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for base protection 
MODERN technological achievenientssubject 
constructional metals to ever increasing corrosive stresses. 
MODERN technological achievementsdemand the highest 
standards of steel protection. 
MODERN protective coatings based on alkali silicates 
and pigmented with 
ZINCOLI ZINC DUSTS are meeting and beating this 
modern demand. 
For zinc rich paints of all kinds use Zincoli Zinc D~ls ts  
and for information on their formulatior. en J a~p l i i a t ; c ;~ i  
apply to the Chief Chemist: 
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GOLDEN VALLEY 
MICRONSPUN 
PIGMENTS 

It make better paint . 
cheaper.. .faster. 

Send for technical information 
sheets from sole manufacturers 

of Micronspun pigments. 

LDEN VALLEY 
COLOURS LIMITED 

Wick. Bristol BS15 5RF. 
England. Tel: Abson 481 

elex: Micronspun44301 
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precise colour formulations by 
~,m*t8r analysis. 
65" " W i s  mpkes colour matching fast and 
,:#mpb, And saves you money as well as time. 
"$WlColour Comp~ter quickly brings cost 
si@&pnd better plant utilisation notonly in 
+hW business, but in most processes 

~ ~ ~ l a . k & v h ~ ~ ~ ~ m e n t e d  ,,h * or dyed reflecting 
e ~$&es-puper, plastics, pottery, printing and 
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Black ilmenite rock - the raw material tor white titanium dioxide ., 
- 
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1 
Our ore mine has a lot to do 

with the growing demand for 
titanium dioxide. 

Why do paints give better coverage today, have more 
brilliant colours and better weathering resistance? How KRONOS TITANIUM 

0 PIGMENTS LTD. York House, is it that plastics and man-made fibres can be produced 
199 Bridge Road 

~ p a q ~ - ,  or in white or bright colours? How can extra thin paper London, S.E. 1 
be given a white and opaque finish? The answer to this and many 
other questions lies in KRONOS titanium dioxide. We owe our Please fomard to me 
success in  large measure to our ore mine. 50 years ago this mine under reference No T 6866 
gave the initial impetus for systematic scientific research. It led 8 descriptive Iiterature On: 

to the discovery of KRONOS titanium dioxide pigments. Today we 
have the backing of long years of experience and ultra modern 
technology. We supply pigments based on the sulphate or 
chloride processes. Whenever you are thinking about improve- OCatalogue of KRONOS 
ments to your product or more rational methods of production, titanium dioxide grades 

DERIVES DU TITANE S.A. . Langerbrugge, Belgium 
TITAN CO A.S. Fredrikstad, Norway 

TITANGESELLSCHAFT MBH Leverkusen, West Germany KRONOS 
TITANIUM DIOXIDE 



A few 
more Ioam 

truths 
about effective, efficient 
Nopco paint defoamers 

We've already reminded you of the problems of 
foam during high speed mixing. The wastage it 
causes. The adverse effects it has on the quality 
of the final product. 

And we've told you about three of Nopco's top 
foam killers: 

Nopco* NDW, probably the best all round 
defoamer in the world today. 

Nopco* NXZ, specially for synthetic latex 
emulsions and cleared by the FDA for adhesives 
used in food packaging; and Nopco* PD-I. the 
powder defoamer that blends easily with all dry 
mix formulation compounds. 

Now here are some more big guns in the 
Nopco anti-foam arsenal: 

Nopco* 1407 -an efficient. low cost paste 
anti-foam, compatible with most latex systems. 
Two t o  five pounds per 100 gallons of paint does 
the job. And it's FDA approved. 

Nopco* DD-72 - A 99% active liquid defoamer 

requiring low levels of addition for optimum 
effectiveness. 

Nopco* DNH- l  -provides excellent anti- 
and defoaming properties t o  all major latex paint 
systems. 

Nopco* 1419-A - A n  economical, 1% 
active liquid defoamer, light in colour, effic~ent 
for most systems, FDA approved. 

Nopco* 8034 - A defoamer for low particle 
size emulsions. 100% active, liquid, easy t o  use. 
Very good additive for all PVA systems. 

(denotes products recommended by one 
or  another of the leading latex manufacturers 
o r  suppliers). 

To help you choose the right defoamer for 
the job, the Nopco Technical Advisory Service 
is always available for consultation. For full 
information on this service plus comprehensive 
literature on the new, extended range of Nopco 
chemicals for the paint industry, please contact: 

Department No. ~ 1 6  
147 Kirkslall Road, LEEDS 3. 
Telephone : Leeds 38837 
Cables: Nopco Leeds. 

Reg,srsrsd Trade uark  



Fast Blue FBS 
~ 

An a-form phthalocyanine blue pigment with the bright 
reddish-blue shade and outstanding all round fastness 
properties typical of such products but possessing in addi- 
tion improved flocculation resistance, dispersi bility and 
flow properties. Suitable for use in all types of decorative 
and industrial paints at all depths of shade. 

X520A 
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= carbon black 
pigments 

A Carbon Black is available 
- .. for all pigmentation 

a p pl i ca t io n s-Paints, Inks, Plastics . . . 
! 

CABOT CARBON LIMITED 
Carolyn House, Dingwell Road, Croydon, Surrey 
Tf:l: 686-4651 -5 .  Tclex CABLAK No 23443. Cables: CABLAK CROYDON TELEX 

- ' Anontc in #ha nr in~ in l l l  ritiac nf th- --I.) 
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Around the world 

The Hoechst range of 
dyestuffs and pigments, 

emulsions, lacquer raw materials, 
plasticizers, resins, solvents 

and waxes serves a multitude of industries 

Hoechst Chemicals Hoechst-Cassella Dyestuffs Ltd. 
a division of Hoechst UK Ltd. Manc hester 

Hoechst House, Kew Bridge Farbwerke HOECHST AG 
Brentford . Middlesex Verkauf Farben 

Tel. 01 -995  1355 6230 Frankfurt (M) 80, Germany 





C I B A  
ClBA (A.R.L.) LTD 

DUXFORD CAMBRIDGE 

TELEPHONE: SAWSTON 21 21 

breaks the 
water barrier 

and makes epoxy protective 
coatings as manageable 
as emulsion paints. 
ClBA have developed a new liquid hardener which imparts 
water dispersibility to coatings based on liquid AralditeCR' 
epoxy resins. Now, Araldite epoxy coatings can be thinned 
by the addition of water, to give glossy, easily cleaned, 
protective coatings having excellent adhesion to many 
substrates, including damp concrete. The absence of 
solvents minimises fire risk and toxicity hazards. Application 
of these coatings is considerably easier than that of 
conventional epoxy systems and an additional advantage 
is that brushes and spray equipment can be washed 
out with water. Write for full details of this new 
ClBA development. 



introduction 

paint 
technology 

second edition 
with additional chapter 

The sales of this Association publication now exceed 13,000, and because of continuing 
high sales of the second edition, and the need for a work of reference to  be constantly abreast of 
!he latest developments in i ts field, the Council of the Oil and Colour Chemists' Association 
has authorised the addition of an eleventh chapter to  the ' Introduction to  Paint Technology.' 
Entitled 'Recent Developments,' the Chapter incorporates up-to-date information on the 
latest advances in the technology of the paint and allied industries. 

This addition will help the ' Introduction to  Paint Technology' to maintain its position as an 
invaluable aid to young entrants into the industries and to marketing and other personnel requiring 
a basic knowledge of the principles and techniques of surface coating production and application. 

new chapter 
The new chapter is subdivided to three sections 

resins and media 

Including polyester, epoxy, polyurethane resins and developments in water based paints, 
vinylics, etc. 

application techniques 

Including electrodeposition, powder coatings, strip-coating, aerosol spraying. 

instrumental testing and control methods 

Including colour measurement, viscometers, brushability, hardness, fi lm thickness, weathero- 
meters, and use of computers. 

The book contains 204 pages including 11 line diagrams, 8 photographs of common paint 
defects, iand comprehensive index. Copies can be obtained from the Oil and Colour Chemists' 
Association, Wax Chandlers' Hall, Gresham Street, London E.C.2, price 20s. (post free). 



When talking about 
paint auxiliaries, 

is topic number 1. 

Agents for: 
Henkel International GmbH 
DusseldorfIGermany 

Even now, two years after its sales start, 
it is still topic number 1 because of itsversatile 
application in: 

highly pigmented paint systems with 
aliphatic, aromatic and polar solvents; 
with binders like: alkyd resins; drying oils; 
boiled oilslresins and similar systems 
for indoor and outdoor use. 

. . . and it possesses a number of good 
properties like: 

sag control 
body building/viscosity increase 
flow control 
reduction of pigment settling, 
floating and flooding; improvement of 
pigment dispersion 
can be added to the paint at any stage of 
production by simply stirring 

. . .that is why DEHYSOL R has established 
a leading position as an auxiliary in the 
paint industry. 

J. H. Little & Co. Ltd. 
lando House, 43, Bartholomew Close, 
London, E. C. 1, 
Tel.: MONarch 00 81 -7,13 21 /2/3, 
Cables: Agrochemia, Telex: 23596 
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@ - Quality Paint Testing Instruments 

MINIATURE 45 

GLOSSMETER 

Designed to  meet D.E.F. 
1053 specification for 
measuring paint f i lms and 
similar surfaces having 
medium t o  high gloss 
surfaces. 

For details of our 
complete range of 
glossmeters and other 
paint testing instruments 
contact :- 

SHEEN INSTRUMENTS (SALES) LTD. 
SHEENDALE ROAD, RICHMOND, SURREY. Tel.: 01 -940 0233 

PEINTURES 
PIGMENTS VERNE 

i;orin(led it1 1923 

Pr~blisheci lrtnder tlre prrtrorrnge of the Frenclr Nntioml Fedc.rcrtiotr of P~rritrt, Vnrrrislr oticl 
Printing Inks nrnnriJacturer.s. 

This journal is of  a scientific, tcchnical, cconomic and professional character and 
contains, apart from the editorial, columns on Technology, Rheology. Technical 
Information, Industrial Research News, Documentation, Economy, Information, 
Apparatus, New Products and Processes. 
I t  is, therefore, intended not only for scientists and technicians in rcsearch laboratories 
and enterprises in thc ficld, but also for s~lppliers of  raw materials and manufacturers 
of  materials. 

Cost of n yenrly .srrhscriptiorr: 
France: 60 Francs. Abroad: 72 Francs 

Spccimcn copies available on request directly from the Editor: 
SOPRODOC: Commercial Department, 

80, Route de St-Cloud, 92-RUEIL-MALMAISON (France) Tel: 967-77-95 

Exclusive Representatives for Great Britain: 
BRITISH OVERSEAS MEDIA BUREAU REPRESENTATIONS LTD., 

16-17 Bridc Lane, Fleet Street, London EC4. Tel: 583-0581 
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Advances in 
Electrophoretic Painting 
1967-68 
A follow-up of earlier biblio- 
graphies that covers 89 articles 
and 124 new patents published 
in the past two years. I t  lists 
details of 30 industrial plants 
that have been mentioned in 
the press. 
61 pp, paper, price per copy 
£3" or $7.50 post-paid. 

The Production of 
Titanium Tetrachloride 
The chloride process for 
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l'hcsct mlnutr larvae of the lac insect will 
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lac-the vital natural base material for 
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p:~rcnt. waxy or modified) SHELLACS 
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You will find us equally dedicated to t h e  
tnsk of meeting your lac requirements. 
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Transactions and Communicadioias 

Curing reactions in isocyanate- 
based surface coatings* 
By C. Barker and A. Lowe 
Imperial Chemical Industries Ltd., Dyestuffs Division, Blackley, Manchester 9 

The chemical mechanism of cure of "polyurethane" surface coatings of the isocyanate reactivc 
type is now recognised to be complex. The formation of urea and biuret structures, by inter- 
action of isocyanate with water. equals in i~iiportance urethane formation from tlie isocyanate- 
hydroxyl reaction. Polyureas, in which no urethane linkages are present, can now be designed. 
The colour stability of coatings based on various types of polyisocyanate is discussed and a 
hypothesis is advanced relating to tlie reduced yellowing of aromatic polyisocyanurates coni- 
pared with isocyanate/polyol adducts. . . 

Major practical developnients in urethane-urea coatings can be foreseen in the combination 
of polyisocyanates and prepolyniers wit11 epoxy and vinyl resins. particularly hydroxyl- 
~ontaining acrylic copolymers and nietliacrylated alkyd resins. 
The toxicological hazards of handling icocyanates are considered. 

Key words 
Trpes arid clnssrs of'cotrtitlg Ritrrlers 
one compartment urethane coating urethane resin 
t\r.o compartment urethane coating 

,Motrr!frrctrtre and sj-rltkesi.~ 
Rtrw t?~uterin!.s Proce.sses cnrtl rrrc,tlrotlv 
isocyanate addict polymerisat ion 

~6act ions de durcissernent en revsternents a base d'isocyanate 

Actuellement on reconnail la coniplexite du 111Ccanisnie de durcissenient de revCtements 
"PolyurCthanne" du type isocyanate-reactif. La forniation des structures urCe et biuret. par 
I'interaction d'isocyanate et d'eau, est de riiOnie importance quc la formation des urethanneh 
ii partir de la rCaction isocyanate-hydroxyl. On peut preparer niaintenant des polyurke.; 
ou i l  n'existe par de liasons ~~rCthannes. 
On discute la pernlanence de couleur des rev6tements bases sur de divers types de polyisocyanate 
ct I'on propose une hypothese ii I'Cgard du jaunissement rcduit des polyisocyanurates aroma- 
tiques en coniparaison dcs adducts isocyanate/polyol. 
On peut prCvoir d'iniportants dCveloppenients pratiques dans le domaine de rev0tenients 
urPthanne-uree provenant de la combinaison des polyisocyanates et prepolym6res avec des 
si-sines Cpoxyde ou vinylique, surtout des copolyni6res acryliques contennant des groupements 
li~.droxyliques, et des rCsincs alkydes niethacrylCes. On considere les hasards toxicologiques 
a u  cours de la manipulation des isocyanates. 

Vernetzungsreaktionen in auf lsozyanat Basierenden Lacken 

Der chemischc Mechanismus bei der Hiirtung von "Polyuret1ian"-Beschichtungs~iiassen 
\on der Art reaktiver lsozyanatc ist nac11 neueren Anschauungen kompliziert. Die durcli 
Zwischenreaktion von Isozyanat mit Wasser zustandekornmende Rildung von Harnstoff und 
Biuretstrukturen koninit der Bedeutung dcr Bildung von Urethan mittels der Isozyanat- 

-- - - - - - 
'Presented at the East bourne Conference, 19 June 1969 

905 
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Hydroxylreaktion gleicli. Polyharnstoffe konnen nunmehr ausgedacht werden, in welchen 
keine Urethanbindungen zugegen sind. 
Die Farbbestandigkeit von auf Polyisozyanaten verschiedener Art beruhenden Lacken wird 
besprochen. und eine Hypothese vorgetragcn. die rnit dcr verringcrten Vergilbung aromatischer 
Polyisozyanurs~iureverbindungen, verglichen niit Is~~yanat-I'olyoladdukten in Rezichgung 
stcht. 
Fiir die praktische Verwendung wichtige Entwicklungen auf dem Gebiete der Urethan- 
Harnstofflacke konnen in der Kombination von Polyisozyanaten und Prapolymeren mi[ 
Epoxid- und Vinylharzen vorausgesehen werden, besonders rnit hydroxylhaltigen Akrylrniscli- 
polymeren und mit Methakrylsiiure modifizierten Alkydharzen. 
Die toxikologischen Gefahren bei der Handhabung von lsozyanaten werden in Retracht 
gezogen. 

Pealcqun npa cymlce nosepxnoc-rnblx n o i c p ~ ~ ~ u i i  Ha ocnose U ~ O U I I ~ H ~ T B  

Introduction 
The potential utility of isocyanates as highly reactive raw materials has bee11 
appreciated for many years, both as novel materials for the development of 
superior products in established fields and in the formation of new industries. 
One of the major factors in this appreciation is the reactivity of the isocyanate 
group itself, which enables chemical combination with compo~lnds having 
suitably reactive hydrogen atoms to be achieved at ambient temperatures. 

Clearly, with such reactive materials, normal resin synthesis can be operated 
under factory conditions, and a feature of the industrial utilisation of polyiso- 
cyanates in the last decade has been the growth of urethane oils and urethane 
alkyds in which tolylene diisocyanate has replaced phthalic anhydride. Thi\ 
development, however. does not do justice to the full possibilities inherent in 
isocyanate technology. Reactions which take place at temperatures as low a\ 
0°C must offer considerable scope in many on-site applications and the 3urface 
coatings industry is undoubtedly in this category. 

In any fundamental study of polymer production. the chemical factors 
involved are the primary considerations. Physical characteristics certainly 
affect the ease with which materials are handled and mixed, but fulfil a secondary 
role in the appreciation of the possibilities. Reference has been made in many 
previous papers to the chemistry of polyisocyanates and their utilisation in many 
industries1, but the reactions likely to be involved in the mechanisms of cure 
and actual film formation are few. 



Virtually all fall in the general class of reaction with reactive hydrogen atoms 
and can be summed up in the first equation below. 

(I)  R. N C O  - 1  R'H -- - - -  - R.NH. COR' .  (nmide) 

(2) R. N C O  - 1  R'  O H  - - - R.NH. CO.  O R '  (urethane) . 

(3) R .  N C O  - f  R '  NH,  - - - R.NH. CO. N H R '  (urea) 

(4) R. N C O  1 -  H,O - R.NH. C O O H  (carbamic acid) 

( 5 )  R. N C O  . R'COOH - R.NH.  C O . 0 .  C O R '  
.1 

R . N H . C O R 1  . I  CO, (nmide) 

In more specitic terms. isocyanates react with hydroxyl compounds to give 
urethanes and with amines to  give ureas. Similar reactions occur with water. 
with the formation of a carbnmic acid, and with carboxylic acids. with the 
formation of mixed acid anhydrides. However, in both of these cases the 
intermediates thus formed then break down; in the case of water with the forma- 
tion of an amine which reacts with more isocyanate to give a urea; in the case 
of the carboxylic acids the mixed anhydrides break down to form amine groups. 

It will be seen from the above formal representation that the urethane and 
urea still contain reactive hydrogen atoms and these compounds are, therefore. 
capable of addition reactions with more isocyanate to form allophanates and 
hiurets respectively 

( 6 )  R. N C O  1 R N H C O .  O R ' -  - - R.N.CO.ORf (allophanate) 
I 
I 

C 0 . N  H R 

A full i~nderstnnding of the value of isocyanate utilisation, however. must 
take into account not only tlie formation of the addition products, but also 
their stability. The primary and secondary addition reactions of isocyanates 
with active hydrogen compounds are reversible, apart from the reactions with 
water and with carboxylic acids which are condensations rather than additions. 
involving the elimination of carbon dioxide. Since the reaction of water and 
carboxylic acid groups is immediately followed by elimination of carbon 
dioxide. the reaction cannot simply be reversed, although the urea group 
derived from the water reaction lnay split on heating. These considerations 
may. therefore. have a bearing on the stability of tlie films produced by reaction 
of isocyanates with hydroxyl-containing materials or  with water. 

The types of active-hydrogen-containing compounds differ very considerably 
in their reactivity. TIILIS. amines on the whole react more readily with isocyanates 



than do alcohols, and different amines with different basicities can give a wide 
spectrum of reactivities even in that class. An indication of the different rate4 
of reaction with different types of groups2 is as follows: 

aliphaticNH, '-. aromaticNH, . primaryOH - water . 

secondary OH . tertiary OH . phenolic OH . COOH . CONH, . 

These relative rates of reaction indicate that, in a system of hydroxyl-containing 
materials and water, the participation of the latter in reactions with isocyanates 
must effectively reduce true urethane formation, since the primary amine 
produced will be markedly more reactive than the I~ydroxyl group. Attention 
has already been drawn to this competitive situation existing where isocyanate3 
are used as in-situ curing agents3 and it is clear that fi~rther clarification of the 
role of water in such coating systems is necessary. 

isocyanate structures 
The surface coatings industry can rarely support the economic large scale 
production of synthetic, as opposed to natural, raw materials, and in the normal 
course of development progress is confined initially to the utilisation of products 
manufactured primarily for other purposes. The isocyanate field is no exception 
to this general thesis and the coatings industry has had to base its urethane 
technology on those isocyanates whose scale of production for foams ;ind 
elastomers offers the right economic possibilities. 

The isocyanates most readily available, therefore. are the mixed 2, 4- and 
2, 6- isomers of tolylene diisocyanate (TDI) and diphenylmethane diisocyanate 
(MDI), represented below as a single isomer although other ifomers may he 
present in u complex mixture used primarily for rigid foams. 

CH, C H3 

NCO OCN ' NCO 
I 

- 
- 

:1 nd 
I I '  OCN CH, NCO 

- 
NCO - 

TDI M Dl 

Greater appreciation of the practical possibilities of isocyanate utilisation. 
however, has stimulated manufacture of other isocyanates which confer 
particularly attractive properties on coatings for outlets where economic 
considerations are not so stringent. Such primary isocyanates are hexamethylene 
diisocyanate (HDI). dicyclohexylmethane diisocyanate (PICM) and xylylenc 
diisocyanate (XDI). 

OCN (CH,),, NCO 

HDI 
- - CH,.NCO 

OCN.CH, ;CH,.NCO and OCN.CH, 



CH2 CH, CH2-CH2 
/ 

CH,-CH, 
\ / 
CH,-CH, 

PIC M 

The foregoing abbreviations for these diisocyunates are used where appropriate 
throughout the paper. 

Formulation considerations 
I n  the formulation of a reactive mixture ofisocyanate- and hydroxyl- containing 
material. control of the properties of the final film is effected by selection of 
the appropriate degree of cross-linking in the two components. The hydroxylated 
resins may be polyethers or polyesters", and branching can readily be built 
into their structures. For many purposes. however, some branching in the 
isocyanate is desirable. and the majority of isocyanates used in the coatings 
industry are derivatives of simple or primary diisocyanates. Thus, TDl is 
modified by reaction with trihydric alcohols to give a triisocyanate (Fig. I )  
or by polymerisation to give a polyisocyanate through isocyanurate formation 
(Fig. 2). 

OH CH3 
NCO / 

R O H  i 3 I - - - R  - 

OH NCO 
Fig. 1. hlodification of TDI 

OCN - / CH3 - 

H C3 
N 'N \ 

- - - I ' CO 
OC CO I-'=, \ , \ '> - c 5 3  

N ' N- CO 
N I NCO - 

I OC CO N 
3 N- ;CH, 

I I - - 

1 1 1  N OC CO 
'NCO I / 

CH, N 
I I /  
, / NCO 

I 

CH:, I 1 1  
\ /NCO 

Fir. 2. Polymerisation of TDI 
CH:, 

In  practice, products of both types contain other reaction products, and these 
may confer still greater branching than those illustrated figuratively above. 
This additional branching, especi;~lly in the case of the isocyanurate polymers, 
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confers greater reactivity and speed of dry, and may require less branching in 
the resin component. It must also be borne in mind that the isocyanurate ring 
is extremely stable, the polymerisation reaction being irreversible. Films based 
on this type of isocyanate, therefore. have an inherent resistance to heat degrada- 
tion not found so readily in the simpler urethanes. 

Similar variations can be applied to HDl but, in this case, the low reactivity 
of the isocyanate groups enables branching to be introduced by means of water 
leading to the formation of a biuret triisocyanate. (Fig. 3). 

OCN (CH,), NH.CO.N (CH,),; NCO 
I 

I 
CO.NH(CH,), NCO 

Fig. 3. Biuret triisocyanate 

General reactions influencing cure 
Previous papers1p3 have laid considerable stress on the importance of the role 
of water in the curing mechanism of formulations containing free isocyanate 
groups. If the isocyanate contains a high proportion of poly-reactive isocyanurates 
the problem of excessive brittleness in the final film must be accentuated by the 
additional cross-linking promoted by the urea formation. The polymerisation 
products themselves do not yield films on reaction with water alone and 
careful formulation work is needed to devise the best compromise between 
pot life, speed of cure and a robust practical performance under a range of 
conditions. Polyol adducts, on the other hand, are less highly branched and. 
even with simple polyhydric alcohols can give hard, tough films by reaction 
with water alone. 

It  would seem desirable, therefore, on all counts, to devote attention to the 
development of isocyanates which will give films with really valuable properties 
by reaction with water alone. Sufficient experience has been accumulated to 
show that a large polyisocyanate molecule, formed perhaps in the same way 
as a polyol adduct of the type illustrated by Fig. I but using a polymeric polyol, 
need be no less stable than the simple adduct. Certainly this type of polyiso- 
cyanate, or moisture-curing prepolymer as it is commonly termed, will contain 
urethane linkages capable of reaction with the isocyanate groups to form 
allophanates, but such reactions are slow at normal ambient temperatures 
and can in any case be inhibited by the addition of small quantities of reactive 
halogens. There is, therefore, no obstacle to the manufacture and sale of such 
materials, and their use in the production of clear lacquers on a variety of 
substrates by reaction with atmospheric moisture is well established. 

It will be appreciated that the end product will, if made from an isocyanate 
and a hydroxyl-ended polyether or polyester, contain a multiplicity of urethane 
groups. The final cure, however, will be achieved solely by the formation of 
ureas and the coating should properly be designated a "urethane-urea." The 
prepolymer development, however, does entail some careful selection of polyol 
isocyanate ratios, not least on account of the viscosities of the reacted  material^^,^. 

In the general study of prepolymers, another important facet of their useful- 
ness has emerged. Since the moisture-curing prepolymer is itself a polyiso- 
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cyanate. the possibility of using it in the normal two-pack systems should 
not be overlooked. It may be a more complex isocyanate and have a higher 
molecular weight, but there can be no theoretical objection to its use in this 
way. Since the normal curing process by water yields films, two-pack systems 
containing prepolymers cannot be subject to the same critical conditions 
surrounding the use of an excess quantity as are encountered with the isocyanates 
of lower molecular weight normally used in such systems. Thus, the flexibility 
of the final film need not be impaired by the use of such a prepolymer in 
stoichiometric excess, and, by the correct choice of polyhydroxylic resin as 
the second component, even more attractive films might be obtained. 

This theory has been fully borne out in practice and, by the use of reactive 
resins in less than stoichiometric quantities. very attractive coatings have been 
produced. This technique is applicable to the production of extremely flexible 
or hard coatings. The pot-lives of such systems are very good indeed, and highly 
abrasion resistant flexible lacquers suitable for rubber or leather can be obtained. 
If hard resins are used, the films will be more cross-linked, and the products 
can be used as sanding sealers or as the final coating itself. 

Advantage can also be taken of the use of hydroxylic resins in this way to 
introduce pigments under circumstances which will minimise the effect of the 
water contained therein. Less difficulty with flocculation is encountered when a 
pigment dispersed in a reactive resin is added to a prepolymer than occurs 
when the isocyanate is a highly cross-linked type of lower molecular weight. 

It has also been observed that the deliberate addition of relatively massive 
quantities of water to the resin component of a two-pot diisocyanate ~ys t em~,~ ,6  
confers many advantageous properties. The water added may be as much as 
2-6 per cent of the weight of polyol used. and extra isocyanate must be added 
to react with the additional water. This technique is especially suited to 
diisocyanates, since additional branching is introduced by these means and, 
if the isocyanate were already highly cross-linking, the film might become too 
brittle. Moreover. excess diisocyanate can be used, even up to 25 per cent, to 
confer greater chemical resistance. 

Practical effect has been given to this type of coating by examination of a 
wide variety of polyols and diisocyanates with water. Polyols containing 
either primary or secondary hydroxy groups have been used successfully but, 
in order to obtain the most reliable balance between the wateriisocyanate and 
hydroxyl isocyanate reactions, polyols containing secondary hydroxyl groups 
have been examined most extensively. 

