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OCCA-32 Exhibition 
13-1 5 May 1980 Cunard International Hotel 

Hammersmith, London W6 
Morij: The motif. designed by Robert 
Hamblin. uses the comuass to svmbolize 
the unique attraction of ihe OCCA exhibi- 
lions which annually draw exhibitors and 
visitors from numerous countries. 

The aim of the Exhibiton is the pre- 
sentation of commercial and technical 
information relating to raw materials. 
plant and equipment used in the paint. 
polymer. pr~nting ink, colour. adhesive 
and allied industries. both i n  their 
manufacture. processing and application. 

The Exhibiton Committee wi l l  be 
particularly pleased to welcome exhibits 
from companies relating to the new energy 
ell'icicnt. low-pol lut i~ig technologies. 
including powder coatings. high solids 
coatings. rad~ation curing. water-based 
coatings and other developments. 

NEW 

7ht. ,,>oti/'Jn, OCCA 28 o,rp/iri,rx~d that r l~e tor-,yet 
Jo, /976't,.u1 l,o,r<Iori n./rer-r, all tl>c, E.\hrbrt,o,>i hol,i, 
brc,rr h ~ l d ,  r.<,g~,lo,/i. ottrocti~rg b<rth rakihrtor~ o11d 
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VENUE AND S 

THE ANNUAL 
FOCAL POINT FOR 

THE 
SURFACE COATINGS 

INDUSTRIES 

The Exhibition Committee has decided 
to move the venue o f  the Exhibition from 
Alexandra Palace in north London. to the 
more centrally sited Cunard lnternational 
Hotel as i t  is felt that this modern hotel will 
offer Exhibitors a greater choice o f  types 
o f  exhibiting facilities. as well as the 
improved services to both exhibitors and 
visitors which a lirst class hotel can offer. 

Admission to the Exhibition will be free, 
and visitors will be asked to complete 
registration cards which will be available 
in advance from the Association with 
cop~es of the OJjicial Guide. Copies of the 
Oj'iciul Guide will be charged at f 1.50 
each, and both registration cards and 
copies of the Oj]icial Guidr, will also be 
available at the Exhibition. 

The Exhibition provides an ideal oppor- 
tunity for organisations to display and 
d~scuss their products and serv~ces to a 
wide spectru~n of visitors from all over the 
world. 

Organisations wishing to receive further 
details should contact the Director & 
Secretary, Mr .  R. H. Hamblin. Oi l  & 
Colour Chemists' Association. Priory 
House. 967 Harrow Road. Wembley. 
M~ddlcsex H A 0  2SF. England (Tel: 0 1 - 
908 1086, Telex: 922670 OCCA G). 

The main part o f  the Exhibition will be 
in two sections. The entrance to the 
Exhibition will be on the ground floor in 
the new Exhibition Hall, i n  which 
exhibitors of heavy machinery. plant and 
equipment or those wishing to have the 
traditional style of stand will be situated. 
On the first floor. additional exhibitors. 
mainly o f  raw materials, laboratory equip- 
ment or other small exh~bits. will be 
accommodated in the Queen Mary Suite. 
in which the stands will be o f  a modular 
design. The Queen Mary Suite is a large 
pleasant room which is decorated and 
carpeted as an integral part of the hotel. 

I n  addition. several suites and rooms 
will be available on the intermediate 
Mezzanine floor and third floor for those 
companies who wish to use that type of 
I'acility to exhibit, or to entertain their 
visitors in addition to their stands in the 
main halls. 
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r One call to OBS and you're in business ... 
OBS Machines Limited represents the joint 
interests of Ateliers Sussmeyer and Oliver + 
Batlle in the U.K. and Eire. Now when you 
require the finest machinery in the Paint. Ink and 
allied Chemical manufacturing fields, just one call 
to our centrally situated Milton Keynes premises 
will bring immediate response. 

From Wall Mixers and Beadmills through to fully 

automatic Can Filling Machinery, the superb 
equipment which we handle on an exclusive basis 
could equip an entire manufacturing plant. We 
also handle the full range of products from 
De Vree. 
We are fully operational for Sales. Service and 
Spares operations, and would welcome the 
opportunity of helping with your requirements. 

OBS MACHI~ES LIMITED 
Unit 3 4  Heathfield, Stacey Bushes. 

Plant & Equipment for the  Paint, Milton Keynes, MK12 6HR 
Ink and allied Chemical Industries - Tel. Milton Keynes (0908) 3 1 3 1 8 6  
Sales  - Service - Spares Telex: 8 2 5 6 6 3  (OBSUK G )  

QUALITY CONTROL APPARATUS 

a VISCOSITY GLOSS 

DRYING TIME 

COLOUR 

HARDNESS 

OPACITY 

IMPACT 

WET ABRASION SCRUB TESTER 
Useful mach~ne for the examlnatlon of organ~c and 
ceramlc surfaces In respect of their resistance to 
scrubb~ng and the~r cleanab~l~ty (Double head FILMAPPLICAT'ON 

Model 902). 

SHEEN INSTRUMENTS (SALES) LIMITED 
SHEENDALE ROAD, RICHMOND, SURREY TW9 2JL Telephone: 01 -940 0233/1717 
TELEX 929476 APEXG SHEENINST CABLE SHEENINST RICHMOND SURREY 

- -- - 
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It'll help you 

i in formulating 
: High build chlorinated 

rubber-type paints for 
Ships, Tanks, Bridges, 

and other steel works 

with outstanding 

exterior durability, 

storage stability and 

airless sprayability. 
Try Superchlon for 

your formulations. 
For detailed information, please 
contact: 

Sanyo-Kokusaku Pulp Co.,Ltd. 
CHEMICALS SALES DEPT. 
1-4-5 Marunouchi. Chiyoda-ku, Tokyo. Japan 
Telex: 524279 SKPULP 
Cable: SANKOKUPA TOKYO 

under one 
Banner 
CHEMICALS: 
Suppliers to Industry of: 
Alcohols. Ketones: Esters, Glycols. Glycol Ethers 
Plasticizers. Normal and Iso Paraffins, Nitro-Paraffins, 
Emulsion Oisperrants. Chlorinated Solvents. 

HYDROCARBON SOLVENTS: 
Suppliers to lndurtry of: 
Aliphatic Hydrocarbons: Whits Spirtt, Special Boiling 
Point Solvents, Odourless Kerosene and Aliphatic 
Naphthas. 
Aromatic Hydrocarbons: Xylene. Toluene, and B.A.S. 
range of  Naphthas 

VEGETABLE OILS: 
Suppliers o f  Technical Vegetable Oils: Raw and 
Processed, Linseed. Soya, Castor and Wood Oils, also a 
range of  Castor Oil derivatives. 

Samuel Banner 
Vegetable Oil Refiners, Solvents 8 Chemicals. 

HEAD OFFICE: 59/61 Sandhillr'Lane 
0519227871 Liverpool L 5  9XL  
Telex 627025 

LONDON FACTORY: 24 Marshgate Lane 
01 534-4321 Stratford E l 5  2NH 
Telex 897766 

GLASGOW DEPOT: 289 Castle street 
041 552 1411 Glasgow G4 OST 
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OIL & COLOUR ULTRAVIOLET POLYMERISATION 
AND THE 

CHEMISTS' ASSOCIATION SURFACE COATING 

Newcastle Section Symposium INDUSTRIES 

The eleven papers in this volume were originally published in 
JOCCA during 1978 and are based on lectures presented at 
the Second International Symposium of the Newcastle 
Section of the Association. Titles and authors are given 
below: 

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

Recent developments in  photoinitiators by G. Berner, R. 
Kirchmayr and G. Risr 

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

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

New developments in  ultraviolet curable coatings 
technology by C. B. Rybny and J. A. Vona 

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

Photoinitiator problems in clear coatings by M. de Pooriere, 
A. Ducarme, P. Dufour and Y. Merck 

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

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

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

The UV curing behaviour of some photoinitiators and 
photoactivators by M. J. Davis, J. Doherty, A. A. Godfrey, 
P. N. Green, J. R. A. Young and M. A. Parrish 

Copies of UV Polymerisation, the first volume published by 
the Association on this subject, are available and may be 
purchased separately or at the specially reduced price if 
purchased together with a copy of UV2. 

The two volumes together form the authorative work on the 
rapidly developing subject of ultraviolet polymerisation in 
the surface coatings industries. It is a work that no company 
in the field can afford to be without. 

1 

ORDER FORM 
(Repayment only) 

To: Oil & Colour Chemists' Assacintion, 

Priory House. 967 Harrow Road, 

Wembley, Middlesex HA0 2SF. England. 

Please send me ...... copies of Ultraviolet polymerisa- 

tion 2 (UV2) 

Please send me ...... copies of Ultraviolet polymerisa- 

tion (UVlI 

I enclose remittance of f(US$) ...... to cover the cost. 

Name: 

Address to which books should be sent: 

Price: Ultraviolet polymerisation 2 (UV21 f7.50 (US 

$18.001 each 

Ultraviolet polymerisation 1 (UV1) f5.00 (US 

$12.00) each 

UV1 and UV2 purchased together f 10.00 (US 

$24.001 

Prices include postagelpacking (surface maill 
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THE BK-6 AND THE BK-10 
DRYING RECORDERS 

A sophisticated development of Dr. Harry Keenan's original instrument has resulted from a collaboration 
between the Brighton laboratories of Jotun-Henry Clark and the Mickle Laboratory Engineering Company at 
Gomshall, Surrey. A feature of the new design is the provision of independently operating tracks. Separate 
needle carriers are moved from their parked positions by depressing their individual plungers, sliding them 
along to their zero positions and releasing the plungers when they become operative. Having reached the end of 
their travel the needle carriers are then in their parked positions. Unless otherwise specified the tracksoperate 
at a speed of 12 hours, but, if required, provision can be made forsome of the tracks to operate at speeds of 6 or 
24 hours. 

The technique for preparing test strips and for reading the results is the same as for the standard BK Drying 
Recorder. 

THE MICKLE LABORATORY ENGINEERING CO. LTD. 
MILL WORKS GOMSHALL Nr. GUILDFORD 
SHERE 2 178 SURREY 

- 

A T  Y O U R  SERVICE to develop finer, more durable products 
The fast, economical weather tests of 

SUB-TROPICAL TESTING SERVICE, INC.  
established 1929 

Sub-Tropica l  Tes t ing  Service i s  k n o w n  and  u t i l i sed  w o r l d  w i d e  

Send for free 

Our 51st year C17 Sub-Tropical cotour 
brochure D 

Sub-Tropica l  Tes t ing  gives fastest N a t u r a l  W e a t h e r  tests  avai lab le f o r  * pa in ts  * chemical  coatings * plast ics * tex t i l es  * fabr ics * re la ted  p roduc ts  -k 
(List of representative clients given upon request) 

Wir \vnrcll die crslcll, \vclcl~c cincn I'riiftlicnst dicscr A r t  f i i r  L:lckc, Ku l l s t \ to f i .  cllcnliscllc l3ctcllichtu1l:c11. 
Store und Cewebe oiler Art,  F;~~.bstolli. unt l  vcrivandtc Erzct~g~lissc in  dc11 U.S. miiglicll 111;i~llltll. 

Mr. C. Hubbard Davis. Founder, Sub-Tropical Testing Service, Inc. (1904-1977) Phones: (305) 233-5341 
P.O. Box 560876, 8290 S.W. 120th Street, Miami, Florida, U.S.A. 33156 c,blC: SUBTROPIK, tqiarni 

- 
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Z I N C  OXIDE-"Zincol i"  Brand 

Z I N C D U S T - " Zincoli " Brand 

IRON OXIDE - " Deanox " Brand 
Reds, Yellows and Marigold 

RED LEAD - " Deanox " Brand 

DlSPERSIONS - "Ashby" Pigment 
Dispersions 

ASPH ALTU M - " Gilsonite " 
(Regd. Trade Mark) 

Can be supplied in 

all grades suitable for 

the requirements of the 

Coatings Industries 

by 

MORRIS ASHBY LIMITED 
10 PHILPOT LANE, LONDON, EC3M 8AB 

Phone: Telegrams: 
0 1-626 807 1 (6 lines) ASHBY, LONDON 

Telex: 886170 

And at Liverpool, Glasgow, Birmingham and Leeds 
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Transactions and Communicatioras 

The challenge to coatings in a changing world: 
Predestination or prophesy?' 
By J. B. Harrison 

Consultant. 25 Channel Reach, Burbo Bank Road, Blundellsands, Liverpool L23 6TA 

Summary 

I t  is attempted to assess world change on the basis o f  how i t  has Previous demands for change have been largely generated by the 
taken place in the past. The rapidity ofchange has been remarkable. user, who will be the mainspring of demand for new products and 
Some of  the failures o f  change are instanced and the need constantly techniques. The past is analysed in the context of adverse trends 
to reassess its effect is emphasised. that have developed insidiously. I n  this age of bureacratic inter- 

ference, there is a marked tendency to over elaboration by specifiers 
Time and change bring constraints which can add to the difficulties and the providers o f  Codes of Practice. BS 5493: 1977 is taken as 
of surface coating development. a typical instance. 

Keywords 

Specifcations, standards and regulations 
specifications 
standard procedures 
test specification 

Le d6fi pour revbtements dans un monde changeanl 

On a tentt de faire une evaluation des changements dans le monde 
baste sur les CvCnements du passt. La vitesse du processus de 
changement a t t t  remarquable. On mentionne certains insucces 
dans le domaine de changement, et on souligne la ntcessite de 
reevaluer constamment les effets provoquts par ce processus. 

L'tcoulement de temps et le prccessus de changement entrainen! 
des contraintes qui augmentent les difficultis assocites au 
dtveloppement des revetements de surface. 

Miscellaneous terms 
development 

:: Predestination ou prophetie 

Jusqu'i present c'est l'usager qui a suscitC les demandes pour 
changement, et il sera la force motrice de la demande pour de 
nouveaux produits et techniques. On fait une analyse du pasd 
au point de vue des tendances dtfavorables qui se sont dtrouldes 
i la derobte. En cet Ige de I'intervention bureaucratique, i l  y a une 
tendance i surClaboration de la part de ce qui sont charges de 
dresser des normes et fournir les Codes de la Pratique. On cite la 
norme BS 5493: 1977 en tant qu'exemple typique. 

Die von einer sich andernden Welt an Beschichtungsmittel gestellten Anforderungen: 
Pradestination oder Prophezeiung 

Es wird versucht, Verlnderungen i n  der Welt zu beurteilen, wie 
diese in der Vergangenheit vor sich gingen. Die Geschwindigkeit, 
mi! welcher sie erfolgten, war erstaunlich. Einige der sich als 
Fehler herausstellenden Anderungen werden erwahnt, und die 
Notwendigkeit stindig deren Auswirkungen zu bewerten, wird 
betont. 

Zeit und Wechsel bringen Zwangslagen mit sich, welche die 
Entwicklung von Beschichtungsmitteln noch schwieriger machen. 

How will the world change7 

I t  would be a brave man, indeed, who attempted t o  answer 
this question. The world has been changing for centuries. I t  
is called evolution, which is a continuous process, inexorable 
i n  its progress, and with an increasing rate o f  change as time 
progresses. Changes o f  great moment are usually imperceptible 
at the time o f  their inception and pass unnoticed until their 
portents are realised, when i t  is too late for mere man to  
change the course o f  events. The one retarding effect on  
change is the inherent conservatism o f  mankind and i t  is 
only when other preoccupations exist that change bounds 
forward unopposed. Examples o f  this were World Wars I 
and 11, which produced great leaps forward due to the 
exigencies that had t o  be met during wartime conditions. 
Change is usually costly and today we live i n  an era when 
multimillionpoundprojectsarethe order o f  theday. Aerospace 
development is a case i n  point. Here, the impetus has come 
from the rivalry and desire for prestige o f  the Western and 

Bisher ging das Verlangen nach Anderungen grossenteils vom 
Verbraucher aus, welcher auch die Haupttriebfeder fiir neue 
Produkte und Techniken sein wird. Die Vergangenheit wird irn 
Zusammenhang von Gegentrends, die sich heimtiickischer Weise 
entwickelten, analysiert. I n  diesem Zeitalten biirokratischer 
Einmischung besteht eine ausgesprochene Tendenz seitens der 
Ausarbeiter von Lieferungsvorschriften und von Codes of Practice 
zu sehr ins Einzelne zu gehen. BS5493: 1977 wird als typisches 
Beispiel herausgegriffen. 

Eastern World, O n  a smaller, but nevertheless still massive 
expenditure scale, the development o f  North Sea O i l  and Gas 
resources has its place i n  the turn o f  recent events. What 
should be the time interval by which change is measured and 
assessed? A lifetime, i.e. 75 years seems reasonable. I f  so, 
this takes us back to the early 1900's and when the changes 
that have taken place since this time are considered, i t  is clear 
that i t  is now an entirely different world from that existing at 
the start o f  the century. Now the rate o f  change is going t o  be 
so rapid it wi l l  have t o  be measured i n  time intervals o f  a 
generation at a time to  keep pace with events. 

But with all these changes, present and portended, the old 
remains. The family unit is still the basis o f  living, each man 
i n  his house or  castle, with urban sprawl the order o f  the day 
and with the centre o f  the cities derelict areas o f  squalor and 
neglect and the planners frantically trying t o  think o f  ways 
and meansof attracting residents andcreatingsocial communi- 
ties that wi l l  have a beautified and enriched living. This is 

*Paper presented at the Association's Conference held at Stratford upon Avon from 20-23 June 1979. 
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one of the failures in the planning scheme. When the slums 
were cleared they were replaced by high rise blocks of flats, 
which have proved an abject failure as a social exercise and 
are now being offered in Liverpool at ludicrously low prices, 
to encourage developers to demolish and clear the areas to 
permit the development of more enlightened environments 
suitable for gracious living by happy, congenial social 
communities. 

Thus, in trying to forecast forward change the possibility 
that there will be many cases of putting the clock back and 
reverting to  the old ideas and situations cannot be ignored. 
Change for the sake of change does not mean that the 
underlying ideas for the change are right and progressive 
and that it will not present problems in the future needing 
ruthless reappraisal, for a successful progressive development 
to result. 

It is contended that despite a changing world, much that is 
old and mundane will remain. New developments there will 
be, some of a spectacular nature. Man is an inventive animal 
and the problems of modern life will bring the need for 
change. Control of pollution and the conservation of energy, 
two of the current problems, will engender developments in a 
restrictive sense, particularly from a surface coating point of 
view. 

How will surface coatings contend with the 
changing world 7 

The answer here is, as hitherto, by adaption and innovation. 
There is no doubt that there will still be a positive and 
growing demand for the present conventional products in the 
trade and retail fields. With the increasing cost of living and 
the present trend towards shorter working weeks, it would be 
expected that the most sensational increase in demand will be 
in the "Do it yourself" field for the convenience products of 
the surface coatings field. Demands for special products will, 
naturally, be large, and the surface coatings industry will, no 
doubt, meet these demands successfully from the present 
existing raw material sources. 

As with past recent experience, the demand for special 
products will come from the users to fit their special techniques. 
Looking back over the past 25 years, the highlights of develop- 
ment have been: 
(a) The development of blast cleaning of steel prior to the 

painting process. 
(b) Various forms of metal coating are now recommended 

after blast cleaning. in preference to the previous practice 
of using blast primers. Galvanising is a long established 
process, but metal sprayed coats of zinc or aluminium 
are now also favoured.lt is now accepted that these metal 
sprayed coatings are not as reliable as galvanising, due 
to their tendency to have minute pores or pinholes after 
application. It has been found advisable to coat them 
with sealers, thus overcoming the disadvantages of the 
pinholed films. and providinga better base for subsequent 
painting. Even with a metal coating, there has to be 
protection by means of paint systems to protect the 
metal coatings from aggressive environments. Zinc is 
particularly sensitive to acidic. sulfurous environments 
characteristic of industrial areas. As a consequence, 
zinc can often require special treatment prior to painting 
to ensure the removal of corrosion products on the 
surface. 

(c) Water borne paints for conventional and electrophoretic 
application. Electrophoretic coating has been subjected 
to intensive development in recent years. Initially 

anodic systems were devised and used and these caused 
many problems in use. Now that cathodic systems have 
been devised and are coming forward, the position may 
greatly improve. 

(d) Powder coating-conventional and thin film types. 
Powder coating has been predicted as of great potential 
and usefulness for several years, but it is taking a long 
time to establish itself as a surface coating process. As 
so often happens, new application has revealed unfore- 
seen difficulties, and shortcomings. 

(e) High solid paints, including conventional solventless 
and non-aqueous dispersions. 

(f) Coatings for radiation curing by ultraviolet, electron 
beam, glow discharge and plasma arc. 

The items (c) to (f) have largely arisen out of demands of 
the user for coatings to fit special techniques and requirements. 
A considerable proportion are inspired by the needs of the 
automotive industry. None have achieved the market penetra- 
tion at one time predicted for them, some falling short by 
only a little, but others by a wide margin. 

It is highly probable that the demand for specialised coatings 
will proliferate in the changing world of the future. Many will, 
at best, arise from specialist demands of the user. The 
objectives set will be difficult to attain, at some times bordering 
on the impossible. It is a salutary fact that, in retrospect, 
many recent developments have arisen out of user demand 
and few have been suggested, conceived and developed by 
the paint supplier. As a matter of fact, the raw material 
suppliers to the surface coatings industry are currently more 
productive of novel ideas and developments than the surface 
coating industry itself. No doubt, an explanation is the fact 
that the raw material supplier has the incentive to use creativity 
and speculative development as a means of creating a demand 
for his product on offer. However, if this situation continues 
the surface coatings industry is in danger of developing into a 
mediocrity with an incapability to meet the challenges of 
the future. As a result there is a strange uniformity about the 
many companies in the surface coatings industry. They have 
the same ranges of products on offer, often in a very similar 
range of shades. Marketing strategy, rather than product 
superiority, seems to determine sales success. There is a 
modern tendency to the proliferation of products. New 
products are developed, but there is no withdrawal of the 
products they replace. In the general user and retail fields the 
only product that has disappeared is the old fashioned water 
thinned distemper. And what has replaced it? A whole range 
of emulsion resin formulations e.g. matt finishes, vinyl silk 
finishes, masonry finishes and even water-based gloss finishes 
of doubtful utility. The lay public must be thoroughly 
'confused by the paint scene, as presented by the promotional 
media. Many facets of gimmickry have been used through the 
years to encourage sales, such as whiteness, washability, 
cleanability, colour choice, chip resistance, flow and gloss, 
often presented to the admiring gaze of an Old English Sheep 
Dog, surrounded by badly brought up children rampaging 
round their houses. By and large, it is predicted that this 
situation in the trade and retail field will continue in the 
changing world. 

The same does not hold for the paints demanded by industry 
i.e. industrial paints, marine paints and automotive finishes 
and, a comparative newcomer, paint for offshore structures 
and paints for road bridge schemes, which seem to be develop- 
ing into another specialised class. Such paints i.e. those for 
onshore structures, bridges, and large scale developments. 
are tending to be classed under the heading of "Heavy 
Industrial Paints" or "High Duty Paints", and they will 
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probably grow in demand in the future. One thing is certain, 
the changing world will bring forth large multimillion pound 
developments of a scale not hitherto experienced. The raising 
of oil prices by OPEC has produced so much wealth and a 
desire for modernisation that the third world is just beginning 
to realise the inadequacies and needs for modernisation and 
is embarking on lavish schemes of development of basic 
necessities, such as steel works, port facilities etc. The whole 
is being financed by the petro-dollars of the Middle East, but 
great reliance is being placed on the established, first world 
nations to supply the know-how and plan and manage the 
developments. There is so much to be done that this situation 
will continue long into the future. By their nature, these 
developments require a different treatment and expertise 
than has been used hitherto. There is a trend towards pre- 
fabrication and shop finishing and the shipment to site of 
the painted steel components, surface prepared, shop primed 
and part finished, requiring only a final cosmetic coat when 
they reach their destination for assembly and erection. These 
developments are bringing problems in their train, such as 
minimisation of the damage to the part-coated components 
during transit and the organisation of efficient inspection 
services to ensure a reliable finished product or structure on 
site. These new demands and techniques have their cost 
factors, and they are high, but there is such an accumulation 
of oil wealth these days that these enhanced cost factors do  
not seem to have a deterrent effect. 

The supplier of surface coatings will have to meet these 
changing demands. There is such a wealth of knowledge and 
experience available from the past to draw upon that, largely 
by trial and error, retaining the good and discarding the 
inferior, progress will be made and success achieved. Thus, it 
can be confidently predicted that the surface coating industry 
will meet its future challenges in a changing world. 

Constraints to progress 

However, there is one adverse aspect that must be noted. In 
recent years there has been the development of constraints to 
progress by the anti-pollutionists and ecologists. Membership 
of EEC has not eased the situation. In fact, it has made it 
more dificult. There are now too many cooks spoiling the 
broth. There are many who may have the best intentions, 
but the restraints for which they fight and eventually achieve 
create great difficulties to development in the surface coatings 
field. This situation adds to the problems of conservation of 
energy and conservation of resources and raw materials, the 
impact of the Health and Safety at Work Act, and it is 
obvious that areas of possible progress will be proscribed. 
This is an age of bureaucratic interference of which the PSST 
Scheme is the latest development that will have its irksome 
repercussions. Rumour has it that, in due course, all the 
specifying authorities will be under the one umbrella. laying 
down standards of paint performance that have to be achieved. 
It has always been somewhat mystifying that the top line 
branded products, provide automatic "guarantees" implicit 
in their sale, not meeting the required standards. 

Thus. there is one clear lesson to be learned from the past, 
that time brings its problems of complexity and over- 
elaboration. A typical case in point is the well-known Code of 
Practice CP2008 for the protection of iron and steel against 
corrosion. The idea for this laudable document was conceived 
in the early 1960's and a drafting committee sat under the 
able chairmanship of Dr J. C. Hudson. Publication took 
place in 1966. In the years following its publication, a number 
of developments took place in the protective coatings field, 
so that in 1972 the British Standards Institution decided to 

revise the Code and a redrafting committee was set up. It 
quickly became clear that a simple revision by the addition of 
new material would not be acceptable or possible, and a 
complete redrafting was decided upon with a major aim of 
reducing the size of the Code to half that of the 1966 edition. 
This reduction in length could have been achieved only by 
omitting a considerable amount of the original material. 

When the addition of new material was taken into account, 
a new approach to the drafting of the Code was found to be 
essential. The Code was divided into six main topics: 
I .  Design and principles of corrosion. 
2. Factors influencing the choice of systems. 
3. Protective systems. 
4. Spsifications. 
5. Inspection. 
6. Maintenance. 

Background material was provided in the form of 
Appendices. 

This historical explanation was revealed by the Chairman 
of the drafting committee CVCP/8 at a Symposium held on 
2 December 1975, to consider the "Draft for Comment" of 
the revised code. This was then a document about 140 pages 
in length. So much for the original intention of reducing the 
length of CP2008. As the "Draft for Comment" was con- 
sidered and discussed, there were urgent pleas. particularly 
from consulting engineers, for curtailment and simplification 
with the minimum of elaboration. The revised Code BS.5493: 
1977 was eventually published towards the end of 1977 and 
was then a document 110 pages in length. requiring 2 full 
pages for the contents and nine for the index. 

The drafting committee had obviously tried to condense 
and curtail some sections as requested. They had simplified 
the "Tabulation" in such a way that its meaning was obscure 
and difficult to comprehend. The new topics, Inspection and 
Maintenance, had had an extended and full write up and the 
overall result was a document that has caused much concern 
amongst paint technologists, who described the revised 
version as representing unattainable protective systems 
which were beyond the capability of the industry to meet. 
Having read and re-read the document. it has to be confessed 
that it is found to be confusing and diffuse and, above all, 
indecisive. In the case of a consulting engineer, trying to use 
BS.5493:1977 as a consultative document and an aid to the 
devising of a specification for a given project, the new redrafted 
code will be found to be a confusing document. Consulting 
engineers, as they have done hitherto, will have to depend on 
that select number of paint suppliers capable and prepared to 
help in the drafting of specifications and also prepared to 
provide an inspection and monitoring service to the completion 
of the contract and able to supply paints of the requisite type 
and standard. 

It used to be jokingly said of CP2008 "Here we have the 
Bible-where are the Ten Commandments?" BS.5493 is a 
revised version of the Bible, but still with no Commandments. 
Maybe Moses was not on the redrafting committee-strange, 
everyone else seemed to be. 

BS.5493:1977 is symptomatic of the times, and the tendency 
to over elaborate. There are too many "ifs and buts" and 
"do's and dont's". What is needed is clear concise authorita- 
tive directives based on proven facts and experience. Redrafts 
of Codes should be prepared to be definitive and precise in 
their recommendations, particularly in the choice of pro- 
tective systems to give the best results in practice. Such is 
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not the case with BS.5493:1977. Thus it will require greater 
resolution by the paint suppliers in the future to resist the 
sometimes unreasonable and unattainable demands of the 
users or the specifying authorities. Some would argue that 
such an attitude will delay progress and lose business. How- 
ever, it will save the generation of unnecessary development 
costs which are never recouped. It might also serve to temper 
the conceit of some of the specifying enthusiasts. At all costs, 
in the future. elaboration of products and techniques must be 
avoided with a rigid adherence to simple basic factors, 
simplicity and comprehensibility of techniques. 

Past faults 

Before looking towards the future, it should be considered if 
there have been any cardinal faults in the past in the way 
developments have been handled. The author has one pet 
hobby-horse. In the past many new products and development 
projects have been reported with great euphoria and pre- 
dictions made claiming outstanding future success. This 
applies to many facets of paint technology and development, 
and too often there is good briefing by the progenitors at the 
outset of the development, but no follow-up, interim or final 
reporting of the actual outcome after some time. The hazards 
of new and novel developments are well known. When used 
in the field, unforeseen factors make their presence felt, often 
to the extent of vitiating and nullifying the chances of ultimate 
success. These adverse happenings are seldom reported. 
Silence reigns and another brave new idea is buried and laid 
to rest. These unfortunate developments are often picked up 
by technically interested people piecemeal, and the subject 
slowly and surely drops out of the scheme of things. Ideally, 
when development projects start and are reported, there 
should be some onus on the originator that the progress of 
the development and tests are continually reported, be they 
good or bad. No doubt strenuous efforts are made to combat 
the unfortunate occurances by all concerned. Whatever the 
results, they are newsworthy and may many times give an 
entirely different perspective to the merits or demerits of the 
development in question. The mere fact that the effects of the 
unforeseen are reported could prevent others falling into the 
same trap of false prediction with other products and develop- 
ments. All is not success in life and there is no disgrace in 
failure. It should strengthen the resolve to continue with the 
investigation in another way; taking due regard of the 
hazards of unforeseen developments. 

