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Transactions and Communications 

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

Department of Inorganic. Physical and Industrial Chemistry, University of Liverpool, Liverpool L69 3BX 

Summary 

Fluorenone-amine mixtures find commercial application in photo- 
cure processes prompting detailed studies of the kinetics of poly- 
merisation and molecular weights of polymeric products for methyl 
methacrylate homopolymerisation in benzene at 3OC, photoini- 
tiated by fluorenone and several derivatives. Triethylamine, 
N,N-dimethylethanolamine, and indole-3-ylacetic acid were used 
and gave widely disparate results, although in every case, increasing 
the amine concentration vroduced a beneficial effect on rate onlv 
up lo a cerlain polnt, after nhlch eusitcd state deactivation-procct- 
sci hecomc dom~nant. Iniliatlng frcc radicals are iuggctcd to arlsc 
by chemical proccc,cs \ubscquent to i n i t ~ ~ l  formation ol'e~ciplcses 
between photoexcited ketone and ground state amine. Eiciplex 
quenching by methyl methacrylate is important in many cases and, 
taken with the more general effects of solvent (including monomer 
and amine components) on the competition between reactions 
leading to the formation of free radicals and those regenerating 
amine and ketone components, serves to illustrate the extreme 
difficulty of generalising on structure-activity relationships for 

Keywords 

Processes and niethods primarily associated with 
drying or crrring of coatings 

photochemistry 
ultraviolet curing 
photoinitiation 
reaction mechanism 
photoactivation 
ketone initiation 
exiplex formation 
ketone-amine initiation 

ketone amine photoinitiator systems. 

Of particular interest is the apparent reduction in transfer or 
termination processes on replacing fluorenone by 2-methyl- 
fluorenone. The latter serves as a model for the chromophore in 
copolymers of 2-vinylfluorenone and methyl methacrylate, has an 
absorption spectrum slightly red shifted from, and is much more 
strongly fluorescing than, fluorenone. 

Photoinitiation of methyl methacrylate polymerisation utilising 
copolymers with pendent fluorenone units has been studied to help 
clarify the very complex effects of amines on initiation and termi- 
nation processes. It is concluded that initiation by the fluorenone 
derived (semipinacol) radical is not important and hence graft 
copolymer formation (and presumably increased rates of photo- 
cure) for given systems is likely to he more effective when using 
polymers with pendent amine units rather than pendent ketone 
rlngs. 

Raw materials 

binders (resins, etc) 

acrylic resin 

Miscellaneous terms 

reaction mechanism 

Le rdle des interactions exciplexes dans la photo-initiation de polym6risation par les systemes fluore- 
none-amines 

Les melanges fluorenone-amines ont les applications industrielles 
dans le domaine de photo-durcissement, et par condquent, ils ont 
suggtr6 les etudes detaillees de la cinetique de polymerisation et des 
poids moleculaires des produits polymbres dans le cas de I'homo- 
polymirisation en benzene B 30°C. photo-amorcee par fluorenone 
et par plusieurs de ses derives. On a utilis6 tritthylamine, N,N- 
dimethylamine, et I'acide indole-3- ylacetique. Tous ces composis 
ont rendu des resultats fortement differents, mais en chaque cas, 
une augmentation de la concentration d'amine provoque un effet 
favorable sur la vitesse de polymerisation jusqu'l un certain point 
et au dell  duquel les processus de deactivation B cause des etati 
actives deviennent predominants. On suggere que les radicaux 
libres amorceurs sont dkgages au cours des processus chimiques 
avant de la formation initiale des exciplexes entre la cetone photo- 
activee et I'amine primitive. Dans plusieurs cas I'extinction des 
exciplexes par methyle methacrylate joue un rBle important et avec 
les effects plus gentraux du solvant (y compris les constituants 
mononitres ou amines) sur la concurrence entre les reactions qui 
conduisent l la formation des radicaux libres et celles oui reeenerent . - 
lcsuontt~ruantsani~nci ou cetones, i l i  servcnt i denionirer Ihutr2me 
d~lliculte B laquelle on fait face en propocant dcc gCni.ralisations sur 
les rapport5 entrc la ctructureet I'actlvitc l I'inanl dc$ \\~tCniee de 

photo-amorceurs cbtone-amines. 

D'un intirtt particulier c'est la diminution vraisemblable des 
urocessus de transfert ou de terminaison dans le cas ob I'on 
keniplace la HuorCnolie par 2-niethylflourenonc. Cellc-ci hcrt de 
mod2lc pour I'agent chromophore prt'cenre en copoljmeres dc 
I-vinvll1uorc:nonc ct niCth\lc nicthacrvlntc, ct ellc possede un 
spectie d'absorption qui en comparaisbn de celui de~fluorenone 
s'est deplace IegCrement dans le rouge et Bgalement est plus forte- 
ment fluorescent. 