The precise ratios used milst depend on the practical considerations of viscosity 
and pot-life, but a good compromise is readily reached. The preparation of the 
coatings can be carried out by conventional techniques, water and the polyol 
being dissolved in solvent and the two solutions mixed just before application. 
The mixed materials can then be sprayed, dip-coated or brushed onto the 
desired substrate in the normal manner. The principal advantage obtained by 
the introduction of water in this way is an enhanced resistance to chemical 
attack and this is attributed to the preponderance of urea linkages in the final 
film. 



Hazards 
From the chemistry of formulation it will be seen that modification of the 
primary diisocyanate has enabled further branching to be incorporated. It was 
necessary, however, to modify some diisocyanates to reduce the hazard which 
is encountered when these moderately volatile, low molecular weight materials 
are used. This hazard arises particularly with TDI and is most severe when the 
coatings are applied by spray techniques. 

The medical hazards associated with isocyanates have been given wide 
publicity and. since TDI is the isocyanate most widely used and can cause 
sensitisation at very low levels of atmospheric concentration. the greatest 
attention has been focussed on the difficulties and hazards arising from its 
usei. In the earliest development of urethane surface coatings it was soon 
realised that it would be impossible to use TDI alone, and modification by 
adduct formation or polymerisation offered sound methods whereby atmospheric 
contamination might be minimised. It is now abundantly clear that, whilst 
there are real hazards involved, they are predictable, and suitable precautions 
can be taken which will eliminate the dangers. 

The production of isocyanates of higher molecular weight by the method4 
previously described, and moisture-curing prepolymers fall into this category. 
gives materials whose only serious hazard lies in the amount of volatile monomer 
contained therein. Much attention has been paid to the assessment of thi4 
hazard and to relating analytical methods to practical conditions. Obviously. 
the hazard is directly related to the concentration of the primary diisocyanate 
in the lacquer or paint to be sprayed, but it is also evident that the nature of' 
the higher molecular weight isocyanate affects the liberation of primary 
diisocyanate. 

Unfortunately, this means that analytical determination of the free primary 
diisocyanate in the polyisocyanate or prepolymer does not tell the whole story. 
Determinations of the atmospheric contaminations with TDI vapour from o 
number of urethane coating formulations under proper conditions of applica- 
tion, showed that the amount of TDI liberated does not rise above 0.01 ppm 
by volume. This is half the maximum allowable concentration which has been 
accepted by most countries in which the polyurethane industry has become 
established. The results confirmed earlier tentative conclusions3 but emphasised 
the need for a test corresponding more closely to industrial practice. 

Trials carried out with a test method of this typeH confirmed that isocyanurates. 
which in general have higher reactivity than simple polyol/TDI adducts, can 
tolerate greater amounts of free TDI for a given degree of atmospheric con- 
tamination. In both types. however, the residual TDl can be reduced to a low 
level by processes readily operated by chemical manufacturers. With the advent 
of moisture-curing prepolymers and widespread encouragement of all and 
sundry to make such materials by the dissemination of literature suggesting 
that it is simplicity itself, a more dangerous situation hils arisen. 

Where the prepolyrner is made by reaction of a polyol with an adduct in 
which the free TDI has already been reduced to an acceptable low level. obviously 
no hazard will arise. On the dher  hand, many suggestions have been made that 
prepolymers can be made simply by reaction of a polyol with TDI itself and 
the residual TDI be very low indeed. Such suggestions assume that all the 
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methods for the determination of free TDI in isocyanates and prepolymers give 
accurate results and that an assessment of hazard in use can be assumed from a 
figure for free TDI determined by any method. This is not yet wholly possible; 
the ultimate risk is run by the operator who applies the coating and the only 
fully satisfactory assessment must be made by a method which determines the 
amount of primary isocyanate liberated in the vicinity of the operator under 
normal conditions of use. Correlation of a test of this type with a specific 
method for accurate determination of free TDI in isocyanates and prepolymers 
is needed and the first results of work to this end have been described!'. More 
detailed study has been undertaken and a proper procedure can be foreseen. 

Colour stability of isocyanate-based systems 
It is widely known that aromatic isocyanates and derivatives have inferior 
colour stability to aliphatic isocyanates. However, between the two extremes 
of MDI at one end and HDI biuret and polyol adducts at the other, lie all those 
products based on TDI as primary diisocyanate which at present constitute the 
bulk of the commercially used "urethane" coatings, and which, for economic 
reasons, are likely to remain so for many years ahead. At the same time, it is 
less clearly understood that within this group there are significant differences 
in observable colour stability which are broadly explicable in terms of the 
chemical structure of the isocyanate. 

The colour retention of the main classes of coatings curing by means of 
isocyanate reactions may be expressed in terms of the type of isocyanate used. 
Such an assessment is made in Table 1 .  

Table I 
Colortr retention of white pigmented coatings exposer! to natlrral daylight 

I I I I 
I 

Serial Systeni and type of isocyanate ~ 
no. I I 

- 

MDI (undistilled)/polyester 1 -  
TDI-polyol adduct/polyestcr I 
TDl/polyol/polycther prepolynier 
Polyisocyanurate-polyester prepolynler 
Polyisocyanurate/polyester 
HDT prepolymer/polyisocyanuratc (cx. 

TDI) 
~ 

Arornatic-aliphatic polyisccyanurate/ ~ 
polyester 

PICM polyol adduct/polyestcr 
HDI polyol adductlphthalic polyester 
HDI biuretlphthalic polyester 

Type: 
I- or 

2- 
pack 

I 
Observed resistance Rating 

to discoloration 

Very poor 
Fair 

- - I  - 
1 3  

Moderate 4 
5-6 

I Good 6 
1 Very good 7-8 

1 
Very good 8 

I VG-Excellent 8.9 
Excellent 16 
Excellent 1 lo 

Before considering these differences it is advantageous to examine the possible 
primary causes of lack of colour stability in urethanelurea coatings. It has been 
demonstrated that water enters into both one-pack and two-pack systems and 
that the preliminary reaction of this water with isocyanate gives amine which 
reacts with further isocyanate to form urea linkages. However. as film cure 
proceeds, the degree of cross-linking increases and the mobility of the remaining 
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reactive groups must decrease. Eventually a point will be reached at which 
spatial considerations no longer allow reaction of amine groups. continually 
being formed by diffusion of the small water molecule into the "green" film. 
with another isocyanate group, and residual amine groups will remain in the film. 

The presence of unreacted amine in an aromatic isocyanate cured film has 
been confirmed by diazotisation and coupling with [3-naphthol. The vulnera- 
bility of these residual amine groups to degradation accounts for the change 
in colour ("yellowing") which occurs in the early stages of the film's life. As is 
well known, aromatic amines are less stable to oxidation than aliphatic amines. 

If this were the only cause of colour formation, it would be expected that 
yellowing would be rapid in the early life of an exposed film (one-two weeks), 
but would then slow down. This is not so, and a full aromatic urethane coating 
system (serial nos. 1-3 above) yellows progressively. The longer term dis- 
coloration (where this occurs) must be attributed to degradation of some of 
the urethane and/or urea linkages to a coloured derivative of the original amine. 
perhaps preceded by a hydrolytic step. It has been shown1° that a model aromatic 
urethane hydrolyses 100 times more rapidly than a corresponding model 
aliphatic urethane. However, it must be admitted that many urethane coatings 
discolour rapidly under very dry, high-light conditions, e.g. six months in 
South Africa, and so the hydrolytic step is not certain. 

Though conclusive proof is lacking, it is widely believed that the degradation 
is an oxidative process, that occurring in the long term being initiated by free 
radicals generated by UV radiation. This is supported by observations such as: 

(i) TDI discolours in presence of air but not under inert gas, 
(ii) this process is accelerated by light and oxidation catalysts, e.g. lead 

naphthenate drier, 
(iii) fully saturated polyesters give best results in two-pack coatings: an oil 

modified alkyd containing even a mono-unsaturated acid (oleic acid) 
gives inferior initial colour and colour retention, 

(iv) the presence of hydroperoxides in a polyether leads to a yellow product 
when it is combined with pure TDT in prepolymer preparation, 

(v) anti-oxidants are effective, in a limited way, in stabilising isocyanates and 
derived coatings. 

Moreover, it has been shown" that hydrogen peroxide can be used to detect 
the contamination of an aliphatic polyisocyanate with an aromatic isocyanate. 
The same technique can also be used to demonstrate the different susceptibility 
to colour change of white pigmented films derived from (i) a TDIjpolyol 
adduct, (ii) an aromatic polyisocyanurate, and (iii) HDI biuret compound. 
The last type is unaffected in colour by hydrogen peroxide. 

The differences in colour stability of coatings based on the various type of 
polyisocyanate can now be seen in better perspective. Aromatic amines, such as 
aniline and tolylene diamine, oxidise rapidly at normal temperatures, soon 
becoming yellow or brown, the latter being affected to n much greater extent. 
Quinonoid structures, produced by rearrangement of the aromatic ring, 
undoubtedly contribute significantly to the colour. On the other hand. aliphatic 
nmines such as hexamethylene diamine, from which HDI is derived, are far 
more resistant to oxidation and the products are not highly coloured. The 
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absence of an aromatic nucleus ensures that no enhancement of colour arises 
from conjugation with an unsaturated ring structure, either benzenoid or 
quinonoid. 

It is therefore possible to offer a hypothesis to explain the colour retention 
properties of TDI polyisocyanurate based coatings which are superior to TDI/ 
polyol adducts in this respect. Firstly, the isocyanurate ring is more thermally 
and hydrolytically stable than an aromatic urethane group, Ar NH.CO.0---. 
Secondly, its presence alters the possible degradation sequence as is expressed 
diagrammatically below: 

TDI/polyol adduct urethane 
I H 

\ - 
R OCO INH- - N-/ ~ C H ,  

/ / - 
Y / KH.CO.X 

(a) I/ 
/ 

- '-;I H.CO.X Quinonoid form 

X = OR' urethane link 
or NH.R" urea link 

(a) and (b) = hydrolytic/oxidative scission of urethane 
Y = H or unknown 

Polyisocyanurate urethane 
CO CO 

-N  
/ \ 

N- -N 
/ \ 

N- 
I 

OC 
I I 

OC 
I 

\ /co~ 
CO 

-+ 
'\ / 

N (4 , N 
I /\ // 

I II I 
H 

\/NH. C0.X 
I l l  / 
\/N 

CH3 I CH3 \ 
(b) Y 

Note (1) Nitrogen (c) carries no hydrogen and is stabilised by the isocyanurate 
ring. 

(2) Tertiary nitrogen (c) prevents formation of quinonoid structure even 
when scission occurs at (b). 



The isocyanurate ring acts as a cliromopliore block, thereby preventing tlie 
formation of more strongly auxochromic quinonoid structure. Under thew 
circumstances it is to be expected that the discoloration due to the action of 
light would be more akin to that produced with a monoamine than with a 
diamine, and this does correspond well with the behaviour observed under 
practical conditions. 

A parallel can be drawn here with the comparative colour stability of' oil 
soluble phenol/formaldehyde resins having different purl] alkyl substituents. Para- 
cresol resins have inferior colour stability to resins from p-tcrtiarjq butyl (or 
octyl) phenol. 0 

CH,- c *- CH,, 
I 

oxidat ion 
- - 

- CH, - , CH, 

I 

CH, 

Presence of stable quaternary 
carbon atom * in para position 
prevents formation of double 
bond outside the ring 
necessary for qi~innnoid 
structure (as above). 

Naturally, the greater resistance of the aliphatic isocyanate derivative to 
discoloration by light has stimulated considerable interest and many attempts 
have been made to improve the methods whereby such isocyanates can be used 
more readily. Their reactivity towards hydroxylated resins is very markedly 
lower than that of many aromatic isocyanates, such as TDI, and they are 
inherently more expensive at present. The first point can be largely overcome 
by the use of catalysts but the second is unaffected. Another. more practical. 
approach has been to combine the aliphatic and aromatic isocyanate groups in  
one molecule so that. from the standpoint of cure. the total system i h  more 
effective, whilst the economics benefit from the incorporation of the cheaper 
aromatic isocyanate. 

The polymerisation techniques developed for isocyanurates lend tliemselve\ 
well to this approach and u combined tolylenejhexametliylene isocyanurate 
polyisocyanate is now available". Systems based on this isocyanate have 
desirable combination of cure with a resistance to degradation by light which 
is adequate for many purposes. 

Similarly, prepolymers derived from polyols and HDI, which alone might 
bz too slow-curing to be of practical use, can be combined with aromatic 
isocyan~lrate isocyanates in  u single-pack coating and good colour retention 
conferred on the final coating'". The presence of both aliphatic and aromatic 
isocyanate groups is appropriate and logical, for it is clear from the foregoing 
that,during actual film formation, the relativelyslow-reacting aliphatic isocyanate 
is integrated with the other components by reaction with the aromatic amine 



croups arising from the waterlisocyanate reaction. In a two-pack system a 
proportion of the aliphatic isocyanate is able to react directly with hydroxyl 
groups. Either way, the resulting composite product, which will contain all the 
tollowing types of linkage, 

Ar. NH.CO.0 Y 
Al. NH.CO.0 Y where Y is derived fro111 the polyester 

Ar. NH.CO.NH.Ar. Ar. is aromatic polyisocyanurate 
Al. is ;lliphstic Ar. NH.CO.NH.AI. J 

must have superior colour retention over analogues in which all the :NH is 
i~ttached to an aromatic ring. 

Further commercial exploitation of the principle of employing aliphatic 
and aromatic isocyanate systems in combination or admixture can be expected 
to follow. in order to combine the advantages of low cost and fast cure 
characteristics of TDI based polyisocyanates with the proven colour retention 
of aliphatic isocyanates. 

Coatings (one-and two-pack) based on cycloaliphaticand aralkyl diisocyanates 
have been given less detailed study. Firm theories to explain their improved 
colour stability have not been developed. However, it is probable that the 
explanation lies in the reduced ease of oxidation of the amines, and absence of 
auxochromic effect of an unsaturated ring. rather than in any inherent greater 
resistance to hydrolysis of the urethane and urea links formed. 

Pol yureas 
The urea grouping is never the sole polymer building unit in cured filnis from 
conventional two-pack and one-pack (moisture-cured) media because, even in 
the latter case, the prepolymer is invariably a urethane linked polymer. Brief 
mention must be made here. therefore, of film forming systems in which the 
urethane is absent: the so-called polyurea coatings. These are formed by 
reaction of an isocyanate (usually di-) with a polyamine derivative. Aromatic 
isocyanate reacts very rapidly with primary amines in reactivity order exemplified 
:Is follows. 
ti-octylamine> tertiurj~ octyl primary amine>-o-toluidine>primary alcohol. 

The rate of reaction is, in all cases. too fast with free amine to form the basis 
of practical two-pack polyureas. To achieve more than transient pot-life, it is 
necessary to protect the amine, generally by condensation with an aldehyde to 
form a stable aldimine, R.N : CH.Rf .  or a ketone, to form a ketimine. 
R.N:C R' R". 

The resulting protected amine may be sufliciently unreactive towards 
isocyanates to allow the formation of one-pack polyureas. stable in the can. 
On application as a thin film, the aldimine or ketimine is hydrolysed by atmos- 
pheric moisture back to the parent diamine which reacts immediately with the 
isocyanate present to give the cured polyurea film. Aldimines are more stable 
than comparable ketimines, but the ketones released from the latter are more 
acceptable in practice than the aldehydes formed when an aldimine is hydrolysed 
in . ~ i f u .  

The pot-life (sealed container) of such coatings is still dependent upon the 
reactivity of the isocyanate: aromatic polyisocyanates, for example. TDI' 
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polyol adducts and prepolymers, and particularly polyisocyanurates. give 
pot-lives measured only in hours or a few days. Aliphatic polyisocyanate 
aliphatic diamine (as aldimine) combinations can have pot-lives measured in 
weeks. However, commercial development of polyureas from protected amines 
has concentrated on the use of a long chain aliphatic diisocyanate which has 
low intrinsic reactivity with water and hydroxyl groups, but reacts conveniently 
with aliphatic ketimines in the presence of atmospheric moisture. This diiso- 
cyanate14 confers on the final polyurea coating a high level of flexibility and 
extensibility. as well as good colour retention in line with the aliphatic structure. 

Table 2 

H MDI/polyester prepolymcr 

TDl/polyol/polycstcr 
prepolymcr 

-- - -~ - 
DDI diisocyanatc 

I Protectcd Pot-life 
Polyamine as (sealed container) 

- - - - . 

Hexarnethylenc Less than 
I l~nprotected 

-I - - - - - - . 

Hexamethylene diarnine Ketimine 1 48 hours 
- - 

Hexamethylene diaminc I Aldiniine 1 -  - -31 days 

I :8-p-~iientham diamine i Aldiminc 

Hexnniethylene diamine / Aldiminc 
- - -. - - - 

I :8-p-menthanc I Aldiminc 
dianiinc 

- -- -. - .. 

Long chain aliphatic Kctiminc 
diamine I 

I - - 
I I8 hours 
I . - - - - ..- . - . 
I 7 days 

.- . 

71  hours 
niinimuni 

Note: Pot-life depends on solids content as in isocyanate polyol conibination~. As Sar as 
possible, the above pot-lives are quoted for comparable concentrations. 

The greater reactivity of the aromatic isocyanates, even with the more stable 
aldimines, is evident. Additionally, the sterically hindered 1.  8 -p-menthane 
diamine gives more stable compositions than hexamethylene diamine when 
both are protected as aldimines by reaction with i~obutyraldehyde'~. 

The negligible pot-life resulting from combination of free hexamethylene 
diamine with even the HDT prepolymer, which would react slowly with water 
or hydroxyl. underlines the impracticability as yet of designing polyurea 
coatings by direct reaction with free amines. Nevcrtheless. interest in polyureas 
seems likely to increase. 

lsocyanates (and derivatives) in conjunction with other polymers 
It will be appreciated that all the work described in the first part of the paper 
relates to, or is based on, the accumulated experience of the usage of isocyanates 
with polyols, both polyether and polyester type, in two-pack and one-pack 
moisture-curing systems. The main characteristics of the fc~rmulation require- 
ments of such systems are well understood, and it seems probable that further 
developments will arise from the discovery of new, cheaper and more colour- 
stable isocyanates. 



1969 (10) C U R I N G  R E A C T I O N S  9 19 

There is, however, considerable scope for the use of isocyanates in con- 
junction with other film-forming resins. Two types of resins are particularly 
attractive: 

(i) the large and diverse vinyl copolymers. formed by free-radical initiated 
copolymerisation of monomers, and 

(ii) epoxide resins and their derivative. 

Just as the bulk availability of TDI and MDI for urethane foams promoted 
their application in surface coatings, so the availability for plastics applications 
of. amongst other vinyl monomers, cheap vinyl chloride, styrene and methyl 
methacrylate, has extended the use of these materials into surface coatings 
during the last 20 years. Primary monomers such as methyl methacrylate and 
acrylic acid have been used to develop higher alkyl esters which, when appro- 
priately copolymerised, yield film-forming polymers having the desirable 
properties of solvent solubility, flexibility and adhesion to substrates. In addition. 
by the inclusion of minor proportions of a polar acrylic monomer, e.g. acrylic 
acid, acrylamide (or derivative) or hydroxyalkyl methacrylate, reactive copoly- 
mers are obtained which can be cured by a variety of cross-linking agents. 
including polyisocyanates. 

Solvent-borne acrylic coatings may be classified as follows: 
I .  thermoplastic polymers, e.g. poly 11-butyl methacrylate and copolymers of 

methyl methacrylate with higher methacrylates, 
3. cross-linkable copolymers-often referred to as thermosetting acrylics. 
3. methacrylic ester modified drying oil alkyd resins. 

The polymers in category I dry by solvent evaporation alone, and, while 
some reinforcement of properties is possible by blending with isocyanate 
prepolymers, the compatability is generally low and the effect marginal. In 
particular, the solvent sensitivity of the basic linear acrylic polymer remains. 
This type will not be considered further here. 

The cross-linkable acrylic copolymers in category 2 have probably the 
greatest scope for continued technical development of any known coating 
system and it is natural that interest should be shown in the use of isocyanates 
as curing agents. Their reactivity at normal temperatures offers the prospect 
of designing "cold-cure acrylic coatings" having comparable properties to 
those of coatings stoved at up to 80°C from less reactive combinations of polar 
rnonomer and cross-linking agent. 

It is useful to sub-classify the types of cross-linkable acrylic coatings, as is 
shown in Table 3. 

Consideration of the relative rates of reaction of the isocyanate group with 
the reactive groups in column 3, as displayed in the Introduction, indicates 
that only copolymers of type D having hydroxyl groups are of real interest 
for use in conjunction with isocyanates. This indication is borne out in practice, 
and the behaviour of these hydroxyacrylic copolymerjisocyanate combinations 
is briefly illustrated below. 



I 
Type Polar co-monomer 

-. - 

h 1 Acrylic acid 

R Acrylamide 
I 

C Alkoxymcthyl 
acrylamide 

I) Hydroxypropyl 
methacrylate 

Substi tucn t I Curing I Condition4 
grouping agent 

- .- . - ~ . - - - -. . 
COOH I Liquid epoxy rcsin 1 120-180 C. 

(optionally with 
I M/F) 

CONFI, Melaniine/Sormal- 120- 150 C'  
dehyde 

<'0.NH.CH.2.0.J<. Self-curc 120-180 (. 

C H  , (melamine 120-150 C' 
I (epoxy :: 100 C 

CO.OCH,.CH.OH (polyisocyanatc 0- 60 C' 
0 

I , 
I Cilycid? l methacrylate C'O.O.CH,.CH-CH, Self-cure (cata- 25- I50 C. 

1 ' lysed) or 

I 
polyamine 

I I I 

As a starting point. a standard carboxy acrylic copoly~ner of type A (comprising 
05125i 10 = MMAl2-ethyl hexyl acrylate/acrylic acid) was taken as a basiv 
for both calculation and practical comparison. Experience had shown 
that this. when cured with his-epoxide at 150°C. had the right order of 
cross-linking density. To introduce the same molar proportion of hydroxyl 
required twice the amoilnt of hydroxypropyl methacrylate. A series of three 
copolymers containing 20 per cent HPMA and increasing amounts of 2-ethyl 
hexyl methacrylate as plasticisers were made and cured with various polyisn- 
cyanates. with the results summarised in Table 4. 

Fro111 these preliminary results and general observation of these systems. 
the following points have emerged. 

1 .  Isocyanate/polyol adducts from TDI and HDI, and some TDI prepolymers. 
are compatible with hydroxy-acrylic copolymers. However, the speed of 
cure is slow by the standard of conventional "polyurethane" coatings. 
though the long pot-lives achieved have significantly practical value. 

Films cross-linked with aliphatic HDT/polyol adduct (C)  are probably 
incompletely cured even after 7 days at 20°C. 

11. A4 far as comparison is possible. polyisocyant~tc cure of hydroxy-acrylic 
copolymers at 20'C and 60°C gives much less flexible films than are 
obtained by epoxide cure at 150°C of n curboxyl containing copolymer of 
4imilar reactive hydrogen content and methyl methacrylate~plasticising 
monomer ratio. This would be expected from the chemical structure of 
the isocyanate and its partial reaction with atmospheric moistiire leading 
to additional polymer branching. 

3.  Isocyanate prepolymers of the TDl;polyolipolyether type are compatible. 
and on preliminary tests offer a good prospect of achieving a satisfactory 
balance of speed of cure to film flexibility and solvent resistance. However. 
;I high plasticising monomer content ( -35 per cent of 2-ethylhexyl 
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Trr/~/c. 4 

filrtl r~r.oq~o./ii,s r!f'l~~clr.o.\-j. cic,,:1Vic. c ~ o ~ ~ ~ o / ~ ~ r r r ~ r / ~ ~ o I j ~ i ~ ~ o c ~ j ~ c r ~ r c ~ t c ~  co~i~hiiintions 

Solvent 
sensitivity, 

toluene 
( 10 min/ 

20' C) 
-- . -- 

i~nallkctcd 

i~naffected 

I 
Flcxi- 
bility, 

mandrcl , 
. 

Pencil 
hard- 
ness 

Film 
air-dried 
or stovcrl 

. 

651251 10 I .iquid bis- 
MMAlElI lrA/  1 cla)xi~lc 
A.Acid 

51.5/27.5/20 f A  
Poly- I 

MMA/Et'HxA/ ! isocyltnatc , - 

Ci:ring 
Copolymer ;~gcn t 

- -- - - -- -~ . - -- --- - . 

H P M A  2- 3 

Elrcctivc 
pot-lire 

.- 

20 C/7 
tlays 

60 C'/l h r  
- 

20 C/7 
clays 

60 C/Ilir 

1 - 

I ' 
I ~ 

- -- -- -- - . - 

- 3  
monlhs 

. . . .  

clays 
. . - 

. . . _ _ 

i.iLk 

pass .?in 

pass lin 
_ _~ - 

pass $in 

pass Jin 
.. 

35,'35/20 1 [ A  
MMA/EtHxA/ ' Poly- I HPMA I isocyanate - . 

1 SO C/30 
~ n i n  

. 

fail .:in 

H 

2H 
- 

B 

.HB 
- 

7 (lays 

pass j!; in 

slight 

softened 

slight 

softening 
- - 

> softened badly 
- 

H 

I H 
i 

20 C/7 
days 

H 

-.A- 

2 0 C / 7  
days 
. . . . - 

very slight 
softening 

3 days 

37.5/42.5/20 
MMAIEtHxA, 

HPMA 

Faillin 

-. - - - . .- - - - - - 

I weck 
20 C/7 pass $in 3B stripped 

days 
60 C / l h r  pass :in B wrinkled 

-- . . -- . . . ^ - 
Poly- [ A  7-10 20 C/7 pass ?in HI3 softened 
isocyanate I days days 

3 H  

60 C/  l hr pass :in HB 

20 ~ / 7  
days 

.Votes 
Po!l,i.roq~rrt~c~/t,.v A=TDl 'polyol :~dduct ( 1  8!):, NCO on solids) 

B=?~Ill,'polyctliet~ prepolyiner ( I  1 ",;, NCO on solids) 
C,FI DI:polyol adduct ( 1  7'%, NCO on solids) 

(catalyscd by 0.25'%, zinc naphthenate) 

,440tronlc~rs M M A  =inethyl methacrylate 
Et t-lxA=2-ethylliexylacrylate 
A.Acid ,acrylic acid 
H PM A ,2-hydroxypropyl niethacrylate 

Liqltitl his-c~positl(> - Epikotc 828 ex. Shell Chemicals, catalysed by 0.2% 
AI-mcen DMCD. 

C'uri~lg c,on/li/iot~.s - filnis stovcd 60°C for 1 hour, al!er 1 hour flash off, 
wcrc air-dried at 20°C for a further 2 days before test. 

- - 

pass ;;in H 



acrylate) seenis to be essential and must clearly detract at present from the 
econoniics of these coatings. 

4. Polyisocyani~rates and I'ICM polyol :~dducts are inconipntible with 
hydroxy nc~ylic copoly~ne~s  of thc  above type, though no attempt has been 
made to prepare alternative copolymers comp:~tiblc with these isocyanates, 
for example. by use of dill'ercnt monomer combinntions. 

All the above fil~iis display good I-esistancc to water and aqueous clieniicals. 
as would be expected. Further devclopnient of isocyanate-cured acrylic resins 
should lend to early rc:tlisation of a fully satisfactory "cold-cure," or at least 
moderate temperature ( /< 75' C) fol-ce-dry systeliis which will eliminate the 
high stoving temperatures ( 120-1 80°C) needed to curc present thermosetting 
acrylics resin coatings. 