The aversion to the reporting of failure is general and 
understandable. It not only applies to development products 
for special industries, but also to many retail products in the 
surface coating field. If the advertising media are to be 
believed. all troubles are over and problems solved in the 
painting field. The paints are cleanable, durable and will 
stand rampaging youngsters without suffering damage, or so 
they say. 

Reverting to the point about the onus for the progenitors 
of new and novel developments, who publicise their aims and 
intentions. to undertake to report progress at suitable 
intervals. although there is a proliferation of associations, 
institutes and controlling bodies, there are chinks in the 
armour. There is a great need for the establishment of a 
secretariat or panel charged with the monitoring of the 
progress of new developments, officially reporting progress 
and giving an opinion on the imporlance and portent of the 
results. In the field of protective coatings. the prevention of 
corrosion of iron and steel is of such economic importance 
that the idea requires the most serious consideration. Some 

years ago corrosion was estimated to cost the country £600 
million per annum. The figure today, like everthing else, must 
have radically increased. Think of the millions of capital 
involved in offshore structures in the North Sea. The import- 
ance is such that it should be supported by Government 
grant, and sponsorship. The organisation envisaged should be 
responsible for receiving and filing the commencement of 
newly reported developments in the protective coatings 
field, and should have the power to ask and receive progress 
reports and duly report these to all and sundry at suitable 
intervals. 

All that would be required is a panel of experts in the field, 
preferably retired to avoid any adverse effects of vested 
interest. It should be a panel and not a committee. Much 
would hinge on the choice of Chairman and the organisation 
of the receipt and dissemination of the information. If 
started and successfully developed the idea could be extended 
to cover the European Community and, in fact, there is no 
reason why it should not be world-wide in its concept. At all 
times the reports should be factual, good or bad, and not 
adjusted to appease the progenitors of the project. 

The author can give these opinions on the need for regular 
reporting of the progress of novel developments in the 
protective coatings field with a clear conscience. In his 
working life in the surface coatings field which started in 
research, he has had an interest in the development of reliable 
accelerated tests giving true prediction of performance in 
actual practice, and in the introduction and development of 
zinc phosphate as a non-toxic anticorrosive pigment, and has 
reported progress regularly. 

The new ideas about methods of test giving true prediction 
of ultimate performance were first reported in 1962'. In 1965 
the promise of zinc phosphate was reportedZ and the 
commencement of comparative tank tests described. In 1969 
there was an interim report3 on the progress of the develop 
ments based on a paper that had been presented to the Joint 
Services Non-Metallic Materials Board Standing Committee 
on Paints and Varnishes in 1967. 

In 1975 the author was invited to deliver a paper to the 
South African Corrosion Institute4. When news of this event 
leaked out the author was approached by various South 
African Branches of OCCA to present a paper. This was 
accepted and the same paper on "The realistic prediction of 
primer performance-A case history" was read to the 
Johannesburg Branch on 16 September 1975, the Durban 
Branch on 23 September 1975, and the Cape Town Branch on 
6 October 1975. 

' 

Although the script of the paper was available, it was not 
published at that time, but it has now appeared5. It was vital 
that this publication should take its place as a chronological 
review of the ideas from their inception to the position in 
1975 which covered tank tests 14 years in duration which 
fully confirmed the prediction of the proposed ammonium 
sulfate accelerated spray test, the "Goodlass Wall" girder 
test$ and the long term tank tests on wire brushed rusty 
steel. Now, three years later, it can be reported that the 
position is unchanged and thus the record is now available of: 

(1) Proposed new accelerated salt spray tests1. 

(2) Proposed new wire brushed weathered mill scaled girder 
tests1. 

(3) The selection of primers and finishing systems based on 
(I) and (2) for comparative testing on wire brushed tank 
tests*. 
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(4) lnterim reporting of the situation after the tank tests had 
had 6 years' exposure3. 

( 5 )  Interim reporting after the tank tests had had 14 years' 
exposurr". 

(6) lnterim reporting after the tank tests have had 17 years' 
exposureR. 

If clarity is desired. the whole situation and philosophy of the 
author's work and efforts is given in Ref. 6. 

[ Rereiwd l l November 1978 

Discussion at Stratford Conference 

DR J. RAMSBOTHAM pointed out that during the last ten 
years, starting in America with the introduction of Rule 66 
designed to reduce the amount of solvents contained in 
coatings, there had been a wave of what might be called 
"anti-new product" legislation, as a reaction to some of the 
problems that technology had created. In the light of the 
scenario sketched in Dr Harrison's paper of increasing 
shortages of traditional raw materials, and the need for 
innovation to find alternative sources, would, he asked, in 
Dr Harrison's opinion, these stringent constraints on the 
industry be relaxed, or would the situation continue in its 
present direction? 

DR HARRISON stated that in the future some of the 
problems to be overcome would be very difficult, but he 
hoped that there would be a decrease in the emotional reac- 
tion to technology towards a more rational appraisal of its 
benefits and drawbacks. 

DR F. M. SMITH indicated that most of the legislation, 
which had been recently introduced in many countries, 
would have its main effect on the introduction of new 
chemicals rather than seriously restricting the use of 
chemicals that were already in common use. The amount of 
certain solvents which are allowed in coatings had been 
restricted in an attempt to control emissions into the 
atmosphere. Dr Smith also stated that he hoped that, in the 
future, legislation would take into account the diminishing 
supply of certain raw materials and not make it unfeasible, 
in terms of time and investment, to develop new alter- 
natives. 

DR J. C. WEAVER, from America, mentioned some of the 
recent trends that were emerging in the anti-pollution 
legislation in the USA. He pointed out that the California 
Air Resource Board now had less money to spend, thus 
restricting its deliberation on rules for the interpretation of 
the legislation, and resulting in a general relaxation in the 
standards. In addition, there had been more direct 
responses from the technical people in the industry who, for 
example, are able to advise the Environmental Protection 
Agency, and thus help "educate" their technical people and 
help in suggesting modifications which are technically and 
economically possible. Dr Weaver suggested that this was 
an important interaction, and that efforts should be made in 
other countries to obtain technical advice from within the 
industries affected. One example of this co-operation, was 
the current revision of the analytical method for controlling 
atmospheric pollutants, to be published later this year in the 
Federal Register. At present the process is a four-step com- 
bustion process which is extremely time consuming. It is 
hoped that by this co-operation the procedure may be 
simplified to make it more usable. 

Dr Weaver suggested that some figure which had been 
suggested for the use of water soluble coatings in the future 
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were not realistic, and for certain end uses these products 
might not be comparable with those obtained using 
different approaches. He cited development work in high 
solids coatings as one area which could also have many 
applications in the future. 

DR HARRISON agreed that there was a future for 
technologies, such as high solids, but indicated that the use 
of such systems would be determined largely by their rela- 
tive costs, and at the moment, the high solids systems 
seemed to be more expensive than the water based. 

MR D. A. KALWIG referred to the suggested use of 
oilseeds or other crop seeds as possible raw materials for 
coatings, many of which had been in use thirty or more 
years ago. He agreed that, from a technical point of view, it 
would be possible to return to the use of these high solids 
oleoresinous products, but he doubted whether such 
products would be acceptable to the consumer from the 
point of view of quality. In the last few years the consumer 
had become used to the high quality ranges of products 
available, and he doubted if moving back to earlier products 
would be accepted. 

DR HARRISON pointed out that it might not be a matter 
of free choice, but of necessity, to return to these materials. 

MR C. N. FINLAY asked if it would be possible, should a 
return to these materials become necessary, to grow a large 
enough amount of the crops to supply the needs of the 
industry, bearing in mind that the demand for land to 
produce food was intense. 

MR T. R. BULLETT indicated that during the period from 
1940 until 1960, there had been three main advances in the 
industry: the introduction of oil modified alkyds; the 
development of synthetic latex polymers; and the use of 
titanium dioxide as the major white pigment. During the 
period from 1960 onwards, there had been no really major 
advances, and he suggested that perhaps it was now time 
for new developments. 

The Paint Research Association had been doing some 
work on renewable raw materials and for example, had 
been looking at the possibilities offered by the use of sugar. 
Sugar is a cheap, non-toxic material which is very easily 
grown giving good yields per acre. It could be produced 
industrially in large quantities quite readily, but there are 
still some problems in its use as a polyol for resins. These 
are not insurmountable and if the prices of other raw 
materials rise enough, then sugar may well be developed as 
an alternative. Mr Bullett also expressed interest in the 
subject to be covered by Mr Turner's paper later in the Con- 
ference, concerning the use of oils of low unsaturation. This 
again opens up another area of renewable vegetable 
materials. He suggested that because of these possible 
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developments, the petrochemicals shortage would perhaps 
not have such a drastic effect on coatings as many feared. 

MR S. L. DAVIDSON informed delegates that the Califor- 
nia Air Resources Board were no longer trying to limit the 
types of solvents that could be used, but had changed the 
emphasis to restrict only the amount of solvent, thus 
necessitating high solids coatings. 

Mr Davidson asked if in Britain and the Common 
Market, as in America, the various agencies believed that 
the answer to all problems was to be found in the use of 
water based compositions, regardless of the end use or 
quality required in the specifications. 

MR P. WALKER asked Dr Harrison how he equated his 
views on the need for the formation of a panel of retired 
experts with the statement contained in the summary of his 
paper on "bureacratic interference". 

MR E. V. COLLINS returned to the problems of replacing 
petroleum based raw materials with those based upon 
crops, with the problems of increasing population and 
demand for food taken into account. He stated that he 
doubted whether industry would be allowed to use all the 
land it would require for this purpose. He asked the 
lecturer's opinion on the possibility of using coal based 
products as replacements, as there was a considerably 
longer expectation of the availability of coal as compared to 
petroleum oils. 

DR HARRISON stated that he agreed that this was a 
possibility and, in fact, there had been considerable interest 
in obtaining fuel from coal many years ago, but nothing had 
yet come from this. He hoped that this problem would be 
looked into closely in future. The main problem in the past 
had been the cost, but the relative costs of petroleum and 
coal were now becoming less. 

DR F. M. SMITH stated that, in his opinion, the discus- 
sions so far had been very relative to the shortages of 
energy, but that there would probably be no serious 
problems of raw materials for chemicals themselves. He 
thought that there was certainly enough coal to supply 
chemicals for the industry for hundreds of years, and that 
even though oil for energy was becoming short, there were 
many oils unsuitable for fuel, which were perfectly adequate 
as starting materials for the chemical industry. 

Many years ago when modern water based coatings were 
first developed, it had been claimed that within five years all 
coatings would be of this type; this had obviously not been 
the case. In certain applications where suitable water based 
coatings have been developed, they have done very well, but 
in other applications, such as industrial paints, water based 
coatings of a suitable standard had not yet been developed, 
and other types were still in use. When coatings of a high 
enough standard had been developed, they would be used, 
but until then, industry would use the coating which gave 
the required performance. 
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Summary 

The painting o f  nuclear inscallations and other areas in which 
radioacttve nuclides are handled presents special problems. In 
addition to the normal decrrative and protective properties 
exwcted o f  coatines. the added dimensions o f  radiation resistance. 
radioactive contamination and decontamin;ltiot~ arc of parariiouni 
importance. The potentially hazardous nillure of radioactivity 
requires not only that surl:ace co;ltings absorb the niini~num amount 
of wntan~ination, but also that they should be easily and rapidly 
decontaminated. Conseouently, the coatings need to hc resistant 
to a variety o f  aggressive reagents. 

The accumulative effect o f  these hostile environments together 

Keywords 

Proce.s~es and mrthod~ primarily us.sociufed with 

drying or curing of coatings 

atomic radiation 

Revetements de surface pour I'industrie nucleaire 

Lc peinturage des installations nucleaires el d'autres sites ou 
I'on traite les nuclides radioactih presente des probleme\ exccption- 
nels. Aussi bien uue les ~rooriCtCs dkcoratives et ~rotectrices sue 
I'on exige des revPteme&+, ies criteres supplementaires, a savoir 
la resistance B la radiation. la contamination radioactive, la 
decontamination ont une importance primordiale. Le danger 
tventuel oresent6 Dar la radioactivitt exiae oue les rev6tements 
absorben; non sedement la quant~te r n ~ r k a l e  de radioactivitb, 
mais aussi qu'ils peuvent Ptre dkontaminkc avec facilite et rapidite. 
Par consequent, les revetements doivent Ptre resistant B une gamme 
de riactifs aggressifs. 

L'efiet cumulatif de ces environnements aggressifs et des 
exigences normales de I'exposition en service demande que le 

Anstrichmittel fiir die Atomkernindustrie 

Zusammenfnssung 

Der Anstrich von Atomkerninstallationen und anderer Komnlexe. 
in denen rad~oaktive Spaltprodukte gehandhaht wrrden.' set?{ 
spczielle Problcme. Nicht nur werden die normalen dckoratlven und 
schutzenden Eigenschaften von Anstrichmitteln erwartet, sondern 
die zusatzlichen I>imensionen von Widerstand gegen Bestrahlung, 
radioaktive Verschmutrung und Decontaminierung sind von 
iiberwiegender Bedeutung. Die moglicherweise lebensgefahrliche 
Natur von Radioaktivitiit verlangt nicht nur, dass Beschichtuns- 
mittel nur ein Minimum an Kontaminant absorbieren. sondern 
dass sie sich leicht und schnell dekontaminieren lassen. Solche 
Anstrichmittel mussen folglich gepn einc Vielzahl von aggressiven 
Rcagenzien hestindig sein. 

with their nor~nal service exposure. places a great strain on the 
ingenr~ity of the paint forlnulator working in a field whcrc precise 
data on such factors as the efrect of forniulation \.ariables and 
the age o f  the coating before exposure is both sparse and expensive 
to obtain. 

The information on the mechanisms of radioloaical contamination. 
radkition damage. the statc o f  the art in the f%rmulat~on, testing. 
assessment and etTect of ageing on coatings for nuclear environ- 
ments is given. Finally, opinions on future densands on surface 
coatings for the nuclear industry are advanced. 

Spe~i/~cuti~~ns. S M I I ~ C I I . ~ ~  und re.er11urion.v 
specification 

Mi.sce1lunmrr.s terms 
radiation protection 

spsicialiste s'ingenie fortement B niettre au point des formules de 
peintures dans un domaine ou les donnks pricises concernant 
les facteurs tels uue I'effet des differences au point de vue de la 
composition des' peintures er de 1'9ge du revetenlent ;avant 
I'exposit~un se dtmontren~ non seuiement peu non?breuses mals 
aussi cofiteuses I obtenir. 

On donne de I'inforniation sur les mecanismes de contamination 
radiologique, des alterations provoquks par la radioactivite, 
I'Ctat actuel de la mise au point des forniules de peintures. 
I'essayage. l'apprbciation. I'effect du vieillissenlent des peintures 
destinkes pour les environnements nucleaires. Enfin on oKre des 
points de vue sur les exigences B I'avenir auxquellec les revetements 
de surface pour I'industrie nuclhire devront repondre. 

Die sich anhaufende Wirkunn dieser umweltfeindlichen Produkte. 
zu~Pt7lich der E~ponierung biihrend nornialer Arheit. erfordert 
grosscn Scharlsinn vom d ~ e  Anstrichzusamniensetlung ausar- 
beiteliden Lackchcmiker. der auf einem Geh~ete arheitet. auf den1 
pr lr~ce Angaben uber solche Faktorcn. uic Rerepturvarianten und 
Alter dec An\trichs vor der Ezponierung dunn pe%ht und nur mi1 
rro\\en Kosten erhaltlich sind. Information uher den Mechanismus 
radiologischer Verschrnutzung. Strahlungsschaden. Stand des 
Wissens bezuglich Re~eptierung. Priifung. Bewertung und Wirkung 
der Alterung auf Anstriche fiir Atomkernanlagen wird gegeben. 
Schiiesslich werden Meinungen geaussert uber kuftige Anforderun- 
gen an Anstrichmittel fur die Atomkernindustrie. 

Introduction divided in to  the strictly orthodox and those which are peculiar 
to nuclear industry. 

The nuclear industry, which embraces the nuclear power 
stations. research reactors, plants for the manufacture and The orthodox uses may be summed up  as for decoration. 
processing o f  nuclear fuels, isotope production facilities protection and identification, and i t  therefore follows, that 
and the associated research and development laboratories, is the properties which make paints desirable for use i n  decora- 
a customer o f  the surface coatings industry. The uses to which t ion such as colour and gloss retention, freedom from 
it puts surface coatings are many and varied, and may be chalking, checking, cracking and adhesion failure coupled 

'Paper presented at the Association's Conference held at Stratford upon Avon from 20-23 June 1979. 
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with good application properties are required. Equally those 
necessary for protective purposes; resistance to ultraviolet 
radiation, water, salt spray chemical resistance and long 
term general corrosion resistance are also required. Those 
requirements peculiar to the industry are resistance to radia- 
tion, and ease of decontamination, thus coatings are required 
for (a) areas in which radio-nuclides are handled and a 
potential or actual contamination problem exists, and (b) 
areas in which high level radiation sources are used o r  handled. 
Therefore, in addition to thealready abundant list of properties 
required of surface coatings for general use must be added 
resistance to high radiation levels, low pick up of radio- 
activity, resistance to  chemical decontaminants and ease of 
decontamination. Some, if not all, of these requirements 
may need to be met in a single area of use. For example, in 
the case of a metal flask containing irradiated fuel elements 
which is stored under demineralised water. 

Existing and new requirements 

The majority of surface coatings used in nuclear power 
establishments are normal commercial systems used for 
corrosion protection o r  interior decorative purposes in areas 
where there is no radiation or contamination; most exterior 
surfaces are brick, concrete or other materials which do not 
require coating. Specialised coating systems are used in those 
areas where radioactive contamination is expected to occur 
frequently, or where it may occur; where high levels of 
radiation are encountered or where compatable materials 
are essential. 

Safety considerations assume that paint flakes might be 
carried into a reactor gas circuit and adversely influence the 
metallurgy of the fuel cladding. Consequently, the coatings 
used in the fuel handling route must be "metal-free" (Table I ). 
Such areas include fuel preparation rooms, the fuel charging 
machine and its associated equipment. In other reactor areas 
such as the pile cap, circulator rooms, and areas where 
equipment exposed to reactor gas is maintained or inspected. 
the "metal-free" restrictions are not applied to primers. 

Wherever possible in the selection of coatings for use in 
radioactive areas, commercial systems are chosen from among 
those that have been tested to BS 4247 Part I :  "Recommenda- 
tions for the Assessment of Surface Materials for Use in 

Toble 1 
Melol-fiee points ond sirnilor coorings for Nucleor POH-er Stolions 

( I )  Mercury additions in any form are not permitted and pre- 
cautions must be taken to prevent accidental mercury con- 
tamination by not manufacturing or storing paint in areas 
where products containing mercury are present. 

(2) No paint containing metals in their elemental form shall be 
used. 

(3) The lead content shall not exceed the limits laid down by 
Home Office Regulations for lead-free paints (Factory Acts 
1961, Section 132). 

Radioactive Areas". A compilation of such systems is held 
and kept up to date by the United Kingdom Atomic Energy 
Authority (UKAEA) in Atomic Energy Codes of Practice 
(AECP) 1002: "The coating of surfaces requiring decon- 
tamination". This document also contains guidance on the 
selection of coatings to meet particular service requirements 
e.g. radiation resistance, chemical resistance, temperature 
resistance etc., and is intended for use by designers and 
maintenance painters. This compilation is also used by the 
Central Electricity Generating Board (CEGB). Where 
previously untried coatings are otfered for use in radio- 
active areas they are tested to BS 4247 Pan I t o  characterise 
their performance relative to other materials. A brief tabula- 
tion of some areas where specialised coatings are used in 
CEGB Magnox power stations is given in Table 2. 

With the advent of Advanced Gas-Cooled Reactors 
(AGR's) and the higher radiation doses delivered by the fuel 
on removal from these reactors, it has been necessary to use 
stainless steel cladding in fuel dismantling areas where the 
lifetime radiation dose is anticipated to be in excess of lot0 
Rads; the tendency for higher radiation levels may require 
more extensive use of stainless steel, unless the radiation 
resistance of coatings can be improved in the future. 

If Light Water Reactors (LWR's) are introduced into the 
U K  in the future, they will bring with them the need for 
coatings capable of meeting the existing American National 
Standard Institute (ANSI) requirements. A Manual of 
Coating Work for Light Water Nuclear Power Plant Primary 
Containment and other safety-related facilities has now been 
published in draft form by American Society for the Testing 
of Materials (ASTM). The manual covers design, quality 
assurance. surface preparation, application and inspection of 

TohIe 2 
Uses of cootings in CEGB Mugnox power .slutions 

Area of plant Coating type Service requirements 

Fuel charging machine Epoxides. "metal free" 

Fuel preparation room and associated Alkyd, "metal free" 
ventilation ducting 

Fuel cooling pond walls 

Fuel transport flasks 

Water treatment plant 

Good wear resistance, occasional de- 
contamination required. 

Decorative. dust free. 

Epoxides, possibly with glass fibre re- High coating integrity essential under 
inforcement. Chlorinated ruhher not immersed conditions. Good chemical 
suitable resistance required. Must withstand high 

radiation levels. Coating must not leach 
agrcssive anions. c.g. CI-. SO,Y- 

Specially developed epoxylpolyurethane Good resistance to natural weathering 
system (CEGB System 6 )  and mechanical damage. Frequent de- 

contamination required. 

Chlorinated rubber Good chemical resistance. Frequen~ 
decontamination. Little radiation 
exposarc. 
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the coating systems. American nuclear grade coatings for 
use in containment areas of water reactors have to pass a 
simulated Design Basis Accident (DBA) test in which, 
briefly, specimens are exposed to steam temperatures up to 
170°C and pressures up to 100 psi for 26 days. Full references 
to the relevant documents are given by Bergerl. At present 
epoxide systems appear to be the most successful, and a 
number of US manufacturers have qualified systems available. 
As yet, it appears that there are no U K  manufacturers in a 
similar position. 

Mechanisms  of  contamina t ion  a n d  
decontamina t ion  of  pa in ted  s u r f a c e s  
R C .  1-6 

Radioactive contamination can be defined as the presence of 
radio-nuclides in quantities above a permissible level, on or 
at an indefinite depth below the surface of a material. For 
porous or fissured materials the surface will include those of 
the pores and fissures. This definition applies to radio- 
nuclides which have become associated with a previously 
uncontaminated surface by some unspecified mechanism; it 
is not intended to apply to radio-nuclides which have been 
created in-siru in a material by a process, such as neutron 
irradiation. In this latter case, radioactivity is said to be 
"induced" and is normally distributed throughout the bulk of 
the material concerned. An example of induced radioactivity 
is the presence of s°Co in structural steel components of 
nuclear reactor cores. Since decontamination consists of the 
removal of contamination without damage to the object 
being decontaminated wherever possible, it does not apply to 
induced radioactivity. 

Most elements have isotopes which are radioactive; 
consequently surfaces can potentially be contaminated by 
any of them. Within the nuclear industry the most commonly 
encountered radioisotopes are those produced by the fission 
of 235U or neutron capture by "W. The fission products 
include 13'Cs. 90Sr, 144Ce, lo6Rh, lX1I and in the main, they 
decay by emission of Crays and P-particles. Neutron 
irradiation products of 238U, known as actinides include such 
isotopes as 938P~,  239P~, 241Am, and 242Cm which decay by 
emission of a-particles. 

The SI unit of quantity for radioactivity is the Bequerel 
(Bq), which is defined as 1 disintegration per second. This 
unit will replace the Curie (1Ci = 3.7 x 10'O Bq) which is 
commonly used at present. The maximum permissible level 
(mpl) of loose contamination of a surface by a radioisotope 
depends on (i) the classification of the area in which the 
surface is located, and (ii) the isotope concerned, since 
isotopes vary in their radio-toxicity, with a emitting isotopes 
being the most toxic. By way of an example, the mpl for 
13'Cs in a non-radioactive areais 3.7 Bq ~ m - ~ ( 1 0 - ~  Ci cm-9. 
It is evident, therefore, that minute amounts of material in 
conventional terms, can give rise to serious contamination 
problems; similarly for decontamination procedures to be 
fully effective, they must be considerably more efficient than 
the normal cleaning processes from which they were developed. 

In discussing the contamination mechanisms applicable to 
surface coatings, two general areas can be defined: con- 
tamination by particulates, usually in a dry state, and con- 
tamination by ions and other species from aqueous solutions. 

Radioactive particulate material behaves in much the same 
way as its non-radioactive counterpart; its accumulation at a 
surface is facilitated by electrostatic interactions, which for 
active particles may be enhanced by self-charging caused by 

the decay process. Adherence of particles is also enhanced by 
the presence of an oily film at the surface. Such a film may 
arise from airborne oil droplets settling on the surface, over- 
generously applied lubricants, or the use of excessive amounts 
of curing agents in two-pack paint systems. Once present on a 
surface, the particulate material can become embedded by 
physical pressure, especially if the coating is the softer of the 
two, as will be the case for metal or oxide particles on painted 
surfaces. Once embedded in this way the contamination may 
be difficult, if not impossible, to remove without destroying 
the whole coating system. The presence of cracks and crevices 
at the surface of an object also hinders effective decontamina- 
tion. Consequently, the best surfaces will be those which are 
clean, smooth, hard and glossy. In the majority of cases, 
where embedding has not occurred and crevices are absent, 
particulate contamination should be easily removed by 
washing with warm water. Wetting agents and detergents 
improve the contact of the liquid with the surface and also 
disperse grease films. 

Contamination from aqueous solutions can occur in a 
number of ways, depending on the surface involved, the 
contaminating isotope and the pH of the solution. These 
mechanisms include ion-exchange phenomena, solvent 
extraction, diffusion and chemical reaction. Paint surfaces 
contain acid groups which undergo ionisation when in contact 
with solutions of pH greater than 2, e.g. carboxylic groups. 
The surface can then act a cation exchanger, of admittedly 
very low capacity, but with sufficient groups to enable 
significant quantities of radioactive atoms to be exchanged. 
This is particularly so if the radioactive material is "carrier- 
free", that is, not diluted with other non-radioactive atoms of 
the same atomic number, as in chemical terms only minute 
quantities are involved. In addition to the organic vehicle, 
oxide pigments e.g. TiO, may also behave as ion-exchangers 
should they become exposed to a potentially contaminating 
solution. When the pH of the solution is greater than the 
point of zero charge (pzc) of the oxide concerned, hydroxy- 
lated groups at the surface lose protons to leave cationic 
sites which will adsorb positively charged counter ions from 
the solution. The same mechanism should also apply in 
reverse, i.e. when the solution pH is below the pzc, protons 
will be abstracted from solution by hydroxylated oxide 
groups to give anionic sites which will be capable of adsorbing 
negatively charged counter ions. Contamination occurring 
solely by an ion-exchange mechanism alone can be removed 
simply by a change to solution conditions which reverse the 
exchange reaction. For cationic contamination, for example, 
concentrated solutions of acid and polyvalent ions can be 
used, albeit with the risk of damaging the surface coating. 
The most commonly used approach at present is to use mild 
chelating acids; complex formation with the contaminant 
ions displaced from the surface neutralises or reverses the 
charge of the ion and thus prevents redeposition. 

The most persistent forms of contamination are a result of 
mechanisms which allow the contamination to penetrate the 
surface of a coating. This can occur in three ways, the first of 
which is related to the diffusion of water through the paint 
film. As described above, most films ionise to form cationic 
groups which effectively accelerate the diffusion of cations 
through the film relative to that of water, likewise anions are 
retarded. Contaminants can also be extracted from solution 
into the solid organic phase (the coating film) either by forma- 
tion of a chemical complex with some component of the 
surface coating e.g. with amine groups under strongly acidic 
conditions, or by a solvent extraction mechanism. The best 
well-known example of this latter effect is that of phosphate 
plasticisen in chlorinated rubber coatings2. Once in the 
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coating film, other mechanisms may make a contribution, 
e.g. pigment particles in the film may hold contaminants by 
the method described above. Contamination which has 
penetrated into the body of the film can be very difficult to 
remove; the only practical method without destroying the 
coating is repeated washing, either using the aqueous solutions 
described above where an ion-exchange mechanism is involved, 
or using a suitable organic solvent if an extraction mechanism 
is suspected. These methods will necessarily be slow, since the 
aim is to reverse the concentration gradient within the film; 
subsequent re-establishment of concentration gradients after 
treatment may result in the re-appearance of contamination 
at the surface at some later time. 

Some particular ways in which decontamination can be 
attempted have been pointed out above, but it is important to 
note the philosophy with which the problem should be 
approached. Decontamination is the procedure by which 
contamination is removed from an item. However, since the 
process merely moves radioactivity from one place to another, 
it is important to establish at the outset whether any benefit is 
gained. Factors to be taken into account include the necessity 
of the operation, and the probability of success, the costs both 
in terms of plant and of radiation dose to personnel and the 
treatment of the waste arlsing. It is only fair to point out, 
however, that these factors are at their most important when 
large items of plant are under consideration; surface coatings 
in the nuclear industry are often selected specifically because 
of their resistance to contamination pick-up, and consequently 
decontamination should be a fairly simple process. 

The general principle is that of using the least aggressive 
reagent or method capable of achieving the required degree of 
decontamination. If the approach chosen does not succeed, 
the aggressiveness of the method is increased until the 
contamination is finally removed. This principal applies to 
both chemical and physical methods of decontamination; it 
should also be noted that the choice of method may be 
influenced by the availability of disposal routes for the waste 
produced. 

The choice of methods when dealing with contaminated 
surface coatings is relatively restricted, since one of the aims 
must be to leave the surface undamaged at the end of the 
operation. Of the chemical methods, detergent washing and 
the use of mild reagents will be acceptable; the use of more 
aggressive acids or alkalis may or may not be permissible 
depending on the particular coating. Physical methods of 
decontamination will necessarily be restricted to  swabbing 
and vacuum cleaning, although ultrasonic radiation can be 
used on small items. The use of water jetting (with or without 
abrasives) and the use of abrasives by hand will damage the 
surface and its subsequent contamination resistance will be 
low. Where severe contamination is held in a coaling the 
best method may prove to be removal of the entire coating, 
either by use of a suitable organic solvent or by blasting 
techniques, prior to recoating. This latter approach, whilst 
drastic, may save considerable amounts of time and even 
reduce total waste arising. 