Afin d'elucider les effects tres complexes qu'exercent les amines sur 
les processus d'initiation et de terminaison, on a BtudiC la photo- 
initiation de la polymerisation de mkthyle mkthacrylate au moyen 
des copolymkes contenant des groupements defluorenone pendants. 
On conclut que I'initiation par le radical derive de la fluorenone 
(semipinacol) n'est pas importante, et ainsi il est probable que la 
formation du cooolvmere e re f i  (et urobablement les vitesses de 
photo-durcistcnie'nt 6ugniel;t~:ei) ian; le cai des systc'nies donnki 
\erait plus kllicacc lor>qu'on utlli.;~ dcs polynic'rc\ aux groupclncntc 
amines pendants plutB<que ceux aux noyaux cetoniques pendants. 

'Presented at the Second European Symposium on "Ultraviolet Polymerisation and the coatings industry" held by the Newcastle Section at  
Durham University on 14-15 September 1977. 

uv1 95 
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Exciplex R e a k t i o n e n  be i  der P h o t o i n i t i a t i o n  der Po lymer i sa t ion  m i t t e l s  F luo renon-Amin  S y s t e m e n  

Fluorenon-Amin-Mischungen werden in Photohirtungsverfahren Struktur-Aktivitat in Keton-Amin-Photoinitiator-Systemen zu 
allgemein angewandt. Sie regen ins Einzelne gehende Untersuchun- verallgemeinern. 
gen der Polymerisationskinetik und Molekulargewichte polymerer 
Produkte fur die Homopolymerisation von Methylmethakrylat in Von besonderem Interesse ist die scheinhare Reduktion bei 
Benzol hei 30°Can, photoinitiiert durch Fluorenon undverschiedene Transferierungs - oder Endprozessen durch Ersatz von Fluorenon 
Derivate. Triathvlamin. N.N-Di-methvlathanolamin und Indol-3- mit 2-Methvlfluorenon. Letzteres dient als Modell fiir den Chro- 
Ylesslgsaurc wutden he~ut;t~nder~ahknvone~nanderahwe~chende mophor In' Kopolymeren von 2-V~nyllluorenon, und Ueth)l- 
Re\ultate, obwohl In allen Fallen trhohungder Amlnkonzentratlon methakrylat hat em elwas nach Rot 7u verschobens Absorpt~ons- 
sich nur auf die Geschwindiakeit bis zu einem aewissen Punkt s~ektrum und ist vielstarkerfluoreszierend als Fluorenon. 
gunstig auswirkte, wonach ~%aktivierun~svorgPnge im Empfind- 
lichkeitszustand vorherrschen. Es wird vorgeschlagen, dass die 
Reaktion anregenden freien Radikale durch chemische Vorgange 
gebildet werden, im Anschluss an die anfangliche Bildung von 
Exciolexen zwischen lichtemofindlichen Ketonen und Aminen im 
~ r~ idzus t and .  Exciplex ~ ;46schun~  durch Methylmethakrylat 
ist In vlelen Fallen wichtig und im Zusammenhang mlt den allgemein 
auftretenden Auswirkunaen von Losunasmitteln (einschl~esslich 
Monomer- und Amin-Kimponenten) aufdie Konkurrenz zwischen 
Reaktionen, die zur Bildung freier Radikale fuhren, und denen, 
welche Amin - und Ketonverbindungen regenerieren, hilft die 
ungewohnliche Schwierigkeit zu illustrieren, die Beziehungen 

I n t r o d u c t i o n  

Chain reaction polymerisation processes predominate for 
olefinic monomers'. They usually involve propagating inter- 
mediates which are free radical, carbocationic, carbanionic or 
complex organometallic in nature and, in highly simplified 
form, may be represented as  follows: 

kt 
X'+ RCH=CHI-+XCH2CH* (initiation) 

I 
R 

k* 
XCH,CH* + RCH=CH, +XCHICHCH2CH* etc (propagation) 

Die Photoprimarreaktion bei der Melhylmcthakrylatpolymerisation 
unter Benutzung von Kopolymeren mil Seiteneinheilen von Fluo- 
renon wurde untersucht, um zur Klarung des so komplexen Ein- 
flusses von Aminen auf die Primar-und Endprozesse zu ver- 
helfen. Es wird gescholssen, dass Einleitungsreaktion durch von 
Fluorenon abgeleitete (Semipinacol) Radikale unwichtig ist, und 
somit Pfropfkopolymerhildung (und vermutlich Verstarkung der 
Photohartunel fur ein eeeebenes Svstem aller Wahrscheinlichkeit 
nach wirkunpzvoller ~st,-~inn ~ o l ~ m e r e  mil angehangten Amlneln- 
he~ten benutlt werden, alr mlt angehangten Ketonr~ngen 

the final polymeric product is usually a crosslinked resin 
produced by photoinitiated polymerisation of mixtures of 
suitable prepolymers with mono- and polyfunctional olefins. 
As has already been noted, the basic chain steps are similar, 
irrespective of the degree of functionality of the polymerising 
components and, for photochemically active free radical 
systems, polymerisation depends upon initial light-induced 
formation of free radicals from a suitable photoinitiator. 
Assuming the usual radical termination processes, the overall 
rate of polymerisation (RJ is given by: 

and the rate of initiation (R,) is approximated by: 

I 
R ih ih R, = I./e [initiator] 

kt 
X(CHICH).CH,CH*+ Y+dead polymer t e r m i t i o n  where I.=intensity of incident radiation, )=quantum yield 

I 1 for initiation of radical chains, and &=molar extinction 
R R  coefficient of initiator a t  the wavelength employed. 