The versatile modern alkyds of category 3 ;\I-c oric group of thc class of 
vinylated alkyds which find wide use in rapid air-drying and low temperature 
stoving industrial paints. They are formed by polymerising methyl methacrylate 
monomer in presence of a drying oil modified ill kyd resin cont;~ining a propor- 
tion of conjugated i~nsaturatcd oil. such as dehydrated castor oil. It is now 
generally recognised that these resins are not true ;~lkyd'vinyl copolymers. as 
they are sometimes described, but that the main function of the oil-modified 
alkyd is that of :I chain transfer agent. or perh:tps just it retarder, which restricts 
the molecular weight of tlie vinyl polymer formed to a level at which it is 
compatible with the alkyd. It shoi~ld bc I-enie~iibesed that moulding grade poly 
(methyl methacrylate) is almost completely incompatible with alkyds. The 
final methacrylated alkyd is a mixture of 

(a) normal alkyd nioleci~les wliich contain hydroxyl end groiIps. 
(b) polymetliacrylic ester of low molecular weight, 
(c) ;I small proportion of true alkyd 'methacrylate copolymer. 

It will be readily seen that the cute of a methucryl:~tcd alkyd with a polyiso- 
cyanate is n complex process varying between mere rcinfo~cement of the 
thermoplastic poly (methyl mctliacryl;~tc) itnd true cross-linking; the drying 
oil alkyd niolecules are tied into the polyuretlinne us in a normal two-pack 
polyester,polyisocyanatc combination. In addition, oxid:ttive cure of the drying 
oil also occiIrs, ;IS in an i~nmodificd alkyd. 

It has been I'oi~nd that fitst-drying coatings of considcr;tble practical utility 
can be made by co~nbining standard mctliyl 1iietliacry1:ttc nic~diticd DCO alkyds 
with isocyanate prcpolymcrs. I'olycthcr, polyol TDI prepoly~iiers arc especially 
attractive on account of their compatibility, whereas those containing isocyanu- 
rates, being more highly brnnclied, are less usel'ul in this context. 

The principle can be extended to the introduction of isocyanate reactive 
groups into the vinyl portion (b)  of the modified alkyd. Typical practical 
compositions are exemplilied in Table 5. I n  type I I  I .  tlie introduction of liydroxy- 
propyl methacrylnte into tlie copolymer improves the drying speed slightly and 
the early-life solvent resistance. However. it docs significantly reduce the long 
pot-life, which is one of the important attractions of these prepolymer'vinylated 
slkyd combinations arising from the LISC of ~toichio~netric excess of isocyanate 
groups over the alkyd Iiydroxyls. 
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Lacquers of the above type, since they contain aromatic isocyanate prepolymer, 
have only fair colour retention properties, similar to those characteristic of 
prepolymer alone, but still superior to two-pack TDl/polyol adduct systems. 
In examples 2 and 3, however, significant dilution with the colour-stable 
methacrylate contributes to a decrease in yellowing to a level which is acceptable 
for many of the currently important applications. 

This result is unexpected, since the presence of both free aromatic isocyanate 
groups and autoxidising fatty oil components shoi~ld logically promote severe 
discoloration. No analogy should be drawn here with the oxidising urethane 
oils and "Uralkyds" since in these products all the isocyanate is converted to 
urethane before autoxidation (air-drying) enters into consideration. 

The rapid rate of drying to the touch-dry state and to a condition in which 
they can be handled without damage makes the above system ideally suited to 
the formulation of economical furniture sealers and finishes, and also coatings 
for application to porous substrates such us chipboard. Undoubtedly, the good 
solvent release properties of the methacrylic polymer component contribute 
significantly to the hardening of the surface. The fill1 cure of the isocyanate 
and drying oil components probably takes sonic days. Nevertlieless, the films 
develop good abrasion resistance in less than one week, which is probably an 
acceptable storage period before use, for example. of a chipboard floor. 

Epoxide resin/isocyanate combinations 
The inclusion of tnirtor amounts of epoxy resin of the diphenylolpropane' 
epichlorhydrin type into various types of two-pack urethane coatings is an 
established practice which leads to improved adhesion of the film, amongst 
other desirable properties. The isocyanate reacts primarily with the "chain" 
hydroxyls of the epoxide resin, but the terminal epoxide groups enter into 
reaction when amine groups formed by reaction 4 (Fig. 1) become available. 
The epoxy resin is integrated wit11 the urethane-urea film as in cure by a low 
molecular weight reactive polyamide having amine end groups. Coating 
having excellent resistance to water and chemicals based on this principle have 
already been described'~~,~. 

Though epoxide resins alone, that is, as the sole hydroxylic component, can 
be cured by a polyisocyanate or compatible polyether prepolymer, the full 
potential reactivity of the terminal epoxide group may not be utilised. For this 
reason, attention has been focused on systems in which the resin has first been 
reacted with an amine or diethanolamine to convert the terminal epoxide groups 
into isocyanate-reactive hydroxyl and substituted amine groups (see opposite 
page). 

Product AX6 retains the chain hydroxyls of the original epoxy resin, but three 
new ones are added at each end plus a tertiary amine group which catalyses the 
isocyanate/hydroxyl reaction. In product B, reaction with stericnlly hindered 
tertiary octyl primary amine forms at each end one new hydroxyl and a hindered 
secondary amine which reacts with NCO to form u stable urea. 

Both adducts of type A and B cure rapidly with polyisocyanates. Rest results 
are obtained with isocyanate/polyol adducts and polyether prepolymers. Such 
compositions already form the basis of established fast drying anti-corrosive 



CH3 CH, CH, 
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metal coatings. Their use may bc expected to expand rapidly in those applications 
where the relatively slow curing rate of epoxy resin,'polyamine coatings can 
give rise to difficulty, c.g.. the winter painting of ships. 

Conclusions 
The f ~ ~ l l  utilis:ition of isocyanates in surface coatings teclinology has not moved 
as rapidly as in the production of flexible and rigid foams, for a variety of reasons. 
The most significant cause has been the necessity to present the isocyanates to 
the industry in a manner which will enable it to use them by means with which 
it is already familiar. They must present minimum hazards in coatings techniques 
and give consistent results. Much attention has been focused on these two 
aspects and it is clear that the hazards posed by the use of isocyanates are better 
understood. The curing mechnnism of diirerent systems is n more complex 
problem and the influence of the chemical constitution of the isocyanates 
themselves on the final properties is not always easy to determine. Nevertheless, 
the technological efforts and developments made during the past decade have 
provided a sound basis for a multitude of formulations which will enable 
coatings for virtually all substrates to be devised and applied with safety. 
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A full consideration of the processes involved in curing isocyanate composition 
now shows that water is involved to  some extent in the great m~ljority of irr sitrr 
coatings. Appreciation of the part played by this ~~b iqu i tous  material is one of 
the most significant contributions of the last few years. and  it will certainly 
enable even more desirable coatings to  be devised. The co lo i~r  retention 
properties of the coatings are primarily a function of the isocyanate used and 
means of harnessing the cheniicnl structure to  impart specific characteristics 
can now be forecast. 

I t  is also clear that the moisture-curing prepolymers will play an increasing 
part in the coatings technology of the future. They are valuable not only in 
their own right as  single-pack stable lacquers but also as  polyisocyanates to be 
used as components in two-pack systems. Special properties. s ~ ~ c l i  as  compatibility 
with other film-forming polymers. vinyl and :~crylic resins being particularly 
attractive, can be built into their structure and  much more will be heard of 
their use in this way. 

There is no doubt that isocyanates. with their fundamental reactivity and 
versatility, will find. increasing applicntion in the coating technologies of the 
future. They have come of age and will be n growth feature for niliny vears to 
come. 

[ Roc.c>i~v~l 18 L)c~cmhcr. 1968 
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Discussion at Eastbourne Conference 
MR C. E. HOEY referred to the statement made in the paper that water had a reaction 
rate approximately the same as that of the hydroxyl containing polyesters. This was 
of particular importance when one had to consider the curing of urethanes in various 
parts of the world, where the humidity could vary considerably. 

Considering the reactions in the paper. the reaction with water produced carbamic 
acid and then an amine. This amine could rcact again with any free isocyanate left. 
to produce a homopolymer of the original isocyanate. This presumably produced an 
extremely complicated polymer mixture at the end of the rcact ion. 

Had the authors examined the chemical resistance of the various polyurethanes 
under various conditions of humidity and which was more important, relative 
humidity or total humidity? 



One further point was that since the water for the curing reaction was obtained 
from the air, would therc be a disproportionat ion b2tween the surface of the reacting 
film and its bulk? 

MR C. BAIIKER said that very little quantitative data was available about tlie effect 
of humidity on tlie absolute chemical resistance of tlic coatings. The humidity un- 
doubtedly aCfectcd the speed of cure. and it was the absolute humidity which was 
critical. not the rclative humidity, so that, for instance, urethane coatings would cure 
quite satisfactorily in the fringes of the Sahara, whercas therc would be difficulty in 
Finland in the winter, where the absolute humidity had gone down to a very low 
lc\el bxausc all the water had been frozen o i~ t  of the air. 

Quite a lot of data was available o n  tlie question of whether the chemical resistance 
uaseffected. A paper had been given, which showed that if liquid water was deliberately 
added to urethane systems of particular types. the chemical resistance increased 
progressively. and this led to the conclusion that the substituted urea linkage, and 
possibly tlie biuret since little was known about the balance of these two in the particular 
context. imparted more chemical resistance than the urethane link, which was regarded 
as being the primary building unit. So i~iiprovcd chemical resistance would be expected 
\\hen water intervened. 

In tlic case of the disproportionation between the sitrfacc and the bulk of the film, 
he didn't have any details. I t  had been expected to take place. The filni curing did take 
tinie in the thick filni. but no analysis had been recorded of tlie layers next to the 
substrate as distinct fronl those at tlie top. He would expect tliere to be differences 
in tlie short run of the life of the film, but ultimately the isocyanate must be consumed 
up to the point where the terniinal isocyanate could cease to be mobile within the film 
structures as a whole. These groups hydrolysed as a final step, and any further small 
molecules of water which diffused in through the more closely cured top layers would 
lead to an early yellowing process. 

DR A. LOWE commented that in Dr O'Neill's paper reference was made to the 
speed of cure. both on the surface and on the substrate, and the centre part. if it was a 
thick film. certainly took longer. I t  was simply a question of diffusion of the water 
molecules through the filni as a whole. 

DR L. A. O ' N ~ I L L  remarked that Mr Barker had said tliat the hydroxyl groups of 
the two-pack polyurethanes niight be responsible for good adhesion. Could he 
comment as to why intercoat adhesion failures were so~iietinies obtained with two- 
pack polyurethanes and why the same hydroxyl group didn't serve to bond chemically 
on to the second coat'? Also, did some of the newer polyurethane types vary in inter- 
coat adhesion properties? 

MR BARKIR replied that he couldn't answcr in  detail. The question of intercoat 
adhesion in polyurethane was an enigma. There was the case of the urethane pre- 
polymers wliicli, apparently. conipletely reacted. The curing mechanism was a fairly 
\iniple one, and yet properly designed these codlings could give quite good intercoat 
adhesion. He felt that intercoat adhesion did not depend simply on presence of 
residual liydroxyls. though tliere was the cvidcnce tliat if one used an undercured 
primer system. that was, a system with lower than I :I niolar ratio of isocyanate to 
hqdroxyl, the second coat. which niight b? formulated at I : I .  had better adhesion. 

MR W. W. GILLISON said that MDI was useful in preparing tear resistant rubbery 
films, and asked if HMDI (dimethyl methane diisocyanate hydrogenated, or PlCM 
as in the paper) would give equally good tear resistance with better light fastness. 

DR Low, answered that when MDI was used in this connection, the properties 
of the final rubbery tilni were very good. HMDI. on the other hand, tended to impart 
less rigidity to the structure of the final film, and as far as hc was aware the tear 
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resistance and the tensile strength liad always been lower, although most of the work 
on HMDI had been done many years ago. 

The best material for this purpose was mctliylcnc diisocyanate. 
MR F. ARMITAGE commented on the statcmcnt in the paper, referring to the co- 

polymers, vinyl monomers, itnd alkyds, which read: "I t  is now generally recognised 
that these resins are riot true alkyd./vinyl copolymers." He did not agrcc that this 
was the case. This controversy had bcen started 20 years ago, and he liad supposed 
that the paper by Kut in January 1952 had scttlecl this controversy in fiivour of true 
copoly~ners being fornied if tlie alkyd contained either conjugated fatty acids or 
maleic anhydride. 

A second point was that no mention had been made in the paper of a relatively 
new coating system, which comprised i~nsaturatcd polyester, vinyl monomer \h.ith 
peroxide catalyst. and polyurethane prepolynier. Did Mr Barker know anything 
about the system'? 

MR BARKER took Mr Arniitage's point, but did not accept that this applied in 
the context of methacrylic polymers. The evidence produced by fractionation studies. 
albeit carried out some time before by now old fashioned solution-graded non-solvent 
precipitation techniques, had suggcstctl that in the type of nietliacrylated alkyd being 
dealt with, there was a significant content of non-polar or very low polarity polymer, 
which could only be described as low molecular weight honiopolymer. Quite recently. 
gel permeation chromatography had become available, and the evidence from this 
suggested that there were significant proportions of lion-polar materials present. 
which were not true copolymers. 

It was true that different catalysts used in the formation of vinylated alkyds led to 
different degrees of hydrogen abstraction froni the base alkyd, and he suspected 
that many conimercial products were designed to the point where the overall system 
was compatible. 

The paper had merely tried to point out that tlie system was complex, in which 
one could see direct chemical links. Considering tlie true copolymer which was present. 
one had a dehydrated castor oil alkyd in the presence of which one had copolyrnerised a 
vinyl monomer, in this case methyl methacrylate. A significant proportion of the 
material present would be niethacrylic copolymer chains of low molecular weight 
attached to the conjugated fatty acids which, through the alkyd, would have hydroxyl- 
amine groups. It was these that inipartcd the conipatibility of the system. 

On the second point, he had no knowledge of the use of unsaturated polyesters. 

The only comment hc might make was that there sccmed to be a n  increasing 
tendency to use the low molecular wcight polyisocyanatcs as reinforcing agents in a 
very wide variety of systems. Nitrocellulose was the classic case. All one could say 
was that in the context of mixing a highly cross-linkable systeni with thermoplastic 
materials, it was not surprising that improvements in solvent resistance, whether by 
simple mixing or true reaction, were obtained. 

MR N. MACLEOD had noticed that when hydroxy-acrylics had been reacted with 
isocyanate copolynlers, hydroxypropyl nicthacrylate, which contained a secondary 
hydroxyl, had been used. Had the author had any experience with primary hydroxyls, 
such as hydroxyethyl acrylate, where there wasn't a water branching interference, 
thus giving better film properties? 

MR BARKER replied that there was no reason why one shouldn't use hydroxyethyl 
acrylate or methacrylate as the polar component in this context. He thought that 
the use of hydroxy-acrylic polyniers for subsequent cross-linking was a ~iiost interesting 
system. Fastcr reaction would be expected with hydroxyethyl acrylatc. I t  was possible 
that when some of the results in Table 4 were analysed, it might be found that they 
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had been working with an adverse reactivity balance. A hydroxyl on a fairly large 
chain was reacting with an isocyanate in competition with water, and the competition 
\\,as barely equal when dealing with small molecules. He suspected that some of the 
results, which were a little disappointing, were due to this competition. 

A high level of reaction of the polyisocyanate was not being obtained. whether it 
was the polyol adduct. the prepolynier. or the aliphatic type. I t  was unlikely to be 
significantly different with a hydroxyethyl compared to a hydroxypropyl. Specific 
catalysts might have to be obtained to increase the degree of reaction. 

To bring up another line of thought, he pointed out that, as with the thermosetting 
scrylics when curing with melamines, i t  was no longer a two component system. 
at least not two components in the sense of a polar monomer and a non-polar 
monomer. These systems had other components which produced self-catalysis, and 
it  was from these systems that changes niight stem. Bases and similar groups might 
be incorporated into the copolymer initially, which would help to promote reactivity. 
THE CHAIRMAN. DR J .  GAUNT, remarked that he would not have thought that 

with acrylics it would matter whether there was an ethoxy or methoxy end group. 
One of the major contributors to the slowness of the reaction was the steric hindrance 
effect due to  the large size of the molecules. Presumably by the addition of base 
catalysts, this reaction could be improved, but even water would speed up the reaction. 

M R  BARKER agreed, and said that this would lead to  work like that carried out on 
urethane foams, where catalysts which would promote the urethane reaction in 
preference to the water reaction were sought. 

M R  M.  F. RING asked if the authors could comment on the toxic properties of the 
polymers as distinct from the monomer. He had gathered that there was a possibility 
of unreacted isocyanate groups in some cases, and. in the case of cold curing materials, 
he would expect this to reach quite reasonable proportions. Had any work been carried 
out t o  determine unchanged isocyanate content, and what sort of effect would this 
have on the uses to which coatings based on this type of material could be put? 

DR LOWE replied that this was an important question. Toxicity of isocyanates in 
general had been a problem for many years. Obviously. if one was dealing with factory 
production of foams or rubbers one could take precautions quite easily. In the surface 
coatings field, where isocyanates were used in sitrr, in domestic circumstances, then 
the major hazard had been the presence of small quantities of a primary diisocyanate, 
such as tolylene diisocyanate or diphenylmethane diisocyanate. Many factories had 
taken this responsibility very seriously, and had endeavoured to produce larger 
isocyanate molecules, containing only small proportions of the primary material. 
I t  seemed from the work which had been carried out over the last few years, that once 
the molecular weight was somewhere in the region of 500 or more, very little hazard 
existed. Hence the moisture curing prepolymer. for example, which could be regarded 
as a film forming isocyanate by reaction with wa.ter only, so far as could be seen from 
medical tests which had been carried out, had very little effect on animals, and he 
knew of no case where humans had been affected by material of this kind. 

The hazard with tolylene diisocyanate and hexamethylene diisocyanate was a vapour 
hazard, producing irritation in the bronchial passages. MDI on the other hand did 
not, at ordinary temperature, have a significant vapour pressure. Nevertheless its 
niolecular weight of 250 did put it into the class of a primary irritant, so that droplets 
which were produced by spraying and aerosols could be a hazard. However for products 
~xhich Mr Barker had mentioned, such as polyol adducts, where the molecular weight 
\vas over 500, or polymeriscd isocyanurates, no symptoms had been observed. 
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Electron and ultra-violet curing of 
coatings* 
By W. Deninger and M. Patheiger 
Farbenfabriken Bayer AG, Technical Service Department, Krefeld-Uerdingen, Germany 

Si~r?iniary 
The electron beam curing of coatings has for some time attracted a great deal of attention. 
especially since it is claimed that coatings can be fully cured in a fraction of a second. However-. 
as far as the authors are aware, no paint processor in Europe is yet using electron beam curing 
equipment comniercially. Various commercially available electron accelerators are described 
and statements in the literature regarding the oiltpi~t and profitability of the process are 
considered critically and compared with the authors' findings. 
Experiments with unsaturated polyesters, which are the usual binding media mentioned in 
this connection in the literature, are reported and compared with the authors' results. For the 
most part, it has been found that the reported information is not given in sufficient detail. 
A second, and very fast, curing method for polyester resin systems is polymerisation by means 
of ultra-violet light irradiation. Suitable techniques and binding media have reached the stage 
where they can be used industrially and they are discussed. Finally, the two curing processe, 
]lave been compared and an attempt has been made- as far as is possible at the present time 
to identify their relative importances. 

Key words 
Binrirr-s-re.sitls, etc. 

polyester resin 
Dry i t r~  or crrritlg of coutings 

Appur-ut~rs Mefhocls and procc,.t v ~ . \ .  

linear accelerator electron curing 
radiation source ultra-violet curing 

Durcissement de peintures par faisceaux d'electrons et rayons 
ultraviolets 
RPsunik 
Le durcissemcnt de peinture par faisceaux d'electrons a tit6 activement discutk depuis quelquc 
temps, notamment A I'egard de la tendance act~~elle vers rationalisation: on affirme que la 
peinture peut Ctre durcie dans une fraction de seconde. A cet Cgard on doit souligner qu.3 
present il n'y a pas d'utilisateur de peinture s'en servant d'un appareil de durcissenient 3 
faisceau d'electrons. Cependant, de diverses entreprises, telles que High Voltage Engineering 
Radiation Dynamics, BBC, et d'autres offrent des appareils i irradiation, ou elles sont ell 
train de les affecter. Pour la plupart. ce sont de classiques accelerateurs d'electrons, ayant 
des caracteristiques operatoires convenables au durcissement de peinture. C'est-a-dire i l  
s'agit des voltages accelerateurs de 300,000 a 500,000 volts. Etant donne que la densite des 
feuils de peinture soit I'unitC, ces voltages acctilerate~lrs correspondent aux profondeurs dc 
penetration de lmni environs dans le feuil de peinture. 
On dicrit les appareils disponibles et I'on considere critiquement les donnees sur leurs dibit 
et rendenlent et I'on les compare aupres des ri-sultats obtenus par les auteurs. La dose de 
radiation exerce une influence sur tous les calculs de coilt. Ainsi ces calculs sont inexacts :I 
cause des inexactitudes a I'egard du dosage de radiation. 
Parmi les produits nientionnks dans la litteratilrc en tant que liants convenables ail durcissenient 
par faisceau d'electrons i l  y a ;  mClanges de nionom6re avec des polynieres acryliques, poly- 
esters non-satures, polyesters acryliques, polynieres fluorks, plastisols de CPV, systt'me.; 
vi~lcanissables d'hydrocarbure. 
Les auteurs rendent compte de leurs experiences sur des resines polyesters non-saturees et 
d'autres liants. Ils font une colnparaison des resultats de leilrs etudes avec des faiscea~~s 
d'electrons, auprh  des donnkes deja publiees, et ils considbent les ditT6rences mises en ividence. 

. -- - -  -- -- - - -~ 
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Les auteurs conclurent que, sauf pour Ies polyesters non-saturks, il n'existe pas d'autres 
liants sur le marche actucl qui sont convenables au durcissement par faisceau d'electrons. 
Un alternatif processus de durcissement trks rapide des systkmes de resines polyesters est 
fourni par la polymi.risation aux rayons ultraviolets. LC liant et le processus sont a la fois 
dkja ii la disposition des utilisateurs de commerce. Les auteurs donnent des details sur le 
durcissement dc polycstcrs. ct enfin ils font une cornparaison dcs dcux processus, et ils 
apprccient Icur importance ii I'avcnir. 

Lackhartung rnit Elektronenbundeln und Ultravioletten Strahlen 
Zusr~mmen fassuiig 
Besonders im Hinblick auf den heutigcn Trend zu rationalisieren, hat man schon seit cinigcr 
Zeit das Vernetzten von Lack rnit Hilfe von Elektronenbundcln diskutiert: es wird behauptet, 
dass Lacke in dem Bri~chteil ei~ier Sekunde geliirtet werden kanntcn. In diesem Zusammenliang 
muss darauf hingewiesen werden, dass bis jctzt noch kcine Anlage zur Lackhiirtung mittels 
Elektronenbundeln von cinem Lackvcrbrauchcr verwandt wird. Verscliiedene Firmen, wie 
z.B. High Voltage Engineering, Radiation Dynamics, BBC und andere bietcn bereits Bestrali- 
lungsapparate an odcr entwcrfcn dieselbcn. Diese bestchen nleistens aus Elektronenbe- 
schleunigern, dercn Arbeitskonstanlen auf die Erfordcrnissc der Lackhiirtungeingestellt wurden. 
Dies bedeutet, dass sie nlit BeschleunigcrSpannungen von 300,000 bis 500,000 Volt arbeitcn. 
Diese Bcsclileunigungsspannungen entsprechen, wenn die Dichte der Lackfilme gleich I ist, 
Eindringticfen fur die Elektronen in den Lackfilm von etwa tmm. 
Die zur Verfugung stehenden Apparaturen werden beschrieben, und Zahlcnwertefiir Durchsatz 
und Wirtschaftlichkeit werden kritisch gcpriift, sowie mil den eigenen Resultaten der Autoren 
verglichen. In allen Berechnungen der Wirtschaftlichkeit spielt Strahlendosis eine Rolle. 
Solche Berechnungcn sind daher ungcnau, ebenso wie das Mcssen der Dosis heute noch 
unsicher ist. 
Zu den in der Literati~r als fur dic Vcrnctzung  nit Hilfe von Elektronenbundeln geeigneten 
Bindemitteln erwiihnten Produkten geliiiren: 
Akrylmonomer/Poly~~~er-Mischungen, ungesiittigte Polyester, Acrylpolyester, fluorierte 
Polymere, pvc Plastisole und vulkanisierbare Kohlenwasserstoffsysteme. 
Die Autoren berichten uber Vcrsuchc. in wclchen sie rnit ungeslittigten Polycsterharzen und 
anderen Bindemitteln experimentiert haben. Die eigenen Resultate werdcn niit veroffentlichten 
Werten verglichen, und die Untcrschiede gcpriift. Sie komnlen zu dem Ergebnis, dass sic11 
ausser ungesiittigten Polyestern keine andcrcn heute zur Verfugung stehenden Bindemittel 
fur die Hartung mittels Elcktronenbundeln eignen. 
Ein zweites sehr schnell Polycsterharzsystemc vernetzcndes Verfahren besteht in der Poly- 
merisation durch ultraviolette Bcstrahlung. Sowohl geeignete Bindemittel, als auch das 
Vcrfahren selbst stehcn bereits zur praktischen Anwendung zur Verfugung. 
Die Autoren rnachen dctaillicrte Angaben iiber die Ultraviolctthartung von Polyestern und 
vergleichen zum Schluss dic beiden Vcrfahrcn und bcurteilen die Bedeutung, welche sic 
moglicherweise gewinncn konnten. 

Pe3lo.we 
Y ~ ~ O ~ H ~ H M C  KpaCOK 3;leKTPOHHblMU SIYYaMM aKTMBHO o6ocyxnanocb yXC HeKOTOpOe BpCMII. 
U C O ~ C H H O  B BMny T C H ~ C H U M M  B Hacronuee BpeMR K ~ ~ U M O H ~ ~ M ~ ~ U M M ;  npeTeHnyeTcn VTO 
KpacKH MOrYT 6 b l ~ b  3aTBCpneHbl B TC'IeHMe QOnM CeKyHJlbl. R CBII3M c 3THM CnenyeT 3aMCTMTb, 
qTO no HacToRUerO BpeMCHM Her Cll(e YCTaHOROK IlpMMeHReMbIX ~ O T ~ ~ ~ U T ~ ~ I I M M  Ann ynpoq- 
HCHMR KpaCOK 3JlCKTpOHllblMM JIYYBMM. Pa3nMqHble ( b ~ p ~ b l  KBK HanPMMep Xafi Bon~enm 
E H ~ X M H M ~ M H ~ ,  P ~ A M ~ U I C H  & ~ ~ ~ H B M M K C ,  66Ll M APYrMe yXe OnHaKO IlpenJlaraloT KnMCHTaM 
0 6 o p y n o e a ~ ~ ~  06nyqc11urr MnM yxe npoeKTMpytor MX.  I locnen~ue B G O ~ ~ U H H C T B ~  cnyyaes 
flBJlRK)TCII KnaCCMLleCKMMM 3nCKTPOHIiblMM YCKOPMTCJIRMM, OnepaTMBHble AaHHble KOTOpblX 
0:HOBdHbl Ha T ~ ~ ~ O B ~ H M R X  AJIR YnpOqHeHMR KpaCoK T. e .  O H M  @ Y H K U M O H M ~ Y H ) T  C HanpIIXe- 
HHIIMM YCKOpMTenR B 300000 A 0  500000 BOnbT. ~ T M  YCK0I)IIH)LUMe HanpRXeHMR COOTBeT- 
CTBYIoT m y 6 u ~ e  rIPOHHKaHMR 3JleKTPOHOB B flneHKy KPaCKM TlPMMePHO B f MM, eCnM rInOTHOCTb 
kpacoq~b~x nneHoK pawla I .  
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A~CTCU O l I n c a H M e  HhlCWUHXCR B PilCflOpRXCHMM 0 6 0 p y n 0 ~ a t 1 n i 3  M LlaHtlblC I I ~ O ~ Y C K H O ~  
C~OCO~HOCTM M P K O H O M M ~ H O ~ ~  flPOM3BOnMTCnbHOCTM nOnBCpratoTCR KPMTMVeCKOMY O~CY)KIIC- 
HMH) M CpPBHMBBH)TCU C I7e3YnbTi lTaMM flOnY'IeHHblMM C a M M M M  a B T O p a M M .  0 0 3 a  U3Jiy'lCHblU 
M r p a C T  p O n b  BO BCCX PaCqCTaX PKOHOMUU. ~ T U  pdCSCTbl f l07TOMY HC TOqHbl.  T 0 9 H O  TBK KC' KaK 
U M3MepCHMR U07MPOBaHMR B H;ICTORIllCC BPChlR Cl l le  HC RCHbl. 