The reagents used in the so-called non-aggressive methods 
vary from water and dilute detergent solutions to concentrated 
nitric acid. 

A partial list of decontaminants. the compositions of which 
are known, is shown in Table 3. Additionally. a large number 
of proprietary decontaminants of largely unknown composi- 
tion are in use together with many organic solvents (aromatic 
hydrocarbons. ketones and esters). 

Tub/< J 
Deconruminunrs for coated ssufuce.~ 

Reagenr Reference 

Water 
Steam 
Detergent solution 
8-16M Nitric acid 
3M Nitric acid 
0.8M Nitric acid 7 
0.001 M Mercuric nitrate } 
0.001 M Mercurous nitrate 
0.4M Oxalic acid 
0.16M Ammonium citrate 

0.25M Sodium carbonate 

0.34M Hydrogen peroxide J 
0.2M Potassium permanganate) 

0.25M Sodium bicarbonate } 
0.5 g/l EDTA 
1 M Potassium iodide 

J 
5 w/w EDTA 
32 g/l Sodium oxalate 
2.3 g/l Oxalic acid } 
15 g/l Hydrogen peroxide 
I g/l Oxine 

Citric acid 
5 g/l Peracetic acid J 

~ l t r i c  acidldetergent 
20% Nitric acid 
3 % HydroRuoric acid), 
6-12M Hydrochloric ac~d 
5 %  Sodium hydroxide 
I % Sodium tartrate } 
1.5 % Hydrogen peroxide J 

Newby & Rohdea 
Wilson' 
Berger' 
Christenson', Newby & 
RohdeJ. PerigoS 

Newby & RohdeJ 

Newby & Rohdea 

Newby & Rohde" 

Newby & Rohdes 
Newby & RohdeJ 
Perigo el a15 

Perigo et a15 

Wilsona 
Christensons 
Christenson6 
Christenson' 

Christenson6 

The range of chemicals used for decontamination purposes 
requires a degree of resistance which can be met only by a 
limited range of coatings which include epoxides, phenolic 
modified epoxides, polyurethanes and powder coatings. 
Little is known of the effect of repeated decontamination 
procedures on the resistance or subsequent ease of decon- 
tamination of coatings, but it must be assumed that if the 
surface is damaged and suffers a loss of the surface polymer 
rich layer exposing the pigmented matrix, then the ease of 
decontamination will be adversely effected. 

Decontamination testing 

The question of assessment of the ease of decontamination is 
a vexed one, in that a multitude of possible contaminants at a 
variety of pH's exist. In the initial absence of standard 
methods of test, a multiplicity of non-standard i.e. incomplete- 
ly documented methods have arisen, peculiar to particular 
laboratories or investigators. This has led to a major difficulty 
in comparing the results obtained by different investigators. 
At Aldermaston the decontamination test involved the use of 
cerium-144 and plutonium-239 used in admixture and applied 
both from 0.1 N, pH3 sodium acetate buffer solution and O.5N 
nitric acid plus 6.5N sodium nitrate solution in order to 
evaluate coatings under conditions in which the effects are 
primarily ion exchange and chemisorption respectively. After 
counting, the contaminant was removed in a two stage process 
in which the surfaces were swabbed with a non-ionic detergent, 
(polyphosphate, EDTA, pH 9.5) solution and an anionic 
detergent (citrate, EDTA, pH 3.0) solutionP. At Harwell the 
contaminant was aged mixed tission products containing a 
number of nuclides e.g. '"'Cs, 144Ce and I"RR~ applied at a 
pH of 5.0. A two stage decontamination procedure was also 
employed, the decontaminants consisting of a solution of 
sodium dioctylsulphosuccinate, polyphosphate, sodium salt of 
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SERVO Resistance reducing agent. 

Chemische Fabriek SERVO B.V. 
P.O. Box 1,7490AA Oelden, Netherlands 
Phone: 05407-1241" Telex44347 

Representative: 

M.L. Chemicals 
National Trading Estate 
Norman Avenue 
Hazel GroveSTOCKPORT 
U. K. 
Phone: 061 4565350. 

Applications: Advantages 
SER-AD FK 321 can be used in of the use of SER-AD FK 321 : 
various paint systems, such as - the resistance of electrostatic 
alkyd melamine oracrylic based spray paints will be reduced 
baking enamels. - the resistance of the paints can 

be adjusted to the required 
degree 

- elimination of the high 
percentages of polar solvents. 

Samples and leaflets upon 
request. 

Other available additives: 

SER-AD FX 504 
Pigment dispersant for aqueous systems 

SER-AD BEZ75 
Anti-settling and anti-sagging agent 

SER-AD FA 601 
Wetting and dispersing agent for organic solvent systems 

SERVOCIDE 700 
Bactericide 
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EDTA solution thickened with sodium carboxy-methyl- 
cellulose, at pH 9.0 and a solution of sodium dioctylsul- 
phosuccrate, sodium salt of EDTA7 at pH 5.0. 

A typical American test involved the use of mixed fission 
products in 8M nitric acid solution adjusted to pH 4.0 
immediately before use. A three stage decontamination 
procedure employing water and a solution containing citric 
acid, sodium fluoride and hydrogen peroxide used at room 
temperature and 80°C. Samples were immersed in the 
decontaminant solutions. 

Thus, in the three tests described, the nature of the con- 
taminant, the decontaminant, the pH's of the contaminant 
and the decontaminant and the method of application all 
differed one from another. Many other tests can be citeds. 9. 

A major difference also existed in the philosophy of 
expressing the results of decontamination tests, thus it has 
been UK practice to classify a surface in terms of activity 
remaining after decontamination, the US practice is to 
classify in terms of contamination removed. This is stated in 
terms of either percentage activity removed or as a decon- 
tamination factor (DF). The D F  is expressed as a dimension- 
less number and is the ratio of the original to the residual 
contamination. 

The relationship between percentage removed and the D F  
is given by: 

The present UK approach is detailed in BS 4247: Part 1. 
1970 in which an area corresponding to a circle of 38 mm 
drawn on the test substrate is contaminated with 0.1 ml of a 
contaminant solution 5 millicuries (185 MBq) per litre of 
caesium-134 (as chloride) of specific activity 0.5 curies 
(18.5 GBq) per gamme of caesium and 5 millicuries (185 
MBq) per litre of cobalt-60 (as cobaltous chloride) of specific 
activity 5.0 curies (185 GBq) per gramme of cobalt. The pH 
of the solution is adjusted to 5 by the addition of sodium 
hydroxide or hydrochloric acid solutions. The contaminated 
sample is dried under standard conditions before initial 
counting and subsequent two stage decontamination. The 
two decontaminant solutions and the processes are carefully 
detailed. The residual contamination measured in a standard 
manner is expressed as counts per minute per squarecentimeter 
corrected for background, dead time and to a counter efficiency 
of 100 per cent. The exploratory work related to this method 
is detailed by Smith7. The classification of surfaces as deter- 
mined by BS 4247 Part 1 is covered in Part 2: 

Residual Contamination 
Class after Stage 2 

countslmin cma 

1 0-1000 Good 
2 1001-2000 Acceptable 
3 2001-5000 Doubtful but may be 

acceptable under certain 
conditions 

4 above 5000 Not acceptable 
1 

Percentage removed = 100 (1 - -) 
DF - - 

thus a D F  of 1000 indicates a removal of 99.9 per cent i r  a 
d ~ ~ n t ~ ~ i n ~ ~ ~ ~ ~ f t ~ ~ ~ ~ a ~ ~ ~ t i ~ n ~ ~ ~ ~ ~ v ~ ~ e ~ ~  :giti.L retention of 0.1 per cent activity. 
Standard. although a s~ecification AESS 6 0 6 6 P a r t  2 is in - .  

Standards relating to the nuclear industrv- preparation. 
Decontamination- 

The present published British Standard 4247: 1970 Parts 
R+. 1. 7.10 1 and 2 is likely to be subject to revision according to specifica- 

tion AESS 6066 Part 1 in which the concept of D F  previously 
Recognising the difficulties arising from the multiplicity of described, has been introduced and the decontamination 
test methods, standard tests have now been devised, but as procedure modified such that immersion and mechanical 
will be demonstrated, considerable differences exist between stirring rather than swabbing are employed. In addition, 
them. the specification will allow alternative test methods, method 2 

Table 4 
Summary of Standard Methods for Ease of Deconfaminafion 

Contamination Decontamination 
Country of origin 

Contaminant Conditions of use Number of stages Decontaminant(s) 

United Kingdom laCs, "Co, pH 5 Solution dried at 2 
RT (Swabbed) 

United States Mixed fission products Solution dried at 3 
pH 4 25°C (Stirred) 

Federal German Republic Is7Cs 46Ca lWRu, W o  Oven dried at 40 3 
p ~ d  ' k 5°C (Immersed) 

Democratic German Republic Mixed fission products Infrared lamp 2 
containingesZn neutral/ (Immersed) 
weak acid 

France Mixed fission products Solution dried at 2 
pH 1 20°C for 24 hours (Rinsed) 

Sodium polyphosphatelEDTA in water 
pH 9 
Disodium EDTA in water at RT pH 5 

Water at 23°C 
Citric acid/sodium fluoride/H,OI at 25°C 
As above at 80°C 

Water at 20°C 
EDTA at 20°C 

Alkaline permanganate 
Acidldetergent solution 

Water 
Acid 
Detergent solution 

Russia Mixed fission products Solution dried at 2 
'Ws, soSr, -Y, lMRu 20UC for 18 hours (Irrigated) 

EDTA solution 



P. WALKER ETAL. JOCCA 

being of a more practical nature. The scale of assessment in 
AESS 6066 is: 

Measured DF Classification 

more than IOOO Excellent 
more than 100-1000 Good 
more than 10-100 Fair 
Up to 10 Poor 

The US approach is detailed in ANSI-N5.9-1967: 
"Protective Coatings (Paints) for the Nuclear Industry", 
and calls for the use of a contaminant solution of mixed 
fission products obtained by the dissolution of spent uranium 
fuel previously irradiated to about 20,000 MWD/MT 
(megawatt days per metric ton). The solution in 8M nitric 
acid having a beta-gamma activity of 5 r I@ dpm (dis- 
integrations per minute)/O.l ml. The nuclides present are 
cerium-144 praseodymium. ruthenium-106 rhodium, zir- 
conium-95 niobium and caesium-137-barium-137. The 
contaminant is adjusted to a pH of 4.0 with ammonium 
hydroxide. The three stage decontamination procedure 
consists of a water wash, a wash in 0.4M citric acid/0.05M 
sodium fluoride!0,3M hydrogen peroxide solution and a 
repeat at 80 2 C. The results are reported as DF's at each 

The presence of any of the above defects or extreme 
tackiness, softening o r  loss of adhesion constitutes failure. 
Further, where retention of the physical properties is impor- 
tant, a change of more than 50 per cent from the original test 
value also constitutes failure. 

There is no provision for the assessment of ease of decon- 
tamination after irradiation. 

On the continent other national standards apply and all vary 
in degree from the US and UK approach. Reference to  Table 
4 shows a comparison of the standards for the determination 
of the ease of decontamination of the US, UK, France, East 
and West Germany and Russia. Mixed fission products are 
the most favoured contaminant. 

The authors are aware of only one reference to a work in 
which the different national test methods are compared 
using standard paints. Work by Kunze rt al"' presents the 
results of comparative tests in which the UK, US, West 
German and his establishment's methods were used to  measure 
the ease of decontamination of four different yellow pigmented 
epoxides at two levels of pigmentation. His results converted 
to  DF's are shown in Table 5. Kunze concludes that the 
findings of the decontamination tests are in good agreement 
with each other, whenever these tests are applied to materials 
with good decontamination properties. 

stage. Certainly the four test methods place the different films in 

The US standard is comprehensive in that it also covers 
radiation resistance and chemical resistance tests. The 
radiation resistance test calls for exposure to a gamma 
source to be continued to the radiation level at which the 
paint is damaged sufficiently to limit its further use. After 
irradiation the painted specimens are observed at a magnifica- 
tion of . 10 and compared with un-irradiated controls. 
Defects to be examined consist of: 

(a) Fine-line cracking (ASThl D 661-44) 
(b) Checking (ASTM D 660-44) 
(c) Alligatoring 
(d) Mud cracking (ASTM D 661--44) 
(e) Embrittlement 
(f) Bubbling 
(g) Blistering (ASTM D 7\4-56) 
(h) Orange peeling 
(i) Catalyst migration 
(j)  Flaking (ASTM D 772-47) 
(k) Chalking (ASTM D 659-44) 
(I) Discolouration 
(m) Delamination 

the same order of merit with only minor variations, but the 
DF's are very different. The UK method gives much higher 
values than any of the other test methods for the glossy 
surface, but somewhat lower values for the matt surface. 
Obviously a standard of excellence is required for each 
method. 

Some measure of agreement. therefore. exists in the basic 
philosophy with regard to performance, in that the US and 
UK approaches will both call for radiation resistance, ease of 
decontamination and will define this property in terms of 
activity removed. However. considerable differences still 
exist in the test methods for ease of decontamination and 
these are unlikely to be resolved in the immediate future. 
Unfortunately, it seems unlikely that paints tested to one 
specification will be automatically accepted for approval to 
the other, and it would seem, therefore. that if business is to 
be sought overseas for paints for nuclear installations. 
approval to the appropriate National Standard should be 
sought. As a matter of interest this approval is likely to be 
costly, a figure of 55000 7000 per system tested was quoted' 
in 1977 for testing to ANSI- N5.9- 1967. 

Tuhk S 
A compurison uf some nrrrhods fur Jur~~rrtrinurion o f e u . ~  of J~~con~urninu~i~~n* 

Decontamini~tion faclor 
Material FDR Standard Kunre Method 

UK Standard LISA Slandartl 

EpoxiJu low PVC 
Titanium dioxide 1250 250 101 312 
Organic yellow Ill0 440 66 526 
Cadmii~m yellow 550 260 63 355 
Yellow iron oxide 520 137 71 355 

Epoxidc. h i ~ h  P V C  
Titanium dioxide 29 7 1 38 M 
Organic yellow I I 26 I I 47 
Ciidmium yellow 6 44 X 14 
Yellow iron oxidc 2 19 5 8 

*Konze r l  ul. Results recalcilhted to I>F's 
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Other standards 

Ref$. 1-3. 8. 9. 11-14 

identity, surface preparation record for each substrate and an 
application log. 

The Inspection Agency is required to furnish details o f  
An  area in which there is a considerable measure o f  agreement coating inspectors qualifications, an inspection plan and to 
between the US, UK* and Continental is that maintain daily records o f  coating inspection, coating rejection 
quality assurance for nuclear power plants. This is o f  great c,,,;n, ,,,,, ,, 
interest to everyone involved in the manufacture, supply, 

---.'''o----r-'-- 

application and inspection o f  coatings for this purpose. Details o f  surface preparation requirements and techniques 
are detailed in  ANSl N 5.9 rather than ANSl N 101.4 1972. 

The US standard 101-4-1972' The proposed I S 0  Draft Standard ISOjDlS 6215 covers 

a ~ t ~ $ ~ p ~ ~ t ~ f ~ d ~ ~ ~ ~ ~ S t & 6 ~ ~ ~ ~ ;  
similar requirements, but is not written specifically to cover 

(in draft, are almost identical in philosophy, content and 
coating operations. Both the US and the draft U K  standards 

intent, and contain detailed requirements to be met by the 
should be compulsory reading matter for anyone in the 

paint manufacturer, the paint applicator and the coating nuclear coatings field' 

inspector. 

The manufacturer is called upon to maintain a Quality' 
Assurance Programme and to provide adequate documenta- 
tion to  show that the quality of a given coating system as 
supplied is reasonably identical to the coating systems 
previously qualified under ANSl N 5.9. The coating(s) shall 
be requalified i f  there are significant changes in formulation 
or end-product properties. The manufacturer shall also 
provide application procedures for each coating system on 
each proposed substrate for each method o f  application as 
covered by the project specification. This shall include the 
maximum and minimum ambient conditions at which 
application of  paint can be made. 

The paint applicator is required to  furnish a Quality 
Assurance Programme, detailed methods of  application, 
details o f  operator experience and skills, paint product 

A useful document is to be found in AECP 1002, 1972, 5. 
"The coating of  surfaces requiring decontamination" which 
includes information on related standards, notes for designers. 
a general assessment of the properties of  coatings and 
suggestions as to  the choice o f  paint for specific environ- 
mental conditions. 

A guide to selection is reproduced in Table 6. 

The fact that the US Nuclear Industry takes a very serious 
view o f  the specification of  surface coatings for nuclear power 
plants is indicated by the proposed publication in 1978 of  a 
manualt on "Coating Work for Light Water Nuclear Power 
Plant Primary Containment". Subjects to be covered in the 
manual include design criteria. quality assurance. coating 
application, surface preparation, qualification o f  personnel 
and inspection. I t  is intended that one chapter of  the manual 

Temperature 

Corrosive Above ambient Ambient 

Condition Moisture condition 

Wet Dry wet Dry 

Chlorinated rubber Chlorinated rubber Chlorinated rubber Chlorinated rubber 
Catalysed epoxide Catalysed epoxide Iligh-build epoxide High-build solventless epoxide 

Acid High-build solventless epoxide High-build solventless epoxide Phenoliciepoxide Phenolic/epoxide 
Phenoliclepoxide Phenoliclopoxide Water miscible epoxide Water miscible epoxide 
Water miscible epoxide Water miscible epoxide Tiles Glass beadlepoxide 
Stainless steel Tiles 

Plastics 

Chlorinated rubber 
Catalysed epoxide 
High-build solventless epoxide 

Alkali Phenolic!epoxide 
Water miscible epoxide 
Stainless steel 

Chlorinated ruhber 
Catalysed epoxide 
High-build solventless epoxide 
Phenoliclepoxide 

Neutral Water miscible epoxide 

Chlorinated rubber Chlorinated ruhber 
Catalysed epoxide High-build solventless epoxide 
High-build solventless epoxide Phenolic/epoxide 
Phenoliclepoxide Water miscible epbxide 
Water miscible cpoxide 

Chlorinated rubber Chlorinated rubber 
Catalysed epoxide High-build solventless epoxide 
High-build solventless epoxide Phenoliclepoxide 
Phenoliclepoxides Water miscible epoxide 
Water miscible epoxide Tiles 
Polyurethane Neoprene rubber 

Aluminium 

Chlorinated rubber 
High-build solventless epoxide 
Phenoliclepoxide 
Water miscible epoxide 
Glass beadlepoxide 
Tiles 
Plastic 

Chlorinated rubber 
High-build solventless epoxide 
Phenolicjrpoxide 
Water miscible epoxide 
Glass beadiepoxide 
Tiles 
High gloss paint 
I.inoleum 
Plastic sheet 
Alkyd,tung oil phenolic 
Plastics 
Polyurethane 
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will cover the training of painters and inspectors and will 
include a practical application test1. It is also proposed to 
rewrite ANSI N 101.2 1972. "Protective Coatings for Light 
Water Nuclear Containment Facilities" and ANSI N. 101.4 
1972. "Quality Assurance for Protective Coatings Applied to 
Nuclear Facilities". Essentially N 101.2 will be used to identify 
criteria required of surface coatings prior to acceptance and 
N 101.4 will cover the quality of the finished coating work 
within the primary containment. All three documents should 
prove to be interesting and educational documents. 

Decontamination properties of surface 
coatings 

Two major problems exist in presenting a clear and definite 
account of the state of the art in assessing the factors which 
govern the ease of decontamination of surface coatings. The 
first, arising from the multiplicity of decontamination tests 
and the lack of correlation data has already been described. 
The second, and rather more intractable problem lies in the 
way that much of the past work has been carried out. Very 
little of the published work is related to specific and known 
formulations, and only slightly more to manufacturers 
designated products. Most of the work describes results on 
coatings referred to only by their generic names. There are 
notable exceptions2,11,12. 

Obviously much specific information has been gathered in 
the past and is still being generated, but it is largely in the 
hands of coating manufacturers who are understandably 
reluctant to disclose information, the possession of which 
gives them a commercial edge over competitors. 

The difficulty can be readily seen when reference is made to 
work in which the best and the worst of over 40 finishes 
tested were both described as being vinyl types9. Work in 
which decontamination factors are given, but formulation 
details are not, is illustrated by the following US Work using 
the ANSI method: (1) epoxy, 7 to 125, or 590 for a glass-like 
surface; (2) vinyl, 14 to 120, or 156 for a glossy surface; 
(3) chlorinated rubber, 75 to 97; (4) modified phenolic 14 to 
34, and acrylic, 20 with ruthenium-rhodium being the most 
difficult nuclides to remove. 

This type of approach still persists and in a recent report13 
Kunze summarises the results of decontamination tests on 
595 coatings and flooring compounds of largely undisclosed 
composition. The products tested cover almost the complete 
range of chemical types and include nitrocellulose, chlorinated 
rubberlalkyd compositions, silicones, epoxides, polyurethanes 
and polyester. Of these 276 were of the epoxide type and 
approximately 90 per cent were placed in the "good" to "very 
good" category. Of all the coatings tested 18 per cent were 
placed in the "poor" to "very poor" category. It is not clear 
from the original paper if the coatings tested were deliberately 
formulated to be readily decontaminated or represented 
normal commercial production. 

Work in the author's laboratories in which the standard 
BS 4247 and the acid contaminant tests were applied to a 
range of coatings is shown in Table 7. A D F  value is quoted 
together with a subjective assessment. The formulations of 
most of the paints tested are known. 

Reference to Table 7 will show that the reasonably compre- 
hensive range of paints varied from the aromatic isocyanate 
adduct cured polyester and amine cured epoxide with DF's 
from 3-8, to the chlorinated rubber paints and the therrno- 
setting acrylics with DF's from 3100-3000. It will also be 
seen that some of the coatings which would be considered 
acceptable by the BS test would be rejected as completely 
unacceptable by the acid contaminant test. It may seem to be a 
contradiction that some of the coatings rejected by the acid 
contaminant test are amongst those with the best chemical 
resistance, but it must be remembered that it is not resistance 
to the contaminant that is being discussed, but ease of removal 
from the film. It is also interesting to note that the least 
decontaminable coatings under acid conditions almost 
invariably contain nitrogen and it may well be that the nitrogen 
atoms form complexes with the contaminating ions under 
acidic conditions and thus resist decontamination. 

The coatings detailed in Table 7 were all paints chosen as 
being the best of the generic types for ease of decontamination 
and it is interesting to compare the results with those obtained 
from some proprietory paints of the same basic type. The 
paints detailed in Table 8 were all obtained from leading 
manufacturers. With the exception of the amine adduct cured 
epoxide, all the proprietory paints gave lower D F  values than 

Table 7 
Decontamination properties of coatings 

BS 4247 Test Aldermaston acid contaminant Test 
Coating type DF DF 

Alkyds 
Epoxide esters 
Phenolic modified alkyds 
Styrenated epoxide esters 
Tung oil/phenolic 
Amine cured epoxide 
Amine adduct cured epoxide 
Polyamide cured epoxide 
Dialkalolarnine/isocyanate/epoxides 
Aromatic isocyanate adduct/polyester 
Aliphatic isocyanate adduct/polyester 
Phenolic epoxides 
~herrnosefting acrylics 
Solvent acrylics 
Chlorinated rubber (chlorinated diphenyl) 
Chlorinated rubber (chlorinated paraffin) 
Alkyd/melamine 
Powder coatings (epoxide) 
Vinyls 

Fair to Good 
Good 
Good 
Good 

Excellent 
Good 
Good 
Fair 

Good 
Poor 
Good 
Good 

Excellent 
Good 

Excellent 
Excellent 

Fair 
Good 

Fair to Good 

Fair to Good 
Good 
Good 
Fair 

Excellent 
Poor 
Fair 
Poor 
Fair 
Poor 
Fair 

Good 
Poor 
Fair 

Excellent 
Excellent 

Poor 
Fair 

Poor to Fair 



Comider where our other silicas are used 
before you use our matting agents. 



P 

we'll happily do for you. 
Crosfield matting agents do a very good 

iob. 
But when you consider what lies behind 

them, that's not really surprising. Over our 
50 years in the business, we have developed 
a wide range of silicas to meet specific 
technical needs in industry. 

They're used to protect aero engines in 
storage for instance. To clarify lager, 
anti-block packaging film and to thicken 
toothpaste. 

Its this versatility that's put us at the 
forefront of silica technology - and has 
enabled us to create a range of matting 
agents that is second to none. 

Above all, Crosfield HP Silicas* offer 
excellent matting efficiency and achieve 
the required effect with exceptional 
economy. 

They give you outstanding clarity and a 
superb film smoothness like silk. 

They can readily be incorporated by 
standard high speed dispersion techniques 
and give good mar resistance to the finished 
product. 

All of which should make one thing clear. 
Crosfield HP Silica matting agents can 

help you, just as our other silicas have helped 
other people to make better products. 
"Crosfield HP' is a proprietary brand name. 

experience tells in the end 
JOSEPH CROSFIELD & SONS, LIMITED, P.O. BOX 26, WARRINGTON, CHESHIRE, UK. WA5 1AB 

Telephone: Warrington (0925) 31211. Telex: 627067 
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Tabk 8 
Dt.contu~ninurion properties of proprietary puints 

Coating type BS 4247 Acid Contaminant Test 
D F  DF 

Polyamide cured epoxide A 
Polyamide cured epoxide B 
Polyaniide cured epoxide C 
Urea formaldehyde/epoxide 
Alkyd ~nelamine 
Plasticised epoxide/niela~nine 
Epoxide powder coating 
Chlorinated ruhber 
Adduct cured epoxide 
Aliphatic isocyanate adduct/polyester 

Fair 40 
Fair 45 
Fair 50 
Fair 87 
Fair 42 
Poor 9 

Good 250 
Excellent 1240 

Good 245 
Good I20 

Poor 4 
Poor 5 
Poor 6 
Poor 8 
Poor 7 
Poor 5 
Fair 15 
Good 125 
Fair 50 
Fair 65 

those specially selected for their ease o f  decontamination. 
although the differences were not always large. I n  general, all 
the DF values were higher than those reported i n  the US 
work. This is in line with the findings o f  Kunze shown i n  
Table 5. Some work on the formulation o f  paints for radio- 
active areas has been reportedr'"'"'"'" and i t  has been shown 
that attention to formulation variables is necessary to obtain 
the optimum ease o f  decontamination for any given system. 
The excellent paper by Colclough" details work on "thick 
build" coatings o f  chlorinated rubber, epoxide, coal tar 
epoxide and polyurethane. Precise formulations are given for 
many o f  the paints tested. O n  the basis o f  long term tests i n  
water and air Colclough concluded that properly formulated 
"thick build" epoxide resin coatings are suitable for use i n  
radioactive areas. "Thick build" chlorinated ruhber paints 
are useful only as undercoats and care must be taken to 
ensure that the release o f  solvent from the coating is sufticient 
before covering with a tininshing coat. There was insuflicient 
evidence to assess the usefulness of solventless polyurethanes. 
but on the evidence o f  four proprietory formulations i t  
appears doubtful if they would be suitable for use i n  radio- 
active areas. The most important single variable is the 
polymeric binder used, and in choosing this plasticisers, 
curing agents and catalysts must all he considered since their 
importance has been clearly demonstrated2. There are, 
however, certain basic rules which can be applied to any 
resinipigment system; these are to avoid phosphate plasticisers, 
zinc oxide, barium sulfate, blanc tixe. and high pigment 
volume concentrations (above 10-1 5 per cent). As a general 
rule. any pigmentation will tend to lead to an increase i n  
residual contamination over an unpigniented finish, and i n  
this respect some grades o f  rutile titanium dioxide are worse 
than the anatase grades. However. for most practical purposes 
the dilference is small and the compromise between ease o f  
decontamination and chalk resistance is best met by the use 
o f  the rutile grades. 

Solvent balance is also very important and the use o f  high 
boiling solvents which are retained w i ~ h i n  the Rlm after cure 
can also lead to excessive retention o f  radioactivity. Having 
considered the major components o f  a paint, i.e. chemical 
conipositiun o f  the binder. type and amount o f  pigmentation, 
and solvent balance. other minor components o f  the paint 
may be o f  great importance. If. for example, an amine 
treated clay is used as a suspending agent. then some adverse 
elTect on  decontaniinability may be expected: siniilarly the 
use o f  amine accelerators in polyurethane based paints wi l l  
encourage more residual contamination. A recent Soviet 
patent suggcsts that the decontaminahilily o f  polyhutyl 
methacrylate resin can he improved by thc addition o f  
polyphenyl silolane resin. 

,Although rapid strides have k e n  made i n  formulating 

coatings having acceptable decontamination properties, i t  is 
diflicult to see how further improvements are possible unless 
such work can be carried out within a laboratory having the 
required radioactive facilities and the necessary formulative 
expertise. 

I n  this present section it has been demonstrated that the 
nature o f  the contaminant is o f  great importance. particularly 
with regard to the p H  o f  the contaminant solution. I t  is. 
therefore, important to realise that the results o f  the tests 
described can only be used as an indication o f  the suitability 
o f  a coating for a specific purpose. Where the ease o f  decon- 
taniination is a critical parameter in the choice o f  coating. 
then a method o f  assessment using the actual contaminating 
nuclides at the correct p H  and utilising the decontamination 
process intended should he undertaken. Support for this view 
is provided by Newby and Rohde who state that the DF's for 
iodine are less than 10 and froni 10-1000 for tellurium, rare 
earths, caesium and strontium". The effect o f  p H  has also 
been clearly demonstrated in this present work. 

T h e  e f f e c t  o f  a g e i n g  on e a s e  o f  
d e c o n t a m i n a t i o n  

This is a subject on which very litt le is known and even less 
has been publishedE'". Some attempt has been made to 
remedy this within the author's laboratories. 

