of new colours. 

The CHURCHILL INSTRUMENT Co. has announced the introduction of their falling 
rod viscometer. The company says this instrument is a falling coaxial cylinder type, 
with water jacket facilities for maintaining constant temperature conditions of test. 
The sample fills the annular gap between rod and orifice. governing the time of free 
fall of the rod between two reference marks 100 mm apart. The measured fall time 
is proportional to viscosity and the effective range is 20 to 2,000 poises. 
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STANHOPE-SETA LTD., sole agents for Gardner Laboratory Incorporated, of 
Bethesda, Maryland, USA, have announced the availability of the new Gardner 
portable 60 gloss comparator. This instrument was developed for use by a large 
firm of manufacturers of farm machinery and equipment in the United States. 
I t  does not conform exactly to ASTM specifications and is a comparator only, but 
it is claimed to be a truly portable, very practicable device for checking gloss on 
the production line within reasonably close limits. 

THOR CHEMICALS LTD. has announced conclusion of an agreement with A.F. 
Hechler SA, of Basle, for the manufacture of organo fluorine compounds in the 
UK.  The range of compounds is biologically active and is used in industrial 
preservatives and botanical applications. One of the compounds is used as a low 
toxic preservative for emulsion paints, another as a systemic insecticide. The existing 
selling concession in the UK, held by M. E. Dougherty Ltd., a member of the Tar 
Residuals Group, will continue. 

" Careers in Chemicals," a film made in co-operation with the Appointments 
Boards of eight universities, has been produced by D ~ ~ T ~ L L E R S  CHEMICALS AND 
PLASTICS GROUP and is available on free loan from this company. 

A plant for the chemical removal of old paint from paint-mixing vessels (or pots), 
said to be ten times faster and much cleaner than the manual method commonly 
employed in the paint industry, has been designed and put on the market by the 
GENERAL DESCALING CO. LTD., of Worksop, Nottinghamshire. 

PFIZER LTD. has announced that the extension to their pure synthetic iron oxide 
plant at Stalybridge will be in operation during the autumn of this year. This plant 
has been designed to meet in full the future demands in this country for high purity 
iron oxide, both for ferrites and for electrophoretic paints. 

The first stage of the ICI (EUROPA) LTD. move to its new headquarters at 43 and 
44 Boulevard du Regent, Brussels I ,  took place when the ICI (Europa) Plastics Group 
became operative there on Monday 4 July. The Chemicals Group became operative 
there on 18 July and the other sections of the organisation due to move will start 
operations in Brussels in the coming months. ICI (Europa) Ltd. is a new company 
formed by ICI in October 1965 to supervise and co-ordinate ICI selling and 
manufacturing activities throughout Western Europe. 

A special unit where the paint application systems of all the big car manufacturers 
can be simulated has been constructed by PINCHIN JOHNSON AND ASSOCIATES LTD. 
at their works at Silvertown, London, E. 16. 

MINNEAPOLIS CARGILL INC. has announced plans to build Western Europe's largest 
soyabean processing facility in the Port of Amsterdam. 



Proceedings of the 
Annual General Meeting 
The Fourth Annual General Meeting of the Incorporated Association was held on 30 June 
1966 at 6.30 p.m. at Painter Stainers Hall, Little Trinity Lane, London, E.C.4, with the 
President (Dr. S. H. Bell) in the chair. 

The notice convening the Meeting was read. 

Apologies 
Apologies for absence were received from Mr. G. A. Campbell (President 
1934-36), Mr. A. J. Gibson (President 1938-40), Mr. P. J .  Gay (President 
1959-61) and Mr. S. A. Ray. 

Minutes 
The President asked the meeting to take as read the Minutes of the Third 
Annual General Meeting held on 28 May 1965, as printed and circulated in 
JOCCA, 1965, 48, 762-766. There being no comments, the adoption of the 
Minutes was put to the meeting and carried unanimously. The President then 
signed the Minutes. 

Report of the Auditors to the Members 
The Report of the Auditors to the Members was read. 

Annual Report of the Council for 1965 
Mr. I .  C. R. Bews (Honorary Secretary) moved the adoption of the Annual 
Report of the Council and the statement of Accounts for 1965. 

Mr. F. Sowerbutts (Honorary Treasurer) seconded the adoption of the 
Annual Report of the Council and statement of Accounts for 1965. He pointed 
out that although in 1965 the income of the Association increased by over 
23,400, the deficit on the year's working was £2,415. As this was the second 
successive year in which a deficit had been incurred. the most careful scrutiny 
had been made of the financial forward planning of the Association and he 
would have more to say on this aspect under a later item. 

The Chairman asked if any member wished to comment on the Annual 
Report of the Council and the Statement of Accoi~nts. 

In relation to the Biennial Conferences, Dr. L. Valentine felt that the 
Association was too generous in respect of the payment of expenses not only 
for the chairmen of sessions and lecturers but also for their wives. This was 
unique in his experience and he suggested that Council should consider in 
future paying the expenses only of wives of lecturers and chairmen of sessions. 

The Chairman stated that this suggestion would be noted ; every attempt 
was being made in recent years to make the Conferences self-supporting. 

812 
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Mr. H. A. Newnham asked if an explanation could be given for the relatively 
high expenses per head of the New South Wales and Victorian Sections 
compared to the London Section. 

Mr. F. Sowerbutts stated that this was partly attributable to the help which 
the United Kingdom Sections received from the headquarters offices at Wax 
Chandlers' Hall and in which the Australian Sections could not share ; 
nevertheless, the Australian Sections were expensive to operate. 

There being no further comments or questions on the Annual Report of 
the Council and Statement of Accounts, these were formally adopted by the 
meeting. 

Election of President-Designate of the Association 
Dr. Bell stated that it was not easy for a President to say what a President 
ought to be, yet it was only from a knowledge of the activities involved that 
one could attempt to consider the man, the time and the circumstances. His 
successor as President would hold 
office during the Jubilee Year and 
it gave him great pleasure to put for- 
ward the name of Mr. F. Sowerbutts 
as the Council's nomination. Mr. 
Sowerbutts had had over 40 years of 
continuous service to the Association. 
He was a founder member of the 
Manchester Section, Honorary Treas- 
urer of that Section for over 14 years 
and for a time its Honorary Secretary. 
In 1948 he was the first Chairman 
of the Midlands Section. He had been 
a Vice-President of the Association 
twice and since 1960 has been 
Association Honorary Treasurer and 
Chairman of the Exhibition Com- 
mittee; he was now a member of the 
London Section. 

This was a remarkable record and 
the President formally proposed to 
the meeting that Mr. F. Sowerbutts 
be elected Fresident-~esignate. F. Sowerbutts, President Designate 

This was carried unanimously and with acclamation. 

Mr. Sowerbutts thanked the meeting for the honour bestowed upon him. 
This was an honour to which he had never aspired and he would do his utmost 
to merit the confidence of the members. 

Election of Vice-Presidents of the Association 
The Chairman asked the meeting to take the nominations of the Council as  
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printed on the agenda en bloc and this was agreed. The following were then 
elected as Vice-Presidents : 

(a) Vice-Presidents who have not been President : 
( i )  Mr. J .  C. Anner 
(ii) Mr. P. B. Hunt 
(iii) Mr. H. A. Newnham 
(iv) Mr. J. Smethurst 
(v )  Dr. H. W .  Talen 
(vi) Mr. V. C. Thompson 

(b) Vice-President who has been President : 
Mr. N. A. Bennett 

Election of Honorary Officers of the Association 
The Chairman asked the meeting to take the nominations of the Council as 
printed on the agenda en bloc and this was agreed. He pointed out that, owing 
to the appointment of Mr. Sowerbutts as President-Designate, it was necessary 
for Council to nominate a successor to him as Honorary Treasurer. He felt 
sure that with Mr. A. S. Fraser as Honorary Treasurer the Association would 
be well served. 