A B T O ~ ~ I  nOKnanblWdlOT 06 Ol lb lTaX IlpOBeLlCHHblX MMM C H C H ~ C h l U l C H l l b l M M  f l O f l ~ 7 d I ~ ~ ~ b l ~ 1 1  
C M O n a M U  H A P Y r M M M  KpCflMTeflUMM. Pe3yJ lbTaTbl  UX p a 6 0 T b l  C 7nCKTPOHHblMM .'lYSahlII 
CpaBHUBaWTCU C O ~ Y ~ ~ M K O B ~ H H ~ I M H  A;IHHbIMM M p2l'lnM'iMR B p C 3 y n b T a T a X  LlHanM3MpyWTCR. 
Ae~0pt.1 npMXOnRT K 3aKntOYeHMto VTO KpOMC' I iCHaCbll l (et l l l  blX ~ I O J I M ~ @ U ~ O B  HCT B HaCTOUUCC 
DpCMU n p y r U X  3 ; l ~ p C f l M ~ C n C f i  KpaCOK. KOTOpble  UBJIUtOTCU nl)MrOIIHblMM IlJlU YflPOYtlCHMR 
7nCKTPOHllblMM nY'I2IMII .  

Introduction 
Although various descriptions of curing polyester coatings by electron beanis 
have appeared in the literature. no experimentill results have so far been 
published. Experimental plant for this work is said to be in use on an 
industrial scale in the USA' but, as far as is known. no similar equipment i \  
being used in Europe at the present time. 

It has been clainied that coatings can be cured by electron beams in seconds. 
or even fractions of a second. so the process should have great economic 
advantages, particularly for such applications as coil-coating. Coil-coating 
is being carried out in Europe at strip speeds of 20 to 30m per min. but in the 
USA speeds of 50m per min are common and it is hoped to reach speeds of 
lOOm per min in the future. The process is also of interest to the furniture 
industry where. although the cycle of operations does not permit the high 
speeds used in coil-coating, speeds of I0 to 20m per min can be attained. 

The manufiicturers of electron accelerators already have practical experience 
of the use of electron beams for other purposes. such as post-curing plastic5 
(e.g. in the production of shrunk films and tubes). vulcanising rubber. the 
polymerisation of monomers in plastics production, and the sterilisation of 
medical instruments and foodst~~ffs, but their application to coatings is at the 
moment still largely theoretical. Nevertheless, they calculate that the procesh 
will have economic advantages because of the low radiation doses required. 
the high throughput speeds, the small amount of space required for the accelern- 
tor. the low operating costs. and the low labour content required. 

Different types of radiation of comparable energy difyer from one another in 
their linear ionisation density. This is the number of ions formed by the radiation 
in the target material per un i t  of distance. As ionisation proceeds. the radiation 
loses energy, and it follows that the depth to which the rays penetrate the material 
is inversely proportional to the intensity of ionisation. 



Gamma rays ionise very weakly and are therefore capable of penetrating 
materials for largedistances. Tests using a Caesium 137source in an "Irma" mobile 
irradiation plant developed by Euratom of Brussels have shown that polyester 
systems can be copolymerised with gamma rays. althoi~gh the complete cure 
of a filler composition tested by tlie authors required an irradiation time of 
4ix h o ~ ~ r s .  

The strongest ionising efTect is that exercised by x-radiation, i.e. helium 
nuclei. but even in ii material with a density of 0.001, such as air, they have n 
range of only a few centimetres. As the distance between the source of the bean1 
and the surface of the coating is i~nlikely to be less than 5cm in practice. almost 
no radiation woi~ld reitch the coating. 

To cure coatings efTectively, radiation which ionises intensively, yet penetrates 
materials for large distances-that is to s:ly a co~npromise between the two 
extremes described above-is required. Electron or $-radiation ionises inten- 
sively. although its ionisation density is not equal to that of x-radiation, and 
its ability to penetrate depends on the accelerating voltage to wliich it has been 
subjected. For curing coatings. this voltage is 300 to 500kV wliich gives a i~seful 
depth of penetration of 300 to 400 ~nicrons in  a material with a density of one. 

Three primary processes arc capable of occurring when high clwrsy elcctroris 
interact with materials. 

I .  Ionisation 
An electron is elimin;lted. 

A B  - A H .  . c 
i~nd the ioniscd ~iiolccule immediately dissociates to form a free radical 
and a radical ion, 

A B .  . .A . - H ,  

2.  Excitation 
Where the irradi:~tion cnergy is no1 sutlicicnt for i o ~ i i ~ i ~ t  ion. only for 
excitation. 

A B  -AH:!: 

The most import:~nt rcaction of excited niolecules is dissoci:~tion into 
1'1-cc radicals. 

AB* :A . 'H 

3. Electron capture 
.A similar process to ionisation. 

A B  . c - A B  

~,hicl i  splits into :I radical and a radical ion. 
A B  - -.A : .B 

Further details regarding the itbovc reactions hnve been given by T;lwn2. 
The ability to form free radicals is essential for the electrori beam curing 

process. and the following substances are stated in tlie literature to be suitable: 
mixtures of acrylic nionomers and polymers, i~nsaturated mixtures of polyester 
nionomers. mixtures of acrylic polyester monomers. acrylic modified epoxy 
resins and special polyurctIi;~ncs. Therc is not ~iii~cli published information 



available but it is known that only poly~nerisuble, i.c. ilnsatilrated, systenls 
itre suitable. It is also stated in the literature that several resin manufr~cturer?; 
are offering resins suitable for curing by rndi ;I t '  lon. 

Sources of electron radiation 
The ?-ray isotopes obtained as waste products from nuclear reactors ciinnot 
be used because their p-radiation is always accompanied by strong y-radiation. 
and the screens which must be used as a protection against the penetrating 
:,-radiation also hold back the electrons. Generators milst therefore be used 
iind, of these, only linear accelerators and not cyclotrons i1re suitable. Linear 
accelerators, usually of the types known ns van de GrnalT accelerators, cascade 
generators. or ICT accelerators. have been used in research and in industry for 
many years. but they have only recently been adapted for use in the curing of 
coatings. Becr~use the voltage controls the depth of penetration, coating5 
(depending on their composition) require accelerating voltages of only 200 to 
500kV- less than is required for other applications. On the other hand, wherea5 
low current strengths are sufficient for classical applications, relatively high 
current strengths are necessary for curing coatings because it is desirable t o  
produce :IS many reactive centres as possible in a given time. 

Fig. 1 shows the working principle of an accelerator which uses a thermionic 
cathode :is the electron source. The electrons are accelerated in the acceleration 
tube and the narrow electron beam is deflected backwards and forwards o\er 

4 u p-- THERMlONlC 
7 - - - -  IT CATHODE 

LECTRON 

_SCANNING 
MAGNET 

BEAM 

Fig. 1. Cascade accelerator 



the :ireit 01.  the scanner at 50 cycles per second by a deflection magnet. The 
\canner is ii shallow funnel from which the electrons emerge through a window 
made fro111 metallic titanium or aluminium. A high vacuum is maintained 
inside the apparatus. Scanners capable of' irradiating objects up to 1.Xm wide 
;ire nou in production. As the window is constantly bombarded by electrons. 
i t  becomes very hot. depending on the voltage and current strength. Excessive 
clectron flux can cause the window to melt, whereupon the high vacilum is 
lost and the apparatus ceases to function. Replacement of the window takes 
at least 30 niinutes, wliicli is il very long time in relation to the high strip speeds 
cn\.isaged. Although titanium and aluminium windows are i~siial. the use of 
beryllium is also being considered. 

The linear deflection of the electron beam is riot necessarily restricted to the 
direction at right angles to tlie conveyor belt but can also include the direction 
parallel to the belt. In this way a larger area of the window can be covered 
iind the window can withstand a heavier load. The beam has to be deflected 
~nliarmc~nically to prevent i t  covering tlie same path every time. the aim being 
to "smear" the beam. It is also necessary to cool tlie window. At the present 
time :I powerful current of air is used for this purpose and this causes problems 
because the surf:icc of the coating lias to be protected from it. 

A til:inium window, which usually lias a thickness of 25 microns, absorbs 
;tbnut 7 per cent o f  tlie energy a t  300kV. and as niucli as 10 per cent when 
tlie \,olt:ige is reduced to 150kV. This has an important effect as far as the 
irradiation of thin films is concerned. As the accelerating voltage is reduced, 
the lash of energy in the window becomes larger and larger until finally a voltage 
is reaclieci at which all the electrons are absorbed in the window. This voltage 
is about XO to 100kV. Therefore. although low accelerating voltages would 
permit penetration of thin films of organic matter. higher accelerating voltages 
must be used to force the beam through the metallic window. 

The design described ;tbovc is simply n conventional electron accelerator 
~nodified to permit the curing of thin films. Howcvcr, an accelerator has now 
been developed in Britain. by physicists working in co-operation with paint 
~pecialists.wliicli looks coliipletelydifferent from theconventional designsYFig. 2). 
The accelerator uses an accelerating voltage of 125kV. Its thermionic cathode. 
instead of being n small tungsten helix giving a more or  less concentrated beam 
\\hicli \t.ould have to be scanned as in a conventional unit, is a tungsten wire 
\\.it11 a diameter of' I mm and a length of I to 2m, tlie length of the wire being 
cqurll to tlie width of the objcct to be irradiated. The electrons. therefore, no 
longer have to be deflected: instead they pass through the window and reach 
tlie oh-jcct directly. The window. indeed the whole unit. is the result of develop- 
ment work that has covered several years and differs fundamentally from the 
\\.indo\v of a conventional accelerator. This unit is more flexible in operation 
than the conventional ones. and also makes it  possible to use considerably 
higher doses without a great increase in technical difficulties. The window 
raises fewer problems and finally the unit enables experimental conditions to 
he aried to a greater extent. 

Con\entional accelerators give an electron current of 0.311lA per cm of 
scanner width but. according to its sponsors, the British unit gives a current of 
SmA per cni-about 25 times greater. This corresponds to n radiation dose of 
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50 megarad per pass at u substrate speed of 70m per min. A dose ol' Irad 
corresponds to the absorption of l OOergs per gm of the irradiated material. 
which corresponds to 6.25 . 101%V per gm. I megarad I06rad, and n radi~ition 
current of I mA corresponds to about 10'" electrons per second. 

Although this high dose rate is of great value to the experimenter it  should 
not be assumed that tlie speed of the substrate can be increased indefinitely. 

The dose rate can be calculated from the specification of the equipment. 
but such a calculation is open to error because the current and voltage may 
fluctuate. and losses undoubtedly occur in tlie window and in the air. At first 
sight, it appears infinitely preferable to measure every radiation dose directly. 
and this can be done by placing a small piece of foil beside the object and 
determining the diflerent light transmittances with a photometer after electron 
irradiation. However, closer inspection shows that this niethod can also be 
unreliable. I t  has been found that even when the foil has indicated the same 
dose there have been remarkable differences between the states of cure and 
between different throughpi~t rates for identical coating systems. On one 
occasion, after measuring a radiation dose of 16 ~neg:irad at a given conveyor- 
speed the authors measured 13 megarad at half that speed instead of the expected 
32 megarad. It is possible that the explanation lies in the measurement foil 
which. apart from undergoing the intended discoloration. also undergoes 
unintentional decomposition. Attempts are being made to overcon'le this difici~lty 
but no resi~lts are available :it the present time. 



What is the cost of an electron accelerator for the curing of coatings? 
Manufacturers quote the following prices: a plant operating at 300kV and 
35mA (scanner width 1.2m) costs about 250,000 DM, and a plant with a cathode 
current of 50mA and a scanner width of I.Xm costs about 280.000 DM. 
However, after taking losses in the window and air into account, unsaturated 
polyester coatings of normal thickness, i.e. 300 to 500 microns. require a 
penetration depth corresponding to at least 400 '. IO%V. After all, it is not 
sufficient for only a few electrons to reach the lowest part of the film; they should 
be evenly distributed. Also. some reserve is required because the coating is 
bound to be thicker in some places owing to ~lnevenness in the substrate. 

A 400kV accelerator with a scanner 1.2m wide costs about 330,000 DM. 
A second single radiation head with a width of 1.2m costs about 150,000 DM. 
The latter is useful when two 1.2m scanners are to be operated from a 50mA 
unit at a current of 25mA each. I t  is not possible to operate more than two 
scanners from one power supply and another complete unit is required if more 
than two scanners are to be operated in succession. 

To the best of the authors' knowledge, the above prices are the lowest quoted. 
Another manufacturer has quoted a price of 1.000.000 DM for u 500kV 
accelerator, but this included radiation protection. A 300kV accelerator 
requireseither 12mm thick lead or 50cm thick concrete for radiation protection. A 
suitable lead screen would cost about 150.000 DM per scanner. 

Electron beam curing of unsaturated polyester systems 
Solutions of unsaturated polyester resins i n  styrene can be hi~rdened by electron 
radiation and the writers' studies were concentratedon them for two reasons. First. 
because their conipany's range of products includes unsaturated polyester resins 
and secondly. because no other class of commercially available resins seems to 
behave as well under irradiation. The results which are now described have been 
obtained with a 500kV cascade accelerator. 

Unsaturated polyester resins containing styrene could be polymerised withoul 
cobalt and peroxide under an electron beam, and no improvement in cure was 
observed when cobalt and peroxide were included. The polyester resin without 
\tyrene underwent no macroscopically visible changes when irradiated with 
the dose which had proved to cure the styrene'polyester mixture entirely 
satisfactorily. The same applied to styrene without polyester. This does not 
mean that these substances cannot be polymerised under an electron beam 
when a higher dose is used. I t  is, therefore. not surprising that. as tlie proportion 
of styrene in the coating material is raised. the dose required for a fill1 cure 
increases rapidly. 

The familiar inhibiting eKect of air at the surf:ice of tlie film also occurs 
during electron irradiation. Even when heavy radiation doses and high conveyor 
speeds are used. such that oxygen h:~s very little time to act on the surfiice. the 
top of the film does not become cross-linked. The resulting films :ire easily 
scratched and their surface is not resistant to solvents; they also do riot meet 
one of the most important practical requirements. which is that they should be 
capable of being sanded in the dry state. 

To overcome this problem. parafin wax has commonly been included, but 
i t  is found that. when polyester coatings containing paraffin wax :ire irradiated. 



the wrface does not lose its tack. In other words, the coatings gel so fast that 
there is not sufficient time for a continuous protective film of paraffin wax t o  
form on the surface. Thus, when paraffin wax is included, the coatings must 
not be exposed to the electron beam until they have gelled sufficiently to enable 
a film of paraffin wax to form. In practice, the extremely fast cure under thc 
electron beam would have to be preceded by a disproportionately long gelling 
time. In addition, conventional polyester finishes would then again require :I 
cobalt accelerator and peroxide to bring about the gelling process. The formation 
of the film of paraffin wax would take at least live to ten minutes. All these 
frictors considerably reduce the iidvantages of the electron beam cure, particu- 
larly the very fast hardening and the absence of peroxide. and the system once 
again has the disadvantage of a limited pot-life. It is possible that the initial 
gelling could also be accomplished with an electron beam but the coating 
would have to be polymerised slowly at a low dose rtite before being subjected 
to the full radiation for the quick cure. In practice, it would be necessary to 
have a series of scanners situated one after the other. which would greatly 
increase the cost of the equipment. 

The only reasonable way of pre-gelling coatings is to irradiate them with 
UV light. UV-curing polyesters became commercially available a short while 
ago and they are the only ones which can be polymcrised sufficiently within 
iin irradiation time of 30 to 60 seconds-a time which is comparable with that 
taken by the electron curing process--and which ensure that a continuouc 
tilm of paraffin wax is formed. 

This problem does not arise with air-drying polyesters because they are 
processed withoitt paraffin wax. The surface-drying of air-drying polyesters. 
~lnlike that of polyesters containing paraffin wax, depends on the presence of a 
cobalt drier. However. they cannot be used in all cases because they are con- 
siderably more expensive and require roughly twice us much electron radiation. 

With regard to radiation doses, widely differing figures are given by different 
iiuthors. although generally they are between 2 and 5 megarad. The published 
tigures from work on the Tube Investments plant are an order of magnitude 
higher. 50 megarad being given as a "typical radiation dose." The present 
ciuthors h:ive not been successful in obtaining fully cured coatings with doses of 
less than I5 to 20 megarad, even after prelin~innry gelling. Under the most 
I'avourable circumstances, 2 to 5 megrirad only just succeeded in gelling some 
lilms. I t  wo~lld seem that the dose of 2 megarad quoted by equipment manu- 
I'acturers is a mere rissumption and has not been obtained by experiment. 
This point is emphasised because other authors appear to have accepted thi\ 
figure and many profitability calculations for the process have been based on a 
dose of 2 megarad. 

A dose of 15 to 20 megarad is required for polyester coatings containing 
paraflin wax on which perfect films of paraffin wax have formed. I t  will 
undoubtedly be possible to develop media which require smaller doses. and 
promoters for this purpose have been mentioned in the literature. Polyamines. 
polyfunctional monomers. chlorine conipounds, reactive fillers. rind other 
selected chenlicals are claimed to be efficient sensitisers which, in relatively 
small quantities, reduce the irradiation dose needed for cure. 



At the present time. figures of 15 to 20 megnrad may be considered to be 
optimistic because such doses are only sufficient when the coating has been 
pre-gelled. If the coating is irradiated whilst still wet, the required dose is 
:ipproximately doubled. This applies equally to air-drying polyester resins and 
to ones containing paraffin wax. 

The tinie taken to subject the coating to a given dose, and hence the speed 
:it which the conveyor belt is run. is also important. For example, consider the 
case where two coatings, moving :it speeds of 6 and 3m per min respectively. 
are irradiated with 20 megarnd. The coating which moves at the lower speed 
will be found to be harder because, although it requires only half the electron 
current. i t  is subjected to it for twice as long. The higher electron current 
needed for the higher belt speed produces, within a given time, more reactive 
centres which recombine or cause chain termination. The hardening of the coating 
requires a certain time. during the whole of which the coating must be irradiated 
with electrons, and this time cannot be reduced by intensifying the irradiation. 
I t  follows tliat it will not be possible to increase the speed of the belt indefinitely, 
c\.en if more powerfill equipment should become available in the future. 

On the other hand, if scanners extending in the direction of the conveyor 
belt for 50 to IOOcm. instead of IOcm as at present, are built, or if a number of 
>canners of the existing types are placed in succession, higher belt speeds will 
be possible because the coatings will be subjected to the electrons for a longer 
distance and hence the period of exposure will be increased. This example 
indicates tliat it will be better in the future to develop special equipment for 
curing coatings. rather than try to adapt thecharacteristicsofexistingaccelerators. 

The depth of penetration depends on the density of the coating, and the 
curing of pigmented and heavily loaded coatings requires higher accelerating 
\oltages than do other equally thick films. It is very noticeable that thin films 
of heavily loaded coating materials, under a given dose and at a given belt 
\peed. cure better than thick lilms. Although the thick films cure equally well 
:lt the surfiice, their lower layers do not receive enough radiation because of 
the energy absorbed in reaching them. This appears to offer an explanation 
for the view that electron cured polyester finishes adhere to metals better than 
those cured i n  the conventional way. They may be under-cured and still "sticky" 
:it the ~nterface, and one could argue that this apparent increase in adhesion 
ivould be lost on full cure. It is also of interest to note that coatings applied to 
metal require lower radiation doses than those applied to wood, possibly 
because the scattered radiation is reflected into the film by the surface of the 
metal. 

Although the coatings no longer radiate after leaving the curing plant, they 
continue to cure. This is of fundamental importance: if a coated material is to 
be packed. or given some after-treatment immediately, the coating material 
must be given a higher dose than it would require if it were to be given a chance 
to po\t-cure. The authors were unable to measure the post-cure quantitatively, 
lirst. because they could not measure the properties of the film and. secondly, 
because no method was available by which the sandability of a coating to be 
cured on a conveyor belt could be simulated. However, the film could clearly 
be seen to post-cure within the first ten minutes although this was not long 
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enough for it to reach its final hardness. The above considerations apply when 
the smallest radiation dose is used. The final hardness can. of course. be obtained 
more quickly by further irradiation of the fully cured coating but this may 
lead to embrittlement, whicli in turn can be counteracted to some extent b!. 
conventional plasticisation with suitable resins. 

Unsaturated polyester coatings yellow noticeably wlien irradiated, tlie 
amount of yellowing depending on the type of resin, but milch of the yellowing 
later disappears. It is stated in the literature that electron beams do not subject 
the coatings to severe conditions, especially thermally. and that the \ubstrate 
is also not affected. This would seem to be only partly true. Light coloured and 
bleached woods undergo irreversible greying; stained woods discolour con- 
spicuously and irreversibly, and even natural woods change their colour and 
appearance. In addition. the treatment does make the substrate and coating 
warm and, at the higher dose rates, i1 wet film may even begin to boil. 

UV curing of unsaturated polyester systems 
I t  is now well known that coatings can be cured by ultra-violet light. 1Llany 
types of medii~~ii have been suggested :IS suitable for curing by electrons but. 
so far. only i~nsaturnted polyesters have been cured by U V  light. Electron 
radiation has such a higli quantum energy that the radicals required fhr  
polymerisation are formed directly from the boriibarded material, but U V  
radiation has considerably lower qu:~ntuni energy and requires the use of 
photo-initiators. Tliese have been proved by electron spin resonance measurc- 
~iients to decompose in resonance with tlie U V  light and tl1u4 fhrm r;ldical\'. 

Iliphenyl disi~lphide Diplienyl 
thiyl radical 

Only lamps whicli primarily e~iiit U V  light of wavelengths longer th;~n ?OOnm 
are suitable because shorter wavelengths do riot penetrate tlie coatings and 
are absorbed in their topmost Inyers. Low or high pressure mercury \:~poirr 
lamps can be used depending on the application or coating system. 

Low pressure mercury vapour lanips ilre coated on the inside with a Iluorescent 
material which, at 256nm. converts tlie monochromatic radiation into long 
wave U V  light. Thcy emit n cont in i~i~~i i  with u maximum at 36011111 and only 
develop an operating temperntilrc of45 C so ilrc. tliereli~re. particularly s~ritable 
for the preliminary gelling of polyester finishcs containing pill-aflin n a u  nhich 
;II-e sensitive to high temperutures. 

High prcssurc mercury vapour Inriips. unlike low pressurc 1:11iips. elnit ;I l i n t  
spectrum at 366nni and a milch more intense light. Thcy illso rench an operating 
temperature of 700' C. The infra-red portion may bc useful or tro~lhlrlsoriie. 
depending on tlie opplic:ition. 

A liquid polyester coating containing paraffin wax behaves i n  the hains way 
under a Iiigli pressure lamp as when bombarded with electrons. i.e. i t  reacts so 
cluickly that there is not e~ioi~gh time Sor il lilm of piirallin wax to f;>r~ii.  I t  i3. 



iherefore. necessary for the coating to be pre-gelled. This can be acconiplished 
most quickly by using a low pressure lamp. 

Systems which do not require preliminary gelling because they contain no 
paraffin wax, e.g. roll-applied fillers, can be cured directly and extremely quickly 
under the intensive light of a high pressure lamp. Paraffin wax can be dispensed 
with because such systems contain up to 200 per cent of filler. which reduces 
the amount of binding medium at the surface and enables the coating to be 
sanded in the dry state after tlie cure. They are. in f~ict. similar to the familiar 
vehicle repair fillers. 

One of the great advantages of U V  sensitive formillations is that peroxide 
and cobalt are not necessary for the curing process and the system is "one- 
component." Another great advantage is their high reaction speed. Conven- 
tional polyester coatings containing paraffin wax have to be left for at least 
70 minutes before they can be stacked, and then they have to be left for n 
further 20 hours for additional hardening. On the other hand, the exposure 
time for a U V  sensitive polyester coating can be less than 3 minutes; exposure 
of a primer to irradiation for 30 seconds; exposure of the preliminary gelling 
of the top finish under a low pressure lamp for 60 to 90 seconds. and a final 
cure under a high-pressure lamp for 30 seconds. U V  polymerisation of a roll- 
applied filler can take only 30 seconds. which closely approaches the speeds 
obtained using electron beams. 

Conclusions 
The use of electron beams and U V  radiation for curing unsaturated polyesters 
can be compared as follows. Electron beam curing has a wider range of applica- 
tions than U V  curing. I t  is suitable for both clear and pigmented systems. 
whereas U V  curing is only suitable for clear or. at most. semi-transparent 
systems. On the other hand, electron accelerators are considerably more 
expensive and have not yet been developed to the stage where they can be 
senerally used industrially. Further modification appears to be needed to meet 
the requirements of the curing of coatings. 

Both processes, at least in the foreseeable future, can only be used to cilre 
Hat surfaces. There have been reports of attempts to cure car body finishes 
with electron beams but many problems remain unsolved and, in any case. 
the equipment would be expected to be very expensive. 

Both processes are restricted to polymerisable systems, and the choice of 
media. and the properties attainable. are therefore limited. 

Solvents cannot be used because, at tlie high conveyor speeds used, there is 
not s~~ficient  tinie for them to evaporate. Monomers sucli as styrene and 
methyl methacrylate. which toke part in the polymerisation. are not solvents 
in this sense. 

Both processes cure very q~lickly and thus give high outputs. 

Both processes dispense with catalysts and it  is possible to  have one-component 
systems with long pot-lives. instead of the more usual two-component systems 
which have liniited pot-lives. 
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UV-curing finishes will continue to  be used mainly Ibr wood and similar 
substrates, but the extent of the applications for electror~ bean1 curing is still 
uncertain. 

UV-curing can be introduced into existing plants and has been developed to 
industrial utility. I t  also permits iininterrilpted movement and autoniatic 
control of the conveyor belt. 

UV-curing resins are already available, but binding media and forniulationi 
equal to  o r  better than the present standi~rds still have to be developed for 
electron beam curing. 

[ Kcc~c~ iv r t l  10 Doc-c~n~ht>r 196X 
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Discussion at Eastbourne Conference 
THE CHAIRMAN, DR J.  GAUNT, suggested that, in view of the fact that the next paper. 
that by Mr Davison, also covered electron-beam curing. any questions on this aspect 
could be answered in the final discussion session, and, therefore, that questions at 
this stage be confined to the part of the paper concerned with ultra-violet curing. 

DR V. G. W. HARRISON asked if the authors could give information about the 
intensity of the ultra-violet sources used in the work in terms of kilowatt power 
consumed and the distances between the tube and the surface being dried. 

Ultra-violet drying was being used for printing inks with a certain amount of success. 
With printing inks one had a much thinner film, but the drying had to be complete 
in about two seconds to be of any use, so the probleni was not quite the same. Hi5 
information was that the manufacturers of ultra-violet sources were developing \er> 
high power tubes with the light concentrated in the desired wave bands speciall? 
for use in drying. Were the tubes used in this work developed specially for ultra- 
violet drying or were they ordinary tubes'? 