I n  a recently completed study, twelve paints o f  known 
composition and covering the complete spectrum o f  ease o f  
decontamination were applied as two coat systems to mi ld 
steel panels and exposed to: natural weathering in a rural 
environment for two years, accelerated weathering to British 
Standard 3900 for two thousand hours, water inimersion 
(demineralised) for six' months and laboratory storage for 
three and four and a half years. The paints were: 

Aromatic isocyanate adduct cured polyurethane 
Aliphatic isocyanate adduct cured polyurethane 
Amine cured epoxide 
Polyamide cured epoxide 
Amine adduct cured epoxide 
Sloving acrylic 
Lung oil linseed alkyd 
Tune oil~ohenolic oleoresinous 

t l )  Chlorineied rubber trut~lc,chlorin~~ed diphcnyl) 
(J )  Chlorlnatvd ruhhcr (a~rata\e,chlurinaled d~phonyl) 
tK )  Chlcrrinaled rubber (andtase chlur~nated oarultin, 
(L)  Chlorinated ruhber (anatasdchlorinated baratfin) 

A l l  decontaminated testing was carried out to the dictates o f  
BS 4247, Part 1, 1970: "The assessment o f  Surface Materials 
for l lse in Radio-Active Areas". The panels exposed to 
accelerated and natural weathering were tested i n  two con- 
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ditions: on removal from test, half the panel was washed in Natural weathering4halky 
a 5 per cent detergent solution using a soft brush and rinsed There were significant interactions. 
in running water to remove surface chalking, the other half 
was untouched. All other panels were tested in the condition A detailed discussion of the possible reasons for the changes 
in which they were removed from test after drying out for in the decontaminability of the paints tested is beyond the 
several days before test. The results quoted as percentage scope of this paper and it is hoped to present a fuller account 
residual contamination after two stages of decontamination at a later date, but some brief and tentative explanations may 
are shown in Table 9. be pertinent at this stage. 

Table 9 
Percentage re.~idual contamination after Stages I and 2 of British Standard 4247, Part 1, 1967 

Test Enrironrnents Paint A Paint B Paint C Paint D Paint E Paint F Paint G Paint H Paint l Paint J Paint K Paint L 

Controls (Aged 2 ueekr at room 
temperature) 23.0922.131.03 0.96 16.7214.01 6.051.82 10.3210.29 0.030.03 0.80 0.80 0.90 0.84 0.18 0.09 0.95 0.37 0.05 0.04 0.92 0.43 
British Standard 3900 
Acceleralcd~veathering(cha1ky) 2.43 1.522.88 1.49 8.21 4.33 2.161.62 10.21 5.45 7.914.26 2.52 1.51 2.79 1.60 5.57 3.8317.3511.29 4.23 2.81 5.21 3.49 
British Standard 3900 
Accelersted weathering (non- 
chalky) 7.69 6.920.79 0.50 4.48 2.79 1.301.09 7.14 4.34 2.931.92 2.38 1.20 2.94 1.47 3.81 2.51 9.01 6.61 4.69 2.85 3.65 2.76 
Natural weathering (chalky) 19.60 15.096.08 3.60 17.61 9.69 11.658.75 11.81 7.69 13.079.31 23.04 18.23 12.42 8.06 15.77 13.42 18.72 12.51 15.47 14.77 16.09 11.90 
Natural weathering(non-chalky) 17.03 14.725.65 3.48 20.99 12.31 5.324.16 7.35 4.91 9.877.66 17.28 14.77 17.43 13.93 5.67 4.77 9.73 7.26 9.75 8.51 10.11 8.83 
Water immersion 367 2.900.25 0.20 0.92 0.59 0.090.03 0.32 0.24 0.130.07 0.46 0.30 0.96 0.52 1.30 0.85 5.00 3.05 1.77 1.05 2.31 1.16 
Laboratoryageing3yearr 12.8214.400.13 0.11 1.31 1.06 0.180.13 0.22 0 1 8  0.930.86 9.87 9.47 2.21 1.92 6.61 6.37 4.78 4.24 0.08 0.07 0.07 0.07 
Laboratory agelng 4:  years 35.08 32.51 0.03 0.03 8.98 6.66 0.170.15 0.56 0.35 1.49 1.28 5.84 5.84 1.04 0.85 0.37 0.23 7.54 7.54 0.05 0.03 2.73 2.52 

The paints tested covered a wide range of decontaminability, 
ranging from an aromatic isocyanate adduct cured poly- 
urethane (Paint A) which retained almost 25 per cent of the 
original contamination, to four chlorinated rubber paints 
( ILL) which retained between 0.04 and 1.0 per cent. The 
order of merit on initial decontamination was: 

I .  Paint F: Stoving acrylic 
2. Paint K: Chlorinated rubber 
3. Paint I: Chlorinated rubber 
4. Paint J :  Chlorinated rubber 
5. Paint L: Chlorinated rubber 
6. Paint G :  Long oil alkyd 
7. Paint H :  Tung oil/phenolic oleoresinous 
8. Paint B: Aliphatic polyurethane 
9. Paint D: Polyamide cured epoxide 

10. Paint E: Adduct cured epoxide 
I I .  Paint C: Amine cured epoxide 
12. Painl A: Aromatic polyurethane 

There were large and obvious differences in the amounts 
of residual contamination after exposure to the various 
ageing environments. 

In an analysis of variance for both decontamination stages 
the Tukey critical difference'" for the paints showed the order 
of merit to be: 

Re.! r I Paint B 
2 Paint D 

Paint K 
Paint F 

3 Paint I 
IJaint L 
Paint H 
Pain: E 

4 Paint G 
Paint C 

5 I'ainl J 
Wur.,t 6 I'aint A 

In their initial unaged state a large number of reactive 
chemical entities will be present, either within the film or at 
the surface. Amongst these will be amines, ureas, biuets; 
hydroxyl and isocyanate groups in the polyurethane paints; 
amines in the epoxide paints; aldehydes, ketones, short chain 
acids (formic, acetic butyric, etc.) and peroxides in the oil 
containing coatings. Many of these will be reactive, volatile 
and water soluble and therefore readily available for reaction. 
Thus, initially, the possibility for contamination by chemical 
adsorption, ion exchange and diffusion exists. The coatings 
after exposure to the various ageing regimes, with the ex- 
ception of water immersion, contain the same chemical 
groups but to lesser or greater extent depending on the 
solubility and/or volatility of the entities. Additionally, the 
surface of the paints exposed to both natural and accelerated 
weathering will have been considerably modified, in most 
cases exposing highly pigmented matrix material. Water 
immersion would certainly remove many of the low molecular 
weight materials. Thus when the many possible interactions 
are considered, it is hardly surprising that profound changes 
in the ease of decontamination were discovered. 

The obvious conclusion from the work reported is that the 
ease of decontamination of surface coatings will change 
considerably with age. This change may represent an improve- 
ment or deterioration depending on the coating and the 
ageing environment. 

Some of the tindings in this investigation appear to 
'contradict those of ColcloughT2 who found that all the 
coatings tested in his investigation become more difficult to 
decontaminate as they aged, the rate of change being more 
marked for some coatings than others. However, the work 
reported was on high-build epoxide, polyurethanes and 
chlorinated rubber coatings only. 

The groupings indicate that statistically the paints within a 
group are not distinguishable because of the scatter of 
results, so the order within a group is simply that of the 
averages. For the ageing environments the Tukey critical 
difference showed the order of merit to be: 

R t ~ t  Water immersion 
Laboratory ageing for 3 and 4; years and unaged 
control. 
Accelerated weathering--non-chalky 
Accelerated weathering-chalky 
Natural weathering- -non-chalky 

Mechanisms of radiation attack 

When placed in a radiation field. all materials absorb energy. 
The dissipation of the absorbed energy results in a sequence 
of chemical reactions, which may result in changes to the 
physical properties of the material concerned. In comparison 
with metals and many inorganic materials, organic 
polymers, and hence coating systems. are relatively sensitive 
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to radiation and, consequently, they are not used in  areas 
where doses are very high, e.g. in  the interior or cactors. The 
radiation environment to which coating syste~n. .t<e subjected 
consists of: 
(a) charged particles e.g. @-, cc- particles, and 
(b) electromagnetic radiation e.g. y,  X-rays. 
The mechanisms of energy loss by these types o f  radiation, 
and the resulting chemical effects, are discussed below. 

Charged particles, unlike electromagnetic radiations, lose 
energy through a series of events each o f  which reduces the 
remaining particle energy. Energy loss mainly takes place 
through electric interactions with electrons in the absorbing 
material; the electrons concerned are increased in energy with 
the result that the absorbing atom is either raised into an 
electronically excited state or becomes ionised. Energy 
transfer from a-particles to the absorber depends on the 
velocity o f  the particle and its closest approach distance to 
the absorber electron involved. The Coulombic force is 
proportional to the product of the interacting charges/ 
(closest approach distance)z and the impulse imparted is the 
product o f  the Coulombic force and the length o f  time o f  the 
interaction. Hence an =-particle loses more energy as i t  is 
slowed down; i t  finally acquires two electrons to become a 
helium atom. @-particles lose energy either by a series of 
inelastic collisions with the electrons of the absorber or by 
interactions with the electromagnetic field o f  the nucleus o f  an 
absorbing atom. This latter process produces X-rays, known 
as bremsstrahlung (braking radiation). Since ?-particles are 
much lower in  mass than cc-particles, they change direction 
more frequently in  the absorption process. 

Electromagnetic radiation is indirectly ionising, and three 
types of interaction are very important in  describing the 
absorption process. These are (a) the photo-electron effect, 
where an incident photon ejects a bound electron from an 
absorber atom, (b) Compton scattering, where a photon 
undergoes an elastic collision with an electron causing i t  to 
recoil while simultaneously changing the path of the photon, 
and (c) pair production, where photons o f  energy greater 
than 1.02 MeV interact with the nucleus o f  the absorbing 
atom to produce a positron-electron pair. Photoelectric 
ahsorption dominates for low energy photons, e.g. 0.1 MeV. 
whilst the Compton effect is re~ponsible'~ for most effects in 
the energy range 0.1-2 MeV. 

The net result of all the processes outlined above is the 
deposition of energy into absorber atoms. There are two 
primary processes: electronic excitation and ionisation, e.g.: 

M -*-a+ M+ + r- ionisation 
M -r*--+ M* excilat ion 

Multiple ionised species can be formed, but such molecules 
are dificult to observe because of the rapid dissociation which 
follows: 

Excited molecules are also able to dissociate into radicals, 
that is, atoms or molecular fragments containing odd or 
unpaired electrons: the excess energy is converted into 
kinetic energy: 

I n  hydrocarbon n~oleculcs, carbon-hydrogen bonds are most 
frequently ruptured hut carbon-carbon bonds can also 
he broken i f  sutiicient energy is available and hence a variety 
of reactive radicals and hydrogen atoms is produced. Further- 

more, charged species resulting from ionisation may also be 
present, and as a result a wide range o f  ion-molecule, ion- 
radical, radical-molecule and radical-radical reactions may 
take place to produce a complex mixture of products. The 
major types o f  radical reaction are: 

( I )  Recon~binurion: 
CH:,CH,. + (CH,),CH. -+ (CH,), CH.CH, CH, 

14) Addifion: 
CH,,. - C,H, + CH,CH,CH, 
CH:,CH,CH1. C C,H, + CH,,CH,CH,CH,CH,.etc 

The range of reactions can be divided broadly into two 
categories; those causing cross-linking (combination o f  
molecules into a network) and those causing scission (degrada- 
tion into smaller molecules). Cross-linking leads to an increase 
in molecular weight of the material concerned. the three- 
dimen~ional structure causes an increase in tensile strength 
and softening temperature, whilst solubility and elasticity are 
decreased. Scission leads to the reverse, molecular weight is 
decreased, tensile strength and softening temperature are 
reduced; solubility and elasticity are increased. The evolution 
of gas cannot by itself be taken as evidence for either of these 
limiting processes. Since competing reactions take place. the 
net effect o f  absorbtion of radiation will depend on the 
competition between scission and cross-linking mechanisms, 
the material involved and the conditions under which it was 
irradiated. A number o f  general tendencies can however 
be outlined. Molecules containing halogenated carbon atoms 
on the main polymer chain tend towards scission, with the 
release o f  low molecular weight halogen compounds, e.g. 
polyvinyl chloride, chlorinated rubbers. Molecules containing 
adjacent methylene (-CH,) groups tend to cross-link with the 
release o f  hydrogen. e.g. polyethylene. phenolic resins. 
Polymers containing aromatic groups tend to be more 
radiation resistant than those with aliphatic groups. as the 
resonance stabilised benzene ring is capable of absorbing 
and dissipating energy without molecular disruption. Con- 
sequently, the use of aromatic curing agents for epoxy resins, 
for example, improves the radiation resistance o f  the product. 
The effects on coating systems can also be modified by 
pigments and plasticisers (see later). Failure of a coating 
system after exposure to irradiation must be arbitrarily 
defined in terms o f  changes which take place in the physical 
appearance o f  the film. Such changes include blistering, 
caused by separation o f  gases or liquids from within the 
polymer; cracking caused by shrinkage o f  the polymer: 
discolouration and peeling due to failure o f  adhesion. 

T h e  r a d i a t i o n  res is tance o f  c o a t i n g s  

Obviously, the radiation resistance requirements for surface 
coatings will depend to a great extent on the facilities to be 
coated and not all paints used will be required to have 
maximum radiation resistance. To  a lesser extent the require 
ments may be different for ceilings, walls and floor. Some 
indication of the requirements is given in Table 10: the values 
quoted are for an expected life o f  40 years for the facility and 
it is not intended that coatings will last without the appropriate 
maintenance or recoating. Reference to Table 10 will show 
that generally the floor area requires the maxinlum radiation 
resistance. 
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General level of exposure* (rad) 
Facility or area - 

Nuclear reactor sites Floors Walls Ce~l~ngs 

(a) Canals for fuel storage and handling 7 x loD- I x 10'0 7 x 10%- I x 10'" - 
(2 x 109 - 7 x 108) (2 x 100) 

(b) Fuel disassembly and examination areas 2 x los 2 x 10" 2 x 10" 
(c) Off-gas ductwork and filtration 5 x 1 0 n - l x l O s  5 x loY 5 x loX 

(0.5 x 10' - I x los) (0.5 x lo!') (0.5 x 10') 
(d) Contaminant structure I x lo2 I x lo" I x lo'" 
(e) Laboratories 1 x 103 I x lo" I x lo" 

Nrrrlcur jrel  proces,ving plonfs 
(a) Canals for fuel storage and handling 5 x lo9- I x 101~ I x 10'" - 
(h) Spent fuel carriers 5 x 10'- 1 x IOU 5 x lo* - I x IOU 5 x 10" - I x IOU 
(c) High level laboratories I xIOs-5x loo I x IOU 5 x  I O N -  I x IOY 
(d) Decontamination and waste disposal I x 10' 1 x lo3 I x 10J 
(e) Research and analytical laboratories 1x103-1 x 10' 1 x lo3 1 x lo3 

- 

'Values In brackets according to Rerger' 
A Rad i s  the unit of specific absorbed close and is equal to the imparting of 0.01 J/kg 

Having established the degree o f  radiation resistance 
required for a coating, it is necessary to know the resistance 
of  the proposed polymer binder. Approximate deterioration 
doses are shown in Table I I. The deterioration resistance is 
usually defined as the level o f  radiation below which break- 
down of the coating would not be due to the radiation alone. 

Tirbk 11 
D~~~r ioru! io~i  do.ve of JOIIIC Ji11r1 J i ) r ~ ~ i i ~ i ~  PO~~.IIIC~.\ 

Approxi~nate deterioration 
Polynler dose (rad) 

Aliphatic polyurethanes 
Aromatic polyurethanes 
Alkyds (short oil) 
Alkyds (long oil) 
Chlorinated rt~bher 
Cellulose esters 
Diphcnyl silicones 
Epoxidcs 
Epoxide phenolics 
Methacrylate resins 
Neopreiic 
Phenolics 
Polyesters 
Urea and melamine Ibrn~aldchyde 
Vinyl resins 

The values in Table I I are largely based on work carried 
out on unmodified films of  polymer, generally in sections 
thicker than those obtained by the use o f  paint. However, 
these doses are no more than a general guide to paint per- 
formance as the normal modification of  a polymer to produce 
viable surface coatings can significantly alter the radiation 
resistance of  the formulated coating. Inert inor~dnic fillers, 
such as pigments and extenders, can materially upgrade the 
radiation resistance o f  a polymer. but titanium dioxide 
appears to accelerate radiation damage. Carbon black 
inhibits radiation damage and the toluidine reds appear to 
have little effect1'. In general, coatings having a high pigment 
volunle concentration (PVC) are more resistant than glossy 
coatings containing the same pigment at a lower PVC. 

The radiation resistance of  chlorinated rubber paints is 
very dependent on the type and amount of  plasticiscr used 
and chlorinated diphenyl plasticisers can upgrade the resist- 
ance to I --- ? x' 10"rad. Aromatic curing agents for both 

polyurethanes and epoxides will increase the resistance over 
aliphatic cured systems. 

In  general then, the radiation resistance o f  correctly 
formulated paints is likely to be considerably greater than the 
resistance o f  the bulk polymer. Almost without exception, 
coatings will darken on exposure and may approach dark 
brown on maximum exposure. Fortunately, this discoloura- 
tion in no way effects their other properties and cannot be 
taken as a visual indication of  failure. Unfortunately, the 
whole of  the work on paint radiation resistance is hindered, 
as is the work on decontaminable coatings, by the fact that 
almost all the work reported has been carried out on formula- 
tions o f  largely undisclosed composition, usually o f  proprietary 
manupacture, and described either by a generic title or a trade 
name. Despite this, it is possible to place formulated coatings 
in some merit order and indicate the level o f  radiation 
resistance provided. 

Inorganic zinc rich primers are known to have a resistance 
in excess of  5 Y 10"' rads. but unfortunately their intrinsic 
poor chemical resistance militates against their use unless 
correctly overcoated. Phenolic modified epoxide coatings 
are resistant to levels i n  excess o f  I r lo1" and have been 
used in 80 per cent o f  the US nuclear power plants on those 
areas where maximum radiation resistance is required. 
Polyamide cured epoxides and polyurethanes are also 
capable of  surviving exposures o f  a similar magnitude. 
although the notably poor colour retention o f  the aromatic 
cured polyurethanes has been a bar to their general use. I t  is 
likely that epoxide powder coatings will also have a high 
radiation resistance. 

The remaining types of  coating, alkyds, chlorinated 
rubber, vinyl, etc. do not have the required radiation resistance 
for those areas in which maximum resistance is required 
(see Table lo), but are suficiently resistant for use in  the 
remaining areas. Watson or 01" investigated fifty seven 
coatings supplied by twelve manufacturers and reported that 
although the epoxides and phenolic modified epoxides had 
the greatest irradiation resistance, vinyl paints were surprising- 
ly resistant to gamma radiation, their tolerances ranging in 
air from 2.2-6.6 r 10" rads and. in deionised water. from 
1-9 .- 10" rads. They concluded that vinyls can be used for 
moderate exposures. and in many instances, for $evere 
exposures for short periods of  time. 
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I t  should be emphasised that the effect of radiation on 
coatings i n  general is greater i t 1  water than i n  air. The 
resistances quoted above can be reduced considerably for 
water exposure. A very useful account o f  radiation studies on 
high build epoxides, polyurethanes and chlorinated rubber 
under immersion conditions has previously been noted'*. 
At a total integrated dose o f  5 r lo8 rad, the chlorinated 
rubber paints had reached the end o f  their useful life and at 
I r loY several o f  the high build epoxide systems had also 
started to deteriorate. The complete failure o f  a proprietary 
high-build epoxide and a glass reinforced epoxide are 
reminders o f  the potential dangers which may arise from 
formulating coatings for general applicability and using them 
for specific working environments. WatsonI8 makes the 
general point that glass reinforcement in  the form o f  fabric 
materially helps radiation resistance under immersion 
conditions but does not appear to extend the useful life of a 
coating irradiated in  air. Chopped glass fibres do not appear 
to improve a coating's resistance to gamma radiation In 
either air or water. 

I t  has been suggestedty that the high radiation resistance of 
some polymers appears to be primarily due to the presence o f  
a large proportion o f  aromatic rings in the molecule. Little"' 
has pointed out that conjugated double bonds and ionic 
linkages are other stabilising factors. 

The past, present and future 

In  assessing the role, properties and performance of surface 
coatings in nuclear industry in  the past. present and future. 
both hindsight and crystal ball gazing are necessary. 

Prior to the mid 1950's. the coatings then available based on 
oleoresinous, bitumen, alkyd, chlorinated rubber compositions 
and vinyl resins were largely unsatisfactory due to a combina- 
tion of less than optimum properties and a lack o f  under- 
standing o f  the principles o f  formulation for nuclear 
applications. After this period the possibility of using coatings 
as engineering materials having a useful contribution to make 
as barriers to radio-nuclides was recognised and an additional 
impetus was given by the advent of epoxides and polyurethane 
based coatings. With a greater understanding o f  the principles 
of formulation coupled with the availability o f  resin systems 
of optimum performance, great strides were made in meeting 
the level of performance required. 

A t  the present time the epoxide, polyurethane, modified 
phenolic, chlorinated rubber and vinyl coatings are adequate 
to meet the requirements of the industry. I t  is only fair to say 
that the few troubles which have been experienced have been 
due to conventional reasons and have arisen due to either 
neglect of surface preparation or failure on the part o f  the 
contractor to provide adequate supervision and control of 
labour. Hopefully. the proposed standards and quality 
assurance documents together with the degree o f  control 
that they imply will further improve the situation. For the 
future. the requirements will be for coatings having higher 
temperature resistance. improved resislance under immersion 
conditions. improved radiation resistance and improved 
application properties. particularly under adverse climatic 
conditions. The aim will be to mcet the definition of the ideal 
surface co~i ta ined~~ in AECP 1002: 

"The ideal surface would be permanent. smooth, imperm- 
eable. chemically inert, fire resistitnt. radiation resistant, 

mechanically hard and strong, easily cleaned and cheap 
Contamination would easily be removed from it". 

More specifically, it is suggested that the following develop- 
ments would provide useful additions to the range o f  coatings 
available to the nuclear industry. Duplex systems in which a 
readily soluble topcoat is applied to a permanent base coat. 
The topcoat being removable without damage to the base 
coat. 

A completely inorganic based finishing system which could 
be expected to have extremely good radiation resistance for 
use in hot cells. A useful start has been made with the inorganic 
zinc-rich paints already available. 

Improved flooring materials having good wear and point 
impact resistance which could be readily decontaminated, 
although heavily filled. 

Single pack systems having the same ease of decontamina- 
tion properties and radiation resistance as the two pack 
systems which could be applied from pressurised containers 
and be applied by remote handling techniques. 

A strippable coating which can be readily stripped after 
long ageing periods after high radiation exposure. 

In  conclusion i t  may be said that although there are gaps in 
the knowledge of how and why surface coatings behave in a 
nuclear environment, the authors are confident that the 
surface coatings industry will respond to the continued 
challenge posed by nuclear industry. 
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Discussion at Stratford Conference 

MR E. L. FRENCH stated his interest in seeing one of 
the slides which had shown the Wylfa Power Station where 
plastic coated cladding had been used. He was interested to 
see that the steelwork, which had been coated with a red 
lead oil based paint, had stood up well over the years of 
operation. 

On the question of fuel cooling pond walls, Mr French 
pointed out that there were still problems being experienced, 
where the same materials had been applied to different 
ponds under strict supervision, but adhesive failure was still 
experienced in some cases and, as yet, no explanation could 
be given. Mr French agreed that the epoxide systems had 
proved most successful, and suggested that the reason why 
no British manufacturer had a qualified system available 
was purely commercial, due to the large amount of develop- 
ment that has to go into a coating for these applications, so 
that no UK manufacturer can afford to develop a com- 
mercially viable product to rival the proven US systems. 
However, he pointed out that although the American 
material had been approved, there were still a number of 
problems in its use, not with its ease of decontaminability, 
but with the other effects of radiation upon the coating. He 
suggested that the test methods being used which were on 
coatings separated from the concrete substrate, were not 
satisfactory from the point of view of the contractor. 

DR HAIGHTON agreed that the market for these 
specialised coatings was not very large and might not justify 
the large investments required by British firms to develop an 
approved system. He added that where an approved 
coating had been used, there would be a reluctance to 
change to a relatively untried system on which full data 
might not yet be available. Dr Haighton agreed that pond 
walls were a problem and pointed out that in some cases, 
where particularly high radiation was encountered, 
stainless steel might have to be used. He suggested that 
glass reinforced epoxy materials might find some uses, 
although again there were certain foreseeable problems. 
Regarding problems of application, the Atomic Energy 
Authority and CEGB are preparing a document on quality 
assurance in nuclear areas for paint and it is hoped that this 
might improve matters. 

Whilst agreeing that the potential market for these 
specialised coatings was small, MR WALKER pointed out 
that it was important to have qualified coatings, and 
suggested that the price charged could be commensurate 
with the work involved, and that, at the moment, many of 
the coatings being used by the UK AEA and CEGB had to 
be developed within their own laboratories. 

The American manufacturers seem to be moving 
towards the use of epoxy/novolac systems, which have 
shown up particularly well for long periods, and they are 
moving into the British market to pick up what business 
there is, appointing agents, which might indicate that the 
rewards are more substantial than had been suggested. 

On the question of the problems of coating pond walls, 
Mr Walker suggested that the problem might not only be 
the radiation doses, but also the type of substrate involved. 

MR A. SAARNAK stated that in Scandinavia there had 
been a number of failures of coatings due to blister forma- 
tion on concrete structures, such as on the interior of 
reactor domes. He suggested that this might be due to the 
thickness of the concrete used, up to 0.5 metre thick, which 
would take years to dry out completely, and coating such a 
surface with an impermeable coating would entrap water in 
the structure, which would lead to the failures observed. 
This problem would be aggravated if the structures were 
also subjected to high temperatures. 

MR WALKER had also heard of these porblems and 
expressed surprise that on an engineering material as well 
established as concrete, such problems still occured. 
However, adhesion failures had the attribute that they are 
easy to recognise, but the reasons why they should occur 
are complicated, factors such as the age of the concrete, the 
type of concrete, the amount of supervision and the Code 
by which it was applied, all having an influence. Mr Walker 
suggested that perhaps the answer might lie with another 
system, or by the use of adhesion promoters. 

DR HAIGHTON added that when the concrete of reactor 
domes was coated, only one side was covered, which 
allowed some of the entrapped water to escape. If both sides 
had been coated, then more serious problems would be 
encountered. 

DR D. ATHERTON suggested that a major problem with 
coating concrete was the large number of pores, which 
are either bridged by coatings or produce holes in the 
coating. This problem has been overcome in sewage 
installations, even those below the water table, by blasting 
the surface to expose aggregate and break off all pinholes 
and voids. The surface is then spray coated with an 
epoxylsand composition and trowelled to fill the surface. 
This epoxylsand surface is substantially void free, and can 
then be coated with chemically resistant epoxy coatings. 
The results obtained by using this system had been 
particularly good, with substantial reductions in the number 
of failures due to the loss of adhesion. 

DR HAIGHTON agreed that removing the concrete 
surface and replacing it with an epoxy/sand composition 
solves some of the difficulties, but the problem was that this 
method took a long time, and in high capital cost projects, 
such as nuclear installations, any delay in the schedules was 
very expensive. 

MR WALKER said that the American approach was to 
grind the surface at joints, which were then filled with an 
epoxylsand composition, to achieve the same result by 
removing surface porosity. 
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Original and maintenance painting systems for 
North Sea oil and gas platforms* 
By D. Atherton 
Sigma Coatings BV, Amsterdamseweg 14, P.O. Box 42, Uithoorn, Holland 

The various types of floating and fixed offshore structures are are discussed in some detail. The remedies suggested are either 
described. Sea bed structures and pipelines are also discussed. improved formulation of a particular class of coating or by a 
Painting systems are outlined with reference to composition and change to a more suitable type. 
the performance in service; the reasons for inadequate performance 

Keywords 

Types and classes of coatings and allied products Types and classes of structures or surfaces to be coated 

structural steel coating oil rig 
corrosion resistant coating steel 

Les systemes de peinture premiers et de manutention pour les installations de petrole et de gaz 
dans la Mer du Nord 

On dkrit les divers types de structures soit flottantes soit fixes et service. On discute en quelque dCtail les raisons pour tout rendement 
situbs en pleine mer. On discute d'ailleurs les pipelines et les struc- insufisant. On suggkre que les remues sont soit I'am6lioration 
tures posks sur le lit de la mer. On donne un aper$u des systemes d'un certain genre de revetement ou I'utilisation d'un autre genre 
de peinture A 1'6gard de leur composition et leur rendement en plus convenable. 

Erstmalige und Reparaturanstrichsysteme fiir Off-shore - Konstructionen bei der 61- und 
Gas-foederung in der Nordsee 

Zusammenfassung 

Die verschiedenen schwimmenden und verankerten Konstruktionen Die Ursachen fur unbefriedigendes Verhalten werden eingehend 
werden beschrieben, einschliesslich solcher fur den Meeraboden besprochen. Die vorgeschlagenen Abhilfemassnahmen bestehen 
und Rohrleitungen. Anstrichsysteme werden aufgefiihrt mit Bezug entweder in besserer Rezeptierung einer besonderen Anstrich- 
auf Zusammensetzung und Verhalten im Gebrauch. mittelart oder Wechsel zu einem geeigneterem Typ. 

Introduction It will be appreciated that offshore oil technology changes 
very quickly indeed and these mobile ships, barges and plat- 

RIJ I forms, work in very arduous conditions. They can, however, 
It is necessary before discussing corrosion conditions on be brought into dock or at least into a sheltered anchorage for 
offshore structures to outline briefly oil and gas exploration modification or repair of structure and replacement of 
and production procedures and to describe the service protective coatings. Normal high performance ship painting 
conditions of the very varied types of equipment. systems can be used and in general give adequate performance 

for the relatively short useful working life of this class of 
Exploration drilling, and sometimes drilling of production equipment. 

wells, is carried out from mobile drilling rigs. These vary from 
quite small jack-up rigs working close inshore, or in equatorial The fixed installations on the sea bed, whether these are 
swamplands, to large anchored semi-submersible drilling well-head structures, sub-sea manifolds, pipelines, or support 
platforms and, in very deep waters, to dynamically positioned structures for platforms, cannot readily be removed for repair 
drilling platforms or ships. and are very difficult and costly to replace if they should fail 

due to corrosion. They may be expected to give a service life 
Installation of sea bed wellhead structures, valves, etc., sea of 25 Years or more and for these components, a totally new 

bed cellars or manifolds, and installation of static platforms, approach to corrosion control has been necessary. 
is carried out by a variety of heavy lift barges and diver 
support vessels, some of which are now of the semi-sub- The upper parts of a fixed offshore structure may be sup- 
mersible type. Sea bed pipelines are laid from very large lay ported on a steel underwater structure (called a jacket) or on 
barges, again, some are of semi-submersible type, and in the concrete pillars which, ill turn, may rest on concrete oil 
near future relatively narrow bore (about 150 mm) flow lines storage tanks. 
(these will carry oil from sub-sea completion wellheads to 
underwater manifolds or to platforms) will be laid in long Underwater steel in these support structures must, like 
lengths from large diameter reels installed on a laying ship steel on the sea bed, be protected from corrosion for from 
or barge. These barges, platforms, or ships, may be very large twenty-five to perhaps fifty years and again new procedures 
and may be positioned by anchors or self propelled. have had to be developed. 