It was unanimously agreed to elect the Honorary Officers as follows : 

Honorary Secretary . . . . . . . . . . Mr. I. C. R. Bews 
Honorary Treasurer . . . . . . . . . . Mr. A. S. Fraser 
Honorary Editor . . . . . . . . . . Mr. A. R. H. Tawn 
Honorary Research and Development Oficer . . Mr. A. T. S. Rudram 

Announcement of Election of Three Elective Members to Council for 1966-68 
The President read the following report which had been received from the 
Auditors : 

We have scrutinised the voting papers for the three elective members of 
the Council received from the members in the United Kingdom and General 
Overseas Sections, and certify that the votes cast, including those notified by 
letter from the South African and Victorian Sections, show that the following 
obtained the largest number of votes : 

1. G. H. Hutchinson 2. A. W. Blenkinsop 3. L. Tasker 

24 voting papers were rejected as not being in order. 

London, 22 June 1966 
Cooper Brothers & Co., 

Chartered Accountants. 

The Preeident then declared the three members listed elected to Council. 
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Chairmen of Sections for the Coming Session 
The names of the Section Chairmen for the coming year were given as follows : 

Auckland . . . . . . . . Mr. P. B. Hunt 
Bristol . . . . . . . . . . Mr. R. J. Woodbridge 
Hull . . . . . . . . . . Mr. L. W. Wynn 
Irish . . . . . . . . . . Mr. J. H. A. Quick 
London . . . . . . . . Mr. C. R. Pye 
Manchester . . . . . . . . Mr. I. S. Moll 
Midlands . . . . . . . . Mr. C. H. Morris 
Newcastle . . . . . . . . Mr. E. L. Farrow 
New South Wales . . . . . . Mr. D. M. D. Stewart 
Queensland . . . . . . . . Mr. R. N. Lewis 
Scottish . . . . . . . . Mr. I. S. Hutch,ison 
South African . . . . . . . . Mr. K. R. McDonald 
South Australian . . . . . . Mr. M. D. Gilham 
Victorian . . . . . . . . Mr. F. Marson 
Wellington . . . . . . . . Mr. R. D. Bell 
West Australian . . . . . . Mr. P. Murphy 
West Riding . . . . . . . . Mr. N. Cochrane 

Membership Subscription Rates 
The Chairman reminded the meeting that, under Article 11 of the Association's 
Articles of Association, the membership subscriptions were determined at two 
successive Council meetings and confirmed by the members in general'meeting. 

Mr. Sowerbutts proposed that with effect from 1 January 1967 the annual 
membership subscription rates in the various categories of membership shall 
be as follows : 

Ordinary and Associate Members . . . . £5 5s. Od. 
Retired and Junior Members . . . . .. £1 1s. Od. 

In proposing this motion, Mr. Sowerbutts reiterated the points outlined in 
the memorandum circulated to members of the Association on 5 May with 
the agenda for the Annual General Meeting. He said that a small Committee 
had first examined the financial position of the Association and their conclusions 
were considered in detail by the Finance Committee, which put forward 
recommendations which were debated at two successive Council meetings in 
November 1965 and February 1966. As a result Council determined that the 
subscription rates for 1967 should be increased and, in accordance with 
Article 11, this motion was before the General Meeting for confirmation. 

Mr. J. Smethurst seconded the motion, saying that as a member of the 
Finance Committee he felt that the financial participation by the membership 
needed to be improved and that, after a lot of consideration, he was sure that 
the proposal was one which must be supported. 



816 A N N U A L  G E N E R A L  M E E T I N G  JOCCA 

The Chairman stated that, before asking for comments, he felt he should 
outline the position of the Association in Australia, where the Association 
had five Sections with a co-ordinating Federal Committee, and in the last 
few weeks a considerable volume of correspondence had been received objecting 
to  the subscription increase. The Australian Federal Committee had sent a 
letter to the President asking for it to be read to the Annual General Meeting. 
In the unavoidable absence of the Australian Sections' Representative on 
Council (Mr. P. J. Gay), the letter and other communications were read and 
amplified by the Immediate Past President, Dr. J. E. Arnold. 

Having explained the position in Australia, the Chairman then asked for 
comments from the Annual General Meeting. The following members 
contributed to the debate : 

Mr. H. A. Newnham, Dr. F. M. Smith, Mr. C. Butler, Mr. G. L. Lewis. 
Mr. J. J. Pemberton, Mr. N. A. Bennett, Mr. G .  D. Topping, Dr. F. W. Stoyle. 
Mr. A. E. Skinner, Mr. L. H. Silver and Mr. M. H. M. Arnold. 

A motion was proposed for the adjournment of the debate on this item. 
but the Chairman, sensing the feeling of the meeting and in consultation with 
the Association's Solicitor, declined to accept this. 

The motion to confirm the subscription rates for 1967 as printed on the 
agenda was then put to the vote and the Chairman declared it to be carried. 

Re-appointment of Auditors and fixing the remuneration thereof 
It was proposed by Dr. S. R. W. Martin that Cooper Brothers & Company 
(Chartered Accountants) be re-appointed Auditors of the Association and that 
their fee be increased from 100 guineas to 150 guineas (inclusive of the fee 
paid for the auditing of the accounts of the Australian Federal Committee). 
This was seconded by Mr. R. N.  Wheeler and carried unanimously. With the 
consent of the meeting the remaining items on the agenda were deferred until 
after the Foundation Lecture and Dinner. 

Vote of thanks to retiring Council Members 
Mr. C. W. A. Mundy (President 1955-57) moved a vote of thanks to those 
members retiring from Council for their services to the Association and this 
was carried with acclamation. 

Vote of thanks to Honorary Officers 
Dr. F. M .  Smith proposed a vote of thanks to the Honorary Officers. As a 
Council member he had been able to appreciate the hard work done for the 
Association by the Honorary Officers. Since this was the only opportunity 
for the members to show their appreciation of their services he asked them 
to join him in the vote of thanks, which was carried with acclamation. 

Vote of thanks to Chairman of Meeting 
Mr. I. C. R. Bews (Honorary Secretary) called upon Mr. N. A. Bennett 
(President 1957-59) to move a vote of thanks to the President as Chairman 
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of the meeting. Mr. Bennett said that he felt sure all members present would 
appreciate that the Annual General Meeting had been a most difficult one 
at which to take the chair and that the President deserved the congratulations 
of all on the way in which he had conducted the proceedings. He called on 
the members to show their appreciation by a warm vote of thanks, which 
was carried by sustained applause. 

Any other business 
Mr. F. Sowerbutts asked the meeting to record its thanks to the General 
Secretary (Mr. R. H. Hamblin) and his staff and the meeting responded in 
the customary manner. 

The President then declared the proceedings closed. 



Seetion Proceedings 

New South Wales 
Particle size distribution and assessment using the disc centrifuge 
At the May meeting, Mr. Brawn, of ICIANZ, presented a paper on " Particle Size 
Distribution and Assessment Using the Disc Centrifuge." 

The assessment of pigment dispersion by ordinary gauge does not provide any 
information on the particle size distribution and more complicated techniques are 
necessary to obtain this information. 

Mr. Brawn said that there are some 75 techniques known for measuring particle 
size distribution, e.g. optical and electron microscopes, electronic counters, 
sedimentation, etc. 