DR W. DENINGER replied that the tubes had been more or less just ordinary tubcs. 
They had been developed for photostatic copiers or similar machinery. 

In any case, choice of lamp was not nierely a question of strength because polymeri:;a- 
tion needed a certain time for reaction. There was no point in having too much energ) 
at hand as speed of polymerisation was the limiting factor. 

Several types of special lamps had been tried, and his recomniendation for a strong 
lamp was a Philips HTQ, which was about 20 times as strong as the other one used. 
the Philips TL05. The HTQ was a quartz burner which operated at about 600-700 C. 
while the TL05 operated no higher than 40-45'C. The weaker lamp was certainly 
not of interest for printing. The HTQ type might be of use, but it was a question ol' 
the dispersion of the initiator, but i t  was unlikely that coniplete cure, even of t h i n  
films, could be achieved in two seconds. 
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MR A. G .  NORTH referred to the use of an inert gas. It would seem econonlically 
sensible to  cure in the presence of an inert gas, as was the case with the commercial 
operation of electron beam curing in the States. It would seem particularly economi- 
cally sensible for UV-curing because it eliminated not only the use of wax and the 
rat her slow curing time necessary to allow it to  rise to the surface, but also t he subsequent 
polishing and sanding operations. Also, the hazard of having a lamp at 700'C with 
styrene just below it might be obviated. 

Had the authors examined the economics of this procedure? 
DR M. PATHEIGER replied that if inert gas was used to prevent the oxidation reaction. 

trouble was caused by dust falling on to  the films, and it was still necessary to sand 
and polish the surface to  get a really good finish. As one always had to sand and polish 
the films, there was no extra effort in using the wax. 

DR DENINGER answered the question of hazard. Official experiments had been 
carried out to  find out whether there was any hazard for the people working with 
these systems. It was found that there was no hazard of inflamation or explosion 
of the styrene, even with lamps of 600-700°C. because it didn't have time to evaporate. 
Immediately under curing polymerisation started. 

MR NORTH asked about the question of pigmentation of the coating. l't had been 
stated that one could not cure pigmented finishing coats, but that one could cure fairly 
heavily pigmented filler coats. Could the speaker explain, and give quantitative 
information about film thicknesses, pigment volumes and types of pigment? 

D R  DENINGER said that for 100 parts of resin 200 parts of asbestos, talc, barium 
sulphate etc., had been used, and a maximum layer thickness of about 200 microns 
was found. A 200 micron film still cured under an HTQ lamp within 30 seconds. 
However, the reaction itself had not been measured, the criterion used was whether 
the coating was sandable or not. Coating thicknesses of 200 microns were still sandable. 
but there was, at the present time, no method of curing, say, titanium dioxide pigmented 
systems with more than 5 per cent PVC with UV radiation, owing to UV absorption 
by the filler, and reflect ion by the pigment. 

THE CHAIRMAN, D R  J. GAUNT, commented that he would like to return to the 
question of inert gas curing after Mr Davison's paper, because he thought that this 
was a very controversial point. 

DR R.  BULT asked if anything was known about differences in properties of films 
cured in a classical way and cured by UV radiation. 

D R  DENINGER said that the behaviour of the varnishes had been compared with 
those applied by curtain coating for surface deficiencies, curing speed, sandability, 
ease of sandability, their performances after the films were polished and finally 
whether kitchen furniture or  sleeping room furniture in practical use showed film 
cracking or  not. All these investigations showed that UV-curing systems performed 
as well as classical ones. 

DR BULT commented that the UV cured coatings did not, therefore, have improved 
chemical resistance. 

D R  DENINGER said that this was the case. They were usually classical polyesters. 
DR BULT asked if there was any danger of ozone formation with UV curing and 

could this lead to health hazards? 
D R  PATHEIGER replied that ozone was a strong inhibitor for the curing reaction. 

and, therefore, one should use lamps which did not produce ozone. The special lamps 
used for UV curing of coatings didn't produce ozone, and therefore it was no problem. 

MR W. H. T. DAVISON referred to the question of scatter by the pigments. He 
would have thought that scatter, in the case of UV, was as important in terms of 
effective penetration as was absorption in the case of clays. The particular question 
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was whet her, in the case of a 200 micron thickness coating. the degree of cure through 
to the substrate had been tested. He would have suspected that the underpart of the 
coating would have been completely undercured. Had any experiments been carried 
out to  verify this'? 

D R  DENINCER said that this had been suspected because the same thing occurred 
with electron beam curing as did with UV curing; curing started from the surface. 
and undercuring could easily occur. 200 microns had been shown by experiments 
to be the maximum thickness for a particular composition to form films that cured 
perfectly even in the lower layers in 30 seconds. 

DR PATHEIGER pointed out that the thickness of films which could be cured with 
ultra-violet light was limited, and they had been merely interested in resins used for 
lacquer application. If it was intended to cure a thickness of approximately lcm. 
very long exposure times were needed. Even using a high pressure lamp to cure Icm 
thick coatings at least half an hour exposure from both sides was needed to cure 
the film. Therefore, the application was limited to thin layers, of about 500 microns 
or less. 

MR D. J. MURRAY enquired about lamps which gave light of wavelength less than 
300nn1. To quote from the paper. "only lamps which primarily emit UV light of 
wavelengths longer than 300nm are suitable because shorter wavelengths do not 
penetrate the coatings . . ." Many lamps emitted quite a strong band at 254nm. 
What depth would these penetrate to, and what would be the limiting film thickness 
at 254nm. 

DR DENINGER said that no attempt had been made to find out to what depth these 
lamps cured in, say, a film of 300 nlicrons thickness, but, after an exposure of 60 
seconds, a sandable surface had not been obtained. 

MR MURRAY asked about the effect of temperature. High pressure lamps had a 
very high heat output, and very often a strong air current was used to carry this away. 
Had any attempt been made to cut down the heat by using a quartz jacket on the 
lamp? 

DR DENINGER confirmed that this had been done. One could use either a jacket 
around the lamp or crude glass plates, but i t  was better to  use two, because one would 
heat up and radiate in the infra-red. When two layers were used. air could be blown 
in between for cooling. The lamp could not be cooled, because the output was at 
the optimum between 600 and 700°C. Lower than 600 C and higher than 700 'C the 
yield of the lamp was much less than within the range, so cooling was a difficult 
bxsiness. However, two glass plates could be used and air blown in bctween them so 
that the lower one was cooled. 

DR PATHEIC~ER added that high pressure lamps had recently become available with 
water cooled tubes around the lanip to get cool irradiation to t he substrate, but there 
was no difference between using this or using two glass plates between the lamp and 
the substrate. In such case UV light was lost, and therefore, if heat did not cause 
difficulty, the quartz lamp should be used directly. This was the case in curing wax- 
free components. putties applied to chipboard for instance. When using wax containing 
materials, such as lacquers, it was important to  cool the lamps. or to use a low pressure 
lamp before irradiating with the high pressure lamp, so that the wax could form a 
homogeneous layer on the film. 

MR J.  WEAVER asked what a typical temperature of the workpicce was as i t  emerged 
after exposure to both lamps. 

DR DENINCER said that this depended upon the systc~n and its thickness. because 
the polymerisation energy was set free immediately under the strong lamps. 
Films were at a distance of 15cm from the lamp. Filled systenls showed temperatures 
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of 45-50°C after irradiation. The thick, clear varnishes showed about 60-65°C. The 
polymerisation energy added to the energy of infra-red radiation. 

MR J. SIMMONDS wondered if the authors could give some idea of the chemical 
resistance of the polyester resins referred to in the paper, and state whether it was 
possible to cure chemically resistant polyesters based on Bisphenol for instance, by 
use of the UV activated initiators described. 

DR DENINGER replied that this had not been investigated yct. They had not been 
interested in the chemical resistance except that implicit in the normal demands in a 
household. 
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Process characteristics of electron 
beam curing* 
By W. H. T. Davison 
Tube lnvestments Research Laboratories, Hinxton Hall, Hinxton, Saffron Walden, Essex 

Sumrnary 
A brief historical review of electron-beam curing ("radiation curing") of coatings is given, 
together with a bibliography. 
The characteristics and parameters of the process are presentcd as a basis for technological 
and economic evaluation and development, in terms of: 

(I) output characteristics of electron beam sources (voltage. current and beam dimensions), 
(2) Absorption of electrons in matter and the calculation of dose and dose-rate. 
(3) degree of cure as a function of dose, dose-rate and other parameters. 
(4) special problems in paint technology and application techniques. 

From (1) to (3). overall relationships are suggested bctween the va r io~~s  parameters, the most 
important of which is "dose-to-cure.'' 
Published doses to cure range from 2 to 15 Mrads; the lower values are regarded as optimistic. 
The need for developmcnt work based on Facilities which simulate realistic speeds. application 
techniques and sourcecharacteristics is stressed and illustrated by TIGER, the Tube lnvestments 
prototype equipment. 
Economic trends are discussed and compared with those for thermal cure in order to indicate 
the areas in which electron beam curing will compete with or replace thermal curing. 

Key words 
Tvpes and c10sse.s 
of coating 

solvent less paint 
radiation source electron curing 

polymcrisation 

Caract6ristiques du processus de durcissement par faisceau 
d161ectrons 

L'auteur donne une breve rcvuc chronologique dii durcissement dc rcvetcmcnts par t'ai.\ccai~ 
d'electrons ("durcissement A radiation"), ainsi qu'une bibliographie. 
Les caracteristiques et parametres du processus se prksentent cn tant qu'unc bxsc d'kvaluation 
technologique ou economique et Cgalcment du dCvcloppcment en termes de: 

( I )  Caractkristiques operatoircs des sources de faisceaux d'klectrons. (cotes dc voltage3. 
de courant et faisceaux). 

(2) Absorption d'electrons par niatikre, ct le calcul de la dosc ct du taux dc dose. 
(3) DegrC. de durcissemcnt en fonction de la dose, ~ L I  taux de dose, et d' autres paramittres. 
(4) Problemes particilliers de la technologic des peinti~rcs ct des techniques d'application. 

A partir de ( I )  A (3) on suggitre des associations globalcs cntrc lcs divcrs pararnktres, dont 
"la dose a durcir conipletemcnt" cst Ic plus important. 
Les doses mentionnees dans la littkraturc varient dc 2 B 15 Mrads: on considere que les cote, 
inferieures soient optimistes. On souligne le besoin dcs Cti~dcs de dCveloppenient basees ~ L I I -  

les appareils qui simulent A la fois dcs allurcs raisonnables. des techniques d'application. dc, 
caracteristiqi~es dc la source, et I'on le denlontre B I'aidc dc TIGER. 
On discute des tendanccs Ccononiiques, et I'on les comparc auprits de celles dc durcisseriicnt 
thermique, afin de faire indiqucr Ics domaines oil durcisscnicnt par faiscea~~x d'i.lectrons 
peut faire concurrence ail durcissement thermiquc ou peut le remplaccr. 

*Prcscnted at the Eastbourne Conference, 19 June I969 



Prozesscharakteristika der Hartung mit Elektronenbiindeln 

Es wird ein kurzer liistorixclier Ubcrblick uber das mit Hilfe von Elektronenbiindeln n~iigliclie 
Vernetzen von Bescliiclitungs~~~itteln ("radiation curing") gegeben, ebenfalls eine Bibliographic. 
Als Grundlage fur  die technologische und wirtscliaftliclie Bewertung und Weiterentwicklung 
werden die charakteristischen Merkmalc und Pammcter des Prozesses vorgetragen untcr 
Hinweis auf: 

( 1 )  Leistungscharakteristika dcr Elcklronenbiindelquellcn ( S p a n n ~ ~ n g ,  Strom- ~ ~ n d  Bundeldi- 
mensionen). 

( 2 )  Absorption von Elektronen in dcr Materie und Berechnung von Dosis und Dosiszuteili~ng. 
(3)  Vernetzungsgrad als Funktion vcn Dosis. Dosisz~~tcilung und anderer Parameter. 
(4) Spezielle Probleme in der Anstriclitecl~nologie und den Anwendungstechniken. 

F.s wird vorgeschlagen, anzunchmen dass von ( I  ) his (3) zwisclien den vcrscliiedenen Paranletern 
gegenseitige Beziehungen bestehen, deren wichtigste "dose to  cure" (Dosis zur Hiirtung) ist. 
Mengen von 2 his 15 Mrads wurden vcriiffentlicht: die niedrigen Wcrtc werden ills optimistiscli 
angesehen. Die Notwendigkeit Entwicklungsarbcitc~i mit Hilfe \ton Einricht~lngen, welclic 
realistische Geschwindigkciten, Anwendungstechnikcn und Qi~clle~l-Cl~araktcristika simulieren, 
durchzufuhrer wird betont und tlurch TIGER illustriert. 
Wirtschaftliclie Trends werden besprochen und mit denen fiir Wiirmel~iirtung vergliclien. 
u ~ n  die Gebiete a i~fzu~e igen ,  in welclicn Elektronenbundelvernetzung mit ilincn konkurrieren, 
nder sic c r sc t~en  wird. 

X ~ ~ ) ~ K T C P M C T M K M  M napilMeTpbl npOUCCCa li?naramTcR B BUnC OCHOflbl llnR T C X H O J ~ O ~ ~ I Y C C K ~ ~ ~  M 
~ K O H O M M Y ~ C K O ~ ~  0LleHKI.l M pa3RMTMR, C TOYKM ?peHllR: 

Introduction 
Historical 
Earlier work in thcsc Laboratories, 1958-60, with a 0.5kW. 2 MeV Van de 
Graaff electron accelerator. had shown that electron irradiation wo~lld cure 
special lacquers and paint films and that such a process would be commercially 
attractive if high power electron generators of between about 100 and 250kV 
\yere available: n British patent for t l~c  process was applied for in 1960. and 
granted in 1964'. 
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Since liquid paints or lacquers almost inevitably contain volatiles, it was 
decided that irradiation should take place at approximately atmospheric 
pressure. The electrons, which are produced and accelerated in a vacuum, 
must, therefore, be transmitted through a vacuum-tight window into approxi- 
mately atmospheric pressure. 

No equipment existed in 1960 which could deliver a powerful and wide beam 
of electrons into the atmosphere at energies of less than about 500kV, and the 
window problem was considered sufficiently intractable that no electron 
generators were known to be under development below about 300kV. 

Preliminary2 work led to a design of window which c o ~ ~ l d  transmit significant 
currents of electrons at lOOkV by using a thin alumini~im foil on a cooled 
supporting grid3. 

A deveIopment contract was placed with Mullard Equipment Ltd. to supply 
a source of electrons of voltage 100 to 150kV over a 6in by I in window, using 
a linear filament and simple rectified three-phase oil transformer as power 
supply. This was delivered in 1962, and used for development work with 
Drynamels Ltd. in an overall experimental coating line from about 1963. 
During this period the window output was increased to the maximum current 
available from the power supply, i.e. 120mA at 125kV, over 6in width. 

In the USA, several organisations started work i n  this field in the early 
'sixties. The Ford Motor Company had filed a basic process patent4, but did 
not publicise their interest until 1966" High Voltage Engineering Corporation 
had published a general account of their preliminary work in 1964, in a journal 
of limited circulation6. Radiation Dynamics Inc. also indicated their activities 
in 1966 and 1967'. 

In the UK, the AERE began a programme in 1964-65 which included the 
development of an electron beam source" and Porter Paints Ltd., on the basis 
of preliminary work at Wantage, approached Tube Investments, leading to an 
agreement in 1967 for joint exploitation of the process. The Tube Investments 
facility was transferred to Hull" under this agreement. 

Properties of electron beam sources 
Few paint technologists will be familiar with the properties of electron beam 
sources, but a basic knowledge of these is essential in so far as it affects the 
overall process and interacts with the compositions and overall process. All 
electron beam machines consist basically of: 

(a) a source of electrons, usually a heated cathode or filament, 
(b) an accelerating field, usually achieved by operating the cathode at a high 

negative voltage with respect to earth, 

(c) some form of beam defining or focusing, which may include time-scanning, 
(d) since (a) to (c) occur in a vacuum, for electron beams to operate in air, 

a "window" is required which prevents the flow of air into the vacuum 
but transmits the electrons. 
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Ahsorptiort churactc~ri.stics qf monoc~ncrgctic electrons 
The maximum range (r,) of electrons in matter is primarily dependent upon 
voltage and the mass-thickness of the absorbing material1" (Fig. 1). Mass 
thicknesses are in g.m \ I g.m " 0. I m g . c m - 9 . 0 9 2 9  g.ftP. 

The range (r,) is, also, to a lesser extent, dependent upon the atomic (not 
the molecular) composition of the absorbing medium". 

Fig. 1. Ranges of electrons v voltage 

Notes 
ro - A l ----- (i) Polyester "lacq~~er" C,.,H,.,O 

r ; ~  - A l . -- (ii) Polyester paint-as lacquer 

''70 - "Llcqi~er" o- - - - - - 0  with 20% TiO,. 
r 7 ~  - "Paint" x-.-.-.-x (iii) 10.76 g.~ii.-~ = 1 g.ftP 

In Fig. 2. the relative doses (at 300kV) are plotted against depth of penetra- 
tion into I mil blue cellophane film of specific gravity cu.1.38, manufactured by 
DuPont and used for dosimetry12. The author's experimental data (using a 
300kV Dynacote'" are compared with other published data4J4, and with 
theoretical curves1% The values of points at which the dose falls to 70 per cent 
of maximum are superimposed to correct for varying windows and air gaps, 



7, - 
DOSE 

Fig. 2. Relative dose v depth absorption in cellophane 

Notes 
Ford, 6in airZ (i) Cellophane film'" nominally 1 mil and 

0 Ford, 2in aira s.g. 1.38, i.c. 1 mil c! 35 g.m-2 

X Boise, 2in air" (ii) 25p Ti Window on Dynacote and other 
Dynacote, 5in air1:' window thicknesses tentative. 

- Theoretical15 

I -1 Air Gap 

I , , , , I I , I I , I , I ~  Window 

An arbitrary "useful range" is defined here as the range at which the dose 
falls to 70 per cent, r70, and values are plotted in Fig. I for a range of atomic 
compositions1? It should be noted that the composition has a significant effect 
on t70/~0, that is, the shape of the "Trump curve" is very dependent upon 
composition (Fig. 1). For higher atomic numbers the peak of the Trump curve 
moves to lower proportions of the range. 

In all cases, it is assumed that the beam is of monoenergetic electrons and is 
substantially parallel. In spite of scatter, which spreads the beam, this is a 
basically valid assumption in terms of the rota1 dose (rather than dose-rate) a 
material receives in passing through a wide beam, and the curves relate to 
such cases. 

Efective penetration for curing coatings 
The variation in properties of the paint through its film thickness depends 
primarily upon the dose, but there are secondary dose-rate effects and surface 
and interface factors which are considered later. In general, all parts of the 
coating must receive some minimum dose (e.g. at the interface) to give full 
conversion and properties, but the top surface normally requires a greater degree 
of cure than this minimum to give extra surface hardness, mar resistance, etc. 



200 300 

k v 

Fig. 3. Uscahle penetration v voltage 

( i )  Upper curvcs arc pcnctration fro111 relative dose of 80"; at surface to 90,80,70 and 50% 
at substrate. 

( i i )  Lowcr cilrves arc thc thickness to be cicducted from above penetrations for relative 
doses at surface of 90 and 95 I:,;. 

( i i i )  Relative doses arc in perccntagc of maxinium of Trump curve (Fig. 2). 

The useful penetration, therefore, depends upon relative doses acceptable 
;,t various points within the coating; Fig. 4 gives values of useable penetration 
for assumed relative doses at the interface with the substrate, and at  the surface 
of the coatins. While the pilint technologist is not expected to specify his 
require~nents in these terms, they illustrate the dependence of useful coating 
thickness upon the :icccptable dose variation. The latter also depends upon the 
"tolerance" of the paint or lacquer to dose variations. 



Fig. 4. Theoretiad maximum area outputs v voltage 

Area output for 1 Mrad (at maximum dose), per mA 
-- Area output for 1 Mrad (at maximum dose), per kW 
(NOTE: Outputs are mean of those for "standard lacquer" and "standard 

paint" (Fig. I).)  

Output calculations 
A Mrad is defined as 106.102 erg.g-' or 10 watt.sec.g-I so that, ignoring losses, 
1 watt will irradiate 0.1 g.secpl to I Mrad, i.e. 0.1 Mrad g.sec-l. An electron 
beam accelerator of voltage E (kV) and current I (mA) will therefore irradiate 
0.1 E.I. Mrad g.sec-l, ignoring losses. 

For organic coatings, including pigmented ones, the average dose over the 
range ro (in g.m-2) is 0.69 + .01 of the maximum dose R,,,., at the top of 
the Trump curve. 

The output for a linear speed of u (m.sec-') and width won) is therefore:- 

(0.69Rm,,) . (r,.u.w) Mrad g.sec-' 
which = 0.1 E.I 

Equation 1 

Values of E/ro vary from 0.34 Ifl .005 at 300kV to 0.57 -l 0.01 at 125kV, 
so that where lower voltages can be used, the output increases significantly 



for a given current and even more so for a given power (in kW). In Fig. 4, calcu- 
lated valueslhre given for K against E in the equation. 

I. 
R m a x ~  = K. - - Equation 2 

W 

The units of K are Mrad.m2.s-l(mA)-' in terms of maximum dose (at the 
top of the Trump curve). 

These theoretical outputs must be corrected for losses arising from the 
following. 
(a) Electrons not reaching the thin, transmitting foil. (This is particularly 

important if the window has thick cooling supports which absorb all 
electrons incident upon them-in one T I  window this loss is 20 per cent.) 

(b) Back-scattering of electrons from the foil; this loss increases with thickness 
and atomic number and can be up to 10 per cent for a lmil titanium foiI 
at 300kV. 

(c) Anomalous energy absorption of foil compared with air and/or coating 
for an equivalent mass-thickness. 

(d) Scatter losses in the air. 
(e) Back-scatter from the coating. This is increased when high atomic number 

pigments are used. 

The overall losses arising from (a) to (d) are basic characteristics of a specific 
design of electron beam equipment for which measured output constants K' 
should be determined and used in the output equation: 

R m a x . ~  = K t  . I/w Equation 3 

These losses also lead to a dose-depth curve which differs from that for 
homogeneous absorption and from theory. In general, this results in measured 
useful penetrations which are somewhat less than those calculated. 

These calculations only apply for relatively thin windows and air gaps such 
that the maximum of the Trump curve occurs within the coating; for thicker 
windows and air gaps significantly lower maximum doses will occur. 

Dose-rates 
Since most radiation-sensitive compositions are dose-rate dependent, i.e. the 
total dose required is less when lower dose-rates are used, it is advantageous 
to operate at  lower dose-rates. This can be achieved by increasing the total 
area irradiated for a given current and voltage, by spreading the electron 
beam along the direction of movement of the coating, 
(a) by normal scatter from large air gaps 
(b) by scatter in a Ford windowlG 
(c) by two-dimensional spread of beam before the window. 

Fig. 5 illustrates the beam profiles for (a) and (b) (based on ref. 16) and a 
calculated beam profile for case (c), together with approximate dose-rates 
(Rain Mrad.sec.rl), average dose-rates (R.) and effective beam spreads d (metres). 
In each case ( R . )  d is made equal to the integrated area under the curve, so that 
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In principle, methods (a) and (b) sufTer from the disadvantage that there is a 
reduction in penetration and o i ~ t p i ~ t  (in Mrads, not necessarily in coating 
outputs), but avoid the problems associated with large area windows, and 
two-dimensional beam spreading or scanning. For narrow beams (i.e. small 
values of IV) excessive scatter at the beam ends lowers the overall efficiency 
of the process. 

Secontlary Iteat and temperuturc. 
Since 1 Mrad is 2.39cals, the adiabatic temperature rise (ignoring heats of 
reaction) is given by: 

A T 2'39- Roc  where s is the specific heat. 
S 

For most organic materials s-  0.5, so that the adiabatic temperature rise 
is about 5'C1Mrad. For high speed lines on thermally insulating substrates, 
temperature rises may be near to (or with severe exotherms greater than) this. 

For thin coatings on metal substrates, however, the heat is rapidly dissipated 
and the temperature rise "diluted" by the total heat capacity of substrate and 
coating. 

Since the air above the coating also absorbs energy and has in general a 
specific heat of about 0.25, the air temperature will rise some IOnC/Mrad. 
At a linear gas flow equal to that of the coating, therefore, the air temperature 
will rise by IOflC,'Mrad of dose given tc. the coating. 

Radiation hazards 
Electron ranges are low and electrons can be readily stopped so that no 

danger arises from these. 
When electrons are stopped they emit X-rays, the energy of which increases 

with voltage and atomic n ~ ~ m b e r  of the absorbing medium. 
Properly designed and engineered screening is essential and must be suitable 

for operation by normal production staff, without necessitating the use of 
film badges, etc. (i.e. t 0 . 5  mrad.hr-I). 

No radioactivity is induced at these voltages, in either the products or the 
equipment. 

Electron beam sources 
Prior to about 1961, the main emphasis was on high voltage machines (800kV 
to several MeV) for nuclear work and bulk irradiation. Resulting from demands 
for radiation processing of polymers (e.g. thin polyethylene film), H.V.E.C. 
developed an I.C.T. 500kV model" and later a 300kV adaptation". These used 
circularly symmetric:il beams of electrons scanned across the desired processing 
width; at high scan rates. the beam is equivalent to a constant but spread beam. 
Since about 1965, several other nianufricturers have developed similar scanned 
beam equipment operating in the 200 to 400kV region and normally limited 
to between 25 and 50mA over a 4 or 6ft widtli of window. The power supplies 
for such scanned beams require a DC source with little ripple, and tend to be 
specially developed for these machines. 

The windows used normally consist of unsupported foils of titanium, stainless 
steel or aluniinium alloys of thicknesses 15 to 40p (0.6 to 1.7miI). The foils are 
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cooled by a flow of gas and/or by conduction of heat through the foil to a 
water-cooled surround. 

Tube In\)estmcwts c~l~ctron heam c.guipmcwt (TIGER) 
The developments in these laboratories were based on different approaches in 
three respects: 

(a) the emphasis on special lower voltage equipment between about 100 and 
150kV, 

(b) the use of special windows for high current loadings and low voltages, 
(c) the use of simple linear filaments rather than focused and scanned beams. 

Arising from (a) and (c), it was possible to  utilise power supplies based on 
full-wave rectification of outputs from conventional three-phase oil-filled 
transformers. 

The Tube Investments prototype electron beam source (TIGER) utilises a 
simple linear filament of tungsten wire as a cathode (Fig. 6). This is at the 
same negative H T  potential as the focusing electrode, and gives a dispersed 
beam of electrons about 6in by lin a t  the window aperture in the anode. The 
whole is mounted within a glass dome and insulated (up to I6OkV) by submerging 
in a tank of transformer oil. 

Focusing electrode 

Fig. 6. Schematic of electron gun-TIGER 





The DC power supply (Ferranti) is 150kV. 30kVA with full-wave rectification 
of the secondary output of an oil-filled three-phase transformer. The HT power. 
together with the filament supply from an isolation transformer, is connected 
to the accelerator head by simple air-insulated busbnrs. T h e x  woi~ld obviously 
be replaced by insulated HT cables for a production model. 

The whole equipment (Fig. 7) is operated from a remote control console 
which includes provision for setting the accelerating voltage and current. 
A range of meters and signal lights show the state of all aspects of the equipment: 
they are connected to various cut-outs and interlocks which prevent damage to 
the equipment in the event of mains surges, discharges or window failures. 

Samples of LIP to 2ft '. 6 in can be mounted on trolleys, which are automatically 
passed through the various stages of the complete line (i.e. curtain coating 
:ipplication, retarder or flow-out  one, and irradiation) at speeds which can 
also be controlled from tlie operating console. Automatic gates shield against 
any X-rays and, although the operating statf wear film badges, these have not 
recorded a measurable radiation dose in some five years of operation. 