*Paper presented at the Association's Conference held at Stratford upon Avon from 20-23 June 1979. 
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The superstructure of the platform invariably is of steel. 
It usually consists of braced tubular steel support structures 
supporting a heavily stiffened steel deck. Box girder deck 
support structures have also been used on some platforms. 
The machinery spaces. accommodation spaces, drilling 
equipment, helicopter platforms, etc., are now almost 
invariably built in module form and lifted on to the support 
deck either at sea or, in the case of gravity concrete structures, 
in very deep water sheltered anchorage after flooding the 
concrete support structures to reduce lifting height. 

Protection of steel in the tidal and splash zones presents 
some problems because coating renewal at sea is expensive 
and difficult. Protection of steel in support deck structures and 
machinery or drilling modules presents new problems since 
the areas involved are very large; damage to paint during 
installation. hook-up and later modification. and due to 
impact in service, is frequent and widespread. Repair is 
always difficult to organise and reblasting is sometimes 
impossible for hazard or other reasons. Any system which 
cannot be patch repaired without blasting or lapped over with 
the repair system afIer only superficial cleaning becomes 
troublesome in service. 

In addition to these relatively normal service conditions, 
there are a number of components with quite unusual and 
very troublesome corrosion problems. These include hot gas 
and oil risers passing through the atmospheric and splash 
zones and through the tidal zone to the sea bed; steel inserts 
in concrete exposed to the sea: rebars in the concrete which 
may be in contact with external steel components which are 
exposed to the sea and protected by. for example, sacrificial 
anodes or impressed current systems; very hot surfaces on 
flare booms; surfaces which become soiled by hydrocarbons 
including liquid components of flare gas blown back with 
cooling water spray on lo the structure; surfaces suhjected to 
crude oil spills, spills of alkaline drilling muds and cement 
slurries, and even the strong mineral acids which are used for 
well treatment. Almost every class of lubricating oil will at 
times be spilled on decks or paintwork, either from containers 
or from the equipment itself. Spills of aviation fuel, diesel oil 
and hydraulic fluid, are daily occurrences. All these spills will 
be constantly washed down with strong detergent and sea 
water in order to maintain a clean. safe surface and all deck 
surfaces are subjected to heavy foot and machine traffic and 
much impact damage. 

All of these exposure cotiditions can, in theory, be met by 
correct design and correct choice of the protective system; 
the real problem which becomes apparent during construction 
and service is that expediency during construction and erection 
will demand that paint application takes a late place in the 
order of priorities. The enolmous cost of bringing an oil field 
into operation creates huge cash flow problems, so that any 
avoidable delay in initial production or interruption to flow 
of gas or oil after the start-up becomes quite unacceptable. 
Initial and maintenance painting systems must be designed 
to fit in with these hecticconstruction and operation schedules. 
If they do not. then the specified but perhaps unsuitable paint 
system will just be slapped on regardless of the consequences 
and recrimination will follow when it falls off again. In the 
following review, the main types of exposure conditions are 
discussed together with the properties, both good and bad, 
of paint systems favoured by oil companies, their con- 
sultants. and sometimes by their suppliers. Baylisp and 
Dunkley' have reviewed initial painting and repair pro- 
cedures and have drawn particular attention to control of 
surface preparation and inspection. The following review is 
confined largely to ~ h c  properties of the paint systems. 

Paint systems for underwater surfaces 

It is usually argued that concrete structures do  not require to 
be painted, and evidence of the long durability of the Mulberry 
Harbour and Estuary gun platform structures is used to 
support this argument. At the same time, there is growing 
concern2 about corrosion of steel inserts at or near the point 
of contact with the concrete and also suggestions that rebars in 
electrical contact with steel inserts which may be protected 
by a cathodic protection (CP) system can corrode sacrificially 
in the depth of the concrete and result in spalling. Steel inserts 
can be coated and in certain cases rebars have been galvanised, 
but there is .still some doubt about the durability of the 
embedded and attached steel in the submerged concrete 
structures. Underwater steel support structures for platforms, 
underwater steel wellhead valves, wellhead structures, 
underwater cellars, underwater manifolds, etc., and in fact, 
any steel which is cold and exposed only to the sea can, in 
theory, be entirely protected by sacrificial or impressed current 
cathodic protection. Anode consumption or current require- 
ment can be reduced and, in some cases, performance 
improved, by coating all or a t  least part of such underwater 
structures. The coating must have good water and alkali 
resistance, very good adhesion to the steel and good resistance 
to cathodic disbonding. It is quite impractical to assume that 
any painted underwater structure will be constructed, trans- 
ported, installed or linked up, without substantial damage to 
any coating applied and it is, therefore, essential that the 
principal line of defence against corrosion must lie with the 
CP system. Any coating system used is a supplementary aid 
to this CP system. 

Good results in service have been obtained in these under- 
water areas with coal tar epoxy coatings, usually applied in at 
least 400p dry film thickness (dft). Single coat high build 
systems are feasible, but are likely to suffer from excessive o r  
inadequate thickness from place to place on the structure. 
Multi-coat (e.g. 2 or 3 layer) systems are probably best. The 
coatings must be applied to clean blasted steel and any 
holding primer must be totally alkali resistant and resistant 
to cathodic disbonding. Epoxy primers pigmented with 
essentially insoluble and inert pigments (e.g. iron oxide) are 
best. Vinylbutyral based primers are not suitable since they 
promote cathodic disbonding and metallic zinc primers must 
be carefully sealed before overcoating. 

Sub-sea flow lines and pipelines present quite different 
problems. Pipelines are usually large diameter (about 600 to 
900 mm), thick-wall pipes and must be laid after welding 
lengths together on a lay barge. Sections may also be welded 
together on the sea bed by divers using a "habitat". The pipe 
'must be weight coated (with concrete) to give it negative 
buoyancy both during laying and service and this is applied 
over a 5 mm thick hot applied tar coating reinforced with 
glass fibre tissue. It is absolutely essential that this coating 
system is complete and unbroken and nowhere detached from 
the pipe. since anode bracelets which are welded on at 
intervals cannot protect steel at any crevice between the tar/ 
concrete coating and the pipe. Severe corrosion can occur in 
such crevices. Lay barge welds may be coated after welding 
during the laying process, but anode bracelets are also applied 
at junctions Flow lines are relatively narrow (about 150 mm) 
diameter, thick wall pipes and have negative buoyancy 
without a concrete weight coating. At present. they are 
usually welded together and laid by a normal lay barge 
technique but laying of long lengths from a reel or coil is 
imminent. An epoxy coating is normally used and due to the 
need for very fast cure and early resistance to handling 
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damage, together with water resistance and cathodic dis- 
bonding properties, epoxy powder coating techniques are 
coming into favour. 

The problem of corrosion of riser pipes has received much 
publicity due to rupture and fire of a concrete coated riser at 
Ekofisk and localised severe corrosion of two epoxy coated 
risers at BP Forties Field. Riser pipes are usually of about 
600 mm diameter and carry oil or gas at pressures of up to 
500 KPa and temperatures of up to 100°C from the sea bed 
upwards through the sea, through the tidal, splash, and 
atmospheric zones, to or from the production or manifold 
area on the platform. 

There is sometimes confusion cauied by the name "riser". 
Oil from a well immediately .below a platform ascends via a 
"conductor". After processing to separate gas, oil, and water, 
the oil and/or gas usually descends to the sea bed and so to a 
tank, to a loading buoy or to a sub-sea pipeline, for export 
ashore, via "risers". It may ascend again via another riser at 
another platform which may be a pressure booster, or a 
collecting centre from a number of production platforms; in 
such a case it will descend to the sea bed again by yet another 
"riser" and pass on, on its journey to the shore or perhaps to 
a loading buoy. 

The temperature gradient through the pipe wall and its 
protective coating, the expansion and contraction of cir- 
cumference of the pipe itself at say 5°C during water pressure 
testing during installation and later expansion and con- 
traction during service at 50°C-I0OoC obviously imposes 
very severe strains on any organic coating, particularly when 
immersed in cold sea water. Service experience and laboratory 
investigation has shown that the following types are 
unsatisfactory: 

( I )  Highly pigmented high build solvent borne epoxy 
compositions of the tank coating types (these have 
inadequate water resistance at higher temperatures). 

(2) Sand or quartz filled, so-called solvent-free epoxy 
compositions (these invariably contain reactive diluents 
which may volatilise on heatingand may even be slightly 
soluble in warm water). 

(3) "solvent-free" tar epoxy compositions (again these 
contain reactive diluent and very low viscosity tars 
contain volatile components). 

Traditional amine or polyamide cured coal tar epoxy 
compositions of low pigmentation type have given variable 
results in service, some good, some poor. One type of 
isocyanate cured epoxy pitch composition pigmented largely 
with graphite gave very good results in laboratory trials and 
to date is giving good results in service. 

The present opinion of coirosion technologists in the off- 
shore oil industry on protection of risers can perhaps be 
summarised by stating that Monel Metal sheathing is 
preferred in the tidal zone and in the turbulence areas below 
this level and that cathodic protection should provide the 
main protection below that level. Any coating on the under- 
water part of the riser must be of a type which will not 
disbond under CP conditions and for this reason fairly thin 
coatings are preferred at present. Neoprene sheet wrap is also 
being used on some new riser installations and results are 

presents great difficulty. Existing coatings must be removed 
to allow inspection and it is usual then to rely entirely on CP 
in immersed parts. Tidal and splash zone repairs are some- 
times carried out by application of heavy epoxy mastic 
compositions applied by hand at low water after blasting. 
This type of repair is successful only if it can be done during 
quiet weather, since otherwise the coating tends to be washed 
off by wave surge. Glass cloth reinforcement of paste epoxy 
compositions is not favoured due to danger of concealed 
disbonding at the steel surface and consequent risk of severe 
corrosion in the crevice formed. 

Past difficulties with the corrosion of risers in North Sea 
oil fields were due, perhaps, to reliance on techniques de- 
veloped in the Gulf of Texas and Arabian Gulf where oil 
from wells has a temperature around 50°C. Gas in the 
southern North Sea has similar temperature and after 
processing before passing through a riser, such products 
usually have temperature between 30°C and 50°C. The 
much hotter oil from northern North Sea wells may only 
be reduced to 75°C to 85°C after processing and corrosion 
hazard of risers is, therefore, considerably greater and 
repair or replacement is also much more difficult due to the 
prevailing severe weather in this part of the North Sea. Oil 
producers have now become very aware of the difficulties 
and much effort is still being expended to find improved 
protection systems for these very critical components. 

Above water support structures and 
superstructures of fixed platforms 

Most structures are supported on braced tubular steel 
columns which are welded on to the steel jacket. Part of this 
steel may be wetted by waves in heavy weather, and all areas 
up to and including the underside of the support deck will 
be wetted by salt and also subjected to condensation. parti- 
cularly at night. Steel box girders and stiffened deck structures 
on concrete platforms are exposed to similar conditions. 

Tidal and splash zones 

Steel in the tidal and lower splash zone will usually he coated 
with at least 40011 of coal tar epoxy, sometimes applied over 
a holding primer. In some cases sand reinforced solvent free 
epoxy coatings with a high impact resistance have been used 
These parts should be very carefully painted during cons- 
truction but, almost invariably, the coatings are damaged 
during installation and link-up by Impact with crane barges. 
pile driving barges and even supply ships. I t  is not unusual 
to find that wire ropes have been passed round tubular 
columns and allowed to chafe off the epoxy coal tar coatings. 
It is commonplace to carry out total overhaul of this part of 
the structure after erection (or towards the end of initial 
drilling operation if the platforni duplicates as a suppoit for 
drilling equipment). Mechanical damage to coatings may 
total as much as 25 per cent of the surface coated and in 
such cases it is usual to reblast completely and re-apply the 
protective systems. Coal tar epoxy systems can be applied 
(over a zinc epoxy or iron oxide epoxy holding primer) 
down to the tidal zone, but below this level solvent free 
epoxy coatings which can displace water and which will cure 
underwater must be used; these can be either tar modified or .... c.-. 

reported to be good. There are less problems in coating splash '"' "'" 
zone and atmospheric exposure areas of risers and some types 
of coal tar epoxy and pure epoxy compositions have given Support structure and deck support structures 
satisfactory service. 

R d , ,  3-6 

The repair of risers in service and showing corrosion Above the tidal and lower splash zone it is common to use 
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bright coloured "high visibility" coatings (usually white, 
yellow or red) and there has been much debate on the pro- 
perties of primers, build coats and top coats, and the relative 
merits of epoxy, vinyl and chlorinated rubber systems. The 
following is a brief review of the relative properties and 
observed performance in service. 

Primers 

It is usual to apply a zinc primer after blasting to SA 24 or 3 
standard. Most operators prefer zinc silicate primers (about 
75p dft) but some use zinc epoxy primers (about 35p dft); 
both are satiafactory in service. Self cure zinc silicate types 
rely on hydrolysis of the alkyl silicate to effect cure and may 
be troublesome in an arid climate or even in very cold low 
humidity conditions of the type that can develop on the 
Scandinavian coasts in anticyclonic winter conditions, when 
cold easterly winds are dehydrated during passage over the 
frozen interior land mass of Europe. In arid desert conditions 
cure can be effected by water spray, but this is not practical 
in dry freezing conditions. Coatings superimposed before 
effective cure has taken place can fail by rupture within the 
weak undercured zinc silicate and, in such cases, there is 
advantage in the substitution by zinc epoxy primers. Single 
pack zinc rich primers based on high molecular weight epoxy 
binders are effective when applied to ice free steel down to 
-20°C and can be overcoated within 24 to 48 hours. 

Zinc silicate primers suffer to some degree from the inherent 
defect of low film strength. It is normal to use levels of pig- 
mentation above critical pigment volume concentration 
(94 to 95 per cent by weight of zinc in zinc silicate, and-90 to 
92 per cent by weight of zinc in zinc epoxy primers). They 
develop increased film strength during weathering when voids 
in the primer fill with zinc corrosion products, but these 
corrosion products when formed on the surface can detract 
from adhesion of superimposed coatings. Zinc primers are 
also troublesome in that they are rapidly contaminated by 
industrial atmospheres and when soiled with oil or grease, 
this soaks into the porous surface and cannot readily be 
removed. For these reasons, it is not good practice to use 
zinc primers as holding primers during prolonged construc- 
tion periods. They should be of a type which will cure rapidly 
in the prevailing conditions and should be overcoated or 
"sealed" as soon as possible after they have cured. The sealing 
operation must also be approached with caution. Freshly 
applied zinc silicate primers, in particular, but also zinc primers 
to a lesser extent, contain entrained air in the voids and this 
is displaced in part by liquid components of the first coat of 
the system. If a high build, low solids coating is used as first 
coat then inevitably this must be of thixotropic nature in order 
to facilitate application of thick wet films without sagging. 
Air displaced by binder will pass through the thixotropic 
coating and if, in the meantime, this has "set" then the void or 
pinhole formed by passage of the air bubble will not close 
up again. It is essential, therefore, when overcoating fresh 
zinc silicate primers that the superimposed first coat or 
sealer should be fluid in consistency and should be applied in 
a fairly thin layer (25p to 35p). This is sometimes attempted by 
extra thinning of the first high build coat and applying a mist 
coat. This may perhaps provide a solution to the problem, but 
the correct remedy lies in formulation of a sealer coat of 
suitable consistency. 

The problem is not so acute with zinc epoxy primers, but 
direct application of thick layers of very thixotropic, low 
solids coatings (such as vinyl or chlorinated rubber types) can 
give pinhole defects and should be avoided. 

High build protective coating systems 

Zinc rich primers will give excellent protection for steel 
provided that they are covered with a sufficient thickness of 
water resistant coating to prevent penetration of water to the 
zincliron interface. If water does penetrate, it can initiate 
sacrificial corrosion of the zinc and in due course the zinc 
corrosion products can cause detachment of the system but, in 
any event, eventually the steel will rust. The high build system 
must have sufficient thickness to protect high spots in the 
surface profile of the blasted steel (up to about 100p), must 
have adequate thixotropy to prevent sagging on vertical 
surfaces at the specified wet film thickness, even when applied 
in double or perhaps triple the specified thickness in a corner 
or overlaps between spray passes. Three principal classes are 
used, these are briefly reviewed below: 

High build vinyl systems: The early vinyl coating systems were 
based on plasticised vinyl acetate-vinyl chloride copolymers, 
maleic acid modified versions being used in primers to 
improve adhesion to steel, also extender resins, including 
petroleum resins and chlorinated paraffins. 

Acrylic and methacrylic ester polymers, also fall within this 
class as do copolymers of styrene and vinyltoluene copolymers 
with butadiene and acrylic monomers. More recently vinyl 
ethers and vinyl acrylic copolymers have also been widely 
adopted. It will beappreciated, therefore, that the term "vinyl" 
covers much too wide a group of compositions to allow 
definition or specification of a paint system, but despite this 
users and their consultants frequently refer to for example, 
"a high build vinyl coating to give 200p in two or thmcoats", 
without any definition of the type of material to be used. 

Such lack of definition allows the competitive paint industry 
more than enough rope to hang itself. Within the group 
termed "vinyl" it is, of course, possible to make very useful 
and durable systems, particularly if multicoat, relatively low 
build (e.g. 3 coats each 75p) products are used. Vinyl chloride- 
acetate copolymers properly plasticised give good water 
resistance and good durability but these properties can easily 
be dissipated by use of unsuitable migratory or volatile 
plasticisers, the excessive use of, e.g. petroleum resin ex- 
tenders, by overpigmentation, or by use of unsuitable 
thixotropqs. 

Choice of solvent can also influence performance. High 
proportions of true ketone solvents give higher non-volatile 
coatings, but tend to be retained in thick films and can impair 
water resistance, or at least, resistance to condensation, e.g. 
6 to 12 hours after application. High boiling solvents (e.g. 
cellosolve and butylacetate) improve spraying properties but 
tend to be retained in the film. 

In offshore practice, vinyl systems have great attraction in 
that they are single pack, they can be used (in absence of 
condensation) at low temperatures and set rapidly to a tack- 
free condition. They can be overcoated without difficulty 
after long exposure periods. They have good chemical and 
mineral oil resistances, and develop very good water resistance 
after all polar solvent has evaporated. In practice, they do 
not always give the expected results and this is probably due 
to improper formulation or incorrect application. 

Pila3 gives a useful review of technology of high build vinyl 
systems and he draws particular attention to the need for 
precise formulation detail if high durability is to be obtained. 
A careful reading of this typical paper will support the 
writer's view that this degree of detail is unlikely to be 
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capable of definition in users' specifications and indeed may 
not be followed closely by the highly competitive world-wide 
offshore paint making fraternity. 

The reason for the need for very close attention to detail of 
formulation is, of course, the use of rather low molecular 
weight polymers and copolymers which are needed to obtain 
even the relatively low solids (about 20 per cent by volume) 
compositions. Higher molecular weight (and more durable) 
copolymers give even lower solids and cannot be made into 
high build coatings without use of excessive pigmentation 
andlor excessive thixotrouy which, in turn, are deleterious. . . 
In brief, it is unreasonable to expect to use a low molecular 
weight preformed polymer and at the same time expect to 
make a high solids high build coating with good exterior 
durability. Sykes4 recently made the most valid observation 
that the paint industry, in its attempt to meet the somewhat 
unreasonable demands of its customers for high build 
coatings, has developed systems which are so critical that they 
must be used under the most precise control of application 
if they are to succeed. Such control is particularly difficult on 
the huge lattice type structures built for offshore work and 
it is for this reason that vinyl systems have given, and are 
likely to continue to give, lower performance than could be 
expected. 

High build chlorinared rubber systems: Many of the comments 
made on effect of formulation on performance of high build 
vinyl systems apply equally t o  high build chlorinated rubber 
systems. 

The solids content of chlorinated rubber resin solutions is 
governed primarily by molecular weight and demand for 
higher build products has led to adoption of ever lower 
molecular weight (and therefore lower solution viscosity) 
chlorinated natural and synthetic rubbers. 

The author in his youth was taught by his senior and very 
experienced paint technical management that chlorinated 
rubber with lower solution viscosity than e.g. Alloprene 40 
did not have good exterior weathering properties and even 
Alloprene 40 should be modified with a proportion of a 
dryingoil alkyd if it wasexpected to give prolonged durability 
outdoors. 

Demand for high build chlorinated rubber paints has led to 
widespread adoption of RIO grades and recently Caldwell 
and Fergusson5 published work on the durability of a wide 
range of coatings based on this low viscosity grade of chlori- 
nated rubber. This work showed that in high actinic light 
(South Africa), some improvement in resistance to weather 
checking could be obtained by use of an ethylenelvinylacetate 
copolymer as  plasticiser and/or use of a proportion of higher 
molecular weight chlorinated rubber or acrylic polymer as  
part of the binder. It was indicated, however, that at higher 
pigmentation. water resistance of such blends was reduced. 

Again it must be said that owners', consultants', and 
applicators' specifications which merely define "a high build 
chlorinated rubber system" together with a film thickness, 
allow more than enough scope for improper formulation. 
Offshore exposure demands a high degree of water resistance, 
but it must never be forgotten that it also involves exposure 
to clear skies and sunlight. Any coating which degrades 
rapidly in sunlight will soon lose water resistance and will 
then fail to protect the zinc primer underneath and rusting 
will soon follow. 

This type of failure of chlorinated rubber systems has been 

seen on offshore structures and it must be concluded a t  this 
stage that without very precise and defined formulation 
chlorinated rubber high build systems are not well suited to 
protection of offshore support decks and superstructures. 
It may be significant to note that a UK investigation by the 
Department of the Environment of bridge painting systems 
has shown that coatings based on chlorinated rubber modified 
by major proportions of DCO alkyd give much improved 
weathering properties. It seems that the author's old teachers 
perhaps knew their job better than many of those who have 
followed them. 

High brrild epoxy systems: The use of epoxy coatings on  
steelwork in underwater and tidal zones has already been 
described. In this section, the properties of epoxy coatings in 
splash zone and superstructure areas will be discussed; 
coatings for working decks will be described separately. 

Coal tar epoxy coatings have been used in superstructure 
or machinery spaces for special reasons, but usually light 
coloured finishes are required and pure epoxy coatings are 
used. There have been attempts to overcoat coal tar epoxy 
coatings with light coloured cosmetic coatings (e.g. chlori- 
nated rubber), but tar bleed is difficult to overcome completely 
and they are now rarely used. 

Epoxy coatings have some definite advantages over chlori- 
nated rubber and vinyl systems. They have, at least, equal 
water resistance, equal or better weather resistance, and much 
better solvent resistance. Chemical resistance is of the same 
order, in so far as the range of chemicals encountered on a 
platform is concerned. They have one major disadvantage, 
however, as traditional epoxy coatings derived from early 
work on chemical resistant systems (such as tank coatings) 
very rapidly develop such high resistance to strong solvents 
that they do not provide a good surface for overcoating. 
This defect may be capable of control (by limiting the 
intercoat interval) during some stages of construction or 
repair, but inevitably some areas will ultimately require late 
touch up repair both during erection, link up, machinery 
installation, and even later on due to mechanical damage in 
service. If such touch up repairs fail by lack of adhesion at 
overlaps, then the system can become quite impractical in 
service. 

Earlier types of epoxy compositions also tended to require 
close control of the temperature and humidity conditions 
during application. Polyamide cured epoxy coatings do not 
cure well below 13°C to IS°C. Amine or amine adduct cured 
coatings tended to give "amine blush" or carbamate formation 
on the surface if applied a t  high humidities (e.g. R H  over 
75 per cent to 80 per cent). This surface defect is not always 
easily detected and can cause loss of adhesion of following 
epoxy coats. 

For these reasons, it has become quite common to allow 
use of chlorinated rubber or vinyl systems as "cold weather 
alternatives" to specified epoxy systems. This in part has been 
due to Houston derived epoxy painting specifications defining 
polyamide cured systems, which although excellent in the 
Gulf of Texas, tropical South America, Pacific Islands and the 
Arabian Gulf, are virtually unusable in winter in the North 
Sea and even in summer in offshore conditions. A constructor 
o r  applicator faced with such alternatives will invariably 
choose the vinyl o r  chlorinated rubber cold weather systems. 
since when tendering he can rarely even guess the weather 
conditions which may prevail during the whole extent of the 
construction, erection o r  repair process. 
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It must be said that many structures coated with vinyl 
systems, and some with chlorinated rubber systems, have 
given acceptable performances in service, but most have 
required major overhaul at sea before a good result was 
achieved. 

Epoxy systems, when properly applied, have in general 
given better initial performance, probably due to lower risk 
of failure due to blistering in condensation conditions, but 
also due to much improved impact and abrasion resistance 
and not least to much better solvent and oil resistance. 

During the last five years, determined efforts have been 
made to produce epoxy systems designed for North Sea 
conditions and capable of application in low temperature. 
high humidity conditions and capable of repair and overlap 
or overall recoating after prolonged curing intervals. 

Accelerated polyamide adduct and amine adduct epoxy 
coatings have been developed which will cure at temperatures 
down to 5°C (there is promise in current work that even 
lower temperature cure can be achieved). Aromatic amine 
curing agents will give reasonable cure down to 0°C. but 
these products are not always acceptable for health reasons. 
Amine bloom and carbamate formation has been controlled 
by correct use of accelerators and elimination of free amine 
in adducts. 

Isocyanate cure of high molecular weight (i.e. high hydroxyl 
content) epoxy resins allows the formulation of coatings 
(tar free and tar modified) which will cure at temperatures 
down to even --20"C, and diisopropanolamine modification 
of lower molecular weight epoxy resins to increase hydroxyl 
content has been more widely adopted. These modified epoxy 
resins can be cross-linked with isocyanate curing agents. 

These classes of epoxy compositions have been used in 
sub-zero winter conditions during construction of several 
offshore deck structures, including Shell Brent B and Shell 
Dunlin A. which the author inspected closely during the 
summer of 1978 (two to three years after construction) and 
found no significant evidence of any delamination or loss of 
adhesion to the underlying zinc epoxy coating. During 
construction coatings were applied at temperatures down to 
about - 20 C and during later construction and erection at 
temperatures up to about 15'C. It was particularly signifi- 
cant that the general condition was much better than those of 
platforms inspected by the author which had been coated with 
combination epoxy/chlorinated rubber or epoxylvinyl 
systenls. 

Isocyanate cured epoxy systems, however, are not ideal for 
all forms of offshore work. Pot life after mixing is short and 
they can hlister or even become detached if applied over 
condensation. It is very easy to specify that the painting 
inspector must establish temperature and humidity conditions 
and calculate that steel is, for example, 3 to 5 C above dew 
point before permitting painting. In practice life is much more 
difficull than that. He may check the weather forecast and 
check the air temperature, humidity and steel temperature 
and decide to allow blasting and coating to proceed. 

Blasting offshore must be done in daylight and coating of 
blasted areas (or indeed on any areas after cleaning) tends 
to be done towards the end of a working day. Sudden change 
of temperature or humidity can and does occur and on 
occasion the inspector can be wrong in his assurllption that 
condensation will be absent. There is still a need, therefore. 
for coatings which will allow offshore work to proceed with 

reasonable assurance of a good result, even when they are 
applied in less than perfect conditions. In brief, there must 
be a built-in safety margin, otherwise failure on some 
occasions is inevitable. It is difficult to build such a safety 
margin into high build vinyl or chlorinated rubber systems, 
but it is feasible with amine or polyamide cured epoxy 
coatings. These products are remarkably tolerant to both 
traces of water on the substrate and also to early condensation 
after application. A search was mounted, therefore, for 
coatings of this class which would cure down to 5°C even 
at high humidity and which would allow overcoating or touch 
up after short or long intervals. 

There was experience of similar problems and their sol- 
ution with polyurethane decorative coatings used during 
construction and maintenance of ships' superstructure. The 
remedy was found to be by incorporation of a water resistant. 
but strong solvent sensitive extender resin in the poly- 
urethane composition. A degree of success was achieved and 
a range of coatings produced which have continued to give 
good service during 10 to 15 years. The superstructure of 
"Queen Elizabeth 11" was coated. and still is maintained. 
with such a polyurethane system and shows excellent intercoat 
adhesion even when overcoated gloss on gloss for cosmetic 
purposes. 

Similar expedients were examined in epoxy systems and a 
method developed for introducing long chain aliphatic groups 
into the epoxy molecule. This method allowed the pio- 
duction of epoxy coatings which retain the characteristic 
water and aliphatic solvent (i.e. oil) resistance, but reduced 
strong solvent resistance sufficiently to promote the key of 
following coats applied after long intervals. Primers, build 
coats and finishing paints can be produced and all can be used 
at temperatures down to 5°C and overcoated after intervals 
between 24 hours to months or even years of exposure. 
An added, and perhaps unexpected, bonus property was that 
the finish paints had much improved colour and gloss 
retention compared with the unmodified epoxy coating. 

This class of coating has been adopted for repair coating 
of offshore platforms and also for onshore refinery and oil 
storage tank exterior coating. It has also found a substantial 
outlet in Holland for coating road bridges over waterways or 
estuaries. 

It is indeed a typical example of the need to reassess the 
ultimate use of a coating composition and where necessary to 
modify or totally reformulate. rather than to supply the 
nearest product in the existing range. 

Extension of the selling range is, of course. disliked by 
commercial and particularly by the manufacturing and 

'financial management, but in the offshore field it is inevitable 
if the problem of application in hostile conditions is to be 
solved. 

Ci~n~~eirrionril .Y,.~I~,III.s: Before leaving the subject of coatings 
for support structures and superstructures of offshore plat- 
forms. it is necessary to say that traditional oxidising coatings 
still find some uses. They may have inferior oil and water 
resistance to epoxy. vinyl and chlorinated rubber systems. 
but they are easy to use and they can be remarkably tolerant 
to adverse weather conditions and imperfect surface pre- 
paration. Epoxy ester and urethane,';tlkyd primers 1e.g. red 
lead or zinc phosphate pigmented primers) have been used 
with success and it is interesting to note that Bailey (,I ole 
found that a system comprising a urethane!alkyd primer 
and an old fashioned rung phenolic micaceous iron oxide 
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finish outperformed a wide variety of sophisticated coatings 
on test pieces in the laboratory and on an offshore gas 
platform. This test is of interest because it shows that such 
materials can be used for repair under difficult conditions and 
the author has, from time to time, used such materials for this 
type of work. It would be unwise, however, to extrapolate 
this result to the assumption that such systems could be used 
for general protection of offshore structures. This would 
inevitably lead to increased failure by reduced resistance to 
water, solvents, oils and chemicals, and also due to reduced 
abrasion resistance. 