Mechanisms for termination differ markedly according to 
the nature of the propagating species as  do  the variety of 
chain transfer reactions, deliberately omitted from the simple 
scheme. However, it is important to remember that the same 
competing processes control the more complex chain poly- 
mersisations leading to formation of insoluble, cross-linked 
resins from systems comprising multifunctional monomers. 

Initiation of chain polymerisation processes is consequent 
upon generation of the reactive intermediate (X*) by thermal, 
photochemical or other types of activation or decomposition 
of a suitable labile molecule. Photochemical methods of 
activation of labile systems may lead to formation of radicals 
or ionic species, although to date, it is mainly the former 
which have proved of real value and which will, therefore, 
occupy the bulk of the following discussion. 

The photoinitiation of radical chain polymerisations has be- 
come increasingly important during the past five to ten years 
largely because of the ever increasing requirements for photo- 
active relief printing plates, printed circuits and a wide 
variety of photochemically cured surface coatings. Even more 
recently, there has been an upsurge of interest in development 
of photochemically curable printing inks for use in applica- 
tions where environmental or economic considerations 
demand the use of solvent free systems. In all these. processes 

Thus, given an appropriate light source, important require- 
ments for efficient photoinitiation include suitable absorption 
coefficients and wavelength sensitivities for the initiator 
molecule, together with quantum yields for initiation in the 
range 0.1-1.0. Another extremely important criterion is that 
the initiator molecule, or any of its photofragments, should 
not function as chain transfer or terminating agents. In recent 
years the authors have been engaged in a systematic study of a 
wide range of important photoinitiator systems in an attempt 
to determine these properties2. Estimates of the chain ter- 
mination and transfer effects of components and photo- 
fragments in any particular polymerising system are readily 
available from studies of rates of polymerisation and polymer 
molecular weights, which yield values of the ratio k,/k,*. 
Since k ,  is essentially constant for the polymerisation of any 
given olefin, variations in values of k,/k,i arise from termina- 
tion and transfer processes not apparent in comparable 
conventional polymerisations initiated (thermally and photo- 
chemically) by e.g. AIBN. Molecular weights can only be 
measured for polymers which are truly soluble and, for con- 
venience, the homopolymerisation of methyl methacrylate in 
bulk or in various solvents has been chosen as a model 
system. The majority of commercially applicable photocure 
systems depend upon the formation of insoluble crosslinked 
resins as products, and so caution must be applied when 
comparing data for relative initiator effects in the model, 
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soluble polymer system and th: more viscous, multicom- 
ponent, commerically applicable systems. 

Free radical initiators are extensively employed as  curing 
agents or promoters in a wide variety of polymerisation 
processes, especially those required for decorative or protec- 
tive surface coatings. A large proportion of the useful range of 
photoinitiators3 possess, as the light absorbing chromophore, 
an aromatic carbonyl group (ArCOX). These classes of com- 
pound have light absorption characteristics in the 300- 
400 nm region with high quantum yields for the appropriate 
radical forming reactions. Aromatic carbonyl compounds 
may have lowest lying n, n* or 11, n* excited states according 
to the nature of the aryl group and frequently exhibit inter- 
system crossing to the appropriate lowest energy triplet 
states. 

Photoreduction of aromatic carbonyl compounds by amines 

In contrast to the well documented3. homolytic fragmen- 
tation and hydrogen abstraction reactions of aromatic 
carbonyl compounds which normally involve 11, n* excited 
states, a very wide range of so-called exciplex interactions 
involving both n, n* and n, n* excited states have been ob- 
served. Notable among these are the wide variety of photo- 
induced oxidations of aminocompounds by aromatic carbonyl 
compounds5. 

Singlet and triplet states of aromatic ketones are efficiently 
quenched by a wide variety of aminocompounds and a general 
correlation exists between quenching efficiency and ionisation 
potential of the amine, for a particular class of amine. In 
many cases tertiary amines are more effective than corres- 
ponding secondary and primary derivatives, although specific 
solvation phenomena may change this order of reactivity. 
Reduction of aromatic ketones by amines proceeds at rates 
which are substantially faster than those observed for corres- 
ponding photo-induced hydrogen abstractions from, say, 
alcohols. Products from photo-oxidation of amines, may be 
generalised as follows: 

A~,COH+ RCH,C'HNR,-Ar,CHOH + RCHCHNR, 

The authors have preferred to utilise ketones thought to 
have lowest lying n, n* triplet excited states because, although 
the point is still uncertain in some cases, n, n* excited triplets 
do not generally undergo direct hydrogen abstraction reac- 
tions with alcohols, alkanes etc. Fluorenone (FLO) is an 
aromatic ketone having a lowest lying n, n* triplet excited 
state and its photophysical characteristics have been exten- 
sively studied by several groups of  worker^^-^. 

Photoreduction of fluorenone does not occur in alcohol, 
ether or alkane solvents, but occurs readily in the presence 
of amines, with tertiary amines being most effective9. l o .  