The window operates at a beam current LIP to the maximum available froni 
the power supply (without a drop in voltage), i.e. 120mA at  125kV. This is 
equivalent to about 800mA m-' at  125kV. i ~ n d  well over 1.2A m ' at 300kV: 
such currents are not normally required, except for very high speed trials. 

Normally the equipment runs at between 10 and 50mA. Even with inter- 
mittent and experimental operation, 0.7mil aluminium window foils normally 
last between about 40 and 100 hours or more: they can be readily replaced by 
low cost commercial aluminium foils on a regular mainteniince schedule. 

a1 ures. Failures are normally due to accidents. rather than thermal or creep f ' I  
and the use of voltages of not less than 150kV is recommended to enable more 
robust foils to be used. 

Sutnmary of littolr'n clec.trott brunt .sourc.c).s 
The linear filament approach is considered potentially cheaper and more 
reliable, particularly for voltages below about 200kV. It must be emphasised. 
however. that the oi~tput and processing characteristics of linear filament and 
scanned beam machines are similar, as long as the scan-rates are fast compared 
with the reaction rates and linear processing speeds. 

The linear filament approach is also used by the UKAERE. and possibly 
by Ford (see Fig. I in ref. 16). 

From the previous sections, it can be seen than an electron beam source 
can be fillly characterised in terms of: 
(a) its dose-depth characteristics for various voltages and air gaps, 
(b) its maximi~m output (in Mrad.m"s ') for its range of operating voltage. 
(c) its average dose-rate, or the spread of beam in tlie direction of movement. 
(d) capital cost, 
(e) operating and maintenance costs. 

although the techniciil information (a) to (c) is not usunlly n\l:~ilable in explicit 
form. 



Radiation curable coatings 
Basic radiation c/~emisrr.v 
The interaction of ionising radiations (i.e. electrons and other particles, X-rays 
and y-rays) with matter and the chemical changes produced are a highly 
specialised  subject'*^' !'. 

In simple terms, radiation produces active species such as excited molecules 
and atoms, free-radicals and ions. and the yield depends upon the dose and 
G (the G-value or number of molecules reacted per 100eV of absorbed energy). 

Yield (pmo1.g -I) - 1.04 G. R Equation 6 

Values of G depend upon the specific product being considered and on the 
chemical composition, state and temperature of the material irradiated. G-values 
for major products are usually between about 1 and 10, unless the products are 
produced by chain reactions which can give much higher overall values of G. 

In the case of polymers (or polymerisation of monomers) even low yields 
in terms of pmol.g-l can yield important changes in properties, as a result of 
molecular weight changes and the formation of cross-linked networksI9. 

The mechanical properties of cross-linked networks are largely dependent 
upon the value of M,, the average molecular weight between cross-links, and 
the solvent resistance (e.g. sol fraction) upon the ratio of M J M , ,  (where 
M ,  is the wt. average molecular wt.). The dose required, K,., to crosslink to a 
value of M, is given by:- 

Equation 7 

and, for highly cross-linked networks when M , / M ,  is 0.2 or less, values of the 
initial molecular weight are of only secondary ~mportance. 

In order t o  achieve reasonable viscosities and flow properties of coatings for 
radiation curing, values of M ,  must be relatively low, and to  avoid excessive 
doses, chain reactions must be utilised to  give high G-values. 

Racliation po1j7merisatiort 
Such chain reactions normally involve either the direct polymerisation of 
monomer or, more normally. the polymerisation of monomer with a polymer 
to give various forms of graft polymer or polymerisation cross-linking network. 

Although the radiation-induced ionic polymerisation of isobutene was 
demonstrated in 1957")- the author considers that only free-radical initiated 
polymerisation reactions are appropriate to  the curing of surface coatings. 

However, free-radical polymerisations tend to terminate by bimsleculat 
reactions, so that the chain length is reduced as the radical concentration 
increases. The rate of primary production of free radicals is proportional to the 
dose-rate R (Mrads. sec ') so that the conversion decreases as the dose-rate 
increases. This "dose-rate effect" for a classical bimolecular termination 
mechanism, means that the rate of conversion is proportional to (R-)-O-? and 
the dose required (R,) to achieve a given degree of conversion or cure is 
proportional to (R.)OeS. 
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In general, it appears that combinations of reactive polymers and monomers 
(which if liquid also act as solvents and/or thinners) are necessary for high- 
speed (and therefore high dose-rate) curing. Unsaturated polyesters blended 
with liquid monomers such as styrene, acrylates or methacrylates have shown 
most promise to date. 

Owing to commercial security, little has been p~~blished on actual coating 
compositions. Relevant published work on the reactions of polymers with 
monomers, covers studies of conversion. sol'gel ratio and properties as a 
function of dose and dose-ratea-""."I"". 

Some dose-rate dependence is normally observed, although it rarely corres- 
ponds to a simple (R-)o.~elationsliip. and care must be taken in extrapolating 
the doses required to higher linear speeds and dose-rates. Since one efTect of 
higher dose-rates and doses is to change the chain length, the properties of the 
coatings may also change. 

(Note: A similar dose-rate dependence should also apply to other sources 
of free-radical initiation, i.e. UV sensitisers and peroxides, as attempts are made 
to  increase their operating speeds.) 

Dose to curt 

A basic parameter of the process is the dose-to-cure. The definition of cure is 
itself very vague; it is often talcen to be the dose required to achieve an arbitrary 
property such as hardness, irrespective of the degree of conversion or poly- 
merisation achieved. 

Tncomplete conversion may result in a post-irradiation cure (over a period 
of hours or days) to a more fully cured product. Alternatively, monomer loss 
with or without oxidative degradation can also occur and cause a reduction in the 
properties over a period of lime. 

Even if a tecl~nologically acceptable cure is defined, it is advisable to determine 
the ultimate properties of coatings under development (i.e. a t  their plateau) and 
to measure their reactivity by the dose required to achieve a given proportion 
(say 70 per cent) of these ultimate properties. 

Apart from the conditions of irradiation such as dose-rate, the dose-to-cure 
(however defined) depends upon: 
(a) the monomer used, its reactivity and functionality, 
(b) the polymer and its reactivity and fi~nctionality, 
(c) the ratio of monomer to polymer. 

The latter, the feed ratio, is particularly important (Fig. 3 of ref. 23). 
Tt is also desirable to have compositions which are tolerant to variations 

in dose and composition (e.g. feed ratio). 

Surface inhibition 
Undercured surfaces may arise for several reasons: 
(a) oxygen inhibition, 
(b) "corrosion" attack by ozone and oxides of nitrogen, 
(c) surface variations in composition, such as loss of monomer. 

A11 of these factors are reduced by operating at higher speeds and dose-rates, 



and may also be obviatcd by chemical modifications. However, (a) and (b) can 
also be simply eliminated by use of a flow of an inert gas such as nitrogen. 

Paint technology und application tcchniqucs 
In thermal curing, solvents can be added to improve the flow characteristics 
(for applicatiori and subsequent flow-out) and they are readily removed by 
heat before or during the oven cure. Flow-out is further assisted by the reduction 
in viscosity with increased temperatures. 

In order to take full advantage of the characteristics of electron beam cure 
(i.e. lack of heat and short curing times) the only solvents which can be used 
are convertible monomers. 

Viscosity of the coating can be reduced in four main ways: 

(a) by lowering the molecular weight, and increasing the molecular flexibility 
of the polymeric component, 

(b) by choice of liquid monomers with good solvent and thinning power, 
(c) by increasing the liquid monomer/polymer ratio, 
(d) by raising the temperature of application. 

Experimental high-speed curtain-coating in these laboratories in 1960-61 
(based on a BISRA project") showed: 

(a) that stable curtains could be produced with total mass flows of down to 
about 35g.m. 'sec-I, 

(b) that viscosities up to 6 or more poise could be used, 
(c) that such curtains could deposit even coatings of 2p thickness at linear 

speeds of up to 1,000m.min-I. 

It is suggested that more effort is required to develop or adapt techniques 
which are compatible with the particular requirements of coatings for electron- 
beam curing. 

Overall process parameters 
The energy absorbed by the substrate is ~~sual ly wasted, and may be harmful 
to it. If possible, therefore, the voltage should be adjusted to give an acceptable 
level of dose variation. which can also be modified by the air gap (the window 
is normally of fixed, minimum, thickness). In doing this, the output or efficiency 
of the overall process is affected and a compromise is made between quality 
of cure and output. 

Tn order to estimate the plant required for a given output and application, 
it is necessary to know R,,  the dose required to give the required properties 
in the coating. If the system is dose-rate dependent, and a facility does not 
exist which enables a direct measurement to be made, extrapolation is required. 

Assuming that, over a reasonable range of dose-rates, the dose-rate dependence 
can be expressed by : 

R, cc (Ra)x  (where x is usually between 
0 and 0.5) Equation 8 



From Equation 4 and 8 .  

And with Equation 3 

Equation 10 
- 

With spread beams, it is difficult to measurc or define R. and e/ ,  and a direct 
measurement of the dependence of R,. on u. (Equation 9) is a better basis of 
extrapolation, since cl is substantially constant for a given beam geometry. 

Trradiation by a series of n equispaced beams. each of dimension el. with an 
overall irradiation length D is formally equivalent to n single irradiation over a 
new distance n.d., so 

Equation I I 

For all the above equations, steady-state kinetics have been assumed. These. 
however, only apply when the time of irradiation d'u . . t&, where te is the radical 
or reaction half-life. For second order reactions, t l  depends upon the radical 
concentration and dose-rate; i t  is of the order of 0.lsec for polyester'styrene 
compositions and dose-rates of 10-1 00 M rad sec '. 

Fig. 8 (based on ref. 26) illustrates four special cases of non-steady-state 
kinetics. 

A - pseudo-steady-state (t/,'u of the order of 3 t e )  

B - an isolated non-steady-state irradiation (which may be one 
of a series) 

B' - an "instantaneous" irradiation, an extreme case of B, where 
c//u -5 f 

C - a series of interacting non-steady-state irradiations 

Case A approaches steady-state conditions as cl,'u becomes greater than about 
3ti, when Equations 8-1 1 become applicable. 

Case C becomes equivalent to uniform irradiation over a distance D. as n 
increases. and 

Equation 12 



TIME 
Fig. 8. Four cases of  non-steady-state kinetics 

Case B requires n more detailed than can be given here, but two 
factors emerge: 

(a) R,. is relatively insensitive to R' and d 
I 

(b) R,. ?: ,,), (where j* varies between 0 and about 1.5) Equation 13 

All of the above relationships assume bimolecular kinetics such that R,. cc 
(R.).v, where s is normally between 0 and 0.5. 

The author has studied the doses to cure over a wide range of irradiation 
conditions (u from 0.1 to 3m sec ', n from I to 30 and over, R. from 10 to 500 
Mrad sec and cl at about 0.2 or O.15m). At very low dose-rates and/or long 
overall irradiation times (say over 30sec) it has been found that secondary 
oxygen inhibition andjor monomer losses occur, and at high doses and dose- 
rates secondary heat and monomer losses occur; both these regions give 
anomalous results. 



With these two provisos, however, it has been found that a very wide range 
of results fit the general relationship 

in agreement with Eqi~ations I I and 13. 

The dependence on u, (1 and R. is however, less consistent; this is interpreted 
as evidence that many of the irradiations arc under non-steady-state conditions. 

Costs 
No attempt will be made to cost the overall process. nor to compare it ni~mericnlly 
with thermal cure; instead attention will be drawn to tlie factors and trends 
which operate. 

Capital cost 
Gantt1' has indicated the reduction in capital cost for Iiigher power equipment. 
and we have made similar estimates for l5OkV equipment. These are shown 
in Fig. 9 (together with other capital cost figures) against current, since output 
is more directly related to current than to power. 

No allowance is made for import duties, shielding or auxiliary equipment: 
Figure 9, therefore, mainly illustrntcs the relative dependence of cost on 

current and voltage, and tlie cost advantage of using lower voltage and larger 
current plant. 

Fig. 9. Capital cost of electron beam sources v mA 
500kV 300kV 

High voltage 0 
(Gantt) 0 
Radiation dynamics U + 
Average line For 500kV - -- 
Estimated line for 125kV - - - - - - - 
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Operaatitl,y costs 
Electricity costs arc substantially tliosc of the power supply, and are very low 
compared with tliern~al curing. Mnintennncc costs depend upon reliability and 
design of a specific piece of equipment but are variously estimated as 8s. to £1 
per hour for 300kV ~nacliines operating at about 50mA. 

col~1p~~ri.soll 1l.itll tl1~~rl?l(ll cllri:l<y 
In spite of the relative flatness of the cost'ci~rrent lines in Fig. 9, an important 
factor is the dose required. This has been quoted7 as between 2 and 20 Mrads, 
depending on speed. dose-rntc and composition. Realistic cost comparisons 
can only be made on tlie basis of definite applications for which coatings have 
been developed. and for whicli the dose required has been determined for tlie 
particular plant and line speed. 

Assu~uing compnrnble costs for coating materials, electron beam curing 
becomes more economical than thermal cure at an annual outpi~t level which 
depends upon: 
(a) the dose required, 
(b) the thickness of coating (which determines the voltage), 
(c) wlietlier single or two-sidcd coating is required, 
(d) the number of Iiours operation per annuin, 
(e) the te~iiperature and timc required for tl~erinal cure, 
( f )  whether thermal cure uses elcctricity, oil or gas heating. 

The author's estimates arc that anni~al outputs of less than 106sq ft are 
probably not economically attractive for electron beam curing. These estimates 
assume doses of 10 to 20 Mrads and current 300kV plant operating at 25 to 
50niA on si~lgle shift working. 

Equipment undcr developrncnt may make electron beam curing more 
economical for lower o i ~ t p i ~ t  rcq~iirenicnts, but is in general being designed 
for appreciably higher outputs at significantly lower costs. 

Conclusions 
The early research and developrncnt of the process for curing coatings by electron 
beam irradiation has reached a stage where it can be technically evaluated, 
in terms of overall process characteristics. 

While no theoretical limit can be set for maximum speeds, there are problems 
in quantitatively extrapolating present resi~lts to very high speeds when materials 
are dose-rate dependent. 

Electron beam equipment is available for smaller output plant, but only 
limited operating experience on pilot-plant curing is available1" Sufficient 
information is available for costing, when the doses required are known, and 
cost trends for higher output plant are also available. 

The present range of coating materials is rather restricted (mainly unsaturated 
polyesters with liquid monomers such as styrene), and more work is necessary 
to develop other classes of coating amenable to electron beam cure. Ideally, 
such materials should cure at relatively low doses, (t I0 Mrad), have a low 
dose-rate effect, and be relatively "tolerant" to dose variations. 



Since solventless coatings are desirable, and flow-out is less than with 
thermal cure, application can be more difficult, and novel or modified application 
techniques may be needed for higher speeds. 
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Discussion at Eastbourne Conference 
THF C H ~ I R A I A N ,  DR J. GAUNT, asked for questions on both Mr Davison's paper and 
on the part of Dr Deninger's paper which referred to electron-beam curing. 

MR .I. GOI'GH asked if Mr Davison would elaborate on the use of very high intensity 
beams. Figures had been mentioned in the paper which were about ten times the 
intensity that had been quoted for the commercially available American accelerators. 
A patented \\*indow design had been mentioned which permitted these high intensities. 
Was i t  en\ iqageci that this window would be available in commercial equipment'? 

Mu W. H.  T. DAVISON said that i t  might be made available if the need was clear. 
There were other methods whereby intensity could be increased, but a more important 
aspect \\as that a lot of the latest development work was in the area of speed, or 
throughput range, where i t  was arguable whether the best thing was to increase the 
nidth of the bean?, cut the dose rate and thus increase the overall efficiency, or to 
narrou i t .  This was a very con~plicated matter. If an instantaneous irradiation condition 
\\as obta~necl then dose rate and intensity. as such, didn't matter. 

On the \\hole, he thought that the window design had overshot present needs in 
that ~t made possible loadings which were not yet rcquired. Discussions were taking 
placc \r ~ t h  organisations both in this country and in the USA on the supply of windows. 
and a range of modular windows was being designed to cover a wider range of current 
throughput. because the windows used on TIGER, as described briefly in the paper. 
\\ere o\ershooting in terms of the electron beam density required. Rut this type of 
nindou \\auld be available as and when the need was there. Roughly speaking, for 
a 4ft \ r~ndo\\ .  with air cooling alone. currents of about 50 or even l00niA at 300kV 
could be achieved by fairly simple techniques. The techniques shown in the paper 
enabled increases of a factor of ten. but thcrc was some cross-over area. 

DK V.  G .  W. HAIIKISON said that some thought had been given to the possibility 
of \,cry rapid drying of printing inks by electron beam techniques. The film thicknesses 
to be dried \\,ere much less than with paint, from a few microns LIP to perhaps 50 
niicrnns. but i~nfortunately the paper substrate was to a large measure exposed to 
the electron beam, and was adversely afl'ected. I t  had been established that with a 
dosage of 2 0  Mrad good quality banknote paper was not seriously discoloured, but 
it  \\as rendered so fragile as to be useless. The Iblding endurance, Ihr exanlple. dropped 
from about 4,000 folds to breakage down to 3. Therelbre. i t  was felt that the maximum 
dose \\nuld be about I Mrad, and thc curing would have to take place in about 2 
seconds mauimum to be ol'any use. 

Judging by tlic inforniation in the two papers, i t  did n(>t seem that the possibilities 
o f  using this tecliniquc successfully were very good. Had Mr Davison any comments? 

hlu DA\ ISON said that these were indeed the problems, and a further one was that 
in \acilo working was mor-c appropriate with very low thicknesses. in order to use 
\cry lo\\ electron beam voltages. and this was unlikely to bc applicable to paper. 
He \\as not actively working o n  this. but thought that there were possibilities of work 
of a fundamental nature on radiation chemical degradation of cellulose; there might. 
for e~nniplc. be inliibitors that could bc used. So, although i t  \vould be dificult to 
cle\elop this application. hc didn't feel that i t  was impossible. 

DII L. VALIN-I I N I -  remarked that he was very pleased, but slightly surprised, to find 
estimates of the economic potential Ibr this system to be as low as IO%q ft  per annum 
production figure. This was much lower than other people had estimated. I t  did seem a 
rather- In\\ figure in relation to the willingness that people in this country had to install 
eupcnsive production facilities. Would Mr Davis011 care to elaborate further? 

M u  DALISON agreed, saying that lie had intended to indicate that he didn't expect 
an>thing below a million sq It to be practical. The potential was more likely to be 
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between 1-10 million sq ft per annuni depending on the thickness of the coating to be 
cured. 

THE CHAIRMAN, DR GAUNT, con~nlented that he didn't disagree with Mr Davison 
but felt that a lot depended upon whether one was considering present sit~lations or 
future situations. 

The development of this technique would have to be extrenlely good in order to 
replace existing processes, and he didn't believe it was at the present time. But looking 
ahead ten years, which was the area of most interest, new substrate materials would 
be used (for instance he expected car bodies would be made of carbon fibre reinforced 
plastics and not of metal), and this technique was likely to be of more value than one 
could visualise today. There were certainly definite indications that this was the trend. 

MR DAVISON pointed out that the consideration of dimensions was based on the 
assumption that it was a straight comparison with present applications. If, for example, 
there was increased interest in painting or coating of polymers, particularly thermo- 
plastic polymers, this could distort the picture, as thermal curing was not applicable. 

Another point was that the cost of equipment at the moment very much reflected 
a very high development/low sale position. The price of a piece of commercial electron 
beam equipment was, therefore, much higher than the ultimate potential cost. This was 
inevitable, as for one design only three to five installations were sold. 

DR W. FUNKE referred to the cross-linking reaction which took place during curing 
on metal surfaces. It had been mentioned that flat surfaces were preferred for electron 
beam curing, but it might be necessary to deform these surfaces afterwards, perhaps 
by deep drawing, and if there was a high cross-link density, it would be difficult to 
deform the surfaces without damaging the film. Had Mr Davison any idea of the 
solution to  this problem? Did one stop at an intermediate stage and then deform, 
and then apply normal methods for completion of the curing reaction after deformation'? 

MR DAVISON replied that there was a vcry broad contradiction in coating technology, 
in that high flexibilities and high cross-linking densities were difficult to achieve 
together. A two-stage system was a possibility, and this technique had been applied 
to polymer irradiation. Irradiation was used before deformation, catalysts were 
incorporated in the formulation, and heat applied to co~iiplete the reaction. 

This technique might be applicable to coatings. However a more profitable line 
was probably to  see whether, in fact, the correct flexibility and properties could be 
obtained so that the coated material could be deep drawn. However, as he was not a 
paint technologist he couldn't comment on this. 

DR DENINGEK said that application of any radiation curing systems on surfaces 
which were intended to be deep drawn had not yet been tried, and he doubted whether 
it could ever be possible to  do this and eqiral the performance of present day coatings 
applied by more conventional means. 

I t  should, however, be possible to irradiate curved surfaces, although obviously 
not if the curvature was great, as in, for example, car bodies. 

MR DAVISON added that 180" bend test adhesion had been obtained on aluminium, 
and he had seen materials which had been cup drawn after irradiation curing, so this 
was possible. 

In many cases what was lost in the way of gloss, hardness, and scratch resistance, 
had to be balanced with the saving in time; this applied to any process. However, 
the problem was not insoluble, particularly if one considered tailor-making polymer 
systems for the job. In the USA 300kV radiation had been used successfully to cure 
coatings on curved objects with smooth contours. The electron scatter in air, and the 
tolerance of the paint to varying doses, had made it quite practical. In his own labora- 
tories, at a voltage of 135kV, which gave less freedom for air scatter, coatings on 
quite sharply curved objects had been cured. The scatter of electrons was quite 
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appreciable, and it was possible, for example with a 300kV machine, to cure paint on 
the underside of a piece of metal at 45 to the source, although it was not an efficient 
process. 

Again, negative prediction was difyicult. Technically, car bodies could be cured, 
but the econo~iiics of such a process would not be competitive at this stage. 

Mri F. ARMITAGL remarked that Mr Davison, in answer to the question on printing 
ink on bank notes, refa-red to a vacuum process, and he wondered whether this was, 
in fact, the BISRA Videlac process. In this connection, BlSRA were claiming to cure 
epoxy resins and phenol/fornialdehyde resins, which had not been mentioned by 
Mr Davison in connection with his partic~~lar instrument. 

MR DAVISON said that there was some difficulty in coinmenting on this as sonie of 
the data was confidential. However, he could answer in general terms. The point 
was that if  very low thicknesses were used, the voltage irr vrrcrro could be dropped to a 
point at which the cost of the irradiation was trivial. One could then think in terms 
of using not 10 Mrad or 100 Mrad, but 1,000 Mrad; this was still econonlically 
viable. I f  this thin coating was then put on a metal which would act as a heat-sink, 
secondary heat wasn't important. Therefore, a straight cross-linking reaction could be 
carried out. A low nlolecular weight polymer which had no special reactivity built 
into it. such as polythenc or an epoxy resin, could be cross-linlced. But this was not 
paint in the ~?ornial sense. It was applying a material and then cross-linking it in the 
solid forni, so one was free of the need for a chain reaction because one was free froni 
the need to have the coating in liquid form. 

MR ARMITAGF asked if the ~ileclianism of cross-linking was due to the epoxy or the 
phenolic, and if it was the same as that induced by heat treatment. Also, would there 
be any danger of decomposition with the very high dosages with these very different 
materials? 

MR DAVISON replied that, at these very high doses, there might be a flash-heating 
effect. But the nieclianism should be a straight cross-linking arising from the elimination 
of a hydrogen atom to form a bridge. Pyrolytic decomposition niight occur, but the 
heat-sink, and the very small tliickncss of the film, potentially obviated this. 

THE CHAIRMAN, D R  GAIINI., added that the UKAERA at Harwell had, in fact, 
cured for BlSRA a wide variety of substances, including things like tung oil, deposited 
on metal using the vacuuni technique that BlSRA had patented. 

MR DAVISON conimented that Tube Investments, in conjunction with the Paint 
Research Station, had carried out a programme on electron beam curing of conventional 
paint, and found that a large number of conventional paint systems would give a 
good cure at about 700 Mrad. But with the type of process and equipment described 
in the paper it was thoroughly unecononiical. If very low voltages, say 15kV. could 
be used, shielding was no problem, costs of power and irradiation equipment were 
very low, and economic considerations were very different. 

This was the main aspect of the BlSRA process. 
DR J. C. WEAVER asked both authors whether they had encountered any post 

ernbrittlenient or other undesirable features from either curing process, as distinguished 
from conventional ones. In this respect, it had been found, in public libraries in the 
USA, that UV exposure of valuable books in photo-copying equipment was causing 
serious degradation. Also, personal experience had shown that not only was Southern 
Yellow Pine difficult to paint, but the longer it was exposed before painting the poorer 
the performance of the paint was. There was also the classic test by General Motors, 
in which a typical old-fashioned nitrocellulose lacquer, exposed on a mountain in 
the Andes for years, in absence of water, did not chalk until exposed to water in the 
l~boratory. Were siniilar effects likely to occur with these systems in the years to come? 

MR DAVISON replied that he couldn't answer for UV curing. For irradiation 
techniques, a convincing argument was that the Boise Cascade Company had sold 



more than 200,000sq ft of electron beani irradiated materials. This company had gone 
into the question of ageing, for outdoor wood application, including long term ageing. 
and although there were problems, these were soluble. 

THE CHAIRMAN, DR GAUNT, thought that the question had not been fully answered 
as there was another point. 

It  was well known that both UV and electrons, when they Sell upon certain inorgan~c 
materials, caused dislocations to occur in the lattice. resulting in F-centre coloration. 

Some of the paints, o r  rather surface coatings, that had been economical did not 
discolour in this way; but some of them did. The authors' views and experiences on 
this would be welcome, both on the UV and the electron beam coating processes. 

MR DAVISON said that it was the pigment which was the cause of this phenomenon. 
not the substrate. Some pigments did change colour. Selection of pigments was 
obviously one method of avoiding the effect, but some of the colour changes were 
transient, and as long as one could accept, from a control point of view, that there 
might be a colour change ininiediately on irradiation, in 24 hours' time it was back to 
norn~al. Therefore, from the customer's point of view, there was no problem. 

DR DENINGER pointed out that UV curing, having much less energy than electron 
beam curing, was only applicable to clear systenis. These systems discolored to  some 
extent, and different initiators showed diKerent degrees of discoloration, but it was 
not yet known whether it was the initiator alone, the resin, or the two together which 
caused the discoloration. 

DR W. SCHOO said that he would like to return to the question of air inhibition. 
He felt that if air inhibition couldn't be avoided by means of applying an inert gas. 
clectron beam curing was a rather worthless technique. When a tacky surface could 
only be avoided by adding paraffin wax, he felt the point of the process was lost. 
Could the authors comment on work done ~ a i n g  inert gases such as nitrogen or argon? 

MR DAVISON agreed that it would be unecononiical to use pure nitrogen, but there 
\\as an ordinary combustion gas product which could be used, without any very 
sophisticated shielding to prevent gas leakage from the system, which prevented 
significant oxygen uptake at a cost of the order of 5s to 10s an hour. This was on an 
output of. say, 4ft wide by 30ft a minute. This was not prohibitive, and the technique 
was simple and had the advantage of clearing potential ozone or nitrogen oxide. 

In fact, the surface softening, or surface damage, in electron beani curing \\as 
quite a co~iiplex effect; it depended, for example, on dose rate and speeds. It could 
be caused by oxygen uptake, by what was referred to in the paper as "corrosion," 
that was attack of ozone or nitrogen oxides, or by disturbance of the monomer. 
aflecting the feed ratio at the surface. All three factors contributed. However, the 
Boise system, using an inert atmosphere, was q ~ ~ i t e  a simple method of dealing n i t h  
t h e  problem. 