Working decks 

It is perhaps confusing to refer both to "deck structures" and 
to "working decks" and an explanation of the difference is 
perhaps required. 

A "deck structure" includes all the structural steel support 
steelwork carrying modules, etc., and may, in fact, be a box 
girder with internal stiffeners. A "working deck" as it implies, 
is a horizontal surface perhaps inside a module or enclosure. 
or in the open exposed to weather and usually will be sub- 
jected to traffic ranging from heavy foot traffic to mobile 
cranes or fork lift trucks, drill pipes, containers, drums of all 
sorts and, of course, helicopters on the flight decks. 

The factor in common with most offshore working decks is 
that they are quite small in relation to  the number of men 
and the scale of work and it is very difficult indeed to find a 
suitable time for surface preparation and painting. Blasting is 
sometimes possible, particularly in theearlier type of structure 
which was fairly open to the weather. The new deep water 
structures in the northern North Sea have very few open 
decks and most decks are in enclosures; most of these are 
classed as hazard areas and are maintained at slight positive 
air pressure to prevent ingress of any gas from outside. 

Epoxy coatings are almost invariably used on the decks, 
sometimes over zinc silicate and sometimes over zinc epoxy 
primers. If applied in good conditions they perform well, but 
tend to become smooth and slippery in service. Grit (sand or 
quartz) is often incorporated and some very heavily loaded 
sand/epoxy paste compositions applied in thick layers by 
mortar gun have proved very effective. 

Repair at sea is always difficult and blasting may be very 
difficult and perhaps impossible. There is still a need for a 
rust tolerant composition, which can be applied on a damp 
surface and which will cure in high humidity conditions. 
The oil companies will welcome the chemist who can provide 
the complete answer or answers to those particularly in- 
tractible problems of offshore maintenance. 

Conclusions 

The paint industry may not always have reacted quickly to the 

Discussion at Stratford Conference 

MR T. R. BULLEIT was interested in the examples of inade- 
quate film protection from high build vinyl and chlorinated 
rubber coatings, which Dr  Atherton had attributed to  
inadequate film thicknesses. Work on this subject had been 
carried out by the Paint Research Association for a number 
of years, specifically on failures in high build airless spray 
applied coatings, including epoxies, in tank and pipe linings. 
On microscopic examination, it was found that the coatings 
were honeycombed with ellipsoidal airsacs, which had been 

challenge of the offshore oil industry and, in particular, to the 
special problems imposed by prevailing severe weather in the 
North Sea oilfields. 

The oil companies and their consultants were perhaps 
partly to blame, since they were no doubt lulled into a sense 
of false security by the early success of fairly simple painting 
systems on structures built and operated in good weather 
areas. They have, however, contributed to the problems 
experienced in the North Sea by a tendency towards lax 
generic resin type specifications of coatings which have 
allowed unwary paint manufacturers to supply materials 
unsuitable for use in North Sea conditions. 

The severely competitive nature of construction and repair 
work in offshore operations, together with the overpowering 
urgency of all offshore construction and repair procedures 
has tended to promote the use of the least complicated 
systems and, of course, the lowest cost systems within the 
approved descriptive specification are always chosen. Such 
situations have on occasions led to use of protective systems 
which have not performed well in service and which have 
required very expensive repair. 

The situation is, however, rapidly correcting itself. Platform 
owners and paint manufacturers specialising in this work are 
now much more aware of the problems presented by North 
Sea conditions and real progress is being made in their 
solution. 

It is easy to criticise the industries and their customers, 
but it is useful to remember that it is only about eight years 
since the results of the first mistakes on the Dogger Bank 
gas platforms were seen and only about three years since 
the outcome of the first efforts on oil platforms in operation 
in the British sector of northern North Sea were seen. The 
lead time from platform specification and order to start up of 
production is usually about three to five years and any 
unforeseen paint defects may not be apparent for one or 
two years after that. 

Perhaps the industry has not been so dilatory in its efforts 
to correct the mistakes or misconceptions, but it is still useful 
to review where and why it went wrong. 
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named vacuoles, often occupying half to two-thirds of the 
film thickness. Thus, the measured film thickness gives no 
true indication of the protective film thickness. M r  Bullett 
mentioned that the P R A  was about t o  start a major 
programme designed to  eliminate the source of this 
problem. 

DR ATHERTON stated that the majority of the materials 
in which this effect had been noted were highly pigmented 
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low solids types of coatings. Vinyl coatings are usually 
highly pigmented, whereas with epoxies it is often possible 
to get an adequate film thickness at lower pigmentation, and 
this combined with much higher volume solids gives much 
better results in practice. 

MR E. L. FRENCH asked about the concrete serni- 
submersible structures which were attached to the sea bed 
by means of plastic-coated cables, and the problems of 

providing long-term protection to the steel. There were two 
problems, one being the prevention of fouling, and the other 
being the long-term protection of the reinforcing steel. 

DR ATHERTON stated that the antifouling problem had 
not been covered by the paper as it is a controversial 
subject. It was now possible to provide protection against 
fouling for periods of up to twenty years with the new tin 
copolymer hydrolysable coatings. 
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Summary 

The manner in which solvents are lost from paints has a very behave once the film-forming process commences and to what 
important bearing on the surface appearance and mechanical extent solvents will be retained in the film. This paper introduces 
properties of the films formed. Consequently, it is important for a simple, practical techniques which allow this to be achieved. 
formulator to be able to predict how a given solvent blend will 
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Le degagement de solvant B partir des films de peinture 

La manitre par laquelle les solvants se dtgagent des peintures donne de solvants se comportera dts le commencement du processus 
exerce une influence importante a la fois sur I'aspect superiiciel de formation du film et a quel point les solvants seront retenus 
et sur les caracteristiques mkaniques de leurs films. Ainsi il est dans le film. Cet expose prkente des techniques faciles el pratiques 
important que le formulateur sache prtdire comment un melange pour atteindre ce but. 

Losungsmittelverdunstung aus Anstrichfilmen 

Die Art, in welcher L6sungsmittel die Anstriche verlassen, L6sungsmittelmischung verhalten wird, wenn der Filmbild- 
beeinflusst die Ausbildung der Oberflache und mechanischen ungsprozess beginnt, und in welchem Masse Losunsmittel im Film 
Eigenschaften des gebildeten Films stark. Folglich is1 es fur den zuruckbehalten werden. Diese Arbeit beschreibt einfache, praktische 
Formulierenden wichtig, vorauszusehen, wie sich eine gegebene Techniken, die dies ermoglichen. 

Introduction 

Formulators are being faced increasingly with the threat of 
environmental and legislational constraints on the free use of 
solvents. This, coupled with increasing labour and material 
costs, makes it more important than ever before that a series 
of simple, practical techniques should be available which 
allow "trial and error" methods in the formulation of cost- 
optimised solvent blends to be avoided. This paper describes 
part of such a series of techniques which are being used 
successfully at several Shell establishments throughout the 
world. 

A solvent for a paint should meet three main technical 
requirements, namely: 

( I )  It should dissolve the polymer or resin binder system 
present (solvent "power"). 

(2) Give appropriate "solution" properties, e.g. viscosity, 
flash-point. 

(3) Have appropriate evaporation and retention 
characteristics. 

The fitst and last requirements are very much inter-related 
and cannot he considered in isolation from each other, 

particularly from a practical biewpoint. Generally speaking, 
candidate solvents for a formulation are chosen on the basis 
of their cost, availability and with a volatility suited to the 
desired application technique. They are then combined to 
form a solvent blend which must retain sufficient solvent 
power as its components are lost from the film so as to avoid 
precipitation of the binder. This aspect of solvent blend design 
is commonly called "solvent balance" and is the topic with 
which this paper is mainly concerned. 

Whilst solvent cost and availability are self-evident pro- 
perties, a practical quantification of "volatility" is less straighl 
forward. Several yardsticks can be adopted ranging fro111 
vapour pressures to one of the several evaporation rate 
measurement methods. The practical question which mu51 he 
answered is "Which (if any) one of these measureniclils 
gives sufficiently reliable information on solvent halance 
and how this could be applied in a practical situation?". 

The topic of solvent loss from polymer films has. not 
surprisingly, received considerable attention in the literature1. 
It is generally accepted that the loss occurs in at least two 
stages: a "wet" stage and a "dry" stage. During the wet stage, 
solvent loss is fairly rapid and many workers have assumed 
that similarities to "pure" solvent blends can be made with a 

*Paper presented at the Association's Conference held at Stratford upon Avon from 20-23 June 1979. 
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fair measure of safety. This naturally facilitates any theoretical 
treatment, but still leaves a question regarding the applic- 
ability of these findings to paint systems. Any similarities 
between "pure" solvents and paint formulations vanish once 
a paint film enters the "dry" stage of formation. As Hansen2 
has pointed out in an elegant mathematical treatment, the 
rate determining step for solvent loss from a polymer during 
the dry stage is the rate at which solvent diffuses within the 
polymer. Moreover, Hansen3 has recently indicated that 
much of the data on diffusion coefficients must be viewed 
with some suspicion. Fortunately, Newman and Nunn4 in a 
review of published literature have shown that quite em- 
pirical rules can be made for selecting solvents with high 
diffusion coefficients. The same review demonstrates quite 
clearly that solvent loss in the dry stage of film formation is 
unrelated to the solvent volatility. In this paper, it is pro- 
posed to deal largely with the "wet stage" of film formation. 

Solvent volatility measurement 

Solvent volatility measurements fall into two types. The 
first of these bases its criteria of volatility on the properties 
of bulk solvent in the sense that an equilibrium property of 
the solvent is used. Examples are the boiling point and the 
vapour pressure and these require little further explanation. 
The second type of volatility data involves measurement of 
the rate at which a given weight or volume of solvent eva- 
porates under defined conditions. Results are generally 
reported relative to some particular standard solvent such as 
n-butyl acetate or diethyl ether; absolute evaporation rates 
are less widely used. 

Recently, a method of measuring evaporation rates using 
the "Shell Automatic Thin Film Evaporometer" has been 
adopted by the ASTM under stdnd.drd number D.3539.76. 
This apparatus is shown in Figure I and consists of a humidity 
controlled double cabinet fitted with a thermostat and con- 
taining a sensitive balance connected to an external recorder. 
(Details of the operating conditions and commercial avail- 
ability are contained in the ASTM method.) A relative 
evaporation rate of a solvent. R-', is defined as: 

RO =Time taken for 90'%,w of n-butyl acetate to evaporate 
Time taken for 90"(,w of test solvent to evaporate 

(Equal volumes of solvent are used ar 25.C. 0-5 per cent re- 
lative humidity. with an air flow of 21 I.min-'.). A filter 
paper substrate supported on a light nietal framework is em- 
ployed in order to obtain a reproducible spreading of the 
solvent. In Europe. similar work in Shell laboratories using 
the same definition for relative evaporation rate has been 
founded on the philosophy that one should seek to immitate 
a siniple paint system. Accordingly, solvent evaporation 
rates are measured from a shallow dish containing the solvent 
in which 10 per cent tritolyl phosphate plasticiser is dissolved 
to simulate a binder system. In Figure I. the small aluminium 
dish used to pedorm this so-called "liquid film" measurement 
can be seen to the lower left hand side of the filter paper. 
Rocklin5 has recently published details of a third type of 
measurement using the evaporometer where rates are de- 
termined from solvents distributed on an aluminium disc 
rather than a dish o r  filter paper. This type of measurement 
fro111 a so-called "snlooth surhce" represents an attempt 
to reduce "the etTects of instrunlent peculiarities and varia- 
tions in standardisation". In addition, Rocklin's paper 
provides an excellent account of the technique of performing 
evaporation measurements. 

In Germany. DIN procedure 53170 is widely used. This 

Figure 1. Shell Automatic Thin Film Evaporator 

again employs a filter paper and defines a relative evaporation 
speed IS) as: 

evaporation time of test solvent 
evaporation time of diethyl ether 

(Equal volumes of solvent are used at 20'C. 65 per cent 
relative humidity in a turbulent air Row.) An obvious point 
of difference between the evaporometer and DIN type of 
nieasurements is the definition of the evaporation rate. 
Besides using a different standard solvent, the evaporometer 
measurements (i.e. filter paper. smooth surface and liquid 
film) are based on the behaviour of the first 90 per cent of the 
solvent lo evaporate, whilst the DIN method considers the 
.total quantity of solvent. 

Comprehensive lists of solvent evaporation rates are 
published elsewhere" Table I illustrates coniparative data 
for a number of hydrocarbons and alcohols. In view of the 
definitions. the reciprocal of the DIN evaporation speed 
must he used in any direct comparisons with evaporation 
rates obtained from either the evaporometer or vapour 
pressure data. 

Pseudo-azeotrope formation 

It would be very convenient if solvents evaporated from 
blends in u way which was directly allied to their re1atit.e 
evaporation rates. Unfortunately this is no1 so. For example, 
if blends of xylene with n-butanol are considered. the evapora- 
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Table I 
Solvent volatilitv data 

Automatic Evaporometer Vapour DIN 53170 
(n-butyl acetate=l.O) pressure 

Solvent 
Liquid ASTM Smooth (kPa, 25°C) (diethyl 
Film D3539.76 Surface* ether= 1.0) 

Toluene 2.3 2.0 2.14 3.7% 5.7 
Xylene (commercial) 0.75 0.76 (0.63) 1.000 15.1 
Sliellsol A 
(aromatic hydrocarbon 
Isopropanol 
n-Propanol 
sec-Butanol 
Isobutanol 
n-Butanol 
Methylisobutylcarbinol 

fraction) 
(IPA) 

(SB.4) 
(IBA) 
(NBA) 

I (MIBC) 

'Data in brackets are extrapolated from vapour pressures using relationship given in reference 5. 

Walsham and Edwards9 developed a model which satis- 
factorily describes the evaporation behaviour of solvent 

" ' 0 0  
0 20 40 60 80 100 

blends not containing any dissolved resin; they based their AMOUNT O F  ALCOHOL IN HYDROCARBON, "1.v 
work on that of Sletmoe'O, who found that the solvent 
evaooration was rate limited bv boundarv laver diffusion into Figure 2. Solvent activity data 

tion rate data in Table 1 indicate that xylene is more volatile have been chosen to test the practicality of the various 
than n-butanol. If the blends behaved ideally, it would be volatility measurements coupled with the activity correction. 

the'vapour phase. On this basis, the rate of evaporation is 
proportional to the vapour pressure of the solvent. This line A working for solvent behaviOur in the wet 
of reasoning was continued by assuming that deviations in stage of film formation is that the relative rates of solvent loss 
evaporation behaviour from ideality were directly analogous are adequately described by Roy. This expression can then be 
to deviations from Raoult's law of vapour pressures and . . define . . . a pseudO-azeotrope . . . in the case a hydro- 

expected that the residual solvent would become richer in 
butanol throughout the course of evaporation. In practice, 
blends can grow richer in either butanol or xylene or neither, 
depending on the composition of the solvent. Snowden and 6 
Tysall demonstrated this for solvents containing plasticiser7. 
Ellis and Goff8 have published an interesting article which 

>_ examines this phenomenon in detail using GLC measure- c_ 
ments on solutions of both alkyd resin and linseed oil. In 2 4 
addition, they put forward the idea of formulating solvent t; blends having a composition which corresponds to an 
azeotrope so as to avoid problems of solvent balance. (The 
author has adopted a similar strategy in this work, but has z 2 -  chosen to use the term "pseudo-azeotrope" to emphasise the 
importance of the dry stage of film formation). 

could be corrected accordingly using activity coefficients. carbonlalcoho' as: 

- 

- 

Since for most solvent mole&les, activity coefficients are 
determined largely by the chemical functional group and 
only to a minor extent by the nature and size of the hydro- 
carbon part of the molecule, it is possible to prepare graphs of 
activity coefficients for "classes" of solvents. 

Solvents used in the paint industry can be divided for the 
present purposes into three classes: hydrocarbons, alcohols 
and glycol ethers (hydroxyl group), and ketones and esters 
(carbonyl group). 

This classification, in conjunction with data published by 
Deal and Derr", has been used to construct graphs of 
iolvent activities which can be used in a way similar to that 
described by Walsham and Edwards. Figure 2 shows the 
activities of alcohols and hydrocarbons relevant to this 
publication. These activities (Y) may be used to define a 
corrected solvent evaporation rate (R) as being equal to 
RUy. Solvents from each of the three classes just referred to 
show positive deviations from Raoult's law when blended. 
However, the deviations from ideality are most marked in 
the case of alrohol/hydrocarbon blends and consequently 

This relationship can be rearranged to: 

The total volume fraction of solvent is equal to 1.0 and 
therefore, for each chosen alcohol content, the amount of 
hydrocarbon is automatically defined in a binary blend. 
Figure 2 allows the determination of YHIC and and hence 
the value of YH/C/YA as a function of solvent composition at 
the pseudo-azeotrope point. This relationship using ex- 
pression (I) in turn allows the volatility of the (pure) hydro- 
carbon and alcohol solvents to be related to the composition 
at the pseudo-azeotropic point as shown in Figure 3. The 
various solvent volatility data in Table 1 may now be used in 
conjunction with Figure 3 to predict solvent compositions 
at the pseudo-azeotrope. These predicted compositions are 
summarised in Table 2. 
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these resins, therefore, provide an  excellent system for testing 

/ 
the predictions in Table 2. Moreover, epoxy resin formula- 
tions are also systems where alcohol/hydrocarbon blends 
play a key role in the cost optimisation process. 

/ Solubility prediction and solvent balance 

The use of solubility parameters to quantify solvent power is 
now well-established. These parameters can also be used to 
describe the solubility of resins and polymers when maps are 
generally used; R a m s b ~ t h a m ' ~  has recently published details 
of such maps, which deal quite explicitly with the solubility 
characteristics of epoxy resins. These maps allow quantitative 
information to be obtained on the range of compositions of 
various alcohol/hydrocarbon blends, which are solvents for 
various solid grades of Shell epoxy resin (Epikote). For 
convenience, these compositions for two Epikote grades, 
1001 and 1004, are summarised in Table 3; these data are 
valid for all formulations containing r 10 per cent w dissolved 
resin. 

Armed with a solubility map and having selected an alcohol/ 
hydrocarbon combination with a volatility suited to the 
particular application technique, it is necessary only to find 

0' I I I I I 

0 20 40 60 80 100 
out if the pseudo-azeotrope-is a solvent for-the resin. As 
Table 3 shows, there is usually a range of alcohol/hydro- 

OF I N  HM)ROaRBON*"'Ov carbon cornoositions which dissolve the resin. If the com- ~- ~ 

Figure 3. Solvent composition s t  pseudo-azeotropic point position of ihe residual solvent in the wet stage of the film 

Table 2 
Pre(Iicrer1 pseudo-ozeolvopic conrposiliorrs 

Percenvage volume of alcohol in hydrocarbon at pseudo-azeotrope* 

alcohol 

hydrocarbon I PA 

(a) 45 
(b) 38 

Toluene (c) 49 
(d) 63 
(e) 29 

. . 
Xylenc (c) 2 90 

(d) 2 90 
(e) 57.5 

N PA SBA I BA NBA MI BC 

-- 

*Data are reported ar ti>ltows: f Liquid fil~iis . . . . . . . . . . . . . . . . .  (a) 
I ASTM D353Y.76 . . . . . . . . . . . . . . . . . .  (b) 
( Smooth Surfaces . . . . . . . . . . . . . . . . . .  (c) 
I Vapour Pressures . . . . . . . . . . . . . . . .  (d) 
[DIN 531 70 (reciprocated) . . . . . . . . . . . . . .  (e) 

It has already been stated that a forn~ulator bases his 
choice of solvents on their availability and price coupled with 
their volatility and solvent power. Viewed in a practical light. 
a formulator will generally seek to niaxiniise the hydrocarbon 
content of his solve~it blends so as to minimise costs. Oxygen- 
ated solvents such as alcohols, ketones and glycol ethers will 
increase the cost and, therefore. since the alcohols are usually 
the cheapest of these solvents. the commercial importance of 
alcohol/hydrocarbon hlends becomes apparent. 

Since neither alcohols nor hydrocarbons are solvents for 
most of the solid grade epoxy resins. but blends of them are. 

remains within these limits. a balanced formulation has been 
obtained. Thus, if a pseudo-azeotrope is initially a solvent for 
the resin, this working hypothesis states that it will also be a 
balanced blend. 

At this juncture. it is necessary to examine what happens 
on departing from the pseudo-azeotropic composition. 
Reference to the activity data in Figure Z indicates that activi- 
ties increase in value as the amount of solvent decreases in a 
blend and vice versa. In the case of a pseudo-azeotrope of 
hydrocarbon/ialcohol. increasing the alcohol content would 
lower its activity and raise that of the hydrocarbon. This 
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Table 3 
Solvent blends for Eoikote resins 

Epikote 1001 : Permissible percentage volume of alcohol in hydrocarbon to form a solvent* 

alcohol 

Hydrocarbon I PA NPA SBA IBA NBA MlBC 

Toluene 7-63 6-69 7-69 8-63.5 9-76 12-62 
(3) (15.5) (2.5) (13.5) (3.5) (13.5) (3.5) (15.5) (4) (13) (5.5) (16) 

Xylene 11-60 10-68 14.5-65.5 13-59 12.5-70 21-54.5 
(5.2) (16.5) (4.5) (14) (7) (14.5) (6) (16.5) (6) (13) (9.5) (18.5) 

Shellsol A 15-55 14-65 16.5-62 17-54.5 19-68 ? 
(6.5) (18) (6.25) (14.5) (7.5) (16) (8) (18.5) (8) (13.5) 

Epikote 1004: Permissible percentage volume of alcohol in hydrocarbon to form a solvent* 

alcohol 
- 

Hydrocarbon I PA NPA SBA I BA NBA MlBC 

Toluene 11-56 11-62 13-61 13-55 11-65 19-50 
(5) (18) (5) (16) (6) (16.5) (6) (18) (5) (15) (8.7) (20) 

Xylene 18-52 17-67 21-57 22-5 1 19-63 50 
(8) (19) (7.5) (14) (9.3) (17.7) (10) (19.5) (8.5) (15.5) (20) 

Shellsol A 50 24--57 31-51 50 27-59 - 
(20) (10.7) (17.5) (13.3) (19.5) (20) (12) (17) 

*These compositions were determined by titrating solutions containing 2 0 % ~  resin dissolved in 50150 blends of 
alwhol/hydrocarbon with both the hydrocarbon and the alcohol to a turbid end point. Figures in parentheses refer 
to the approximate resin content (%w) of the solution at the end point. 
The similarity in relative densities of the hydrocarbons and alcohols is such that the above data are aoolicable to . . 
%w calculatibns without significant loss of Hccuracy. 
720 %w in 5050 MlBC/Shellsol A gives a very turbid solution. 

would, therefore, result in a blend which would become 
increasingly rich in alcohol as evaporation progressed. An 
analogous state of affairs would also apply to hydrocarbon- 
rich blends. 

This line of reasoning in the context of epoxy resins implies 
that if a solution is made in an  alcohol/hydrocarbon blend, 
such that the solvent composition departs significantly from 
that of the pseudo-azeotrope, the blend will be out of balance. 
Since neither hydrocarbons nor alcohols alone are solvents 
for the resins, a film of a n  out-of-balance resin solution 
applied to a clean glass plate would be expected to become 
turbid as resin precipitated from solution during the wet stage 
of film formation. This does indeed happen and experiments 
with solutions containing 20 per cent w of dissolved Epikotr 
1004 allow a determination of the extent of  the compositions 
of balanced alcohol-hydrocarbon blends for the resin. These 
are recorded in Table 4. 

Balance is achieved over a range of compositions for two 

reasons, namely: 

(I) Resin solubility is achieved over a range of com- 
positions such that there is scope for some change in 
solvent composition during evaporation. (On a solu- 
bility map this would be constructed as solubility 
parameters moving within the area of solubility). 

(2) The power of solvents required to dissolve an  epoxy 
resin clrer~~o.sr.~ as the concentration of resin increases 
during the wet stage of film formation1'. (For this 
reason, Epikorr 1001 was not chosen for balance trials 
since it does not always give completely unambiguous 
information. It dissolves at high concentrations 
(> ca 60 per cent w) in aromatic hydrocarbons). 

Bearing these points in mind, the experimental information 
described in Table 4 can now be compared with the various 
predictions in Table 2 to assess the applicability of theory to 
practice. 

Tubk 4 
Solt~ent balance for Epikore 1004 

Percclitagc volume alcohol in hydrocarbon to achieve good practical balance* 

alcohol 

Hydrocarbon I PA N PA SRA I BA NBA MlBC 

Toluene 35 50 20-35 20-30 13-25 1 1.- 15 no balance 
Xylene no balance 50 67 50-57 40-5 I 25-40 no balance 
Shellsol A no belancc no balancc no balance no balance 59 (borderline) no solution 

*Balance was judged by making solutions containing 20:<,w Epikote 1004 and using them to draw films (I50 p, wet) 
on degreased glass plates. A solution was judged to be in halancc when the film dried to a clear, smooth finish; light 
orange peel was taker] as r sign of bor~lcrline halance. 
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Solvent balance--Theory and practice 

If the results in Tables 2 and 3 are compared, many of the 
predicted pseudo-azeotropes lie outside the range of com- 
positions corresponding to solvents for the resin. Reference 
to Table 4 confirms that these are indeed combinations for 
which "no balance" is observed. There is one possible ex- 
ception, that of Shellsol A/n-butanol blends. All data, except 
the DIN evaporation speeds, fail to predict a solvent balance 
where it is indeed observed. However, this is in line with most 
DIN predictions, which predict lower alcohol contents than 
other volatility data and must be considered an exception 
rather than a rule. 

If the results generally in Tables 2 and 4 are considered, 
predictions using measurements on the Shell Automatic 
Evaporometer are far better than those based on either 
vapour pressures or DIN evaporation speeds. DIN evapora- 
tion speeds predict blends which are too low in alcohol 
content; vapour pressures tend to predict blends which are 
too high in alcohol content. The Shell Evaporometer measure- 
ment predictions, using smooth surface evaporation rates, 
tend to yield blends which are rich in alcohol. There is little 
to choose between predictions based on ASTM D3539 
measurements (filter paper) or liquid film data; both give 
predictions which are acceptable in practice. (All evaporo- 
meter predictions were acceptable for Epikote 1001, although 
blends which tended to become rich in hydrocarbon during 
evaporation yielded results which did not satisfactorily 
distinguish between the various predictions). 

Rocklin's work5 provides valuable insight into the reason 
for the generally poor predictions obtained with DIN evapora- 
tion data. He showed that there is quite a strong interaction 
between the cellulose fibres of filter paper, used as a substrate 
in the method, and hydroxylic solvents such as the alcohols. 
Moreover, this interaction is particularly noticeable during the 
evaporation of the last 10 to 20 per cent of the solvent from 
the paper, where the weight loss on a recording balance 
deviates quite markedly from linearity as a function of time. 
By calculating evaporation speeds based on the time taken 
for 100 per cent of the solvent to evaporate, the DIN method 
clearly leads to evaporation rates which are too low for the 
alcohols. ASTM D3539, also a filter paper method, by 
contrast gives good balance predictions for the practical tests 
described here. The indication is, therefore, that evaporation 
data calculated on the time taken for the first 90 per cent of the 
solvent to evaporate avoid most, if not all, of the artefacts 
introduced by filter paper-solvent interactions. 

At the other extreme, data based on solvent vapour 
pressures predict blends which are too rich in alcohol. Again, 
reference to Rocklin's work on evaporation from smooth 
surfaces~eveals that although the relationship between 
relative evaporation rate and vapour pressure is linear in the 
case of hydrocarbon solvents, this is not the case for alcohols. 
Indeed, if a linear relationship existed, it would be expected 
to find much higher evaporation rates than are measured. In 
this light it is not surprising that vapour pressures predict 
blends which prove in practice to be too rich in alcohol. 

Predictions using data obtained from the automatic 
evaporometer proved to be reliable when judged using the 
practical test of a film drawn on a glass plate. This has also 
proved to be the case in all applied solvent formulation work. 
However, there is no escaping from the fact that the various 
methods of volatility measurement do sometimes give quite 

widely differing predictions for a pseudo-azeotropic com- 
position. There is no doubt that the very simple theoretical 
treatment used to correct for solvent evaporation from a 
blend could be improved, but it is open to debate whether 
this would improve the quality of predictions from a practical 
point of view. Although this requires some further experi- 
mental work continuing that initiated by Rocklin5, it is more 
probable, in the author's opinion, that the differences are 
simply inherent in the methods used for measuring solvent 
evaporation rates. In mitigation, it must be stated that alcohol/ 
hydrocarbon blends are among the most non-ideal used by 
paint formulators. If the artificiality is considered, of de- 
termining all evaporation data at a stipulated temperature, 
air flow and relative humidity, for subsequent application 
under widely differing applied conditions, it is perhaps 
remarkable that predictions are as good as they are! 

Solvent formulation 

The establishment of a technique for predicting solvent 
balance using pseudo-azeotropes, together with solubility 
data, permits the setting up of a procedure for the formula- 
tion of a solvent blend. In the case of the epoxy resins which 
have been used in this study, a typical procedure is as follows: 

(a) Select the resinlcuring agent system suitable for the 
end use and establish the way in which the formula- 
tion will be applied. 

(b) On the basis of the technique of application, select 
candidate solvents for the solvent blend primarily on 
the basis of their volatility. For example, a typical 
requirement of a spray-applied formulation is a rapid 
initial film build (volatile solvents) with sufficient 
"wet-edge" (less volatile component) to give a smooth, 
even finish. 

(c) Take the solubility map of the resin (the resin is in- 
variably more difficult to dissolve than the curing 
agent) and note down the candidate solvents and their 
prices. 