A rather special feature of the photochemistry of fluorenone 
is the dramatic effect of solvent on the rates of inter-system 
crossing from singlet to triplet manifolds. Increasing solvent 

polarity decreases the facility for inter-system crossing and 
simultaneously increases the quantum yield for fluorescence. 
Thus triplet state activity is maximised in solvents such as 
benzene and cyclohexane, for which values of triplet yields 
are 0.93 and 1.03 respectively". In contrast, triplet yields in 
solvents such as alcohols, acetone, acetonitrile are substan- 
tially less than unity with a concomitant increase in quantum 
yields for fluorescence7. Ionisation potentials of amines are 
important in determining the quenching ability for both 
singlet and triplet excited fluorenone but it now appears that 
photoreduction is consequent upon interaction of triplet 
excited fluorenone with amine donorss, the msin effect of 
singlet state quenching b-ing to reducr triplet yields. Evidence 
for the existence of both ion-radical pairs and free radicals is 
now available from detailed CIDNP studies of photoreduc- 
tion of aromatic carbonyl compounds by several aminesj23 ". 

The nature of exciplex interactions 

Rrh. 4. 14-20 

The simple reaction scheme outlined for photoreduction of 
aromatic carbonyl compounds by amines pre-supposes direct 
formation of a pair of ion radicals on the collisional inter- 
action of an excited carbonyl compound and a ground state 
amine molecule. It is now well known that this is a gross over- 
simplification, and that ultimate production of a pair of ion 
radicals in these, or other systems, is subsequent to the forma- 
tion of a number of possible intermediates, of which the most 
important is generally referred to as an exciplex. 

Charge transfer complexes formed by interaction of a donor 
and an acceptor molecule, both in their ground states, are 
well characterised and have excited states with a substantial 
degree of electron transfer when compared to the corres- 
ponding ground state, e . g .  

Nevertheless, the excited states of a charge transfer com- 
plex should not be equated with a thermally-equilibrated pair 
of ion radicals. 

More recently, mainly as a result of the pioneering studies 
of Weller and his  associate^'^, it has become apparent that 
excited states, having structures equivalent to those of 
photoexcited charge transfer complexes, may be formed by 
local excitation of one or the other component (i.e. D or A) 
in systems which do not give evidence of ground-state com- 
plex formation, c.g. 

Here the excited state having the most electron-transfer 
character (D+, A-)* is termed an exciplex and its formation 
may be preceded by a variety of collisional complexes (en- 
counter complexes) between an excited donor and ground- 
state acceptor or vice versa, e.g. (D*, A) and (D, A*). 

A simple molecular orbital treatment due to WellerI4 
assumes that an electron is transferred from an'excited state 
of one component to the ground state of another as illustrated 
on page 98. 

The ionisation potential (I,)  and electron affinity (E,)  
are measures of the energies of the highest bonding and lowest 
antibonding molecular orbitals respectively, and hence 
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X X X X 

D*+A+(D+., A-.) exciplex 
Molecular orbital treatment of exciplex formation (donor excited) 

\ 
4 x X X 

-- 

D +  A*+(DC., A- . )  exciplex 
Molecular orbital treatment of exciplex formation (acreptor excited) 

AG, the energy of formation of the separated ions D+ 
and A- from D and A in their ground states, is given by 
I,- E,. Since the process actually starts with an excited state 
(e.g. A*), the energy of formation is diminished by the 
excitation energy of A*. Bringing the separated ions b+ and 
A -  to their equilibrium distance ( r )  in the exciplex reduces 
AG by an electrostatic term (-e2/r). It follows, therefore, 
that the free energy of exciplex formation in free space is 
given by: 

A G = I , - E , - A ~ - ~  

where hv is the excitation energy of A* or D* as  appropriate. 
Because a molecule in its excited state is both a better electron 
donor and a better electron acceptor than in its ground state, 
exciplex formation should be a widespread phenomenonI5. 
A particular advantage of ion radical formation via exciplexes 
rather than ground state charge transfer complexes is that a 
much wider range of substrates may be employed, including 
many compounds which do not interfere with commercially 
important polymerisation systems. However, it must be 
stressed that molecules having ionisation potentials or elec- 
tron affinities typical of those observed in formation of ground 
state charge transfer complexes can equally well participate 
in exciplex formation with partners which do not give rise to 
ground state adducts. Likewise it is not necessarily the case 
that the photoexcited state of a ground state charge transfer 
adduct is the same as an exciplex formed by collisional 
interaction of an excited (uncomplexed) componentI6. 

Exciplex intermediates are now commonly invoked to 
explain quenching of singlet and triplet excited states where 
orbital energies of the excited state and of the quencher 
preclude the common exothermic electron exchange quenching 
process. Detailed studies1'. l8 of the quenching of carbonyl 
compounds by a wide range of ethylenically unsaturated 
molecules are useful as an indication of potential problems to 
be encountered in initiation of olefin polymerisations, and 
serve to illustrate the dangers of oversimplifying correlations 
between quenching efficiencies and ionisation potentials (or 
electron affinities). 