Mr. Brawn then described in full detail a novel apparatus, the disc centrifuge, 
which is used for measuring particle distribution by a comparatively simple method. 
The apparatus is used to separate dispersed pigment particles into fractions which 
are then analysed by colorimetric or conventional analytical methods. 

A lively question time followed the lecture and the vote of thanks was proposed 
by Mr. M. J. Leahey. A. A. 

Scottish 
Eastern Branch 
International test methods for paints 
" International Test Methods for Paints " was the title of an illustrated lecture given 
by Mr. T. R. Bullet to the fifth meeting of the Branch. This was held in the North 
British Hotel, Edinburgh, on 28 February 1966. 

Outlining the universal organisations which were concerned with the technical 
performance of paints, Mr. Bullet disclosed some of the items that were currently 
under investigation at the Paint Research Station. 

The requirements to make an international test method successful were : 
I .  Ease of operation. 2. Good reproducibility of results. 3. lnexpensive apparatus. 
Mention was made here of tests such as the American Ford Cup (B.4 and No. 4) 

and German DlW Cups for viscosity/consistency measurements. 
A newer instrument than these traditional ones was the Rotothinner due to Bushing, 

which complied with the three requirements given above. 
Drying time and film hardness testers were discussed, and the use of aluminium v. 

steel as a substrate for mandrel tests mentioned. 
With adhesion tests the European cross-cut grid tests were illustrated, and the 

PRS tensometer method described. 
Flash point, gloss and contrast ratiolhiding power methods were given in some 

less detail. 
It was stated that durability and artificial weathering were still under study, the 

proposed BS method being well thought of. Some rusting studies and plate preparation 
were illustrated. 

Such a wide range of technical tests provoked much interested discussion after the 
lecture, and among those who participated were Mr. Holmes, Mr. Hutchinson, 
Mr. Gummerson and Mr. Cochrane. 

Mr. Soames proposed the vote of thanks to the lecturer and this was well accorded. 



8th Australian OCCA Convention 

The Hotel \'ictor, Victor Harbour. Headquarters for the 8th Australian OCCA convention 
held 14-17 .July 1966 

The 8th Convention, held at Victor 
Harbour, South Australia. from 14-17 
July, proved to be another very si~ccessful 
Australian Federal Committee project. 
The Convention organisers, namely the 
South Australian Section Coninlittee, 
can rest assured that the function well 
maintained the standard of previoi~s 
OCCA Conventions in every way. 

The total attendance, including daily 
delegates who did not require accommo- 
dation, was 192. Full-time delegates, 
totalling 160, were accommodated in the 
three Victor Harbour hotels, The Victor, 
T h e  G r o s v e n o r  a n d  T h e  C r o w n .  
Attendances at the technical sessions 
remained fairly constant at well over 100 
persons throughout and 172 delegates 

A section of the audience attending one of the technical sessions 

819 
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attended the Official Convention Dinner resistant paint. Zinc oxide alkyd paints 
on the night of Saturday 16 July. and zinc oxide latex paints were shown to 

The following papers were presented 
at the technical sessions held on Friday 
15 July and Saturday 16 July : 

" The Importance of Physical Effects 
on the Action of Catalytic Surfaces in 
Vinyl Polymerisation," by Dr. P. E. N. 
Allen (University of Adelaide, South 
Australia). 
This paper put forward some theories 

on what happens during vinyl poly- 
merisation, these theories being based on 
careful kinetic measurements and direct 
physical observation. 

" A Study of the Optical Behaviour 
of Titanium Dioxide Pigments and the 
Interactions Resulting from Concen- 
tration Effects," by Dr. W. E. Craker 
and F. D. Robinson. 
The lecturer (Dr. W. E. Craker) 

presented a detailed interpretation of the 
results obtained from the measurement 
of the optical properties of paint films at 
various thicknesses and PVCs. 

" The Forniulation of Fungus- 
Resistant Paints," by Dr. E. Hoffmann. 

provide fungus-resisiant properties much 
superior to paints containing fungicides 
as additives. 

" Some Aspects of Recent Paint 
Research at Defence Standards Labor- 
atories," by M. Caniina and Mrs. 
E. M. Southwell. 
Mr. Camina and Mrs. Southwell 

,jointly described three aspects of research 
being carried out at DSL, Maribyrnong : 
the relationship between solar radiation 
variances and paint filni durability, a 
study of heterogeneous clear varnish 
systems and the assessment of fungal- 
resistant paints. 

Mrs. Southwell is the first lady ever to 
have lectured at an Australian OCCA 
Convent ion. 

" Factors Affecting Surface Profile 
in Abrasive Impact Cleaning." by R. J .  
Mclntyre. 
This very detailed paper dealt with the 

study of the many variables associated 
with sand and grit blasting techniques 
and the desirability of controlling all 
these f ac to r s  in o r d e r  t o  achieve 

This paper described the work carried i~niformity of surface texture within 
out for the Victorian Housing Corn- a certain specification of required char- 
mission by CSlRO in connection with acteristics to provide suitable paint- 
the development of a reliable fungus- holding properties. 

" The Testing of Zinc Dust Paints," 
by D. G. Thonias and B. A. Richardson. 
The lecturers related the perfomlance of 

various zinc rich paints to formulating 
factors, including metallic zinc contact in 
the dried paint film, vehicle type, si7e of 
zinc particle, film thickness and surface 
topography. 

"Tar  Epoxy Protective Coatings," 
by A. Adonienas. 
This paper described the laboratory 

work carried out over the last four years 
to assess the relative merits of the various 
types of coal tars available in Australia 
and the performance of solvent based tar 
epoxy coatings was compared with high 
solids and solvent free types. The 
advantages and disadvantages of poly- 

Mrs. E. h l .  Southwell, the f i n t  lad! to prewllt amide cured coatings against aniine cured 
a papcr at an Australian OCCA Convention coatings were also discussed in detail. 
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" New Applicationsfor Polyurethane those two functions were outstanding. 
Surface Coating Materials," by Dr. L. At the Convention Dinner a toast to  
Havenith. OCCA was ~ r o u o s e d  by Mr. K. Ellis, a 
A brief description of theoretical 

considerations was given for the selection 
of isocyanates suitable for lacquers. The 
reaction mechanism of an isocyanate 
prepolymer with polychloroprene was 
reviewed as a possible means of producing 
elastomeric coatings. The properties of 
an aliphatic isocyanate of a biuret 
structure were discussed and some fast 
curing polyurethanes were described. 

Social 
The two official social functions held 
during the Convention were a buffet 
dinner on the night of Thursday 14 July 
and the Convention Dinner on the night 
of Saturday 16 July. The quality and the 
quantity of delicioi~s food prepared for 

member of ~ e w ' s o u t h  wales Section and 
a foundation member of the Australian 
Federal Committee. Mr. E. T. Backous, 
Chairman OCCA in Australia, responded 
to the toast and spoke briefly on OCCA 
in Australia. 

The guest speaker at  the Convention 
Dinner was Mr. A. M. Ramsay, General 
Manager of the South Australian Housing 
Trust. Mr. Ramsay talked in a light- 
hearted manner about the work of the 
Housing Trust as well as many other 
topics of direct or indirect interest to 
OCCA members. 

Unofficial social activities included golf 
and swimming in the heated pool 
attached to Hotel Victor. 