(d) In end uses, particularly those with ambient tempera- 
ture cures, where retained solvent could be a problem 
(dry stage of film formation) try to restrict the choice 
of solvents in accordance with the guidelines published 
by Newman and Nunn4s6. (This is not always possible 
and the technique then is to design the solvent be- 
haviour in the wet stage of film formation, so that the 
most involatile solvents do indeed have high diffusion 
coefficients as defined by Newman and Nunn4v6. This 
is a way of keeping the film "open" longer). 

(e) Select suitable pseudo-azeotropic pairs of alcohol/ 
hydrocarbon solvents (usually one pair is sufficient) 
and note their position on the solubility map. 

(f) Maintain the solvent ratio of the pseudo-azeotrope and 
add a third (true) solvent bearing in mind points (b) 
and (d). As a general rule, this will improve balance. 
It is at this stage that the skill of the solvent formulator 
plays a great part. Solvents are added with an eye to 
achieving the required viscosity, flashpoint and other 
constraints; techniques exist for predicting these 
properties, but are outside the scope of this paper. 
Calculation of corrected evaporation rates in the 
solubility map may now reveal that the blend may be 
cheapened by, for example, raising the hydrocarbon 
content. 

(g) Having decided upon a trial solvent blend, the formula- 
tor decides how this can be best distributed between 
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his epoxy-resin and curing agent (solubility maps) and 
a small-scale test is conducted. 

These guidelines, with suitable modification, are generally 
applicable to many paint formulation problems. As the com- 
plexity of the formulation increases, a computer can be a 
useful aid to the formulator, but it can never be a substitute 
for knowledge of the basic principles governing the way in 
which solvents interact in blends and coatings. 

Conclus ions  

During the wet stage of film formation, the relative rates of 
loss of solvents from films can be predicted with an acceptable 
degree of accuracy by combining simplified solvent activity 
data with relative evaporation rates measured using a com- 
mercial Automatic Evaporometer constructed to Shell 
designs. Evaporation data based on bulk solvent properties, 
such as vapour pressure, or data which do not compensate 
for any possible substrate-solvent interactions are unreliable. 

These concepts can be applied to solvent formulation by 
using them to predict pseudo-azeotropes and in turn using 
these together with solubility maps as a basis for solvent blend 
design. 

Discussion at S t ra t ford  Conference  

DR J. C. WEAVER asked Dr Ramsbotham if he considered 
that the next generation of evaporation measurements 
could be performed using gas chromatography with 
temperature programming to give better data on solvent 
evaporation versus retention. 

DR RAMSBOTHAM pointed out that what was actually 
being measured in the Evaporometer was the evaporation 
rates of pure solvents relative to the standard, which were 
fixed quantities. The results were tabulated and were avail- 
able, so that it was not necessary for them to be measured 
by other workers. The paper had been intended to indicate 
in which ways these figures could be utilised. 

On gas chromatographs, Dr Ramsbotham referred to 
work carried out in America by Ellis and Goff which 
used this approach, and also in combination with pseudo- 
azeotropes. However, he expressed the opinion that unless 
it was intended to follow the changes quantitatively with 
extreme accuracies at every step of the way, there seemed to 
be little point in using the complicated GC technique. The 
GC technique has far more relevance when examining the 
solvent retained in the film during the dry stage of film for- 
mation, but this had not been covered in the paper. 

DR W. FUNKE thought that there was good reason to 
measure the composition of the solvents in the drying film 
as in some cases phase separation takes place in the late 
stages of film formation, and it is of interest to know at what 
stage this takes place. Dr Funke had used a head space gas 
chromatograph to study the retardation of evaporation of 
residual solvent, left as an imbalanced phase, with both two 
and three component solvent mixtures. Dr Funke asked if it 
were possible to combine such gas chromatography with 
the Shell Evaporometer. 

DR RAMSBOTHAM stated that it was indeed possible to 
couple the exhaust gases from the Evaporometer to a GC. 
He emphasised that a major point of the paper had been the 
application of the volatility data, in conjunction with 
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solubility maps, to design a solvent blend for the binder 
system which would remain a solvent during the drying 
process and not change in composition during drying which 
might cause binder precipitation. 

DR FUNKE pointed out that in the case where chemical 
reactions were taking place, the parameters involved were 
changing continuously, and it was not possible to predict a 
solvent blend as in the paper. 

MRS. L. DAVIDSON informed delegates that work on a 
form of evaporometer had been carried out in America as 
early as 1953. 

DR RAMSBOTHAM stressed that whilst the 
Evaporometer was basically a simple device, it had been 
refined and the important point here was the combination 
of the data obtained with the solubility maps as an aid to 
formulation of true solvent blends. 

MR T. R. BULLETT congratulated Dr Ramsbotham on a 
useful technique, but queried whether the effect of interac- 
tions with the resin component on the activity coefficients of 
the various components in the solvent blend could be 
neglected for the whole of the wet stage, bearing in mind 
that this might extend up to say 80 per cent resin content. 

DR RAMSBOTHAM stated that as far as they had found, 
to a very good approximation the answer to the question 
was yes. In terms of solvent balance, if a system is taken 
which is out of balance in the initial stages of evaporation, 
starting with say 30 per cent alcohol, then because of the 
form of the activity curve, the system will become deficient 
in alcohol resulting in the activity coefficient of the alcohol 
becoming larger, and relatively more alcohol being lost. 
Thus, it is the initial stages of evaporation which are the 
most important in determining whether a solvent balance is 
maintained. It is possible for a solvent blend on the 
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borderline of balance to move slightly out of balance and DR RAMSBOTHAM stated that the humidity did have an 
then due to entropic interactions move back into balance influence on the relative evaporation rates. For con- 
again, but this is a very complicated subject and outside the ventional solvent based systems, the effects of humidity are 
scope of the paper. not large enough significantly to effect the predictions for 

solvent balance. For systems where solvent is used in com- 
MR A. SAARNAK asked if the relative humidity had an bination with water, then the effect becomes significant. The 

influence on the relative evaporation rates and also about higher the relative humidity of the surroundings, the slower 
the influence of the polymer. is the evaporation of the water content of the blend. 

Next month's issue 
The Honorary Editor has accepted the following papers for publication, and they are expected to appear in the October issue 
of the Journal: 

Water borne industrial thermosetting systems by H. J. Luthardt and W. Burckhardt 

The influence of light intensity on photoactivity in TiO, pigmented systems by T. A .  Egerton and C. J. King 

Aqueous coil coatings by E. J. Percy and F. Nouwens 

Dispersion of pigments: What is the ultimate? by D. M. Varley and H.  H. Bower 

On 23 June 1979, a meeting was held in Paris to discuss the for- 
mation of an international co-ordinating committee for societies 
covering the surface coatings industries to be known as 
ICCATCI. Those present were: 

Standing ( I  - r); K. Meguro (JSCM), D. Pagani (FATIPEC) Mr 
Blake (translator), J. McConnick (FSCT), F. M. Smith (OCCA), 
Ms A. Chauvel (hostess). 

Seated (I- r); C. Bourgery (FATIPEC), B. Andersson (SLF), 
Mme Bourgery, M. F. Kooistra (FATIPEC), J. Roire 
(FATIPEC). 

Shown at the Annual Ladies' Night of the Bristol Section (see 
page 372) held on Friday 23 Marchare: 

Standing ( I -r ) ;  Mrs Bayliss, Mr F. Hellens (Chairman, 
Newcastle Section), Mr Harper, Mr D. Bayliss (Chairman 
London Section), Mr D. Heath (President, Birmingham Paint 
Varnish and Lacquer Club), Mr A. J. Hughes (President, 
Paintmakers Association), Mr A. McLean (President, OCCA), 
Mr R. H. Hamblin (Director & Secretary), and Mrs Hellens. 

Seated (I - r); Mrs E. Harper (Chairman, Bristol Section), Mrs 
Heath and Mrs Hughes. 



Section Proceedings 

Natal able solvents must be self-closing; bowsers should be of 
the "dead-man's-finger" type. 

(iii) Flammability of materials stored, used and produced 
The causes and prevention of fire in paint manufacture must be known. 

A meeting of the Natal Section was held on Wednesday 27 
June 1979 in the Science Lecture Theatre S 1, University of 
Natal, Durban, when 24 members and guests were present 
to hear a lecture by Mr S. J. Smith, Deputy Chief Officer of 
the Durban Fire Department, entitled "The causes and pre- 
vention of fire in paint manufacture and spray application". 

Having shown an excellent film on the hazards of flamm- 
able liquids, Mr Smith divided into five groups the precau- 
tions which should be taken in industrial situations: 

(i) Buildings - Must have fireproof walls (9) inch brick); 
must be compartmented, separating storage from 
production areas; self-closing fire doors activated by a 
fusible link must not be obstructed, e.g. by drums. 

(iv) Employees must be trained to recognise fire risks, and 
to fight fires; also must be alert to  urban terrorism - to 
form an effective team to fight fires in case all fire 
services are fully committed elsewhere. 

(v) Fire Protection Equipment must be clearly marked, 
accessible, and serviced at least annually. Alarms must 
be regularly tested, escape routes kept clear, and not 
padlocked. 

Mr Smith stressed that each company should give the 
Fire Department contact phone numbers (e.g. the Chief 
Chemist) who could advise on the dangers, toxicity, flam- 
mability etc., of drums or chemicals stored on their 
premises. 

(ii) Plant - Wiring and electric motors must be regularly Following a large number of questions, the vote of thanks 
maintained; drums used to carry or measure flamm- to Mr Smith was proposed by Mr J. R. Gush. 

Information Received 
PM aceepts Honorary Fellowship r"9 
The Prime Minister, the Rt. Hon. Mrs 
Margaret Thatcher, PC, MP, has accepted 
invitations of the Chemical Society and 
the Royal Institute of Chemistry to 
become an Honorary Fellow of both 
organisations and has been so elected. 

Mrs Thatcher has strong associations 
with chemistry, having studied chemistry 
at Somerville College, Oxford, and then 
worked as a research chemist for British 
Industrial Plastics Ltd and J. Lyons. In 
197 1, when she was Secretary of State for 
Education & Science, she was the guest of 
honour at the OCCA-23 Exhibition Lunch- 
eon. 

Chemical writers award 

BASF is offering an award o f f  1000 for 
the journalist who has contributed most to 
the awareness and understanding of the 
chemical industry and its benefits to 
society. Judges for the award will be the 
Baroness Phillips, JP ,  H M  Lord 
Lieutenant of Greater London, Michael 
Hyde, ,Chemical Insighr, and Martin 
Trowbr~dge, D~rector General of the 
Chemical Industries Association. 

To be considered for the award, articles 
must have been published in a British 
journal between 1 October 1978 and 30 
September 1979. 

UK ageney 

Fireliant Equipment Co. Ltd and 
Paramount Metal Works Ltd have signed 

The new safety waste solvent disposal 
unit available from Fiwliant. 

Previously, both Fireliant and 
Paramount have been marketing 
Paramount-made products, a range of 
safety containers for storing, dispensing 
and applying flammable liquids, and the 
new deal makes Fireliant the biggest UK 
supplier of British-made flammable liquid 
safety equipment. 

Filter press installation 

Burrell Colours Ltd. Makers of the press, 
P & S Filtration Ltd, have installed the 
equipment under a novel "trial before 
purchase" agreement. P & S will have 
access to the machine during pigment 
production to assess and improve its 
performance. 

Among the features of the P & S press is 
the self-compensating hydraulic closing 
system which makes allowances for the 
expansion and contraction of the filter 
plates containing the slurry during fdtra- 
tion. 

New product8 

Cationic surfactant 

Alkaril Chemicals Ltd, specialists in 
imidazoline chemistry, have available 
Alkazine 0, oleic hydroxyethyl 
imidazoline with an imidazolie content in 
excess of 85 per cent. 

Imidazolines are prepared by reacting a 
fatty acid with an n-substituted ethylene 
diamine. The initial product is a fatty 
amido amine, which on continuing the 
reaction and altering the conditions, 
cyclises to form the five-membered 
imidazoline ring. 

During the cyclisation, conditions are 
such that the newly formed ring may be 
ruptured leading to undesirable by- 
products, a poor conversion rate and a low 
yield of imidazoline in the finished 
product. For this reason, imidazolines are 
commonly sold on an activity basis rather 
than on their imidazoline content. 

an agreement under which ~irelianiwill 
now market all flammable liquid safety The first productionmodelofacompletely Alkazine 0 ,  a cationic surfactant, is 
containers manufactured by Paramount in new 125 cu ft capacity filter press has absorbed on to negatively charged sur- 
the UK. been installed at the Stockport factory of faces such as glass, plastics, textile fibres, 
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papers, siliceous materials and oxidised 
metals. It is used as a wetting agent, a 
foaming agent, an acid inhibitor, an 
emulsifier and a flocculating and dispers- 
ing agent. 

Pressure vessel coatings 

A new process described as a break- 
through in coating technology has been 
announced by Plastic Coatings Ltd. The 
process gives an all-over coating of 
enclosed pressure vessels with Vylastic 
RS60 PVC I which is used in the water 
treatment and chemical industries. 
Vylastic RS60 PVCl plastisol coating is 
applied in thicknesses up to 6 mm and 
provides a tough, seam-free corrosion 
resistant finish. 

New sealer 

A new grey acrylic lacquer sealer, PS-19, 
formulated for superior adhesion on 
aluminium substrates,  has  been 
introduced by Inmont Corporation as the 
latest addition to its Rinshed-Mason line 
of automotive refinishing products. 

The new undercoat, intended for use 
with Inmont's Alpha Cryl acrylic lacquer 
topcoats, does not require sanding after it 
is applied, but can be lightly scuffed if 
required to remove dirt particles. 

New precision refractometer 

ChemLab Instruments Ltd, UK agents for 
Atago, have announced the introduction 
of a new high accuracy precision Abbe 
Refractometer. The new Abbe Model 309 
replaces Model 308, and gives improved 
measuring accuracy and ease of use. The 
refractive index range is nD 
1.30000- 1.7100. 

New DC motors 

Two new metric frame size DC motors, 
designed for variable-speed control from 
single phase AC supplies, have been 
introduced by Normand Electrical Co. 
Ltd. The new D90 and D 112 frames are 
an extension of the company's established 
range of DC machines and can be supplied 
as a packaged variable-speed drive com- 
plete with full-wave thyrister controller. 
The motors have applications such as for 
conveyors, pumps, feeder mechanisms etc. 

The new metric frame motors from 
Normand Electrical Co. Ltd. 

Two enclosed pressure vessels which have been coated in Vylastic RS60 for corrosion 
protection by Plastic Coatings Ltd. 

New polymer dispersion 

BASF has introduced Acronyl S 305 D 
ca. 50 per cent, a polymer dispersion used 
as binder for paper coating colours. Due to 
its high film hardness, the product is 
claimed to impart excellent stiffness to the 
coated paper, and is characterised by good 
stability even when subjected to strong 
mechanical shear forces, excellent hiding 
power and water resistance. 

Acronyl SO 309 D ca. 46 per cent is a 
new BASF all-synthetic binder for coating 
colours for offset paper. The product can 
be thickened with alkali and can be 
processed in pigment coating colours 
without incorporating co-binders. 

Food packaging inks 

A new ink series called Minarome which 
possesses a very low odour and taint level 
has been formulated by Lorilleux & 
Bolton, specifically for the food packaging 
area of printing, where there is a demand 
for inks of this nature. 

Waterproof pH meter 

A completely waterproof battery operated 
pH meter is now available from 

F.T.Scientific Instruments Ltd .  
Manufactured by Knick, the instrument 
features a bright LED display and is 
housed in a pressure sealed cylindrical 
casing which is resistant to chemicals and 
shock. 

Polypropylene tlnishing system 

Sonneborn & Rieck Ltd have announced a 
new finishing system for moulded 
polypropylene products, which has met 
hitherto unattainable specifications set by 
major motor manufacturers. The new 
Jaxa finish, is supplied as a two coat 
system comprising a primer and a two- 
pack urethane based top coat, and is avail- 
able in all degrees of gloss ranging from a 
"wet look" to a textured surface. 

Propellor mixers 

Lightnin Mixers Ltd have introduced the 
new VL and VH range of variable speed 
mixers to their range of propellor mixers. 
These mixers give the operator the 
flexibility needed for applications involv- 
ing changes in viscosity, varying liquid 
levels. aeration control. pilot plant studies 
and multiple step operations. The variable 
speed range is available in sizes from 
0.25 kW to 2.2 kW. 
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Fail-safe piping 

A new fail-safe development by the 
Chemical Pipe & Vessel Co. Ltd can be 
incorporated in plastics pipework systems 
conveying hazardous chemicals to ensure 
the exacting standards demanded by the 
Health & Safety at Work Act in areas 
such a s  chemical plants. It is what is 
termed a dual containment system, and 
has a simple but effective design. It is 
meant to  be installed in those parts of the 
pipework system which are adjacent to 
pedestrian or vehicular traffic areas, where 
the risk of spillage is unacceptable. 

The type of chemicals conveyed would 
be, for instance, full-strength acids or 
alkalis, and for such liquids, CPV make 
pipework in po lypropylene  o r  
polyvinylidene fluoride. The dual contain- 
ment system merely entails the provision 
of a second, slightly larger diameter pipe, 
equi-spaced around the main pipe system, 
either by utilising spacer discs at intervals, 
or ribs, to act as a containment in theevent 
of the main pipe being fractured by 
extremes of temperature or pressure. 

Non-metallic pump 

A new non-metallic self-priming chemical 
process pump designed for long service life 
with severe corrosives is being marketed 
by Durco Europe. The casing, impellor 
and rear cover of the Mark I1 FRP pump 
are all moulded from proven glass 
fibre/'resin composite specially formulated 
by Durco to provide high strength and 
durability in addition to  corrosion 
resistance. 

The new composite materials, Durcon 
700 (glass fibre/epoxy resin) and Durcon 
710 (glass fibrelphenolic resin) are non- 
sparking and immune to stray current or 
galvanic corrosion. 

The non-metallic chemical process pump 
from Durco Europe. 

New burner system 

Wellman Selas Ltd is to market the British 
Gas Midland Research's new design of vat 
and tank heating burner. The unit is called 
the Vatpak, and typical installations 
include degreasing and pickle tanks and 
phosphating tanks. 

A cut away view of the new 

The Vatpak burner system has been 
specifically designed for the heating of 
solutions in vats and tanks by the direct 
gas firing of small bore immersion tubes. 
The burner design is such that it combines 
the efficiency of gas firing with the com- 
pactness of steam heating. 

Conferences, courses etc. 

Organic coatings 

The 6th annual conference in organic 
coatings science and technology will be 
held in Athens, Greece from 14-18 July 
1980. 

Switches booklet 

A new leaflet is available from Techmation 
Ltd which describes the Giannini range of 
Enviro-Switches, switches whose contacts 
are enclosed within a welded chamber and 
are operated externally by magnetic 
action. to avoid failure due to agressive 
environments. 

Tank cooling brochure 

A new brochure has been oroduced bv the 
E gineering ~ i v i s i o i  of ~ o i t e r -  
Llncastrian, giving information on the 
aluminium flat plate cooling coils 
produced by thecompany for tank cooling 
systems. 

Manufacturing programme 

Baker Perkins Chemical Machinery Ltd 
has  published a leaflet  enti t led 
"Manufacturing programme" which 
describes the ranges of machinery which 
they market. 

fail-safe pipework systems. 

Appointments 

Mr F. L. Ward of McLaren Ward & 
Partners has been elected as Chairman of 
the Association of Consulting Scientists. 
The Association is made up of 77  
independent practices, able to advise on 
almost any scientific subject. 

Mr D. Williams has been appointed Sales 
Manager for D. H. Industries Ltd, 
suppliers of equipment for the paint, 
chemical and allied industries, including 
mixing, dispersing, grinding and filling 
equipment. 

Mr D. Williams 

His appointment is part of a restructur- 
ing p r o g r a m m e  cur ren t ly  be ing  
undertaken by D. H. Industries, prior to 
the introduction of a new range of 
products to be announced shortly. 



Notes and News 

OCCA-32 Exhibition 
13-1 5 May 1980 Cunard lnternational Hotel 

Hammersmith, London W6 

Many applications received from UK and 
overseas in enthusiastic response to new 

arrangements 

Closing date for applications 
30 November 1979 

Within the first week of the invitation to allocated to companies, the deposits 
Exhibit at the OCCA-32 Exhibition beine alreadv havine been received. 
despatched, applications to take space ha8 
been received from many companies for 
each of the various types of facilities avail- 
able, in the most enthusiastic response to 
the Exhibition yet experienced. 

Amongst these companies, including 
multi-national organisations, from which 
applications for space have been received, 
are a number that have not shown at an 
OCCA Exhibition fw  several years, as 
well as more regular participants. 

The new venue for the 1980 Exhibition 
will be the Cunard International Hotel, 
Hammersmith, London W6, and the main 
part of the Exhibition will be in two sec- 
tions: on the ground floor, forming the 
entrance to the Exhibition, traditional style 
stands will be accommodated in the New 
Exhibition Hall where exhibitors of heavy 
machinery, plant and equipment will be 
located; on the first floor ofthe hotel, in the 
Queen Mary Suite, the stands will be of a 
simplified nature with the objective of 
allowing exhibitors to use modular display 
systems. These stands will have no 
platform, being erected directly on to the 
carpeted Suite floor, and so it will not be 
possible for heavy equipment to be 
displayed in this section. 

Access between these two areas will be 
through the intermediate Mezzanine floor, 
where there are a number of rooms for 
companies to display free standing 
exhibits. These rooms were amongst the 
first to be requested, and have been 

In addition, there will be several suites 
and syndicate rooms on the third floor of 
the hotel, either for companies who wish to 
use this type of facility to exhibit, or for 
those who wish to have somewhere con- 
venient to entertain their visitors in addi- 
tion to their main stands elsewhere in the 
Exhibition. Already, several organisations 
have taken advantage of this opportunity 
to have a main stand for general enquiries, 
and the more private room for detailed 
discussions. 

Dates and times 

The thirty-second annual OCCA Exhibi- 
tion, a three day event, will be open as 
follows: 

Tuesday 13 May 1980 ..... 09.30 to 17.30 
Wednesday 14 May 1980.09.30 to 17.30 
Thursday 15 May 1980 .... 09.30 to 17.30 

Theme for the Exhibition 

M o t e  The motif, designed by Robert 
Hamblin, uses the compass to symbolize 
the unique attraction of the OCCA exhibi- 
tions which annually draw exhibitors and 
visitors from numerous countries. 

The aim of the Exhibition is the pre- 
sentation of technical and commercial 
information relating to raw materials, 
plant and equipment used in the paint, 

A view of the lnlbrmatiott Centre at the OCCA-31 Exhibition. showing the throngs of 
visitors to this unique annual event 

polymer, printing ink, colour, adhesive 
and allied industries, both in manufacture, 
processing and application. 

The Exhibition Committee will be 
particularly pleased to welcome exhibits 
relating to the new energy efficient, low 
polluting technologies, including powder 
coatings, high solids coatings, radiation 
curing, water-based coatings and other 
developments. 

Applications Received 

The response to the Invitation to Exhibit 
has already been very favourable and 
applications for space to be allocated in all 
sections of the Exhibition have been 
received from many companies within the 
first month. 

These applications are to show 
products as varied as resins, pigments, 
equipment. solvents and additives, and 
have come from some companies return- 
ing to the Exhibition after an absence of 
several years, as well as from more regular 
exhibitors. 

Companies intending to apply for 
exhibition space are reminded that the 
closing date for applications is 30 Novem- 
ber 1979, and shortly after this date the 
Committee will meet to make the first 
allocation. Preference for stand shapes. 
etc. will naturally be given to early 
applicants. 

The Cunard International Hotel 

The Exhibition Committee has decided to 
move the venue of the 1980 Exhibition to 
the Cunard International Hotel, as it is felt 
that the more central site and greater range 
of types of exhibiting facilities it olTers will 
be welcomed both by exhibitors and 
visitors to the Exhibition. 

The Hotel has a selection of restaurants. 
shopping facilities and bars. There is a 
coffee shop immediately adjacent to the 
Queen Mary Suite (which itself contains a 
bar). an Exhibitors' Lounge on the 
Mezzanine floor. and there are plans for a 
coffee bar to be erected in the New Exhibi- 
tion Hall for the Exhibition. 
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The Hotel is situated near Ham- 
mersmith Station on the Piccadilly 
Underground Line between Heathrow 
Airport and the centre of London. Visitors 
from overseas may board the Piccadilly 
Line in the Airport complex, which will 
take them direct to Hammersmith Station 
or to central London where they may be 
staying. Hammersmith Station is also 
sewed by the Metropolitan and District 
Underground Lines (the latter of which 
connects to Victoria Station for those 
arriving at Gatwick Airport). The Hotel is 
adjacent to the Hammersmith flyover on 
the M4 Motorway which links Heathrow 
Airport by road. Car parking at the Hotel 
is limited, but there is a large NCP car 
park close by in King's Mall off King 
Street. 

Admission to the Exhibition will be free, 
and visitors will be asked to complete 
registration cards which will be available 
from the Association with copies of the 
Official Guide in advance. Copies of the 
Oflcial Guide will be charged at f 1.50 
each, and both registration cards and 
copies of the Official Guide will also be 
available at the entrance to the Exhibition. 

The Annual Exhibition 

The OCCA Exhibition is recognised as the 
world's most important international 

': . . the accomplishments of the first day 
alone were enough to justify our 
participation in the Exhibit, and I should 
also point out that the subsequent days 
were even better. . ." 

"Anyone visiting this exhibition 
(OCCA-31) could not have failed to be 
impressed by the spacious and comfort- 
able layout and the ease with which one 
could identify individual stands. For 
those whose range of interests includes all 
of the varied displays, to be able to see at 
a glance individual stands and the person- 
nel available for discussion and yet at the 
same time, while promenading, enjoy the 
many re-unions is recognised as another 
of the unique characteristics of this 
annual event. The atmosphere in this 
exhibition has never been bettered . . .the 
deserved claim to be the international 
forum for the surface coatings 
industries." 

"The exhibition was well attended and 
seemed to need all of the vast space in the 
crowded middle periods when so many 
overseas visitors dominated." 

The British Ink Maker, May 1979 

Invitations to Exhibit 

Invitations to Exhibit, giving details of the 
various types of exhibition facilities avail- 
able at OCCA-32 have been despatched, 
together with application forms, to those 
companies who have exhibited at previous 
OCCA Exhibitions, or have requested 
information for the first time for OCCA- 
32. Any organisation which has not yet 
received a copy of the Invitation to Exhibit 
and wishes to do so, should write to the 
Director & Secretary at the address on the 
Contents page. 

Completed application forms should be 
returned to the Director & Secretary of the 
Association by 30 November 1979, as the 
initial allocation of space in the New 
Exhibition Hall and Queen Mary Suite will 
then take place. As mentioned earlier, all 
the rooms on the Mezzanine floor have 
already been allocated, and those remain- 
ing on the third floor will be allocated on a 
first come, first served basis. Early 
application is advised. 

Official Guide 

It is intended, as in previous years, to 
publish the Official Guide to the Exhibi- 
tion several weeks in advance so that it 
may be sent to visitors to enable them to 
plan the itinerary for their visits. The 
Official Guide will contain descriptions of 
all the exhibits together with much other 
useful information for visitors, such as 
maps of the exhibition areas, details of 
facilities, travel information and an 
analysis of the exhibits. 

Many thousand copies of the Official 
Guide will be printed and distributed on a 
world-wide basis. Advertising space will 
be available in this publication, and details 
of availability, rates, special positions etc., 
may be obtained from the Assistant Editor 
at the address on the Contents page. 

QUEEN MARY SUITE 
STANDARD SHELL SCHEME SHOWING SINGLE UNIT ONLY 

exhibition for the surface coatings and Fill COYLPL(I i l l C l l  

related industries, and annually provides W\I" PN,  TilMI 

companies with the opportunity to display 
their products and services and discuss 
them with visitors from many parts of the 
world. 

". . . Ha obtained c~ountless inquiries from ,,,,, ,,, ,,,,,H,o 
representatives from near!,, 30 diferent ;y;;;;;;;;;y- 
countries" 

P(1115WIO PINE t Y G l  T A W  
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In recent years, the Exhibition has 
regularly attracted visitors from over 50 
countries, with a remarkably high propor-  SO METAL F ~ S C ~ ~ S U F . ~ . T S  

tion of top personnel from both the UK 
and overseas attending. The value of 
exhibiting need hardly be stressed when it 
is considered that it is possible, at this one 
annual event, to contact and maintain con- 
tacts with companies involved in the 
surface coatings industries from all over A diagram showing the simplified shell scheme which will be used in the Queen Mary 
the world. suite 
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Commendation Award. Mrs Harper's players. Despite an early morning down- Bristol Section pleasure in presenting the award was pour, members and visitors were able to 
warmly echoed by Mr Brooke's many enjoy a warm and sunny day which 
friends present. undoubtedly lent itself to the spirit of the 

Ladies' Night The friendly atmosphere of the gather- 
ing was reflected in the entertaining 

On Friday 23 March, the Mayfair Suite of response on behalf of the guests by the 
the new Bristol Centre opened its doors to president. 
a record attendance of over 220 for the 
~ n n u i  Ladies' Night of the Bristol Thanks to the organisational efforts of Section. The Section was honoured to Mr A. Lageu, Social Secretary, and the 

~ ~ ~ ~ $ t ~ p " ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I  excellent fare and facilities of the Mayfair, 

ingham Paint Varnish and Lacquer Club, 
:his was a most enjoyable and happy even- 
,"" 

M; D. Heath and Mrs Heath, the Pre- "'- 

sident of the Paintmakers Association. Mr 
A. Hughes and Mrs Hughes, the chair- 
man of the Newcastle Section, Mr F. 
Hellens and Mrs Hellens. the Chairman of 
the London Section, MC D. Bayliss and 
Mrs Bayliss, and the Director & 
Secretarv. Mr R. H. Hamblin. Scottish 

In her speech of welcome, the Chair- Sect ion 
man, Mrs E. Harper, paid tribute to the 
companies which-by their support had 
helped to make the highlight of the season 
so successful once again. Annual golf outing 

occasion. 

The winners on this occasion were W. 
Donaldson with a gross score of 86 (nett 
62), who won the Whittaker Trophy and 
F. T. McIntosh with a gross 79 (nett 62) 
who won the Newton Cup Visitor's 
Trophy. 

Perhaps as an indication of the standard 
of the golf played on this occasion it was 
suggested that a special trophy should be 
awarded for the most improved OCCA 
member over the next twelve month 
period. Needless to say the winner of such 
a trophy may have to spend a considerable 
time on the golf course between now and 
then. 