In addition to their widespread occurrence in simple 
fluoresence and phosphorescence quenching, exciplexes may 
sometimes be properly identified as intermediates by their 
characteristic luminescence spectral4, ". Such emitting 
exciplexes may then, in appropriate systems, be quenched by 
addition of suitable third component molecules. The studies 
of Caldwell and his c~ l l abo ra to r s '~  are of particular signifi- 
cance in this respect and help to establish important further 
reaction consequences of exciplexes: (M* represents the 
appropriate excited species, Q represents any quenching 
species : 

(i) Exciplex formation is a thermodynamically reversible 
process in competition with subsequent formation of 
useful chemical intermediates. 

M*+ Q+(MQ)*+reacting intermediates 

(ii) Exciplexes may undergo substitution with a second 
quenching component, e.g. 

(iii) Exciplexes may be quenched by reaction with a second 
type of quencher, e.g. 

Q* 
M*+Q,+(MQ,)*+M+Q,+Q2 (or products) 

In considering the possible role of exciplexes in initiation 
of vinyl polymerisations the conclusions of Caldwell et a1.19 
are especially important, since they indicate that both useful 
photochemistry and unwanted quenching processes may 
result mainly from termolecular phenomena which, for the 
particular case of ketone (A) and amine (D) combinations 
may be represented : 

Generally Q may be a polymerisable olefinic component, or 
any other additive or impurity present in the particular 
system. It is also probable that exciplexes play an important 
role in the self quenching of ketone excited states and for all 
systems exhibiting exciplex interactions, polarity of the 
medium and any specific solute-solvent interactions may in- 
fluence the respective deactivation pathways. Michler's 
Ketone hasboth aromatic carbonyl group and amino groups in 
the same molecule and is a component of many photo- 
initiation systems4 utilised in commercially important 
photo-cure processes. Very recent detailed studieszz of its 
photochemical and photophysical behaviour amply illustrate 
the rather complex nature of exciplex interactions and solvent 
effects in ketone-amine systems. 

Photoinitiation of methyl methacrylate polymerisation by 
fluorenone-amine combinations 

Methyl methacrylate was chosen as a convenient model for the 
polymerising components of typical photocure systems and 
its homopolymerisation was studied in bulk and in benzene 
solvent. Fluorenone was selected as the most convenient 
carbonyl compound because although there are complexities 
associated with medium effects in the relative energy levels 
of n, n* and n, n* excited states, and on rates of inter-system 
crossing, the chemical products of photoreduction by amines 
are well characterised5. Selection of the amine component 
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was determined mainly by the demands of experimental 
convenience in vacuum line manipulations. Triethylamine 
(TEA) was chosen so as to permit comparison of photo- 
reduction data with that existing in the literature5, N,N- 
dimethylethanolamine ((CH,),NCHZCHzOH, DME) repre- 
sents an important class of amine used in commercial systems, 
and indole-3-ylacetic acid (IAA) is a crystalline material with 
excellent electron donor properties and a high propensity to 
photoinduced decarboxylation with formation of the indole-3- 
ylmethyl radical. 

F LO PVF 

mJ'cH2c00H (C,H,),N 

A 
I A A  

TEA 

MMA/PVF 

COPOLYMER 

At low fluorenone concentrations, DME and IAA gave rise 
to initial rates of photoinitiated polymerisation of methyl 
methacrylate in benzene solution which could be fitted to the 
following kinetic expression, provided that the amine concen- 
tration remained constant: 

The effects of varying amine concentration on rates of 
polymerisation were complex and differed for the three 
amines, although in each case, there is a limit to the increase in 
rate which may be accomplished by increasing the amine 
concentration. Typical data are given in Figures I and 2. For 
initiation involving DME and IAA the variations in rate with 
increasing [amine] were accompanied by the expected 
changes in molecular weight (Figures 6.7). indicating that the 
effects of [amine] were associated with initiation rather than 
propagation. 

In contrast, the data for TEA (compare Figures 3-5) give 
clear evidence for unusual effects of amine and fluorenone on 
both initiation and termination processes. For example, 
values of the kinetic parameter k,/k,h decrease in the range 
0.046-0.018 litrer mol-is-1 as theconcentration of fluorenone 
is increased from 3 . 6 ~  lo-' M to 4 . 0 ~  M, and there is 
no simple dependence of rate on [FLOIh. Figures 1-7 indicate 
that IAA is effective as a coinitiator at concentrations 1-2 
orders of magnitude lower than those required for TEA and 
DME respectively and this could reflect increased efficiency 
of exciplex formation in FLOjlAA systems. 