Mr .  A. \I. Ramsay, guest speaker at the official dinner. In the hackground (I. to r.) are 
Mr .  \I. I). Gilham, South Australian Section Chairman. M r .  E. T .  Backous, Australian Federal 
Committee Chairman and hlr. R. Lourey, AFC Honorary Treasurer 
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OCCA Biennial Conference 
20-24 June 1967 : " Interfacial Behaviour " \ 

nd Hotel 
St. Nicholas Hotel 

A view of St. Nicholas Cliffs showing the Grand Hotel on the left and the St. Nicholas 
Hotel on the right 

It is felt that those intending to be 
present at the next Association Con- 
ference and who were not present at the 
last Scarborough Conference in 1963 
would like to see the relative positions 
of the Grand Hotel and the St. Nicholas 
Hotel. Most of the delegates will be 
accommodated in the Grand Hotel, 
where the Technical Sessions and the 
Official Functions will be held, and the 
remainder of the delegates will stay at 
the St. Nicholas Hotel. 

The theme of the Conference will be 
" lnterfacial Behaviour " and i t  is expected 
that on this occasion there will be four 
Technical Sessions, each of which will 
be devoted to a particular aspect of 
this theme. Following their successful 

introduction at the Torquay Conference 
in 1965, there will also be " Workshop 
Sessions," where topics that are of 
interest to the delegates but not connected 
with the main theme of the Conference 
will be discussed. 

There will be a full social programme 
with a Civic Reception on the Wednesday 
and the Association's Dinner-Dance on 
the Friday evening. Tours to places of 
interest will be arranged and there will 
be opportunities for delegates to take 
part in various sporting activities. 

Details will be circulated to members 
early in 1967, but others wishing to 
receive details should write to the General 
Secretary at the address shown on the 
front cover. 
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Midlands Section 
Day Symposium 
F o r  t h i s  s econd  Day S y m p o s i u m ,  
organised by the Midlands Section, on 
Thursday 20 October 1966 at Regency 
Club,  Stratford Road,  Monkspath ,  
Shirley, Solihull, Warwickshire, a contro- 
versial subject of topical interest has been 
chosen under the title "Solvent or 
Solventless." The present day trend of 
coatings, from the end user point of view, 
will be dealt with by specialists in a 
number of fields and it is hoped that the 
interest of delegates will be aroused and 
a stimulating discussion result. 

Registration of delegates must be 
made on a form obtainable from the 
Honorary Secretary of the Section 
(D. J. Silsby, 356 Baldwins Lane, Hall 
Green, Birmingham 28) not later than 
17 September. Accommodation is limited. 
Applications will be accepted in strict 
order of receipt. 

The fees, which include coffee and 
lunch, will be:- 

Members of OCCA £ l 10s Od 
Non-Members £2 0s Od 

Delegates will receive synopses of the 
lectures at least two weeks prior to the 

Newcastle Section 

Symposiunl together with a numbered 
programme and list of delegates. 

The programme will be as follows : 
10.30-1 1 .OO-"Painting at Rolls- 

Royce ; Present and Future," B. J. 
Wilmin (Rolls-Royce Ltd.). 

1 1.00-1 1.30--" The Emulsion, Solvent 
and Solventless Paints in Railway 
Service," F. G. Dunkley (British 
Railways). 

1 1.30-1 1.45-Coffee. 
11.45-12.15-" E l e c t r i c a l  I n s u l a t i n g  

V a r n i s h e s  a n d  C o m p o u n d s , "  
F. Meyer, ~.sc., M.I.E.E. (The Sterling 
Varnish Co. Ltd.). 

12.15-1 .OO-Discussion. 
1.00-2.30-Lunch. 
2.30-3.00-"The Influence of Solvent 

on Choice of Coatings for HM Ships," 
J. Smith, e.sc. (Central Dockyard 
Laboratory). 

3.00-3.30-"Solvent, R o o m  t o  
Manoeuvre," V. A. Moore (Pinchin, 
Johnson & Associates Ltd.). 

3.30-4.30-Discussion. 

T. W. Robinson (left) and Mr. B. G.  ~ n d e r s o n  

Golf tournament 
The fifth annual tournament for the 

British Titan Cup took place at Brance- 
peth Castle Golf Club on 25 June 1966. 

The competition, a fourball, better- 
ball against bogey, was jointly won by : 

Mr. T. W. Robinson (International 
Paints, Felling) and Mr. B. G. Anderson 
(British Titan Products Co. Ltd.) (three 
down). 

Twenty people took part in the 
competition in conditions which were 
very good, dry and sunny. 

It is perhaps worthy of note that last 
year's cup holder, Mr. R. G. Carr, of 
Camrex Paints Ltd., Sunderland, also 
finished three down, but the rules 
stipulate that in the event of a tie the 
pair with the better second half will win. 
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New South Wales Section 

Committee for 1966. Seated (left to right) : M. J. Leahey (Immediate Past Chairman), 
D. F. Crossing (Hon. Secretary), D. M. D. Stewart (Chairman), D. Thompson (Hon. Treasurer) 
and A. Adomenas (Hon. Publications Officer). Standing : J .  A. Scott, J. C. Gibson, R. Drummond, 

P. A. York. D. I. Townsend and B. 1'. Clarke 

Past Chairmen's Dinner 

Part of the table showing (left to right): T. Backous (Federal Chairman), D. hl. I). Stewart 
(Section Chairman), M. .I. Leahey (Immediate Past Chairman) and S. I,. Leach, D. Crossing, 

E. Haimann and D. Thompson 

NSW Section's Past Chairmen's Dinner 
was held at " Jonroe " on 2 June, being 
attended by 15 Past Chairmen, the 
present Chairman and all nienibers of the 
Committee. I t  was an enjoyable evening, 
each Past Chairman making a few 
comments on topics of interest concerning 
the Oil and Colour Chemists' Association. 

There was considerable discussion over 
the proposed increase in subscriptions 

and the possible consequences of reduced 
niembership. 

I t  was eniphasiscd that i t  was not the 
increase alone that was being objected 
to by NSW Section, but also to the fact 
that Australian Sections have no oppor- 
tunity to vote in the U K  on important 
niatters such as this that could have a 
profound ef'l'ect on the Section. 

i'. Y.  
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Wine-tasting evening 
A most successful wine-tasting evening 
was held at " Ye Olde Crusty Taverne " 
on Tuesday 10 May. A record number of 
some 150 members, their wives and 
guests attended this very popular event 
amongst OCCA social functions. 

A comprehensive range of wines was 
made available by the Wine and Brandy 
Producers' Association. Mr. A. L. Moore. 

Wine Advisory Officer, discussed various 
wines and advised on choice of wines 
suited for different occasions. " Ye 
Longe Boarde " snlorgasbord meal was 
well prepared to suit all tastes. 

The event was very ably organised 
by the new social convenor, David 
Townsend, and members can look 
forward to other successful social events 
later this year. 

Courses in Surface Coatings Technology 
Bradford Technical College has organised 
the following course in surface coatings 
for the 1966-67 session designed to 
cover the CGLl No. 250 Printing Ink 
Technician's certificate, part I ,  syllabus, 
over two years. 

Should there be sufficient demand, 
a course for CGLl No. 9 Paint Tech- 
nician's certificate for 1968 (last year of 
old scheme) will be run. 

Further  information about  these 
courses is available from : 

Mr. R. E. Todd, 
Bradford Technical College, 
Great Horton Road, 
Bradford, 7. 

The Proposed University of Surrey 
Battersea College of Technology 
Two courses in rheology have been 
organised by the Departnient of Physics 
as follows : 

Measuring Techniques and Analysis 
of Observations-a course of about 20 
lectures on Tuesdays, 6.30 p.m.-8.30 p.m., 
commencing 4 October 1966. 