Next month's issue 
The Honorary Editor has accepted the following papers for p~tblication ~ i n d  these 
are expected to appear in the November issue: 
" An approach to paint formulation for optimising performance by statistical design 

and interpretation of experimental work," bjs D. W. RrooX~r.,  G. R. Etht.circ1.v rrlrll 
A .  Mcflrroslr 

" An electron microscope study of titanium dioxide dispersion in paint films," 
/,I, A[. R. Hon~b.y alrrl R. D. Mtrrlcy' 

" Chemical reactions in paint films," hj. L. A .  O'Noill a~rt l  R. A .  B~.c,tt 
" Efficient film forming from thermosetting acrylic resins," I>)- R. J. K I I ~ , ~  





interesting "Cinematographic recording of electrostatic paint spraying mechanism"; 
a paper on the nieasurement of gel strengths of thixotropic resins and paints and 
another on the viscoelastic behaviour of films niadc from plastic dispersion. There 
are also a few papers on corrosion and, again, on gloss measurement. 

The volume is well produced and appears reasonably free from errors. Most, but 
by no means all, papers give references to earlier work, although in some cases these 
are rather restricted. No discussions are reported. Naturally, much of the work 
described has been reported elsewhere, but i t  is believed that the volunle brings together 
a wide range of test methods, and, in spite of its high cost, should justify its purchase. 

The volun~e contains, in all, 84 papers of which 35 arc in German. 78 in English 
and 21 in French. 

Erratum 
We regret that, in the August i s s ~ ~ e  of the Jorrrnrrl. an error occurred in the Student 
Review by G. H. Hutchinson. In Fig. 2, page 746, the illustrations for captions 
(a) unit triglyceride nlolecule, and (d)  saponilication-6 moles monomeric acid: I 
mole trimeric acid; 3 moles glycerol, were transposed. 



Correspondence 
SIR.-Referring to the Letter to the Editor of Dr H. Warson in JOCCA Ji~ly 
1969, p. 637, it may be useful to give a list of the E'ATIPEC Congress Books 
published so far, with the names and addresses of their publishers. I an1 sure 
the publishers will be glad to sell the Congress Books. unless out of print. 
through the intermediary of OCCA or of the normal book-trade. 

Y O L I ~ S  sincerely, 

H .  W. Tale11 

Survey of FATI PIlC Cvngrcss Hooks 

Congress Year I'l;ce & Coatitry 
Number 1 

-- . -- 

I 1951 Paris. France 

4 
Switzerland 

5 j 1959 1 Mi$no, 1t21y 

W. Germany 

7 I 1964 Vichy, Frnncc 

8 
Sclicvcningen, 
the Nctlierl~uitls 

9 1968 Brussels. Hclgi~lm 

Congrcss Rook Address of pi~blisliers 

I 
published by 

-. p~ 

Lihrairic Dunod 1 92 rile Honaparte, 
Paris 6e. France 

I 
I 
1 Vercniging van Wasscnaar, Netherlands 

Vcrnis- cn Verf- Berkcnrodc. I Groot 
i'abrihantcn in I Haeschrockse weg 

, Ncdcrland 

49 Squarc Marie-Louise, 
Hruxellcs 4, Belgii~ni 

I Vcrlag 1'. Kellcr 
I 

Wintcrthur, 
i Switzerland 
I 

c/o Prof. Dr Dante 
Paeani, Instititto 
Pol~tccnico, Piazza 

I Lconardo da Vinci 32, 

1 I 
Milano I ,  Italy 

Vcrlag Cliemie GmbH ! 
Verlag Cliemic GnibH 

Editor ' s  Notc: We Itrt 1.c rrlso hcc,rr ir~fi,rr?rrrl i t r t l~pc~~r l~ t r t~v  by La Clrit~rie r1c.s Peitituves 
tlrut t11c:v lrrrl~c . ~ t o ~ l i . ~  cf t l ~ c  hooli of' tlrc 1968 Corlgress, rrrrd wi!l he p/euser/ to s~rpply 
tlrenr to tlrc Associcrtiotr. Atry Mctrrl~o ~dro  t.ctlrrircs a copy .sl~otrllupplv to tlic Associr~tiott's 
qfices; tlrc hooks ,trill /w srrpplic'd rrt rt cost c$.,f'f 18, post J'ce itr the UK. 

ideni 

I 

Verlag Cliemie GnibH , ideni 

Chimic dcs Peint~~rcs 

I 
49, Square Marie-Louise, 
Bruxellcs 4, Belgium 
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SIR,-AS an ex-member of the South African Section. I congratulate jou and 
the South African Section on your South African issue. I t  is good to see the 
South African Bureau of Standards still going strong. They have done a great 
deal, by co-operation with industry. to raise quality levels in the Republic. 
They are a great exaniple to governnient testing authorities in  other countrich 
who, unhappily, are not always so willing to listen to industry. 

It is also good to see the increasing level of international co-operation i n  
the field of surface coatings. Your suniniaries in French. German and Russian 
were a great step forward. Perhaps international co-operation coi~ld be further 
advanced by OCCA offering a Conference Paper to the U.S. Journal of Paint 
Technology and by publishing a Federation Paper in JOCCA. It is by our 
efforts in such things as these. that we build in OCCA the things that are greater 
than OCCA. 

With best wishes for your continued success. 
Yours sincerely. 

L. A. Hill 
13 Meliy~  A ltenltc*, 
Baluc.lu va, 
Victoria 31 83, 
Australia. 

Eclitor's Noti.: Wi> grclut/y crpprrc'icrtc till1 c.ot?rnrcrrt.s (rrrrl gootl n~i.s/~c.s c.\.p~.c.ssc~tl hj. 
M r  Hill. Ally opportrrrrit.~ that nrcry urisc fbr- ill tc1r.rrcrtiorrci/ c.o-~p(~rcrtio~r or1 tlrc* litli1.v 
.yr~g,ircp.sti~d i11 Iris Ii~tii~r n~ill hi* I . ( ~ I : I ~  w~rlcorrri~ to OC'C'A. 



Reviews 
T~I I :  PROI)UCTION 0 1 -  T ITANIUM TETRACIILORII)I: 

By D. J. JONES. London: R. N. Chandler, Ltd., 1969. Pp. 39. Price f3. 
This book comprises a review of patents and journal literature p~~blished 

in the period January 1962 to December 1968 on TiCI ,, ar ran~ed  under the 
principal headings of thermodyn:~niics of chlorination of TI  compounds. 
pretreatment of raw materials prior to chlorination, raw niaterials ~ ~ s e d .  
chlorinating agents. reducing agents. plant, procedure, recovery and purification 
and analysis. There are 59 patent and 67 literature references. The treatment is 
concise and adequate. 

J. I.. PROSSI1K 

1 NI:RAREI) SPI.:CTROSCOPY: ITS IJsI: I N  TI llf ~ O A T I N C ~ S  1 NI)USTRY 

Infrared Spectroscopy Committee of the Chicago Society for Paint 
Technology: Federation of Societies for Paint Technology, 1969. Pp. x 1 456. 
Price 530.00. 

The successful applic:ition of infrared spectroscopic techniques necessitates 
the compilation of a library of reference spectra of materials relevant to the 
field in which the spectroscopist is employed. 

With this aim in view, the Chicago Society for Paint Technology published 
in 1961 a collection of spectra of coating materials together with a treatise on 
the theory and application of infrared techniques in the coatings industry. The 
original publication was somewhat limited in scope, since it  was produced as 
a supplement to the "Official Digest" of the FSPT. However, it proved to be 
extremely useful and its popularity was such that the Society has produced an 
enlarged and updated second edition, this time in book form. 

Like its predecessor, the book contains two main sections, the first being 
concerned with the theory, instrumentation, experimental techniques, analytical 
methods and applications of infrared spectroscopy. There is also a bibliography 
containing some 500 references to works relevant lo the coatings industry. 

The second section consists of a collection of spectra which are classified 
but not indexed individually. Within each class the materials are listed "either 
by homologous series, similarity of spectra, alphabetically by supplier. or by 
chemical class." 

The first section has been written concisely. is reasonably comprehensive 
and should provide the paint or polymer chemist with sufficient understanding 
to enable him to make full and proper use of infrared techniques. This may 
not be entirely true for chemists whose main concern is with raw materials. 
since the written section of the book is concerned largely with polymers. The 
inclusion of some information on non-polymeric substances would have been 
worth-while, c.g. the progression bands in the 1,250cm - I  region which, together 
with the 720cm-' band, can provide information about the chain lengths of 
aliphatic materials. 

A table of correlations to aid the classification of polymers is included, together 
with the well-known Colthup charts for the 4.000-600~m-~ region, and a similar 
chart for the 700-300cm-' region. 
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The interpretation of spcctrli is dealt with in il logical manner using both 
the negative and the positive approach. Several examples of these methods of 
interpreting the spectra of a variety of miiterials are worked through. 

Applications of the absorption laws to quantitative analyses by both base- 
line and integrated intensity tecliniques arc dcscribed. The selection of the 
analytical band and deviations from the absorption laws are discussed. Quanti- 
tative methods which arc dcscribed include the direct cnlculation. working 
curve. standard addition. absorbance ratio. internal standard and coincident 
band methods. 

The somewlint brief coverage of reflection techniques may tend to give 
newcomers to infrared spectroscopic analysis an impression that reflection 
methods are of little value in the aniilysis of coating materials. This impression 
may be enhanced by a complete lack of reflection spectra in the reference section. 

Selected exanlples of the application of infrared spectroscopy are given in 
the form of a review. i~nd  include chain orientation and crystallinity studies. 
quantitative analysis, pyrolysis methods and chemical reaction tccliniq~les for 
the verification of fitnctionnl groups. 

The collection of 740 reference spectra (nearly f o ~ ~ r  times the original number) 
is certainly the most valuitble section of the book, whose publication would 
have been warranted for this alone. Printed two to a page. they cover a wide 
range of materials commonly used in  the coatings industry and include some 
used in the plastics and fibres industries i1s well. Predictably, the m:ijority (319) 
are of binders, with pigments and extenders ( I  18) and solvents (105) well 
represented. The remaining miscellaneous materials include monomers. 
plasticisers. wetting agents. ctc. 

All of the reference spectra are presented in a standard linear frequency 
wrsus percentage absorbance format and, for those using the older wavelength 
present:ition, wavelengths arc indexed at the top of the spectrum. A close 
inspection of tlle spectra reveals considerable variation in contrast together 
with a number of blemishes introduced at the printing stage. Some lack of 
clarity in the legends printed on the spectra and the onlission, in some cases. 
of the source and purity of the material used as reference, were noted. 

Most of the spectra show a little more "noise" than is normally considered 
acceptable as an indication that the spectrometer is "live." However, it does 
not detract significantly from their spectral quality. A little stray light is evident 
i n  some of the spectra and a few of tlie inorganic materials show relritively 
strong --CH,-absorption bands suggesting the presence of some mineral oil. 
There is no reference to this either on tlie spectra or in the text, although much 
weaker bands are labelled as being "impurity." Some of the spectra of liquids 
show scatter, indicating that the windows of the cells used to obtain the spectra 
required some attention. An obvious error is the labelling of Tliixatrol ST 
as DCO, despite the spectral evidence of aniidc groups. 

In general, the quality of the printing is high but ii numhcr of fiiults in proof- 
reading have tended to spoil the result. On page 5 for example, the legends on 
a potential energy diagram are incomplete and mis-spelled. The term "on the 
order" was noted on p. I I and in paragraph I section 2 on p. 16 the lines of the 
text are out of sequence. The indiscriminate use of initial letters and molecular 



1969 (10) R E V I E W S  977 

formulae as abbreviations proves a source of some irritation. Terms such as 
"a AgCl cell" do not roll off the mental tongue very readily. The reference to 
VPC (p. 18) is surprising in view of the abandonment some ten years ago of 
the term vapour phase chromatography in favour of gas liquid, or gas, 
chromatography. 

Despite these apparent inattentions to detail, the diminution in value of this 
book to the coatings chemist is negligible. Alongside such books as Haslam 
& Willis's "Identification and Analysis of Plastics" (Iliffe, 1965) and Hummel's 
"IR Spectra of Polymers" (Interscience, 1966) it should provide a very useful 
addition to the analyst's armoury. At 630 a copy ($20 to members) the Chicago 
Society has provided not only an introduction to infrared spectroscopy but a 
comprehensive library of reference spectra costing less than fourpence each; 
a very economical purchase indeed. 

D. GRIME 

Commissioned by The Technical Training Board of the Society of British 
Printing Ink Manufacturers. Editor in Chief DR F. A. ASKEW. London: W. 
Heffer & Sons Ltd. Pp. ix ; 848. Price £8 Ss. 

This work, in its 1st edition, was guided by the late Dr Bowles as Editor-in- 
Chief, and quickly came to be accepted widely by all branches of industry 
contributing to printing and printing ink technology. The 2nd edition has 
undergone considerable revision, and. in following the advances in the industry. 
a considerable amount of new rnatter has been introduced. Additional contri- 
butors have been called on, thus maintaining the authority on each subject 
indispensable to the student. The extent to which the presentation succeeds 
in maintaining clarity, and the interdependence of various sections from so 
many contributors, without abrupt changes of technical level and style, is a 
credit to the editors. 

The first six chapters deal with early history and printing processes and include 
printing rollers, blankets, and substrates, ranging from paper to plastics and 
metals. Additional matter and re-arrangement in these sections make for 
improvement; in particular, the tabulation of rollers and blanket uses in relation 
to ink and process. and the more clearly drawn definition of paper qualities 
affecting print quality. Deferment of print recognition and printing faults to 
Chapter 23 niay seem irksome to ink students wishing to look at a process as 
a whole. and the inevitable repetition is more noticeable when turning back 
700 pages. 

Chapters 7 to 10 cover the chemistry and physics underlying the technology, 
and eniphasise the importance of recognising the unique nature of a printed 
film as well as essential studies for a sound approach to ink formulation. Chapter 
7. Dispersion. is a new chapter and a timely one, since coating industries, to 
the confusion of students. have indulged for many years in loose thinking on 
pigment-vehicle relationships, despite the increased discussion and publications 
by research workers in recent years. This particular chapter, although short, 
is concise and well illustrated. By defining influence on rheology and implying 
effects on film properties. it should profoundly influence the ink maker's 
approach to the subject. 
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Chapter 8, Rlieology and i n k  distribution. follows tlie dispersion chapter 
logic:~lly, dealing not only witli classical rlieology but interpretations of 
belinviour in films breaking at printing speeds. Chapter 9 deals witli drying- 
cheniical and physical. Theories of polynierisation gelation and functionality 
are clearly discussed and link casily witli the later c1i:iptcr on varnishes. Physical 
lilni fortnation is considered in relation to litmiliar types of ink. Thc alread>. 
excellent chapter on colour and C O I O L I ~  vision lias been enhanced by improved 
clarity when dealing with the Kubelk:~-Munk :tnalysis and its opp1ic:ition to 
C O I O L I ~  match predictions, with mention of the complications which itrc involved 
in treatment of printed colours and liave still to be rcsolvcd. 

These four chapters, amply illustrated and documented witli reference?;. 
can be said to be tlie most stimulating part of tlie manual. 

The chapter on raw materials is enlarged and mi~cli improved over tlie 1st 
Edition. but the depth of treatment for some pigments is not always proportiorial 
to their iriiportance in everyday ink ilse. 

The chapters on inks liave all been silb.iected to revision. extension and 
considerable re-writing. The news inks section now lias more logical presentation 
and each of the other chapters brought up to date. 

Tlie chapter on ink m:inuf:icture lias been enlarged, giving discussion on tlie 
merits of modern examples of dispersing machines and additional illustrations. 
Safety regulations and liictory legislation is dealt with, but modern nianngenient 
techniques, such as operational reseorcli, witli its approach to stock control 
and production planning, liave not li,~lnd a place. cvcn t l io~~gli  younger student5 
of ink tnanuliictilre are destined to be involved in the changing patterns of' 
managenlent. 

Under testing iind control, many routine tests Lire described. including tlie 
BS.4321 originally conceived by the European Committee of Paint and Printing 
Ink Manuf:icturers Association (CEI Standards). Tlicre is good description and 
disc~lssion of the individual tests. Since tlie shortcomings and pitfalls inherent i n  
testing are mentioned, it may be silggested that the muni~ul will need to embrace. 
in a future edition. further discussion on the signilicance of observations in 
these tests, interpretation by correlation witli printing practice and, perhaps. 
the use of statistical methods for rescarcli studies involving so many si~bjectivc 
evaluations. 

Tlie ~iianunl, althougli increased by sonic thirty per cent in contents, is about 
tlie same size and weight as the 1st Edition. Nevertlieless. its weight and volume 
does make it diflicult to linndle, and to this extent the title is inept. Fr011i tlie 
original conception as an aid to students, it lins hccome n major reference book 
for all interests contributing to the evolution of print, and this fact justifies 
the price. 

Tlie rapid growth of the teclinology makes inevitable tlie more frequent 
revisions and additions for tlie ~ L I ~ L I ~ C  and the wide range of sub.ject matter 
will justify separation into seven11 volumes. The division of tlie 1st Edition 
into two parts has been dropped in tlic new edition, presumably because the 
editors have already visualised a more logical separation into four or live parts. 



Information Received 
(111 case of difllculty re~n.orrlirrp rrrlilrc.\.vrs, nrcsnrhrrr mril srtlr.\cril~rrs 111 the, JOUHN.41. .\lrr,rrlil 1rpp1.v .fi,r tlc,lniI.s to 

the Dirrrtor & Sc.rrrtrrry r ! f  the. .Ic\,triatio~~ o f  the ~~(Idrrsv  .\/rou.rr orr llrc/i-41rrt cover.) 

It has recently been announced that the Dublin firm of Preston & Hadfields Ltd. has 
been acquired by the Donald Macpherson Group Ltd. I t  is said that this acquisition, 
as well as  consolidating Macpherson's position in the paint market, will establish 
i t  in the retail field, with Preston & Hadfields well-known Hcolirr and Mr11,sowrcrtt 
brands. 

A new company, Aerosol Equipment Ltd., has recently been formed to act as selling 
agents in the British Isles for the range of electronically controlled aerosol filling 
machinery manu fact ured by Aerosol Corporation of Switzerland (previously K. Mader 
& Co.). 

The Mickle Laboratory Engineering Company has announced the availability of 
the new BK D~:,girr~<r R~~c~ortlc~r.. This instriuiient is a ~iiodification of the original instru- 
ment designed by Dr H. W. Keennn, a Past President and Hon. Member of the 
Association. 

The new model has been dcsigneci to operate at a specd of 24 hours only, with a 
view to economy, this speed being judged the most usefill. However, motors and scales 
can be obtained and fitted easily to provide other speeds. Iniproved features in the 
new design include a more convenient method of holding the test strips, a redesigned 
needle-carrier, a starting switch with red neon light in circuit, and a louvred endplate 
for ventilation of the motor unit. As previously, six strips can be accommodated. 

Also available is the MI'rX.1~~ ('trstc~r:<~rrI'tk~, for preparing castings quickly and easily 
for use on the BK Dr:ivirrg Rccw.rlc,r.. 

P~rr~~loir l  B-48-N, a thermoplastic acrylic polynier supplied as 45 per cent solids in 
toluene, is now commercially available in the U K, announce Lennig Chemicals 
Limited. B-48-N, which is a replacenlent product for Pcrrcrloitl B-48, is claimed to 
have a unique combination of adhesion and flexibility on many metal substrates 
and primed surfaces, as well as good solvent release characteristics and excellent 
durability. 

The Carborundum Company Ltd. has rcccntly issued a new leaflet giving details of 
its range of C'I.CSI~III~.V~I resins. 

A new fine particle sized polyolefin. Po,t,rrri.st A-12. has been introduced by Allied 
Chemical Corporation. The product, which is claimed to have an average particle 
size of 12 microns and exceptional hardness, is said to have potential for use as a 
stir-in additive for improving the rub resistance of printing inks. Details are available 
from Kingsley & Keith (Chemicals) Ltd. 

"Sales Information Bulletin 44," issued by The Pyrene Company Limited, gives 
details of Pj~rnrlc~nrr 211, a dry powder chemical for use in cleaning and descaling 
spray phosphating plants. 

Blythe Colours Limited has recently introduced a new range of concentrated cadmium 
pigments. The new K-~nrrgc. is available in the colour range light orange to maroon, 
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and the pigments are claimed to be brighter, stronger, and more economical in use 
than previous types, for applications in surface coatings and thermoplastics. 

A complete bibliography of its publications on corrosion during the period 1963-68 
has recently been published by BISRA. This booklet, which implen~ents the previously- 
published bibliography from 1931-63, also contains details of the Corrosion Advice 
Bureau, and is available free of charge from BISRA. 

Two new grades of titanium dioxide pigments are now available from NV Titaan- 
dioxydefabriek Tiofine. The new grades are Ticfitrc R65, for use in high-grade interior 
and exterior enamels, and in particular industrial finishes. and Tiofi,re R70A, for use 
in high-grade enamels requiring maximum weather resistance. 

A new range of horizontal. electrically fired, forced convection conveyor ovens 
for stoving, drying, annealing, and similar operations has been developed by Mechanical 
Coatings Limited. 

Ovens are available in the teniperature ranges 40"-IOO"C, 100"-250'C and higher 
temperatures up to 500°C. all units being thernlostatically controlled. 

International Colloids Limited has recently announced the availability of a new range 
of pigmented dispersed chips, known as Microsp~rsc S E  and SA,  which are said to 
have excellent compatibility with materials such as nitrocellulose, acrylics and 
chlorinated rubber, as well as systems containing trichlorethylene, and stoving and 
styrenated alkyds. 

Microsperse SA is alcohol soluble, and Microspcrse SE ester soluble. and both 
are claimed to be easily dispersible in solvent by stirring-in. There are 135 standard 
colours available, and special colours will be made to order. 

A. Gilby & Sons Ltd. has recently announced a new black ink for the printing 
industry, which is to be be named H-vjort as a tribute to Mr Johnnie High, who recently 
retired from the position of London and Leicester area representative of the company 
after 20 years' service. 

A 12 page brochure entitled "Colour and research" has recently been published by 
Carl Zeiss. The brochure, which covers the use of colour as an aid to research and as 
its object, is available in this country from Degenhardt & Co. Ltd. 

It has recently been announced that A. P. V. Holdings Ltd. has made an offer for 
the whole of the issued share capital of L. A. Mitchell (Holdings) Ltd. S. Pearson & Son 
Ltd. and its subsidiary, who own over 92 per cent of the capital, have accepted the offer 
and the Directors of Mitchell's recommend other shareholders to accept. It is said 
that the acquisition of Mitchell's by APV will broaden the manufacturing and engineer- 
ing activities of the APV group in the supply of plant and equipment to the chemical 
and process industries, and will enable it to oRer a more efficient service to customers 
and to compete more effectively overseas. 

In the September issue of the Journul, reference was niade to additions to the Puliotol 
and Hel iopn ranges of pigments. These ranges are manufactured by Badische Anilin- 
and Soda-Fabrik AG, and not by Farbwerke Hoechst AG, as was stated. 



Section Proceedings 

Scottish 
Eastern Branch 

The use and development of  pva emulsions in the field of paper, coatings, paint and 
adhesives 
The final meeting of the session, with Mr P. A. Cower in the chair, was held in the 
Carlton Hotel, Edinburgh, on Wednesday 23 April, when Mr R. A. C .  Kuenzli, of 
Resinous Chemicals Ltd., spoke on "The use and development of pva emulsions in the 
field of paper, coating, paint and adhesives." This was a joint meeting with the Scottish 
Division of the British Paper and Board Makers Association (Technical Section). 

An outline of the emulsion polymerisation process was given, attention being 
drawn to the high nlolecular weight polymer which resulted. The importance of the 
surfactant system, and its relation to the particle size, chemical and mechanical 
stability, and other properties of the emulsion, were stressed. Coalescence, minimum 
filni forming temperature, binding power, and water and chemical resistance, were 
related to the nieans available to control them by choice of comonomers and poly- 
merisation conditions. The speaker illustrated how the principles involved were 
applied to produce emulsions suitable for the widely differing properties required 
for paints, adhesives and paper coating. 

A lively discussion followed, and the vote of thanks was given by Mr Farquhar, 
Scottish Chairman BPBMA, who congratulated the speaker on his presentation 
before expressing his pleasure that the two associations had been able to meet together 
in Edinburgh; an encouraging sign for the future. 

J.H.S. 