0 
i 4 o 
n 
LL 
Y) 

POLYMERISATION OF MMA IN 
BENZENE AT 30°C 

DME/FLO SYSTEM 
VARIATION OF Rp WITH [DME] 

Fig. 1. Polymerisation of methyl methacrylate in benzene at 30°C 
photoinitiated by fluorenone/DME 

[FLO] = 1.14 x 10-4M [MMA] = 3.9 M 

POLYMERISATION OF MMA 
IN BENZENE AT 30.C i 
I A A I F L O  SYSTEM 

VARIATION OF R~ WITH [MA] I 

Fig. 2. PolymerisatiOn of methyl methacrylate in benzene at 30°C 
photoinitiated by fluorenone/IAA 

[FLOI = 2 x M [MMA] = 6.04 M 

Generally speaking, quantum yields for initiation by 
FLO/amine systems fall in the range 0.1-0.3 depending on 
substrates and conditions and it is important that valuss of 
k,/k,t may be significantly less than the normal value 
(-0.06). Thus for IAA/FLO and DMEIFLO combinations 
at 30". typical values of kp/k,Vor polymzrisation of methyl 
methacrylate in benzene are 0.036 and 0.038 respectively. 
Such low values of k,lk,h imply termination or transfer by the 
initiator components or, more probably, by primary radicals 
produced on irradiation. In order to gain insight into these 
effects, a number of substituted fluorenones were evaluated as 
photoinitiators when activated by IAA. After correcting for 
relative light absorption characteristics at the wavelengths 
employed for activation (366 or 405 nm), relevant data 
(104Rp M.sec-', kp/k,b M-b.ec-a) are as follows: fluorenone 
(1.04, 0.036); 2-methylfluorenone (0.92, 0.066); I-methyl- 
fluorenone (1.06, 0.042); 2-methoxycarbonylfluorenone (0.73, 
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0.066); 2-methoxyfluorenone (0.30,0.042). These data indicate 
a great deal of complexity in the various processes competing 
to deactivate intermediate exciplexes, prior to radical forma- 
tion and to scavenge radicals once they are formed. 

Fig. 3. Polymerisation of methyl methacrylate in benzene at 30'C 
photoinitiated by fluorenone/DME 

[DMEI = 0.33 M [MMA] = 3.9 M 

' /// POLYMERISATION ff MMA I 
IN BENZENE AT 30'C 

I 
I A A / F L O  SYSTEM 

VARIATION OFRp WlTH [FLO] 1 

0 L - -  L-. 

[FLO]"~  MI'^ 

Fig. 4. Polymerisation of methyl methacrylate in benzene at 30 C 
photoinitiated by fluorenone/lAA 

[IAA] = 2 . 9 ~  1 0 - W  [MMA] = 6.1 M 

Fig. 5. Polymerisation of methyl methacrylate in benzene at 30 C 
photninitiated by fluorenone TEA 

[TEA] = 0.1 M [MMA] = 5.0 M 

I POLYMERISATION OF MMA IN 

BENZENE AT 30°C 
DME/FLO SYSTEM 
VARIATION OF Mn-' WlTH [DME] 

- 
- 
I 

1; 
10 

Q 0 
0 - 

0 
0 10 2 0  3 0  

lo2 CDME] M. 

Fig. 6. Polymerisation of methyl methacrylate in benzene at 30 C 
photninitiated by fluorenone/lAA 

[FLO] = Z x  10 ' M [MM4] = 6.0 M 
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POLYMERISATION OF MMA 
iN BENZENE AT 30.C , 

I 
4 6 

[lo2 I A A  M] 

Fig. 7. Polymerisation of methyl methacrylate in benzene at 30°C 
photoinitiated by fluorenone/DME 

[FLO] = 1 . 1 4 ~  M [MMA] = 3.91 M 

A reaction scheme which can be used to account for many 
of the experimental observations, expecially those resulting 
from changes in efficiency of initiation, is given below: 

Here the quenching and/or energy wastage mechanisms 
for excited fluorenone not involving amine are represented, 
for clarity, by the curved arrows at the top of the diagram. 
Singlet (S) and triplet (T) exciplexes (FLO- R,l(lf) are 
produced from the appropriate excited states by collisional 
encounters with amine molecules (ksC and k,, respectively 
and may undergo radiationless decay to ground states by the 
reverse processes ( ~ - s E ,  k-=3.  Chemical products are seen 
as arising directly from the triplet exciplex or, via a pair of 
ion-radicals (FLO-)(R&+), formed by further relaxation of 
either singlet or triplet exciplexes, between which the proton 
transfer (k,) is kinetically important. Solvent effects pre- 
viously noted suggest that, for production of radical species, 
relaxation of singlet exciplexes (FLO- R3l(lf)S does not 
compete as favourably with k-,, as does the comparable 
relaxation of triplet exciplexes (FLO-R&+)T with k-T6 or 
direct formation of the radicals from the triplet exciplex. 

Photoinitiation of polymerisation by fluorenone-amine 
systems is accompanied by consumption of fluorenone, as 
evidenced by the progressive diminution in the characteristic 
yellow colour of reaction mixtures. It was of considerable 
interest, therefore, to examine the quantum yields for reduc- 
tion of fluorenone by the three amines used as coinitiators, 
under typical polymerisation conditions. Representative data 
are given in Table 1. 

Table 1 

Quantum yields for photoreduction offluorenone at 30°C 

Solvent DME IAA TEA 
~ 

Benzene 1.22 0.19 0.69 
Benzene/MMA (I : I )  0.37 0.28 0.18 

It has been noted earlier that quantum yields for photo- 
reduction of ketones by amines take account of a ground 
state radical reaction such as: 

and would, therefore, be expected to decrease under conditions 
where the intermediate fre: radicals initiate polymerisation. 
Similar radical reactions are not likely for the special case of 
IAA and this may explain the lower quantum yields observed 
for this particular amine. 