Mathematical Theory of Stress and 
Deformation--a course of about 20 

Course in Chemistry and Technology of 
Surface Coatings 
A Course ,in the Chemistry and Tech- 
nology of Surface Coatings has been 
arranged by the Department of Chemistry 
and Metallurgy, Rutherford College of 
Technology, Newcastle upon Tyne. The 
course, which begins in the third full 
week in September and extends over three 
terms, b i l l  be part-time, attendance being 
required one day each week (Thursday). 
Entry qualifications are HNC Chemistry 
or Applied Chemistry and candidates 
successful at the examination taken at 
the end of the course will qualify for 
an endorsement to the HNC. Successful 
candidates who also satisfy the require- 
ments of the ancillary subjects and 
industrial experience would normally be 
eligible for the licentiateship of the Royal 
Institute of Chemistry. 

Requcsts for  fur ther  details and 
applications for enrolment should be 
sent to : 

The Principal, 
Rutherford Ccllege of Technology, 
Ellison Place, 
Newcastle upon Tyne, I. 

lectures on Wednesdays, 10 a.m.-1 2.15 
p.m., coninlencing 5 October 1966. 

These lect~~res form part of a series ---- -- 
preparing students for the Post Graduate 
Diploma or M.Sc. Degree in Rheology - - 
of 'the Univcrsity of su;rey. 

Particulars are available froni : News of members 

Mr. R. W. Whorlow. Mr. A. R. H. Tawn (Hon. Editor), 
Department of Physics. Research Manager of Cray Valley 
Battersea College of Technology, Products Ltd., has been appointed an -. 

London, S.W. 1 7 .  Associate Lecturer in the Department of 
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A. R. H.  Tawn 

Obituaries 
John H. Hesketh 

John's many friends and past associates 
in the surface coatings industry were 
saddened to learn of his death on 
22 February, at the age of 68. 

An Overseas Member of OCCA, he 
was a prominent figure in the forniation 
of the Australian Section and its Victorian 
Branch in 1946. He served on the early 
Branch Committee, and was elected 
vice-chairman ( 1953) and chairman ( 1954) 
of the Victorian Section. He was also 
vice-president of t he  Associat ion 
(I 954-55). 

Educated at Trinity Grammar, and 
Melbourne University, he was an early 
( 1923) Associate of the Royal Australian 
Chemical Institute, and was elected a 
Fellow in 1948. 

His early life in the chemical industry 
began as a partner of Laughlin, Drake 
and Hesketh ; in 1926 he joined Hardie 
Trading Ltd. Responsible for his coni- 
pany's entry into the nitrocellulose 
automotive finish field in this period, 
he also introduced alkyd technology 
from the United States in the early 30's. 
After having been technical director of 
Hardie Trading Ltd. (" Spartan ") for 

Chemistry and Chemical Technology of 
the Borough Polytechnic, London. Like 
Dr. S. H. Pinner, who was appointed 
some years ago, he will assist Dr. S. 
Cotson. Head of the Department, in 
industrial liaison and the provision of 
courses on polymers and surface coatings 
at the postgraduate level. Associate 
Lectureships are bestowed by the Board 
of Governors on a limited number of 
distinguished industrial scientists whose 
part-tinie and advisory services they wish 
to retain. 

some 14-1 5 years, he retired froni the 
paint industry in June 1962. 

His personal interests included trout- 
fishing, golf, pictorial photograph, flower- 
raising and recorded music. One was 
wary of discussing with him Rosencrantz 
and Laertes, stereophony, Weingartner's 
Beethoven, dry fly vs. wet fly, or corms. 
His later years were spent raising hot- 
house plants on quite an extensive scale 
at his country honie at Olinda. 

John is survived by his wife and two 
married daughters. 

To have worked with this gentle man 
was a privilege. 

D. A. K .  

E. A. Bevan 

We arc sorry to report the death of 
Eric A. Bevan, President of the Research 
Association of British Paint, Colour and 
Varnish Manufacturers, at his home in  
Pott Shrigley. Cheshire, on 2 August. 
He was an Ordinary Meniber of the 
Association attached to the Manchester 
Section, and Managing Director of 
Styrene Co-Polymers Limited. A full 
obituary will appear in a later issue of 
the Jorrrrrtrl. 
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Register of Members 
The following elections to membership have been approved by Council. The Sections 
to which the new members are attached are given in italics. 

Ordinary Members 

BENN, MICHAEL GEORGE, B.SC., Reckitt & Colman (Africa) Ltd., PO Box 8247, 
Johannesburg, South Africa. (South Afvican) 

CAFFERY, GEORGE FRANCIS, " Oakford Cottage," Island Wall, Whitstable, Kent. 
(London) 

CARTWRIGHT, JEFFREY, 9 Woodside, Knutsford, Cheshire. (Manchester) 
CHWEIDAN, ROY, B.SC., 94-15th Street, Orange Grove, Johannesburg, South Africa. 

(South Afiican) 
GILMOUR, SAMUEL THOMPSON, B.SC., British Paints (NZ) Ltd., Rosebank Road, 

Avondale, Auckland, New Zealand. ' ( Auckland) 
GRANDACE, DAVID BRIAN, 17 Royal Oak Drive, Bishopswood, Brewood, Stafford. 

(Midlands) 
KAPOOR, KUL PRAKASH, B.SC., 15 Rosehill Road, London, S.W. 18. (London) 
KORMOS, ANDRES, Koral Petroquimica SACIFIA, Paseo Colon 121 6, Buenos Aires, 

Argentina. (0 verseas) 
PAGAN, DAVID ROY. B.SC., Herbert Evans & Co., PO Box 1386, Durban, South Africa. 

(South African) 
SEFTON, REUBEN JOSEPH, B.SC., A.M.c.T., 23 Hillside Road, Southport, Lancs. 

(Manchester) 
SIBLEY, DEREK JOHN, 16 Preston Avenue, Newport, Mon. (Bristol) 
STYNES. ALBERT, 3 Ranworth Road, Gt. Sankey, Warrington. ( Manchester ) 
TELANG, DINKAR BHALCHANDRA, M.SC., International Paints Ltd., Felling-on-Tyne, 

Gateshead, 10, Co. Durham. ( Ne wcastle) 
TILLYER, RICHARD BRIAN, Expandite (NZ) Ltd., PO Box 38079, Petone, Wellington, 

New Zealand. ( Wellington) 

Associate Members 

BAYNES, ROBERT CYRIL, 93a Valley Road, Mount Eden, Auckland, New Zealand. 
(Auckland) 

BOLT, NIGEL LANGSTON, PO BOX 341, Dar-es-Salaam. Tanzania, East Africa. 
( 0 verseas) 

BROWNELL, PETER C., Flat 4/27, Laperouse Street, Manly, New South Wales, Australia. 
(New South Wales) 

FARRELL, DENIS, NO. I, Corduff Cottages, Blanchardstown, Co. Dublin. (Irish) 
GILLESPIE, JOSEPH ANTHONY, Robert Bryce & Co. Ltd., 183 Botany Road, Waterloo, 

Sydney, New South Wales, Australia. (New South Wales) 
GRIMMER, DAVID FRANCIS JAMES, Geigy (UK) Ltd., Melton Road, Thurmaston, Leics. 