Techn 
Exhibi 
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tion 

Strong support for move to Olympia nl:tnt~fncluring culnpunies ill the United 
Although the closing date Ibr applicn- Kingdom, and indivitlually to scientists 
lions to ch ib i t  at next year's 33nd and technologists in Westel-n Europe. 
Technical Exhibition i s  3 October, Intending visitors can obtain copies 
i t  is  already clear that the nlovc to the of  the Ol/ic.itrl C;r/itk, and the information 
Empire Hall, Olympia, has the si1ppol.t Ic:~llcl in six I:~ngungcs hy making 
not ol1ly of most of the Uniteti Kingdom a~~l ic : t t ion to the Associ:ttion's olliccs. 
exhibitors but also ofthose from overseas. Oc.<.A cvas visitell by 

TIle Exllibition lakc place from I'rOlll l l l 0 l .C  than 30 OVCrSCaS c ~ l l l l t r i ~ ~ ,  
27-30 April, 1970, ilnd tIlc lloul-s 01' ; t l l i 1  i t  is conlidently cxpectccl thilt neyt 
openil1g cncll day have heen slightly ~c ; t~~ 's f i uh ib i t i on .  hcing held nearer 
cxtcnded, since it is li.11 [hilt so many 1 1 1 ~  West I:nrl of I.ondon, \+,ill attract 
visitors from ovcrsei~s will be staying in CV"1 """'C \.iSilOrS. 
London hotels that they \vill \4~elconlc I,,.~.~,~~. invililt~ons \\ i l l  be e,tcndcd 
an enrlicr start and a late1 linish c:tch (,, sc~loo~s ,\,Ilcrc sciellce is tLlkcn 
day. The Exhibition will, therefore, be ..A.. ~ ~ ~ ~ l ,  t o  ol. s t l l~cnts  
open at thc fi>llowing times: to the Exhibition on the three 11101-nings. 

~~~~d~~~ 37 ~,,[-il . , 1.00 I 8.30 \\'I~ere they \\,ill be g i \m  introcluctor> 
talks o n  careers before being condilcted 

Tuesday 78 April . . 09.30 t o  18.30 tllC SI;II1tiS. 

Wednestlay 39 April . . 09.30 to 18.30 
I)ct:tils of  the I:\hihition Luncheon 

Thursday 30 April . . 09.30 to IX.30 to he hclil a t  the Savoy Iiotel. London 
Wc.2. on 27 April will he inclutlcd in 

The Association has prepared informit- of this ,lorl,.l,cll~ an 
tion lcaflcts in six languages (English. application I.or111 \\.ill he included in 
French. (icrman. Italian. Russinn, and c;tch copy of the O//rc.irrl (;I /;(/(, .  
Spanish) and these will be distributed 
widely to paint rnnn~~filcturing companies The Ap~.il issite of this .lorr~~~rtrl \\ ill 
abroad. Copies of the Ql/ic.itrl (ir~itlu to contain a pl.evic\\ of the t'uhibition and 
the Exhibition will be distrihuted in the t l ~ c  .lunc issue \\ i l l  contain an illustrated 
New Year to all mcmhcrs of the Associ;l- technical rcviecv compiled hy mcmhers 
tion wherever resident. to paint and ink of the Association. 

OX' 
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South African Section 
Transvaal Branch 

A view of thc joint OCCA/SAPMA stand a t  the exhibition 

OCCA Stand at Chemical lridustries 
Exhibition 
The Transvaal Branch of tlic Soi~th 
African Section, in collnboration with 
the South African Paint Mani~f;~cturcrs 
Association, occupied and manned a 
stand at thc 1st South African Chcmical 
Industries Exhibition. held at Milner 
Park, Johannesburg, from 14-19 .luly. 

The object of this, the lirst OC'CA 
participation in an exhibition in the 
Republic, was to encourage technical 
training and to attract technically trained 
personnel to the paint industry. The 
timing of the step was also considered 
to be particularly appropriate, as 1969 
\\as the 21st Anniversary of the form:~tion 
of the Section. 

The cxhibitiori attracted an cstimatcd 
3,500 people, of whom tlic bulk werc 
thought to beconnccted with the chemical 
industry. 

The opportunity was taken to 
demonstrate modern paint application 
riiethods. up-to-thc-minutc surface coat- 
ings and modern methods of analysis 
and quality control. Tlicsc special exhibits 
drcw the attention of the chemists and 
chemical engineers prcscnt, atid perhaps 
through this the primary object may 
have been ucliievcd. To ~iiost of the non- 
technical people who attended the exhibi- 
tion, the OCCA/SAPMA stand becanic 
a source of advice 011 both household 
and industrial painting problems. All 
questions wcrc answered on a strictly 
non-partisan basis by volunteers who 
manncd the stand. Through this gesture 
on the part of meiiibers of OCCA and 
staff of members of thc SAPMA, thc 
standing of both associations has been 
enhanced in thc eyes of the general 
p~~bl ic ,  and tlic joint venture can be 
considcrcd, on both counts, most 
successful. 



NI)  N E W S  JOCCA 

New extension a t  the Borough Polytechnic 
On 9 July, an extension to the Borough 
Polytechnic was opened by H.R.H. 
The Duke of Edinburgh. The new 
building, which is eight storeys high, 
provides about 105,000sq ft of administra- 
tion, communal, and specialised teaching 
accommodation, and will allow the 
student population eventually to be 
doubled. 

The land was made available by the 
closure of Thomas Doyle Street, 
Lancaster Street, and the north end of 
Ontario Street, and design features in 
the extension include facades at 45" to 
the nearby thoroughfares and double 
windows with sound-attenuated air 
conditioning, to reduce noise, and 
walkways at first floor level to connect 
with the three existing buildings on the 
site. 

The Borough Polytechnic occupies 
a virtually unique position in the field 
of education for the surface coatings 
industries, and the new extension, which 
includes laboratory space for the Depart- 
ment of Chemical Technology, will 
ensure the development of facilities in this 
field. 

Courses a t  Washington University 
Two short courses are to be held at 
Washington University in November, 
organised jointly by the University and 
the American Chemical Society. These 
are entitled "Combined gas chroniato- 
graphylrnass spectrometry," 10- 13 
November 1969, and "Biomedical and 
clinical applications of gas chromato- 
graphy," 5-8 November 1969. Full 
details are available from Dr R. L. Levy, 

Division of Continuing Professional 
Education, Box 1048, Washington 
University, St. Louis, Missouri 63130. 

FSPT Publications 
The Federation of Societies for Paint 
Technology have recently announced 
the publication of Unit 1 1  "Paint driers 
and additives" by W. J.  Stewart, and 
Unit 12 "Principles of formulation and 
paint calculation" by W. R. Fuller, in 
the "Federation series on coating 
technology." The booklets are available 
from the FSPT at a cost of $1 per copy. 

Second international conference on plastic 
powder coatings 
Powder Coating 1970, the second 
international conference on plastic 
powder coatings to be organised by 
Suyfacc. Cootirlgs journal, is to be held 
at the Criterion-in-Piccadilly, London, 
from 10 to 12 February 1970. 

The organisers state that, owing to the 
success of the first conference in February 
this year, and the considerable advances 
in the field since this time, the 1970 
conference will be increased in size. 

Additives for R and P conference 
A conference entitled "Additives and 
auxiliaries for the rubber and plastics 
industries in 1970-1980" will be held in 
Brussels on 18-19 March 1970. 

Although arrangements are only at 
a preliminary stage, the organisers, 
the International Business Contact Club, 
expect an attendance of about 250 
people fro~il eighteen different countries. 
Further details are available from ib/cc, 
99 Avenue Nouvelle, Brussels 4. 

Register of Members 
The following elections to membership have been approved by Council. The Sections 

a ~cs.  to which the new members are attached are given in I t  I '  

Ordinary Members 
CUNNINGHAM, ANGUS MACINTOSH, BSc, 59 Oak Drive. Higham, Rochester, Kent. 

( L011cl011) 

FAGG, DAVID ARCHER, LRIC, API, 89 Parkway, Coxheath, Maidstone. Kent. 
( Loll(Iul1) 



FERGUSON, JOHN JARDINE, BSc. ARCST, 17 Bath Crescent, Cheadle Hulme, Cheshire 
SK8 7QU. ( Marrclrc.st~r) 

GREEN, BRIAN JAMES, BSc, ARIC, 19 The Grove. West Wickham. Kent. (Lotidoorr) 

KERR, JOHN RORFRT, MA, Overseas Dept., ICI Paints Division, Wexham Road, 
Slough. Bucks. ( G c n c ~ r ~ I  0 vcr.seas) 

KIRK, GEORC;F, 17 Birch Green, Hertford. ( Loncktt ) 

LANCASTER, I A N  P ~ T E R ,  LRIC, Overseas Dept.. ICI Paints Division. Wexham Road, 
Slough, Bucks. ( Ge~ncral 0 ~~c~rsc.as) 

N ~ W L A N ,  RONALD JOHN, 3 Lincoln Road. Forest Gate, London E7. (Lotr(1orr) 

O'BRIEN, DENIS, G.I.P. (Ireland) Ltd., John F. Kennedy Drive, Bluebell, Dublin 12. 
( 1ri.sIr) 

POPE. G O D F R ~ Y  ROBIN EG~RTON. BA, 32 Parkside, Wimbledon Common, London 
SW 19. ( Loir~lorr) 

P O R C A R ~ ,  AN.I.ONIO. Tradex Colori S.A.S., Via Carlo Goldoni I, Milan, Italy. 
( Gcnerol 0 ~ ~ c c ~ c w s )  

VERSTER, GERRIT PIERKI:, MSc, MSACI. S.A. Bureau of Standards, Private Bag 191, 
Pretoria. South Africa. (Sorrtlt A./i.icorr) 

VIDELI, OSCAR JORGE, Pampa 2654, Piso 10, Dto. "8," Buenos Aires, Argentina. 
( Gc~tterul 0 vcrsc>a.s) 

WAI>DINC;TON, KEITH JOHN, BSc, 48 The Bramblings, Chingford, London E4. 
(Lonclorr ) 

WRIGHT. EDWARD PHILIP, c/o Shell Chemical South Africa (PTY) Ltd., PO Box 494. 
Johannesburg, South Africa. (Sorrth A,/rica~r) 

ZONE, ANITA, I8 Winton Close, Edmonton, London N9. ( Lorrdon) 

Associate Members 
AGREJA. OLAGOKE, British Paints (W.A.) Ltd.. PMB 1052. Ikeja, Lagos State, Nigeria. 

( G c ~ n ~ r a l  017c.rseas) 

BAVERSTOCK, TERENCE GORIION. BOX No. 74. Pieterniaritzburg, Natal, South Africa. 
(Sorrtlr African) 

BLANCO, CARLOS Gulno, Mitre 1152, San Martin, Pcia. dc Buenos Aires, Argentina. 
( Gcrrcral 0 vc)rsc)as) 

GROVE. ROBERT MICHAEL, 3 Fullbrooks Avenue. Worcester Park, Surrey. (Lotiflon) 

HAROON. SHEKH MOHAMMED, U11206, Bazar Bansanwaca. Rawalpindi. W. Pakistan. 
( Gi~n~r (11  0r~rsc .a .~ )  

LACEY. JOHN CHARLES, 78 Vegal Crescent, Englefield Green. Egham, Surrey. (Lorrclotr) 

LARKIN, BERNARD M., "Marianna," 59 All Saints Road, Raheny, Dublin 5. (Irish) 

Student Members 
FOLEY, JOHN. 27 Botanic Road. Glasncvin, Dublin 9. ( 11,ish) 

PHILLIPS. MARTYN ANI HONY. 270 Kingsway, Doonside. South Coast, Natal. South 
Africa. (Sorrtlr Afiica~r) 

RAMSDALE, GEOFFREY STUART, Blundell-Per~lloglaze Limited, Sculcoates Lane, Hull. 
(Hrrll)  

WILSON, ERIC DANIEL, 28 Chester Street, Swinton, Lancs. (Manchcstcr ) 



Forthcoming Events 
Dctnils crrc gi~*crr of nrc~c~/irr~~.s itr tlro Ulritcvl Kitr,~~clo~rr 111) to /Ire, c~rrtl c? / ' / / r e ,  ~~rorr/lr , / i ) l /~~t . i rr~g 
~)rrhlicutio~~, [III(I it/ Soritlr A,/i.ic-(r (irr(1 / / I(> C ~ o r ~ r ~ r ~ o t r ~ ~ ~ o ( / I / / ~  / I / >  to I / / ( ,  c,11(1 of / / IC sc~corr(i 
month. 

Thursday 2 October by M I  C'. D. C'ook of 1C1 Limited. 
BI.isto/ Scr.tfo1r. .loin1 meeting will1 I < )  be held 81 I he Mr~nchcster Literary 
Binningllam Paint Varnisli and I-ucq~ler and Philoso17hical Society. 36 Gcorge 
Club. to be held at the Imncrial Hotel. Street, Manclic\tcr I ,  at (7.30 p.m. 
Birmingliani, at 7.15 p.m. "A Paint 
Manufacturer's view of Industrialised 
Building" by Mr T. .loncs of John  
Hall & Sons (Bristol atid London) 
Limited. 
Nc~~vca.srlc, Sc~ction. "Statistical Tech- 
niques in the optimisation of Paint 
Formulation bv Comu~lter" bv D. 
W. Brooker o f  Shell R e s e a r c ~ ~  - ~ t d . ,  
t o  be held at tlic Royal Turks Head 
Hotel, Grey Street, Newcastle upon 
Tyne, at 6.30 p.m. 

Monday 6 October 
H I / / /  S(>c./ioir. "Rcnctivity of Titanium 
Dioxide in Pigmented Vinyl <'hloridc/ 
Vinyl Acetate C'c)polymer Surface 
Coatings" by Mr F. 1). Robinson of 
Laportc Industries Limited, to be 
held at tlie Bullock Lecture Theatre, 
H~~IICollege of Tcclinology, at 7.00 p.m. 

Wednesday 8 October 
Ncwr.rrsrlc, S('c.tiolr - S/rrrlc~rr~ G I . ~ I I / ) .  
"The use of Acrylic Matel-inls in the 
Paint Industry" by Mr A. .I. Hccalick 
of Lennig Chemicals Ltd., to bc held in 
L c c t ~ ~ r e  Theatrc A406, It~ltlierforci 
College of Technology, Newcastle upon 
Tync, at 3.00 p.m. 

Thursday 9 October 
Sco/ti.s/r S(lc./iolr. " Problems of Pigmen- 
tation of Thermosetting Acrylic 
Finishes" by Mr G.  Willison of Rritisli 
Titan Products Co. Ltd., to be held 
at the St. Enocli Hotel. Cilasgow, at 
6.00 p.m. 

Friday 10 October 
Null  S(~ctiolr. Annual Din ncr Ilance a1 
tlie Hotel Eden, Willerby. 
Moirc.hc.vtc~r ,Sc~c/ion. " D is persy niers" 

Saturday 1 1  October 
Sc~ot/i.sIr Soc.tiolr Str~rlc~rrt C;r.o 1111. 
St~ldcnt I'aint Prc).jcct, by Mr .I. Devi~ie 
of C'r~iig I-lubbock Ltd., to be held at 
the "Wee Windaes" Restaurant, 142. 
High Street, Edinburgh, at 10.30 a.m., 
fc)llowctl by lunch ancl 11 skittles match. 

Monday 13 October 
Lorrrlolr Soc~tiorr. Joint Meeting \\ i t l i  
Society 01' C'licnlicul Industry (Colloid 
& S~~rfr lcc  C'liemical Ciroup). "A 
Theory of I'olymeric Dispersant 
Action" by E. .I. C'laylicld, to be held 
at 14 Relgrnvc Scli~are, London SW I .  
at 0 p.m. 

Tuesday 14 October 
Was! Riclit~g Sc,r.tiorr. " F L I ~ L L ~ C  Develop- 
mcnts in Paint," by Dr  L. A. O'Neill 
of tlic Paint Research Station, to 
bc held at the Griflin Hotel, Boar  
Lane, L.ccds 1 .  at 7.30 p.m. 

Saturday 18 October 
o i /  ScJc.tiolr S/rrclc,trt G I .o I I / ~ .  
"COIOLI~  Systems," to be held at the 
St. Enoch Hotcl, Cilasgow, at 10.00 a.m. 

'I'uesday 2 1 October 
Idorrtk)rr Sc,c./iorr Soiitlrer.rr f31.rrrrc~lr. 
"('licmical Solvents for Paints" by 
Mr I). 1'. Scplioti ol' Shell Research 
I.imitci1, to be held at tlie Pendragon 
Hotcl. Clarence I'ar-adc, Soi~thsea, 
at 7.00 p.m. 

Wed~iesday 22 October 
Sc~)rtislr ~ I I  f B~.trtrc.lr. 
" C ' O I O L I ~  Measurements and Specifica- 
tions" by 111. L.atowski of Edinburgh 
Univcrsity, to be held at the Carlton 
I-lotel, North Hridge, Edinburgh. at 
7.30 p.m. 



Thursday 23 October 
Lorrclorr S(~c.tiorr. ELII-opcan Liaison 
Lecture: "Some Aspects o f  tl ic Pro- 
tection o f  Exterior Joinery" hy R .  
Dooper o f  Vcrtinstituut TNO, t o  he 
held at the New Engineering I3lock. 
University College, London WC.1, at 
6.30 p.m. 

.\lir/lcrrrr/.v S(,c.tiorr. One day Symposium, 
"Management and Train ing i n  the 
Surface Coat ing Industry," t o  be held 
at the Regency Club, Stratfc>r-d Road, 
Shirley, S o l i h ~ ~ l l .  Warks., at 10.00 
a.m. 

Friday 24 October 
Ir.i.\/ Scrtiorr. "Driers" by  Mr .I. H. 
W. Turner o f  Hardman & Holden 
Ltd.. t o  be held at the Clarence Hotel. 
Wellington Quay, Dubl in,  at 8.00 p.m. 

. I ( l~~~r/ i~.st ( , r .  Si~rtiorr. A n n  L I~I  Dinner 
Dance at the Piccadilly Hotel, Picca- 
di l ly Plaza. Manclicstcr I. 

Thursday 6 Novcrnbcr 
h'c,~~*c.trstlc, S(v.tiorr. "Paint and 
Protective Coatings for  H igh Speed 
Aircraft" by C. E. I-locy o f  the Minist ry 
o f  Technology, t o  be held at the l i oya l  
Turks  Head Hotcl,  Grey Street, 
Ncwcastlc upon Tync, at 0.30 p.m. 

S(~otti.s/r S(,c.liorr. "Historical r)cvclop- 
mcnt o f  the Scottish I'aint Industry" 
by M r  G .  Scott o f  Fcdcratctl Paints 
I.td.. t o  be hcltl at the St. Enoch 
t lotcl.  Cilasgow. at 0.00 p.m. 

Tucsda y 1 1 November 
Lorrrlorr Scctiorr Sorr/lrc,r.rr l~r~(irr~~/r. 
"Emulsions fo r  Paper anti  Paint" 
by  a speaker f r om Vinyl  Prod~ lc ts  
Lini i tcd, t o  bc held at the Pel~dragon 
Hotcl.  Clarence Parncle. So~llhsca. at 
7.00 p.m. 
M'( ,s l  J<irlirr,y S(tc,riorr. " l ihcology and 
Mcasurc~ncnt i n  P r i ~ i t i n g  Inks," hy  
I>r C'nrtwriglit o f  Mcta l  Rox Ltd., 
t o  be lielti at the Cirifl in Hotcl,  Boar 
Lane, Lccds 1. at 7.30 p.m. 

LVednesday 29 Octobcr 
Tlrclrrrc~s Vtrlk:,! Sc,c.tiorr. "Cilossy Wed~lesday 12 Novcmbcr 
E n l ~ ~ l s i o n  Paints" by  M r  .I. Hax o f  ~ c , l l . c - t r . v t / ( ,  S(pc.tiorr . ( ; t r lc1 ( , r r~  (;/~orrp. 
Scott Bader & Co. Ltd., t o  be held at -E. CISI :I y Dispersible Pigments" hy M r  
the M a n o r  Hotcl,  I>atclict, Rucks. (;. R. ~ o b s o n  o f  [('I ~ t t l . .  t o  be 
at 7.00 p.m. held i n  Lecture Tlic:~trc A406. 

I < ~ ~ t l i c r f o r t l  College o f  Technology, 

Thursday 30 Octobcr Newcnstlc-upon-Tyne. at 3.00 p.m. 
.\li(lkrrrcl.s Scc.tior~ 7 I 1 1 1  / I I I I / ~ .  I .I 
"The Influence of Hritisli Ra i l  

on Paints and inl ing,. Rlcrrrc~lrc~.v/(~r~ Sc*cnlioir. "l'articlc Si/e 

by F. D. Timmins. t o  be held at tl ic I ic t luct ion i n  Hall M i l l i ng  and Sand 

British Ra i l  School of Transport, Cirinciing" b y  1>r W .  ( ' ;~rr 01' Cieigy 

London Road, Derby. at 0.30 p.m. (UK)  Limited, t o  he held at the 
Swan Hotel. ( ' l i ~ ~ r c h ~ ; ~ t e ,  Holton. at - 
0.30 p.m. 

Friday 31 Octobcr 
Rr.i.c/ol .Sclc./iorr. "l 'ackagi~ig" by MI- Saturday 15 November 
F. P. Bu l l  o f  E. S. & A .  Rohinsc)ii ~ ( . ~ l l ; . ~ / ~  L5,-c~c.t i~~~ . \ ' l ~~~ / ( . ~ r r  C;r.orr,, 
1-imitcd. t o  be held at thu Royal  "ppoxy ('oatings," to  hc IlclJ at the 
Hotel. Bristol. at 7.15 p .1~.  St. I<nocli  Hotel, Cilasgo\\. at 10.00 a.m. 

Monday 3 November Wcd~icsday 19 November 
Hrrll Sc,ction. "Operational Research" I,orrtIorr .Yc,c~tiorr. "Rlicology i n  Gloss 
by M r  S. .I. Mort-ison o f  H u l l  Paints" hy  T. R .  13ullctt o f  the Paint 
University, t o  be held at the Bullock Rcsearch Station, to  hc held at East 
Lecture Theatre, H u l l  C'ollcge o f  H a m  Technical C'ollegc, H igh  Street 
Technology. at 7.00 p.m. Sot~ t l i ,  Lon i lon  Eh, at 0.30 p.m. 



Scotti.slr S~~criotl- Ef~.stcrtr Brurrclr. 
"Applications of Science to Paintings 
and Antiques" by Dr H. McKerrel 
of the Royal Scottish Museum, to 
be held at the Carlton Hotel, North 
Bridge, Edinburgh I ,  at 7.30 p.m. 

Friday 21 November 
Ivislr Section. "Resins for Printing 
Inks" by Mr L. J. Lees of Hercules 
Boehm, to be held at the Clarence 
Hotel. Wellington Quay. Dublin. at 
8.00 p.m. 

Thursday 27 November 
Micllat~rls Section- Twnt V ~ l l q r  Br~~rrelr. 
"Selected Aspects of Recent Develop- 
ments in Coated Titanium Pigments" 
by a member of the stafr of British 
Titan Products Company Limited. 
to be held at the British Rail School 
of Transport, London Road. Derby, 
at 6.30 p.m. 

T11~nrcp.s Vcrllc~j~ Sc'ctiotr. A Forum on 
the subject of "Toxicity, Hazards and 
Factory Regulations." On the Panel: 
Mr Ward-Chief Fire Officer for 
Buckinghamshire. Mr R. L. Such- 
H. M. District Inspector of Factories. 
To be held at the Manor Hotel, 
Datchct. Bucks, at 7.00 p.m. 

Friday 28 November 
Bristol Scction. "Management by 
Objectives in Research and Develop- 
ment" by Mr N. R. Felstead and Mr 
R. .I. Woodbridge of John Hall & Sons 
(Bristol & London) Limited, to be 
held at the Royal Hotel, Bristol, at 
7.15 p.m. 
Mirll~~rrtl Svctiorr. "Tinplate Coating" 
by A. K. Unsworth of Ault & Wiborg. 
to be held at the Chamber of 
Commerce House, 7 5  Harbourne Road, 
Birniingham 15, at 6.30 p.m. 
West Riditrg Section. Dinner and 
Dance at the Granby Hotel, Harrogate. 



. . . and more economicaliy 
than you can. 
Continuous production 
on our varnish plant 
enables us to supply 
Oleo- Resinous media 

at highly competitive prices. Manufactured 
under strict technical control to your 
own specifications or our formulations. 

E. HARDMAN,  S O N  & CO. LTD., 
BEDFORD STREET. HULL. TELEPHONE: 0482-2390; 
1 4 ~ i s l 1  A.lLikcrs ro rlrr I5ri11t Itldrrstr~' 

print in practice 
Metchim's have been printers for over 100 years. 

Today, in the heart of Westminster, in the shadow 

of Big Ben, our modern automatic presses pro- 

duce vast quantities of high-class printed matter, 

day and night, in our 12,000 square feet factory. 

M E T C H I M  & S O N  L T D  
G E N E R A L  C O L O U R  A N D  P E R I O D I C A L  P R I N T E R S  

8 S T O R E Y ' S  G A T E ,  W E S T M I N S T E R ,  S .W.1  
T e l e p h o n e  : 01-839  2 1 2 5  ( 4  l i n e s )  



The tie is blue terylene, with the 
Association's insignia woven in red and 
gold silk. 

The blazer badge has the insignia 
embroidered in silver and gold wire on a 
red and blue ground. 

Tlie plaque has the insignia hand- 
painted in red and gold on a blue ground. 

Tlie car badge has the insignia 
en~bossed in red and gold on a blue 
ground, the wliole being covered in 
transparent polypropylene, wit11 a thick 
cliroriie surround. Bar and grille fittings 
are available. 

In order to commemorate the Fiftieth 
Anniversary of 0 C C A, Council has 
authorised the production of a tie, 
blazer badge, wall plaque and car badge 
bearing the Association's insignia. These Lancaster Place, Strand, 
Items are available only from :- London, W.C.2. 
....................................................................................................................... 

i T o  : Thresher & Glenny Ltd., Lancaster Place, Strand, London, W.C.2. i 
A s  a member of the Association, please accept my order for the following: i 

i OCCA tie c~d 201- 1 
i OCCA blazer badge (tr) 631- 

I i OCCA wall plaque ((0 3316 
i OCCA car badge ((8 3616 

(state bar o r  g r ~ l l e )  -- 
i (Al l  prices include postage 

and packing) -_ 
i If tie is required airmail add 

- -- Total Remitted 

Name 

Section/No. 

Address 

........................................................................................................................ 
The ties will be supplied from stock; all other items are made to order. Only the tie can be s u ~ ~ l i e d  

by airmail at an extra cost of 6s. 6d. 
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The reliable 
so1ve~m.t for 
litho and 
letterpress 
inks.. . 
Kerosel  
never varies 
Keroset close cut  Aliphatic Petroleum 
Distillates have achieved a well earned 
reputation for consistency. Batch after batch, 
you'll encounter no variations in  solvency 
and distillation range. 

Made in ten grades, Keroset i s  subject t o  
the most exacting production control testing 
by Butler chemists t o  ensure conformity t o  
specification. 

Where distillation and solvency parameters 
are critical-use Keroset, i t  never varies. 
Please write for data sheets-and remember 
that we are happy to  provide san~ples and any 
technical in forn~at ion available t o  us. 

BUTLER CHEMICALS LIMITED 
Petroleum Refining Division 

ROCKINGHAM WORKS, AVONMOUTH, BRISTOL 
Tel: Avonmouth 3611 STD Code 027-52 3611 

London Office: 
Tel: Hillside 7351 STD Code: 01-445 7351 

Birmingham Office: 
Tel: Midland 1266 STD Code: 021-643 1266 

Oil & Golour Ghemists' 
Association 

PAINT 
TECHNOLOGY 
MANUALS 
The second editions of 

1 Non-convertible Coatings 

2 Solvents, Oils, Resins 
and Driers 

are now available 

Chapters on the latest 
developments in their field have 
been added to each volume 

T/?e price of the 2nd edition is 36s per 
volurne. 

Still available in 1st edition are: 

3 Convertible Coatings 

4 Application and Testing 
of Surface Coatings 

5 The Testing of Paints 

6 Pigments, Dyestuffs and 
Lakes 

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

CHAPMAN & HALL LTD. 
11 N e w  Fetter Lane, 
London, E.C.4 
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C L A S S I F I E D  A D V E R T I S E M E N T S  

Classified Advertisements are charged at the rate o f  9s. per line. Advertisements for 
Situations Wanted are charged at 2s. 6d. per line. A box number is charged a t  Is. Od. 
They should be sent t o  the Director & Secretary, O i l  & Colour Chemists' Association, 

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

SITUATIONS VACANT SII'UA'I'IONS WANTED 

TAYLOR WOODROW 
CONSTRUCTION LIMITED 

require 

for their Materials Research 1,aboratory 
at Southall 

A man with outstanding personal qualities 
to till a challenging post which will expand 
over the next few years into a position o f  
considerable responsibility and corresponding 
rewards. 

The position is concerned with the production 
and tiiarketing o f  new products for the con- 
struction industry. The man appointed will 
requlre an understanding o f  both marketing 
and technical matters. he must be cnthitsiastic. 
energetic. willing to travel. self-confident and 
able to deal with industrial clients at all levels. 
Chemical or building materials qualification 
preferred but the man is more important than 
certificates. 

I f  you l i t  this specification write at once to: 
The Personnel Manager (PNC) 
Taylor Woodrow Constrilction 1-td., 
345 Ruislip Road, Southall. Middx. 

BUYER: Through redundancy rcquircs post in 
p~~rchasing. l:xpericncc. twenty-two years in 
paint trade, responsible for purchase o f  raw 
~naterials, packages. laboratory and works 
cq~~ipment, stationery, and all ancillary materials 
required Ibr  modern production. Has grouo 
purchasing experience. Location not inlp&tani. 
Box No. 3 10. 

INTRODUCTION TO 

TECHNOLOGY 

Price 20s. 

OIL & COLOUR CHEMISTS' ASSOCIATION 
Tel: 01-57b 2366 

A n  experienced C o l o ~ ~ r  Matcher i s  required to 
extend the operations o f  a small colour and 
quality control Laboratory. This vacancy is 
in the Plastics Industry. 

Age is not critical but the succt?;sf~tl applicant 
will reside in the N I W  environs o f  Idondon. 
Details of past experience, education, present 
earnings to Box No. 31 1. 

SITUATIONS WANTED 

CHEMIST, age 27, Indian, comprehensive 
experience i n  printing ink. varnish and other 
raw materials, at present working in  Canada 
as a Develop~i~ent Chemist, seeks technical 
position i n  Europe or  India. Box No. 308. 

Technical Exhibition 

22 OCCA 
27-30 April 1970 

EMPIRE HALL, OLYMPIA, 

L O N D O N  
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L A K E  & P I G M E N T  

G@b@WRS 
for 

PAINTS 

PRINTING INKS 

CELLULOSE FINISHES 

LINOLEUM, LEATHERCLOTH 

ETC. 

We invite your enquiries 

HORACE CORY 
& CO. LTD. 

N A T H A N  WAY 

WOOLWICH INDUSTRIAL ESTATE 

LONDON,  S.E.18 
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