The results of Table 1 are in broad agreement with these 
ideas in that for DME and TEA, MMA actually appears to 
retard photoreduction of fluorenone, whereas the presence of 
MMA is beneficial to the reduction of fluorenone by IAA, 
This may go some way towards explaining the very much 
higher activity (per mole) in photoinitiation of IAA compared 
with DME and TEA. Why, or how, methyl methacrylate 
monomer is apparently able to quench excited states, or 
otherwise retard processes involved in photoreduction of 
fluorenone is not clear. The most likely explanation would be 
that methyl methacrylate (and presumably other acrylic 
monomers) quenches either the singlet or triplet exciplexes 
formed between fluorenone and the amine, e.g. 

In an attempt to clarify these problems, similar experiments 
were performed with various ring substituted fluorenones, 
of which 2-methylfluorenone was the most important, since it 
sewed as a model alkyl fluorenone chromophore for co- 
polymers derived from 2-vinylfl~orenone~~ (2VF) and methyl 
methacrylate.Fluorenoneshaving 2-alkylsubstituents aremuch 
more intensely fluorescing than the unsubstituted ketone and 
exhibit a slight red shift in their absorption spectra (Figure 8). 
The latter property could make alkyl fluorenones more 
useful than fluorenone in photocure applications where 
pigmented systems are required. A number of 2VF/MMA 
copolymers were investigated, but there was little effect of 
composition on rates of photoinitiation and ketone photo- 
reduction. Consequently, data for the copolymer MMA/2VF 
having 18 mole per cent 2VF may be taken as representative 
of the entire series. 

Table 2 gives data for quantum yields of photoreduction 
of 2-methylfluorenone and the copolymer under a variety of 
conditions. 

Comparison of the data of Tables 1 and 2, and of much 
independent work on the fluorenone/TEA systems reported 
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Wavelength / nm 

Fig. 8. Long wavelength absorption spectra: 

1. Fluorenone. 2. 2-methylfluorenone. 3. Copolymer of MMA and 
2-vinylfluorenone 

[Ketone] = -2.5 x 10-2 M 

Table 2 

Quantum yields forphotoreduction in benzene at 30°C 

[Ketone] = 3 x lo-' M, [MMA] = 5.0 M 

IAA TEA TEA 
Ketone 3 x 10-3 M 0.10 M 0.01 M 

2-methylfluorenone 0.25 0.27 - 

2-methylfluorenonef MMA 0.28 0.13 0.20 
MMA/2VF (18%) 0.15 0.29 - 
MMAI2VF (I8%)+MMA 0.21 0.15 0.21 

in the literature5, shows that decreasing the concentration of 
TEA brings about an improvement in the quantum yields for 
photoreduction. In addition, as observed for fluorenone 
(Table I), methyl methacrylate quenches photoreduction of 
the alkyl fluorenones by TEA, but not that induced by IAA. 

Photoinitiation by copolymers containing fluorenone units 

Refs. 3, 5, 16, 22-27 

The great variety of substrates participating in exciplex 
formation may be readily extended to polymer-based systems. 
Of these, ketone-amine combinations offer most scope since 
it is comparatively easy to prepare a range of copolymers 
containing 2-dimethylaminoethyl methacrylate units as 
electron donor entities. Such copolymers, when allowed to 
interact with photoexcited fluorenone, are effective in causing 
rapid crosslinking and gelation, e.g.: 

More recently the authors have studied the utilisation of 
copolymers of methyl methacrylate and 2-vinyl-fluorenone as 
photoinitiators. In combination with suitable amine donors, 
these polymeric carbonyl compounds are effective crosslinking 
and gelling agents for methyl methacrylate, styrene and 
acrylonitrile monomers, and in this respect, behave in a 
manner similar to that of the polymer-based amines. However, 
detailed examination of rates of polymerisation and molecular 
weights of products at conversions below the gel-point have 
indicated new mechanistic features for amine-ketone systems. 

Table 3 
Photoinitiated ~olvmerisation o f  MMAe bv 2VFIMMA co~olvmers 

Mole % 2VF [Amine] 
incopolymer Amine M I04Rp M s-1 k,/k,l  M-ts-8 

1.1'' TEA 0.1 1.2 
2.Zb TEA 0.1 1.3 

18.4b TEA 0.1 1.2 
38.3b TEA 0.1 1.1 
67.9' TEA 0.1 1.3 
(2-MeF)b TEA 0.1 0.86 
(FLOP TEA 0.1 0.98 
1 8.4b TEA 0.01 1.75 
38.3b TEA 0.01 1 .SO 
18.4< IAA lo-' 1.15 
@-Mew IAA lo-' 0.92 
(FLOP IAA lo-= 1.04 

a. [MMA] = 5.0 M; Temp 30°C; Solvent benzene 
h. [Ketone] = 3 x M 
c. [Ketone] = 1 x lo-' M 