( Midlands-Trent Valley Branch) 
PRINCE, RICHARD JOHN, PO BOX 3747, Wellington, New Zealand. ( Wellington) 
S ~ c c o ,  MANLIO, 19 Salford Street, Salisbury, Queensland, Australia. (Queensland) 
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Junior Members 
BROWN, DAVID MACDONALD, 7 Glendevon Square, Glasgow, E.3. (Scottish) 
HEATH, DAVID MICHAEL, 20 Leicester Road, Sharnford, Leics. ( Midlancis) 
MCMAHON, JAMES, 16 Bellfield Street, Glasgow, E.1. (Scottish) 
PINSON, MAXWELL DAVID, 40 Cavendish Gardens, Wolverhampton. (Midlands) 
ROMMENS, KEITH, General Chemical Corp. Ltd., PO Box 21, Jacobs, Durban, South 

Africa. (Sorrtlr A fricarl) 
SNELL, DAVID GEOFFREY, Blundell-Permoglaze Ltd., James Road, Tyseley, Birmingham, 

11. (Midlands) 
WICKEN, MICHAEL WILLIAM, 93 Bracondale Road, Abbey Wood, London, S.E.2. 

(London) 

Forthcoming Events 
Details are given of meetings in the United Kingdom up to the end of the month following 
publication, and in South Africa and the Comrnnnwealth rip to the end of the second n~onth. 

Tuesday 6 September 
Manchester Section. Junior Lecture : 
" Basic Rheology-What It Can Tell 
You," by Mr. A. R. H. Tawn (Cray 
Valley Products Ltd.), to be held 
a t  t h e  Manches t e r  L i t e r a ry  a n d  
Philosophical Society, 36 George Street, 
Manchester, 1, at 4 p.m. 

Monday 12 September 
Victorian Section. " Security Printing," 
by Mr. W. Steggles, to  be held at 
Union House, Melbourne University, 
Parkville. 

Tuesday 13 September 
West Riding Section. Symposium on 
Dispersion : " High Speed Mixing," by 
Mr. J. de Jong (Morehouse Inter- 
national) ; " Ball Milling," by Mr. I. R. 
Sheppard (Steele & Cowlishaw) ; 
" Sand Milling," by Mr. D. P. Sullivan 
(D. H. Industries). 

Wednesday 14 September 
London Section. " Problems of Paint 
Users," by Mr. D. A. Bayliss (CEGB), 
to  be held at the Physics Department, 
Imperial College of Science and Tech- 
nology, South Kensington, London, 
S.W.7, at 6.30 p.m. 

Thursday 15 September 
New South Wales Section. " Silicone 
Copolymers-Their Manufacture and 

Use," by Mr. J. H. Vinson and Mr. 
H. G. Stephen. Further details from 
Section Secretary, Mr. D. F. Crossing, 
10 Richard Road, St. Ives, New South 
Wales. 

Friday 16 September 
Midlands Section. " Continuous Strip 
Coating," by Mr. E. E. V. Sharpe, to 
be held at Chamber of Commerce 
House ,  75 H a r b o r n e  Road ,  Bir- 
mingham, 15, at 6.30 p.m. 

Friday 23 September 
Manchester Section. Works Visit : The 
Wallpaper Manufacturers Ltd., Holmes 
Chapel Branch and Jodrell Bank. 

Thursday 29 September 
London Section-Ti~arnes Valley Branch. 
" Grinding," by Mr. A. C. B. Mathews, 
to  be held at the Royal White Hart 
Hotel, Beaconsfield, Bucks., at 7 p.m. 

Friday 30 September 
Bristol Section. " Tricnlorethylene 
Paints," by Mr. A. H. McQuillan 
(ICI Ltd.), to  be held at the Royal 
Hotel, College Green, Bristol, 1, at 
7.15 p.m. 
Irish Section. " PVA Pigmentation," 
by Mr. L. Tasker, to  be held at the 
Clarence Hotel, Wellington Quay. 
Dublin, at 8 p.m. 
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Monday 3 October Saturday 15 October 
Hull Sectioti. " Colour," by Mr. W. B. Scottish Section-Student Croup. 
Cork (Reckitts Colours Ltd.), to be " Colour Consciousness," by Dr. F. M. 
held at the Royal Station Hotel. Hull. Smith (Geigy (UK) Ltd.), to be held 
at 7 p.m. at the Lorne Hotel, Argyll Street, 

Glasgow, at 10.30 a.m. 
Thursday 6 October 

,Mirllancls Section-Trent Vu1le.v Branch. Thursday 20 October 
" Versatic Acids and Their Deriva- ~~~d~~ sectjort. - ~h~ ~ ~ h ~ ~ i ~ ~ ~  of 
tives," by Mr. M. V- Moore (Shell Printing Ink on Rollers," by Mr. C. C. 
Chemical Co. Ltd.), to be held at the  ill (l-he printing, packaging and 
British Rail School of Transport, Allied Trades Association), to be held 
London Road, Derby, at 7.30 p.m. at the Physics Department, Imperial 
Newcastlc> Section. " Metallo-organic College of Science and Technology, 
Primer Coatings," by Mr. R. N. South Kensington, London, S.W.7, at 
Faulkner (PRS), to be held at the 6.30 p.m. 
Royal Turks Head Hotel, Grey Street, Midlands Section. " Solvent or  Solvent- 
Newcastle upon Tyne, at 6.30 p.m. less Symuosium." to be held at the 

Monday 10 October 
Lortrlon Section-Soutlic~rti Branch. 
" Polyurethanes-Progress in the 
Surface Coating Industry," by Mr. 
G. Sutno, to be held at the Royal 
Hotel, Southampton, at 7.30 p.m. 

Tuesday I1 October 
West Riclitig Section. " Modern Deve- 
lopments in Printing Inks and Paper 
Varnishes," by Mr. J. A. L. Hawkey, 
to be held at the Great Northern 
Hotel, Leeds, at 7.30 p.m. 

Thursday 13 October 
Scottish Section. " Fish Oils, Their 
Composition, Processing and Some 
Industrial Application," by Mr. S. A. 
Reed (Marfleet Refining Co. Ltd.), to 
be held at More's Hotel, India Street, 
Glasgow, at 6.30 p.m. 

Friday 14 October 
Hull Section. 23rd Annual Dinner- 
Dance, to be held at the Eden Hotel, 
Willerby, Nr. Hull, Yorks, at 7 p.m. 
Manchester Sectiott. " Strip Coating," 
by Mr. D. S. Newton (Richard Thomas 
& Baldwins Ltd.). Joint meeting with 
the North-West Branch of the Institute 
of Metal Finishing, to be held at 
the Manchester Literary and Philo- 
sophical Society at 6.30 p.m. 

~ e ~ e n c ~  club, Shirley, at 10.30 a.m. 
New Soirtlr Wales Section. " Metal 
Protection with Vinyls," by Mr. B. 
Godard (Union Carbide Inc., USA). 
Further details from Section Secretary, 
Mr. D. F. Crossing. 

Wednesday 26 October 
Scottish Sectiott-Eastern Branch. 
" Tall Oil and its Products," by Mr. 
Porter (British Oxygen Chemicals Ltd.), 
to be held at the North British Hotel, 
Princes Street, Edinburgh, at 7.30 p.m. 

Thursday 27 October 
London Section-Thames Valley Branch. 
" Paints to Meet Motor Car Manu- 
facturers' Requirements," by Mr. I. 
Walker (Ford Motor Co.), to be held 
at the Royal White Hart Hotel, 
Beaconsfield, Bucks., at 7 p.m. 

Friday 28 October 
Bristol Section. " The Strip Coating of 
Steel with Paint and Plastic Finishes," 
by Mr. D. S. Newton (Richard Thomas 
& Baldwins Ltd.), to  be held at the 
Angel Hotel, Cardiff. 
Irish Section. " Developments in Media 
for Printing Inks and Paints," by 
Mr. G. H. Hutchinson, to be held at 
the Clarence Hotel, Wellington Quay, 
Dublin, at 8 p.m. 
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Manchester Section. Annual Dinner- Ltd.). Further details from Section 
Dance, to be held at the Midland Secretary, Mr. D. F. Crossing. 
Hotel, Manchester. 