W.L.M. 

News of Members 

Mr M. F. Worsdall, a Registered Student 
attached to the London Siction, has been 

After 25 years of continuous service to The Scottish Section held their annual golf awarded a degree in biology with second 
OCCA and to the Section, including two outing at Aberdour Golf Club on Friday class honours at Q~~~~ M~~~ college, 
terms of office as Chairman, the Associa- 11 May, 1979. Of those attending there University of London. 
tion had honoured Mr L. Brooke with a were 10 members, 10 visitors and 4 non- 

Report of Council Meeting 
A meeting of the Council of the Associa- 
tion was held on 11 July 1979 at the Great 
Northern Hotel, King's Cross, London 
N.l at 2 p.m. with the President, Dr F. M. 
Smith, in the Chair. There were 27 
members present. 

The President extended a welcome to all 
members serving on Council for the first 
time, both at home and abroad, and to 
those returning to Council after an 
absence. 

It was noted that Mr J. Rackham would 
be presenting a paper on behalf of the 
Association, written jointly by himself and 
Mr T. Entwistle, a member of Council, 
entitled "Dispersion of TiO, in water-borne 
industrial finishes" at the Convention of 
the Federation of Societies for Coatings 
Technology at St. Louis, USA on 3-5 
October 1979. 

Mr J. McAllister was appointed as the 
Association's representative on the British 
Standards Institution's Committee 
PVC/I/I2 - Organic Pigments. 

The dates of the Council Meetings for 
the forthcoming session were agreed. 

Consideration was given to the appoint- 
ment of Committees of Council and 
representation of the Association on other 
organisations and these were agreed. 

The arrangements for the Reunion 
Dinner for present and past members of 

Council to take place at the Great 
Northern Hotel, King's Cross, London 
N.l on 24 October were noted. A report 
was given on the Stratford Conference 
which had attracted an attendance of 212, 
drawn from the United Kingdom and 
fifteen overseas countries. It was agreed 
that the Conference had been extremely 
successful; all the technical sessions were 
well supported as was the social 
programme arranged for delegates' ladies. 

Discussion took place on the format 
and venue for the 1981 Conference. 

It was agreed to hold the Association's 
Biennial Dinner Dance at the Savoy Hotel, 
London WC.2 on Friday, l l April 1980. 

A report on the 1979 Exhibition was 
received, it being recorded that the event 
attracted visitors from more than 40 
overseas countries. Members of Council 
were given copies of the Invitation to 
Exhibit for OCCA-32 (13-15 May 1980 
at the Cunard International Hotel, Ham- 
mersmith, London W.6) which were being 
despatched to potential exhibitors at home 
and overseas and it was noted that, in 
response to requests received from many 
companies, a wide choice of methods of 
exhibiting had been arranged, including 
opportunity for hospitality suites. All 
Members of Council and Section Com- 
mittees were urged to make the informa- 
tion known as widely as possible and to 
encourage companies to participate. 

A report was received on the number of 
members whose 1979 subscriptions had 
not yet been received and despite the 
special difficulty encountered by the 
prolonged postal strike in Ireland, the total 
compared favourably with those at the 
same time in 1978 and 1977. 

The Director & Secretary reported that 
he had had the pleasure of meeting Mr D. 
Pienaar (a former Vice President from 
South Africa) and Mr T. W. Slinn (a 
former Vice president from New zealand) 
and discussed Association matters in 
those countries. Mr D. J. Morris (Hon. 
Secretary) had recently paid a visit to 
South Africa and had also held discus- 
sions with Association members. 

The Hon. Editor (Mr S. R. Finn) 
reported on the position of papers for the 
Journal and explained the reason why 
there had been very considerable difficulty 
in printing the Journalduring thelast three 
months. In April, the company which had 
printed the Journal since 1950 went into 
liquidation and it was necessary to find 
another printer at short notice to take over 
and complete both the May issue and the 
Conference preprints. This printer, 
although willing to help through long 
association on other printing work, was 
unable to undertake the printing of the 
Journal on a regular basis and a third 
printer had to be found for the June and 
subsequent issues. This necessitated a 
change from letterpress to sheet-fed offset 
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litho which it was hoped would prove more 
economical in due course. At the same 
time, the despatchers for the Journal had 
been unable to continue so that another 
firm had to be engaged. Naturally, these 
problems, together with the postal delays 
of recent months, had led to late despatch 
of the Journal, but it was envisaged that 
the August and subsequent issues would 
be appearing during the early part of the 
relevant months. 

The Hon. Research & Development 
Officer (Mr C. N. Finlay) reported on the 
technical sessions at the Stratford Con- 
ference and asked Council for suggestions 
for topics and lectures for the 1981 Con- 

Register 

ference. A call for papers would be 
published in the January 1980 issue of the 
Journal. 

The Director & Secretary reported that, 
at a meeting of the Professional Grade 
Committee held earlier in the day, three 
Fellows and two Associates had been 
admitted, and one Associate transferred to 
the Fellowship grade. 

A report on the Association's Liaison 
Committee held at the Stratford Con- 
ference, to which the Presidents of 
FATIPEC and S L F  and the 
representatives of FSCT and OCCAA 
had been invited, was given and the Pre- 

sident reported on the meeting which he 
had attended on 23 June in Paris todiscuss - 

a proposal for an International Co- 
ordinating Committee. 

The Sections reported on their activities 
and various points of interest to Council 
were raised in respect of symposias and 
discourses being organised, the content of 
the Journal, educational courses being 
held overseas and arrangements for 
Section programmes. 

There being no other business, the Pre- 
sident thanked Members for their 
attendance and declared the meeting 
closed at 4 p.m. 

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

Ordinary Members SCHUTTE, MEINOLF, PO Box 2953, Cape Town 8000, South 
Africa. (cape) 

ASHMORE, TERENCE WILLIAM, Advanced Coatings Pty. Ltd, 
PO Box 1305, Vereeniging 1930, South Africa (Transvaal) SULLIVAN, CHRISTOPHER JOHN, PO Box 2091, Wellington, New 

Zealand. (Wellington) 
BUNDY, COLINTHOMAS, BSc, BOX 3645, Salisbury, Rhodesia. 

(Transvaal) TAYLOR, DAVID EDWARD, 27 Winchester Avenue, Walderslade, 
Chatham, Kent. (London) 

CASAL, OTlLlO MANUEL DE ARAUJO, 2 Greentrees Southey 
Road, Hillside, Salisbury, Rhodesia. (Transvaal) 

DUGGAN, TIMOTHY ART, 4 Laurel Close, Elland, West York- 
shire HXS OQD. (WestRiding) Associate Members 

HOLLAND, NEVILLE HARRY, 24 St. Ledger Road, Claremont CALASSE, JOSEPH CLAUD, PO Box ST 92, Southerton, Salisbury, 
7700, South Africa. (cape) Rhodesia. (Transvaal) 

MCKEOWN, JOHN FRANCIS, 45 Ullswater Road, Congleton, JONES, PHILIP HOWARD, 8 Whinmoor Crescent, Leeds LS14 
Cheshire,CW12 4JE. (Manchester) IAG. (West Riding) 

RYAN, LESLIE OWEN, Valmore Paints, IS Douglas Road, Work- LOWRIE, PETER CHRISTOPHER, PO Box 344, Salisbury, 
ington, Salisbury, Rhodesia. (Transvaal) Rhodesia. (Transvaal) 

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

September 

Tuesday 4 September 

West Riding Section: "Extender 
slurries for emulsion paints" by D. J. 
Huxtable and Mr McGuffog of EEC 
International, at the Mansion Hotel, 
Roundhay Park, Leeds 8, commencing 
at 7.30 p.m. 

Wednesday I2 September 

Manchester Section: Golf Tournament, 
to be held at Stockport Golf Club. 

Thursday I3  September 

Manchester Section: Technical 
Discourse, "The whys and wherefores 
of corrosion", to be held a t  UMIST, 
University of Manchester. 

Friday I4 September 

Irish Section: "Fire prevention in the 
factory" by G. Bell of Dublin Fire 
Department, at the Clarence Hotel, 
Dublin, commencing at 8.00 p.m. 

Thursday 27 September 

London Section: Chairman's Evening, 

"Painting ships" by T. A. Banfield, at 
the Princess Alice, Romford Road, 
Forest Gate, E7, commencing at 6.15 
p.m. To be followed by a buffet supper. 

Midlands Section and Trent Valley 
Branch: Joint meeting, 
"OCCA -Where do we go from here?" 
by R. H. Hamblin, Director & 
Secretary, at the Calthorpe Suite, 
County Cricket Ground, Edgbaston, 
Birmingham, commencing at 6.30 p.m. 

Friday 28 September 

Bristol Section: "Latest developments 
in driers" by J. H. W. Turner of 
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Manchem Ltd, at the Royal Hotel, 
Bristol, commencing a t  7.15 p.m. 

Petroleum, at 6 1 New Cavendish Street, 
London W 1, commencing at 6.00 p.m. 

Tuesday 6 November 

Scottish Section: "The effect of instru- 
mentation on managementn by J. M. 
Scadlock of J & P Coats UK Ltd. Joint 
meeting with the Society of Dyers & 
Colourists, at the North British Hotel, 
Glasgow, commencing at 7.30 p.m. 

Midlands Section: Ladies' Night, 
Dinner Dance at the Botanical 
Gardens, Edgbaston. Details to be 
announced. 

Thursday 18 October 

Midlands Section: "In-line coat- 
ings - Another approach to accelerated 
drying in print" by G. Gooding of 
Mander Kidd Ltd, at the Calthorpe 
Suite, County Cricket Ground, 
Edgbaston, Birmingham, commencing 
at 6.30 p.m. 

West Riding Section: "The biology of 
paint and paint films" by E. Allsop of 
the University of Aston, a t  the Mansion 
Hotel, Roundhay Park, Leeds 8, com- 
mencing at 7.30 p.m. 

October 

Monday 1 October 

Friday 19 October Hull Section: "Plant and machinery for 
the processing of oil seed and vegetable 
oils" by N. Lithgoe of John L. Seaton & 
Co., at the Humber Bridge Hotel, 
Barton, South Humberside, commenc- 
ing at 6.45 p.m. 

Thursday 8 November Irish Section: "Printing ink lecture" at 
the Clarence Hotel, Dublin, commenc- 
ing a t  8.00 p.m. Details to be 
announced. 

Thames Valley Section: "The pig- 
mentation of non-polluting coatings" by 
T. Entwistle of British Titan Products 
Ltd, at the Beaconsfield Crest Motel 
(White Hart),  Aylesbury End, 
Beaconsfield, Bucks, commencing at 
6.30 p.m. 

London Section: Ladies' Night, to be 
held at the Selsdon Park Hotel, 
Sanderstead, Surrey, commencing at 
7.00 for 7.30 p.m. 

Tuesday 2 October 

West Riding Section: "The use of 
titanium dioxide in air drying paints" by 
J. Clark of BTP Tioxide Ltd, at the 
Mansion Hotel, Roundhay Park, Leeds 
8, commencing at 7.30 p.m. 

Friday 9 November Manchester Section: Annual Dinner 
Dance, a t  the Piccadilly Hotel, 
Manchester. Details to be announced. Irish Section: Annual Dinner Dance, at 

the Clarence Hotel, Dublin, commenc- 
ing at 8.30 p.m. Friday 5 October Scottish Section -Eastern Branch: 

Annual Skittles Match for the Newton 
Cup, in the Telecom Club, Chesser 
Avenue, Georgie Road, Edinburgh, 
commencing at 7.30 p.m. 

Hull Section: Annual Dinner Dance, at 
the Willerby Manor Hotel, Willerby, 
near Hull. Details to be announced. 

Monday 12 November 

Manchester Section: "Photogra- 
phy -Do  you need help?" by N. 
Webster of Nicholas Webster 
Photography Ltd, at the Woodcourt 
Hotel, Sale, commencing at 6.30 p.m. 

Thursday 11 October 
Thursday 25 October 

Midlands Section -Trent Valley 
Branch: "Pigment dispersions for 
solvent based decorative paints" by H. 
H. Bower and A. Kelly of Ciba-Geigy 
L td  at the Derby Crest Motel, Pastures 
Hill, Littleover, Derby, commencing at 
7.15 p.m. 

London Section: "Preservation, 
priming, putty and paint" by J .  J. 
Froggatt, at the Rubens Hotel, Buck- 
ingham Palace Road, SW 1, commenc- 
ing at 7.00 p.m. 

Wednesday 14 November 

Scottish Section -Eastern Branch: 
"The language of colour" by J. Hunter 
of the Design Department, Scottish 
College of Textiles, at the Maybury 
Road House, Maybury Road, Edin- 
burgh, commencing at 7.30 p.m. 

Friday 26 October 
Newcastle Section: "Leather finishing" 
by G. J. Ward of Rohm & Haas Ltd, in 
the Students Common Room, St. 
Mary's College, Elvet Hill Road, 
Durham, commencing at 6.30 p.m. 

Bristol Section: "Problems of painting 
at tropical and sub-zero temperatures" 
by J. R. Taylor, at the Royal Hotel, 
Bristol, commencing at 7.15 p.m. 

Thursday 15 November 

Midlands Section: "Solvent system 
design" by R. L. Mawer of Shell 
Chemicals Ltd, at the Calthorpe Suite, 
County Cricket Ground, Edgbaston, 
Birmingham, commencing at 6.30 p.m. 

Scottish Section: "Corrosion" by C. U. 
Chisholm of Paisley College of 
Technology, at the Albany Hotel, 
Glasgow, commencing at 6.15 p.m. 

Midlands Section - Trent Valley 
Branch: Halloween Buffet & Dance, at 
the Cross Keys Inn, Turnditch. Details 
to be announced. 

Thames Valley Section: Works visit, to 
Pyrene Chemical Services Ltd, Iver, 
Bucks, commencing at 6.30 p.m. 

Novembar Wednesday 21 November 

Thursday 1 November London Section: "Pigments". Day 
meeting at the Thames Polytechmc, 
Woolwich, SE18, commencing at 10.00 
a.m. Details to be announced. 

Fliday 12 October Newcastle Section:"Antifoulings" by J. 
D. Symonds of International Marine 
Coatings, in the Students Common 
Room, St. Mary's College, Elvet Hill 
Road, Durham, commencing at 6.30 
p.m. 

Manchester Section: "European versus 
UK test methods for emulsion paints" 
by J. Legg of Vinyl Products Ltd, at the 
Manchester Polytechnic, New 
Administration Building, All Saints, 
commencing at 6.30 p.m. 

Manchester Section: Students'Lecture, 
"Weatherability of surface coatings" by 
E. Oakley of BTP Ltd, a t  the 
Manchester  Polytechnic, New 
Administration Building, All Saints, 
commencing at 4.30 p.m. 

Monday 5 November 

Wednesday 17 October Hull Section: "Instrumental colour 
control in the paint industry" by Miss S. 
Williams, Director (Applications 
Department), Instrumental Colour 
Systems, at the George Hotel, Land of 
Green Ginger, Hull, commencing at 
6.30 p.m. 

Friday 30 November 
London Section: "The maintenance 
and protection against corrosion of 
North Sea structures" by M. Small of 
Berger (UK) Ltd. Joint meeting with the 
London Branch of the Institute of 

Bristol Section: Ladies' Evening. 
"Furs" by D. Bauers of F. K. Bauers of 
Bristol, at the Royal Hotel, Bristol, 
commencing at 7.15 p.m. 



~ o m b i t a t l ~  Titanium Dioxide, a work of ar t  and science. 
Our painting in white. 
Consistently white pigments have been our claim to fame 
for a century. 
Our paint pigments are produced in a number of grades 
for specific tasks: 
Hombitan R 511 is a universal pigment with extremely 
good optical efficiency and improved dispersibility for all 
types of paints. 
Hombitan R 506 is a special pigment for high loaded 
indoor paints. I t  has very high tint reduction, scattering 
power and good weather resistance. 
Hombitan R 210 is a pigment with very high scattering 
power for pure white industrial finishes and indoor uses, 
giving high gloss without hazing. 
Hombitan R 611 is universally applicable, easily 
dispersed and gives outstanding weather resistance to 
exterior finishes. 

All Hombitan paint pigments are made in our own plant 
to strictly controlled standards and have a world-wide 
technical backing. 
If you'd like to  know more about our competitively 
priced, readily available Hombitan masterpieces, get in 
touch with our UK sales office by telephone, telex or 
letter. 
They will be pleased to put you in  the picture. 

IZZl ..SACHTLEBENgc 
Chemie GmbH D4100 Duisburg 17 

UK Sales Office, 56 High Street, 
Edenbridge, KentTN8 5AJ 
Telephone (0732) 863694 Telex: 95297 

M a n u f a c t u r e r s  of  omb bit an@' R 511,  omb bit an^ R 506, H o m b i t a n 8  R 210,  omb bit an^ R 611. 
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The Introduction to Paint Technology, of 
which 20,000 copies have already been 
sold, forms an excellent introduction to the 
whole field of surface coatings and related 
technologies. The fourth edition contains 
the important addition of a glossary of the 
terms used in the book together with 
explar~ations of their derivations. The text 
has been thoroughly revised and updated 
to incorporate recent advances in 
technology of the surface coatings 
industries. 
Price: £5.00 (US $12.001 
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1 

ORDER FORM 

Paint Technology Manuals 

Worlts Practice 
This publication, which is of great use both to the 
practical man within the industry and the student 
entering the industry, is concerned with the 
practical aspects of making paints. As very little has 
been published on this subject, a fairly broad 
coverage is attempted including factory layout and 
organisation, paint and media manufacturing 
processes, legal aspects and safety precautions. 
Price: f 3.00 (US $7.00) 

Biennial Conference 
PREPRINTS 
The Association organises an international Con- 
ference every two years and preprints of the papers 
are prepared for delegates. A strictly limited 
number of the following are available to those who 
wish to have the complete bound sets of papers. 

1977 Eastbourne The conservation of  energy, 
materials and other resources in the surface coat- 
ings industries. 
Fourteen papers presented. Price f 5.00 (US 
$12.00) 

1975 Scarborough Performance of  surface coat- 
ings-does reality match theory? Seventeen papers 
presented. Price: f 5.00 (US $12.00) 

1973 Eastbourne Towards 2000. Sixteen papers 
presented. Price: f 5.00 (US $12.00) 

r 

To: Oil 81 Colour Chemists' Association, I enclose remittance of f (US $)......to cover the cost. 
Priory House, 967 Harrow Road, 
Wembley, Middlesex HA0 2SF, England. 

Ultraviolet polymerisation and the surface 

UV 
coatings industries 

The Association has published two volumes on this 
subject comprising 23 papers presented at 
Symposia, forming an authoritative work of 
reference for this rapidly developing technology. 
Special offer: f 10.00 (US $24.00) for both 
volumes purchased together. uv2 

Name: 
Please send me copies of the books as listed below: Address to which books should be sent: 

Prices include postage and packing (surface mail). 
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We carry large stocks of grlnd~ng beads made of specially formulated 
wearresistant lead-free glass.The beads are carefully selected for 
surface perfection, beinq as near as poss~ble to spher~cal shape to 
nl8llxlsr tr,~'t.~r,. ExJa I /  .rrlporranl they arc mellrL 0 ~ s . y  u0l.b e slfted 
to elzch of c.ose role1ar1:t.s T r c  rnltrc, rnnqe exlcrllls !tom 0 I mm to 30 rnm o 

And now. we also stock beads olZIRCONIUM OXIDE lo glvc yo.. a 
rea1.y startling irriprovemcnl in the qual~ty of inks and palnts The h ~ g l l  
density of these beads shortens millinq times and they last up to etqht tiines 
longer than lnose maJr of best qut~l~ ly$lass Ava~lable at present In SIZES 

0 5 to 0 8  0 8  to 10 and 1 Oto 125 mm o Largcr si7rs w ~ l l  b r  produced la'er 

SYNTHETIC ESTERS 

TECHNICAL FATTY OlLS 
SPERM, FISH, NEATSFOOT AND LARD OlLS 

HIGHGATE AND JOB LIMITED 
35 REGENT ROAD, LIVERPOOL L5 9TB 

Phone: 051-207 0447 
MURRAY STREET, PAISLEY Phone: 041-889 3207 
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CLASSIFIED ADVERTISEMENTS 

Classified Advertisements are charged at the rate of f4.00 per cm. Advertisements for Situations Wanted are charged at E1.OO per line. A box 
number is charged at Sop. They should be sent to D. M. Sanders, Assistant Editor, Oil & Colour Chemists' Association, Priory House, 
967 Harrow Road, Wembley, Middlesex HA0 2SF. JOCCA i s  published EVERY month and Classified Advertisements can be accepted up to 
at least the 12th. and in exceptional circumstances the 20th of the month preceding publication. Advertisers who wish to arrange for an 
extension of the copy deadline should contact the Assistant Editor, D. M. Sanders, at the address given above (telephone 01-908 1086, 

telex 922670 OCCA G). 

SITUATIONS VACANT 

Berger, a manufacturer of palnts reslns and chem~cals IS 

seeklng a S h ~ f t  Manager for ~ t s  synthet~c reslns productlon 
u n ~ t  w h ~ c h  IS a major suppl~er to the palnts and surface 
coatlngs ~ndus t r~es  

Based at Dunston, near Newcastle upon Tyne, the 
successful applicant wi l l  report to the Plant Manager and 
be responsible for al l aspects of running a product~on shift 
including safety, training and the quality and quantity of 
production. There wi l l  be a total site responsibility out of 
office hours as a three shift system operates. 

I 
Ideally candidates w i l l  have had five years industrial 
experience and some knowledge of resin manufacturing, or 

-of a chemlcal environment involving batch processes. 
Preference will be given to those wl th  supervision 
experience but consideration w i l l  also be given to  those 
who can demonstrate that they have worked successfully 
in  a production team and have the ability to integrate into a 
young and successful management team. 

I Salary wi l l  be up to £6.000 according to experience wi th  
shift allowance and bonus in  addition. Other terms and 
conditions usual to a company which is part of a large 
forward looking group wi l l  apply. I 

Please contact:- 

%? Dave Morris on Newcastle (0632) 28543, 
PER, 7-21 Nelson Street, 
NEWCASTLE UPON TYNE. I 

MISCELLANEOUS - 
BIENNIAL CONFERENCE PREPRINTS 

The challenge to coatings in a changing world 

A limited number of preprints of the papers being presented at the 
Association's Conference, 20-23 June at Stratford, are now available 
at f 10.00 each. 

Orders, together with the remittance, should be sent to: 
OCCA, Priory House, 967 Harrow Road, 

Wembley, Middlesex HA0 2SF 
- 

West  Riding Section 

Chairman's G d f  Competition 
The Chairman's Golf Competition of 
the West Riding Section will be held 
at the Knaresborough Golf Course on 
4 October. Any member of the 
Association wishing to participate 
should contact the Hon. Social Sec- 
retary, Mr N. Cochrane, The Coach 
House, Red Holt, Hainsworth Wood 
Road. Ingrow, Keighley, West Yorks 
BD21 5BJ. 

Hull Section 

Annual Dinner Dance 
The Annual Dinner Dance of the Hull 
Section will be held at the Willerby 
Manor Hotel, Willerby, near Hull on 
Friday 5 October at 7.15 p.m. for 
Dinner at 8.00 p.m. 

Tickets are priced at f 10.50 (inc. Vat) 
each, and some overnight accom- 
modation will be available at the Hotel 
(Tel: Hull 652616). Other nearby 
hotels which may be used foraccom- 
modation are the Crest Motel (Tel: 
Hull 645212) and the Grange Park 
Motel 1Tel: Hull 653382). 

Further information and tickets are 
available from the Hon. Social Sec- 
retary, Mr A. R. Van Spall, "Jusrite", 
5 Middle Garth Drive, South Cave, 
North Humberside (Tel: 04302 2410). 

JOCCA 
Change of 

production method 

From the June 1979 issue of 
JOCCA, the production method 
has been changed f rom 
letterpress to  sheet fed offset 
litho. 

Full details may be obtained from 
the Assistant Editor, Mr D. M. 
Sanders, at the address on the 
Contents page. 
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Joseph Crosfield & Sons Limited, a member 
of the Unilever group and a leading 
manufacturer of industrial chemicals has an 
opportunity for a technologist in its Applied 
Silicas Division. 

Our specialised silicas are widely used as 
matting agents in surface coating lacquers, 
anti-blocking agents in plastic films, rubber I I 

CLASSIFIED ADVERTISEMENTS 

THE OIL 
& COLOUR 
CHEMISTS' 

ASSOCIATION 
& BUPA 

Together we're 
bringing independent 

health care within 
your reach 

fillers, pape; ciating additives and catalysts. 
The successful candidate will be responsible 
for product development and technical 
service work associated with these areas. 
Helshe will frequently follow up work with 
customer visits initially in the U.K. and 
eventually within Western Europe. 

Candidates, male or female, should be 
qualified to  at least H.N.C. or equivalent 
level in Chemistry and should possess 
relevant experience either working in a 
technical capacity in one of the above areas, 
or undertaking product development1 
technical service work for an industrial 
chemical manufacturer. They must also 
demonstrate an approach which will help 
maintain and develop effective customer 
relationships. 

I n  addition to the above remuneration which 
includes a variable productivity bonus. this 
position carries a range of Unilever benefits 
including superannuation, sickness benefit 
scheme and some assistance with relocation 
expenses where appropriate. 

Please write giving details of qualifications, 
work experience, age and current salary to: 

Mrs S. Brown, Recruitment Officer, 
Joseph Crosfield & Sons Limited, 

P.O.Box 26, Bank Quay, 
Warrington W5 1AB. 

BUPACARE is a brand new heillth insurance scheme 
from BUPA. Britain's largest non profit provident 
association. It has been specially designed to provide you 
with simple, yet compreliensivc protection at ;I reillistic 
cost. 

BUPACARE offers you the advanti~gcs of 
independent medicine: treillmentatn time to suit you; a 
choice of hospital and  specialist; and ;I private room with 
telephone. And because you're i~ member ol'lhe above 
organisation you can join with a reduction in the basic 
subscription rate. 

The  sclicmc is inllation-protected, s o  if hospital 
:~ccomrnodation charges should rise during your 
registration year. your subscription won't. 

Othcr bcncfits of UUPACAKE include immcdiatc 
covcr o n  joiningnnd up tof20,OOO covcr per ; ; 
person, per year. 

T h e  filcts and figurcs arc all 
in our  frce brochure. Fill in and 
post thc coupon today -and judge 
UUPACARE's v;lluc Sor yoi~rscll', 

10% DISCOUNT -------- 

I Tel: Exetcr 77234 (STD 0392) 

I am undcr 65i1nd ;I rncmbcrofOCCA. Pli.;~\c \end mc dcti111s I . . . .  
o l j o ~ n ~ n g  o u r  BUPA Group. (IILOCK C.AI'IT.\LS I'LI:.\SII). I 

I Postcodc Tcl: I 

I I BUPACARE I 
I an important new health insurance scheme I 
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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  

SITUATIONS VACANT 

Research & Development Manager )) 
Surface Coatings and Printing Inks 

London Area, c. f 7,000 + car 
This is a senior appointment with a well-established final product and its usage. I n  this capacity you wil l  

company specialising in  the provision o f  surface exercise both management and technical 
coatings to the printing industry. The company is organisational skills and liaise closely with sales and 

committed to the expansion o f  its product range and marketing. You should be aged 25-37 with a degree 
the penetration o f  new markets, evidence o f  which is or equivalent (preferably in Chemistry) and have 

the provision o f  new research and development experience in  the surface coatings industry. 
laboratories in the recently completed modernisation Knowledge o f  printing ink technology would be an 

programme. Leading a dedicated team you will be advantage. The company offers excellent career 
totally involved in all aspects o f  new product prospects and the attractive range o f  fringe benefits 

development - from initial concept through to the includes generous relocation assistance. 

E. Sutton, Ref: 17087/JOCCA. 
Male or female candidates should telephone in confidence for a Personal History Form to: 

LONDON: 01-734 6852, Sutherland House, 516 ArgyN Street, W 7 E 6EZ. 

Iioggett Executive Selection ~owers Consultants 

BIRMINGHAM. CARDIFF. GLASGOW. LEEDS. LONDON. MANCHESTER. NEWCASTLE and SHEFFIELD 

Wanted  by foreign company, a 
technician to advise on the 
manufacture of phthalocyanine pig- 
ments. Please write in confidence to 
Box 477. 

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

A foreign company wants a technician 
to advise on the manufacture of Prussian 
Blue and Chrome Yellow pigments. 
Please reply in confidence. Box 479. I 
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long 
of the 

distance runner 

The ~yno-ü ill from Glen Creston 
With quiet dependability the Dyno-Mill from 

Glen Creston keeps on working - da): night, 
week in, week out, with your help or without. 

Simplicity of design, backed by superb 
Swissengineering ensures the Dyno-Mill's 
performance and reliability With hundreds 
of the same machines in constant use around 
the world this Dyno-Mill from Glen Creston 
just cannot be ignored. 

For full details on our long distance runnel; 
please contact us. We'll be happy to give 
you a demonstration in our applications 
laboratory or or! your own premises. 

For full ~nforrnatlon on theDyno-MIII, a dernonstrallon 
or a d v ~ c e  olease contact - 

Glen Creston 
Machinery Limited I' 

16 Carlcsle Road. London NW90HL England 
Telephone 01-200 1666 Telex 925791 
Telegrams Glencrest London NW9. 

E n q u ~ r ~ e s o u t s ~ d e  the U K  and Elre please address 
direct to the Manufacturers. 

~ 1 1 1 ~  A. BACHOFEN A6 
Mfg Engineers, Dept of Application Technology. CH 4000 
B a s e  5 Sw~tzerland. Telephone 061-33 5555 Telex 62564 



OIL 

.he motif, designed by Robert Hamblin, uses the compass to symbolize the unique international attraction of the 

OCCA Exhibitions which annually draw exhibitors and visitors from numerous countries. 

COMPLETE AND RETURN THIS COUPON FOR A COPY OF THE INVITATION TO EXHIBIT 
To: Director & Secretary, Oil & Colour Chemists' Association. Priory House. 967  Harrow Road. Wembley. Middlesex HA0 2SF ENGLAND 
Telephone 01-908 1086 Telex 922670  (OCCA G) 
We are intermstad in exhibiting at OCCA-32 (1316 May 1980, Cumrd Int.rnmtioml Hotel, Ion). PIeau n n d  us a copy of the 
Imitation to Exhibit. 

1 
BLOCK LETTERS P-SE 
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