Monday 14 November 
Thursday 10 November Victoviat~ Section. " Some Aspects of 

New South Wales Sectiott. " Modern Pigment Dispersion," by Mr. H .  
Methods of Milling Phthalocyanine Cooke, to be held at Union House, 
Pigments," by Mr. H.  G .  Cook (ICI Melbourne University, Parkville. 



Do you realise that the GLOVERS Technical Information 

Booklet may have the answer to  your problem ? 

Have you received a copy of :- 

t 
rmOFOB 1; MYEBWILI 
(HEIR EDmlIon) 

€hmm 
9c- 

CERAMICS 
FOAM CONTROL 
PAINTS 
PAPER GLAZIN6 
PLASTICS-STATIC ELIMINATION 
BRUSH CLEANERS 
POLISHES 
ESSENTIAL OIL SOLUBlLlSATlON 
PRINTING INKS 
BUFFING COMPOSITIONS 
PIGMENT DISPERSION 

This interesting Booklet is available from :- 

WORTLEY LOW MILLS, WHITEHALL ROAD, LEEDS 12 
Tel. : 63-78471819. Grams : " Glokem, Leeds." 

IN THE UNITED KlNGDOM 
Our I#J Cham-cuim will b. rn viJc  thol lwLiw rpmcldkad ddea 

OVERSMS 
L o 4  h i s  in Aurvdh. w, Cotbanbutr. MiI.n. Now rode, b u d a m ,  
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RIR DRIVEN 
LABORATORY 
M l XERS 

Speclalisrs in high 
efficiency mixing 
machinery 

for hazardous 
conditions 

Capable of infinitely variable 
speeds up to  10,000 r.p.m. 

The machine is capable of 
emulsifying. homogenising, 
dispersing and preparing 
Heavy Pastes. The adjustable 
deflector prevents admission 
of air and reduces the vortex 
to a minimum. 

Brochures of this and other 
types of Mixers and Agitating 
Gears available from : 

Joshua Greaves & Sons Ltd.-Dept JOCcl 
Ramsbottom, Bury. Lancashire 
Telephone : Ramsbottom 3159 
Telezrams : GREAVES Rsmsbottom 

, The chances are 
I that you're very near 

t o  a perfect service! 
If you're anywhere near Liverpool, 
London or Glasgow and you want oil 
Samuel Banner will supply you promptly 
and cheerfully with as much or as 
little as you want. 

Refined Linseed Oil  Linseed Stand Oil  
Refined Soya Bean Oil  Xylene Naphtha 

Oil particulars from : 

Samuel Banner 
LIVERPOOL : 34 Castle Street 051 CEN 0223 
LONDON : lOa Newton Road. E.15 01 MAR 4321 
GLASGOW : 289 Castle Street, C.4 EEL 0723 



-----m-mm 

.- - L 

I M '  
with Daltolac 2190 and Suprasec I 160 

For high corrosion resistance nothing is superior to coatings based on Daltolac 2190 
and Suprasec 1160. For structural steelwork, chemical ptant, ships holds and tanks, 
and in all exposures to solvents, acids and alkalis, organic chemical reagents, water, 
and all forms of waterborne attack. Full details of this novel po!yether/isocyanate 
system are readily available on request. 
Imperial Chemical Industries Limited London SW1 England x5w 

d 
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ALWAYS ' O N  SPEC '  

ALIPHATIC PETROLEUM DISTILLATES 
Join the increasing number of manufacturers of  heat 
set printing inks who are relying on our  consistent 
quality. 
W r i t e  o r  phone today for technical data, samples and 
prices. 

CHEMICALS LTD. 
Rockingham Works, Avonmouth. Tel: Avonmouth 361 1 

also 
London: HlLlside 735 1 Birmingham: MlDland 1266 

0. C. C. A. 
19th 
T e c h n i c a l  
Exhib i t ion 

Official Guide - over 15,000 copies distributed 

Advertisers wishing t o  book space in  the OfFicial Guide 
are asked t o  note that  orders must be received by 

1st November, 1966. 
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for the Paint , Printing. 
Ink, Plastics, Rubber, 
Flooring & Linoleum 

;'" *3 Industries 3 3 ~ ~ ~  

Lead and Zinc Chrome Permanent 
Colou r s  Yellows Gand IOG 

Benzidine 
Yellows and Orange 

E. P. BRAY & COMPANY LIMITED 
CHURCH PATH, MITCHAM, SURREY. Telephone : MITCHAM 4088 
CHARLESWORTH-HYDE. CHESHIRE. Telephone : GLOSSOP 3277 
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print . . next year 

in 

practice 
I 

Metchim's have been printers for 

over 100 years. 

Today, in the heart of Westminster, 

under the shadow of Big Ben, 

our modern automatic presses 

produce vast quantities of 

high-class printed 

matter, day and night, in our 

12,000 square feet factory. 

METCHIM & SON LTD 
GENERAL, COLOUR AND PERIODICAL PRINTERS 

and whenever" 
you take a delivery of U.C.C. 
Special Pitch you can be sure 
of constant quality and compo- 
sition. That is why Special 
Pitch No. 3 is specified by 
leading paint and industrial 
finish manufacturers all over 
the world for pitch/epoxy and 
pi tch/polyurethane coatings. 
Now also available in solution 
form-ask for Special Pitch No. 
4 or 5. 

8 S T O R E Y ' S  
C O N S T A N T  Q U A L I T Y  
A N D  C O M P O S I T I O N  

W E S T M I N S T E R ,  S . W . l  
UNITED COKE & CHEMICALS CO. LTD. 

Te lephone:  WHl teha l l  7292 a n d  7293 1 ,.,,,,,,, 
rTrrr (Sales Deot. SP 8 4 )  P.O. 136. Handsworth. 

1 ) ILL]  Shef ie ld 13. Tel. Woodhouse 3211. 
A ,  Grams. Unichem. Shemeld. 
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TBTO IN WATER-BASED PRINT PREVENTS FUNGI, CONTROLS BACTERIA 
Painted surfaces can stay fresh and the secret's simple. Water-based paint becomes a 
highly effective fungistat and bacteriostat with the addition of Tributyltin Oxide, made by 
Albright & Wilson. A highly effective toxicant, TBTO* gives long-lasting protection- 
without restricting colour or affecting any of the other properties of the paint. 

*Reg~slered Trademark 

For full details about the use of Tributyltin Oxide in paint formulations and other applications, contact: 

ALBRIGHT& WILSON (MFG) LTD OrganicChemicalsOept.lKnigh~sbridge Green. ~ o n d o n ~ ~ l .  Ken3422 



Cabot, with 80 years' experience of carbon black 
manufacture, offer an unrivalled range of carbon 
blacks of the highest quality for all Paint applications 
and for other uses. Cabot's high quality is backed by 
well equipped technical service laboratories in England 

and the U.S.A. 

Plants in America, Canada, Great Britain, France, 
Italy, Argentina and Colombia. 

C A B O T  C A R B O N  L I M I T E D  
Sales Office : Carolyn House, Dingwall Road, 

Croydon. Surrey 
Telephone : MU Nicipa14651/5 

Cable Address : CABLAK, CROYDON, TELEX. 
Registered Office and Plant : Stanlow. Ellesrnere Port, Cheshire 
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How's your generosity Hindex ? 

If you score tnorc th~iti OIIC yo~t'rc t n ~ ~ c h  too xoicrolrs. You 1nuy 
cten be guilt? of ~ i t ~ i n ~  c~z(~av thc firm's tnonc? tisitin b~ttctnol 
in paint formul~ttions c(3hen ICI ISORUTANOL tta~ild do thc 
job just '1s tcrll but more cheaply. Try it cind SPC. Stnn\>/cls ctr~d 
f ~ n l l  technicul infortncction on request. 

~ 

I E:ci?:Le dog 
on 
fillet steak? 

I I M P E R I A L  C H E M I C A L  I N D U S T R I E S  L I M I T E D ,  L O N D O N  S .W.1  I 

Do you give 
handsome 
tips to 
disobliging 
waiters? 

every 
flag-sel ler ? 
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C L A S S I F I E D  A D V E R T I S E M E N T S  

Classified Advertisements are charged a t  the rate of 9s. per line. Advertisements for 
Situations Wanted are charged at  2s. 6d. per line. A box number is charged at 1s. Od. 
They should be sent to the General Secretary, Oil & Colour Chemists' Association, Wax 

Chandlers' Hall, Gresham Street, London, E.C.2. Telephone: Monarch 1439 

SITUATIONS VACANT 

Commercial Careers in Synthetic Resins 
Vinyl Products Limited have several openings for administrative and field staff in 
their Sales and Marketing Departments for men with chemical background, preferably 
of degree standard, who are interested in commercial careers. The Company, the 
largest manufacturers of synthetic resin emulsions in the UK, selling to the paint, 
adhesive, paper, textile, carpet, building, etc., industries, offers excellent conditions 
and continuing expansion enhances prospects. Technical or commercial experience 
in any of the above industries would be an advantage. 
Apply : Personnel Officer, 

VINYL PRODUCTS LIMITED 
Butter Hill, Carshalton, Surrey 

PAINT CHEMIST 
"Shell" Research Limited require at  their 
Egham Industrial Chemicals Laboratory 
an experienced Paint Chemist or Paint/ 
Technologist for development work on the 
uses of epoxy and alkyd resins in the surface 
coatings field. 
Most aspects of modern coatings technology 
are relevant to the post, but several years' 
experience with industrial finishes would be 
particularly valuable, and the ability to 
carry out systematic high quality experi- 
mental work is a primary requirement. 
Please write giving details of qualifications 
and experience to : 

Recruitment Division BE (PNELII), 

LONDON, S.E. I .  

REQUIRED RESEARCH 
AND 

DEVELOPMENT CHEMIST 
for Company in West of London Area for 
work on thin film organic coatings and 
paint remover formulation. 

Good prospects in established Company. 
Apply Box No. 264. 

ORGANIC CHEMIST 
Unique opportunity for Organic Chemist 
with background in dyestuff interme- 
diates and azo dyes. The successful 
applicant will receive training for future 
work in photo-re~roduction field. mainly 
involving light-sensitive diazo cox+ 
~ o u n d s .  Suitable ex~erience and enthu- 
siasm are more h p o r t a n t  than academic 
qualifications, but a t  least a blas towards 
organic chemistry is necessary. 

I This position is available a t  our Lough- 
ton Works which is easily accessible by 
Bus or Tube. Excellent working condi- 
tions, pay and opportunity of promotion. I 
I A D D ~ Y  Personnel Manager  (13). 

O Z A ~ I D  C O M P A N Y  L I M I T E D .  
Langston Road, Loughton, Essex. 

Teleahone : LOUghton 5544. I 
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SITUATIONS VACANT 

PAINT 
TECHNOLOGIST 
required to  explore various applications of 
synthetic resin emulsions in the Paint 
Industry. The work will be concerned with 
testing new products and developing 
suitable paint formulae. Applicants should 
have a wide experience of formulating, 
manufacturing and testing in the paint field, 
but with particular emphasis on decorative 
systems. Although an academic 
qualification would be useful, practical 
experience is the main requirement. 
Starting salary will be commensurate with 
age and experience. The Company, the 
largest manufacturers of synthetic resin 
emulsions in the Commonwealth, offers 
excellent conditions of eniploynlent and 
operates a contributory pension scheme. 

Please apply to  : 
Personnel Officer, 

VINYL PRODUCTS LIMITED 
Butter  Hill, Carshal ton,  
S u r r e y  V 

S E N I O R  Paint Chemist required to  take 
charge of Laboratory paint section, covering 

research and development of industrial finishes. 
Applicants must have City and Guilds Finals o r  
a t  least ten years' experience in the trade. This 
is an ideal position for a keen and energetic 
person offering ample opportunity for future 
advancement. Age preference 25-35, but not 
essential. Pension Scheme. Canteen facilities. 
Applicants should write stating age, qualifica- 
tions, experience and present salary to  : Technical 
Director, Supra Chemicals & Paints Ltd., 
Hainge Road, Tividale, Tipton, Staffs. 

SITUATIONS WANTED 

P A I N T  Chemist, 33, married, sound all round 
experience (I5 years), also abroad, presently 

employed in Germany, English speaking, seeks 
responsible position either in paint o r  allied 
industry in Africa o r  Europe. Only interested in 
permanent position. Offers kindly to  Box 
No. 263. 

Oil & Colour Chemists' 
Association 

PAINT 
TECHNOLOGY 
MANUALS 

Six v o l u m e s  a r e  n o w  avai lable-  

1 Non-convertible Coatings 

2 Solvents, Oils, Resins 
and Driers 

3 Convertible Coatings 

4 Application and Testing I 
of Surface Coatings 

5 The Testing of Paints 

6 Pigments, Dyestuffs and 
Lakes ~ 

The price of each volume is 35s. and 
orders should be sent to :  

CHAPMAN & HALL LTD. 
11 New Fetter Lane, 
London, E.C.4 



Colourful answer to burning question 
The question: how to make a first-class decorative paint yet meet the 
requirements of the new Building Regulations? The answer: use 
Timonox Antimony Oxide pigments. In many cases the Regulations 
cannot be met with conventional paints, but they can by using paints 
based on Timonox, when the correct spread of flame classification can be 
achieved without any loss of decorative effect or change in the ease of 
application. How is it done? Antimony Oxide reacts at  high temperatures 
with other constituents of the paint to form the powerful flame-retardant 
Antimony Chloride, which comes into play exactly when needed. This 
special property does not affect the paint film or its finish. Timonox is 
another in the long list of Associated Lead products* that began with 
Associated Lead research. 

$+ Other Associated Lead products include :-- RED LEAD . WHITE LEAD 
BASIC LEAD SULPHATE . CALCIUM PLUMBATE . LITHARGE 

ASSOCIATED LEAD MANUFACTURERS LIMITED clelnents House.  14 Gresham Street,  
London E.C.2 ,Crescent House.  Newc;istle I Lead Works Lane. Chester 
E.rport E~rqrtiries t o :  As.sc;c~i~tlc~tl 1.r11tl d1111r 1t1111~trtrr~r.s E.rj,orl C'o. Ltd. .  
Clerlic ! ~ t s  I~or t sc~ .  11 Gre.slr to~~ Strcct .  Lo~rdoll  K.C.?. 



Advertising rates obtainable from 
Mr. D. S. Myles 
4d Beaver St., E. Malvern, S.E.5. 
Victoria, Australia. 

Subscriptions $A 4.00 (32s.) P.A. 
Send t o  Mr. D. S. Myles 

Editorial comment welcomed 
Honorary Editor 
Mr. D. A. Kalwig, 
" Hill-Haven," Valley Rd., Skye, 
Victoria, Australia. 

AUSTRALIAN 
PAINT INDUSTRY 

Published Monthly by the Australian Sections. 
Distributed to all OCCA members in Australia. 

Printed in England by Metchirn & Son Ltd., 8 Storey's Gate.  Wcrtrnin\tcr, London. S.W.1 
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