Again using methyl methacrylate as the model system in 
benzene solvent ([MMA]=5.0 M) at 30°C, a range of co- 
polymers of 2-vinyl fluorenone with methyl methacrylate 
(containing from 1-70 per cent 2-vinyl fluorenone) in the 
presence of IAA or triethylamine, were found to give poly- 
merisation rates and photoreduction characteristics (per mole 
of ketone) very similar to that given by 2-methylfluorenone 
(Tables 2.3). Polymers isolated before gelation were examined 
by G.P.C. in THF solution and gave clear evidence of both 
homopolymethylmethacrylate, the expected main reaction 
product, and a distinct polymeric product having an average 
molecular weight substantially greater than that of the starting 
initiator-polymer (Figure 9). Rather similar results were 
observed for reactions in which IAA was replaced by TEA 
in the 0.01 M concentration range (Figure 10). In contrast, 
related experiments in which the TEA concentration was 
maintained at approximately 0.1 M gave polymeric products 
having only one component, corresponding to the expected 
homopolymerised methyl methacrylate (Figure 11). 

Before considering the mechanistic implications of these 
data it is worthwhile to note the nature of the polymeric 
products obtained by photolysis of the VF/MMA copolymers 
in the presence of IAA, but without added monomer. Typical 
G.P.C. curves are outlined in Figure 12 and indicate that 
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/ , - ., I - 
Mn 50,000 150,000 500,000 

Fig. 9. G.P.C. curves for reactants and products of polymerisation of 
MMA (5.0 M) in benzene photoinitiated by MMA/ZVF copolymer 

(18% 2VF) and IAA (lo-' M) in benzene at 30°C 
([Ketone] = 6 x lo-") 

Fig. 10. G.P.C. curves for reactants and products of polymerisation 
of MMA (5.0 M) in benzene at 30°C photoinitiated by MMA/ZVF 

copolymer (18% 2VF) and TEA (0.01 M) 
([Ketone] = 6 x lo-' M) 

/ 
/ 

- I _.' 
Mn 00.000 170,000 

Figure 11. G.P.C. curves for reactants and products of polymerisation 
of MMA (5.0 M) in benzene at 30°C photoinitiated by MMA/2VF 

copolymer (18'% ZVF) and TEA (0.1 M) 

Fig. 12. G.P.C. curves of reactants and products of photolysis of 
MMAIZVF copolymer (18% 2VF) in the presence of IAA (6x 

10-W) as a function of solvent ([Ketone] = 6 x lo-' M) 
1. Original copolymer. 2. Benzene. 3. Acetone. 4. Ethyl acetate 

formation of high molecular weight polymeric products, 
which for these combinations can arise only by polymer- 
polymer combinations, is strongly solvent dependent. In the 

extreme case, photolysis of the 18 per cent VF/MMA co- 
polymer in tetrahydrofuran containing lo-' M IAA, induced 
gelation a t  a rate which precluded sampling of the intial 
soluble fraction. Inspection of all G.P.C. traces, and com- 
parison of reaction conditions, suggests strongly that the 
high molecular weight products obtained (Figures 9, 10) by 
photolysis of polymeric ketone-amine combinations in the 
presence of monomeric methyl methacrylate similarly arise 
mainly from polymer-polymer combination processes. 

This important conclusion is further reinforced by values of 
the kinetic parameters kp/k,5 for polymerisations initiated by 
the various ketone-amine combinations (Table 3). In particu- 
lar, it should be noted that for co-initiation by IAA, both 
2-methyl fluorenone and the 18 per cent 2VF/MMAcopolymer 
gave identical values (kp/k,k0.066 M-5 s-5) which are simi- 
lar to that anticipated for "normal" polymerisations of MMA 
(e.g. for initiation by AIBN3, k,/k,*=0.06 M-f s-f at 30°), 
whereas the value obtained for fluorenone (0.036 M-i  s-5) 
is indicative of significant additional transfer or termination 
processes. Here again, the 2-alkylfluorenone derivatives 
appear to be more useful photoinitiators than fluorenone, 
a fact which is borne out by similar data for co-initiation by 
triethylamine (Table 3), although in these cases the data 
indicate additional transfer or termination processes for all 
the ketones studied. 

It must be concluded, therefore, that, at least for co- 
initiation by IAA, formation of high molecular weight graft 
products from the ketone copolymer photoinitiator, cannot 
arise by termination of growing MMA chains with initiator- 
polymer derived radicals. 

Coupling of polymer based radicals to growing chains, or 
to monomer, would logically involve termination or initiation 
respectively by the semipinacol radicals produced from the 
ketone component: 

AI,~-OH+ M+A~,C(OH)M etc 

Independent studieszz. l3 indicate that PLOH and related 
semipinacol radicals are not especially efficient in initiation 
of polymerisation at ambient temperatures (but see below) 
and the important initiating species will, therefore, be amine 
derived radicals such as R ~ H N R , .  On the other hand, low 
molecular weight semipinacol radicals are effective terminating 
species for polymeric radicalsz2. 

A generalised reaction scheme embracing the important 
reaction possibilities for radical intermediates produced in 
amine promoted photoinitiation for both small molecule and 
polymeric ketones, is indicated for the case of TEA. De- 
activation pathways in which either the exciplex or the ion 
radicals return to starting components are omitted for clarity. 

hv TEA '+  
Ar2C=O+Ar,C=O8+[Exiplex]+Ar,C=6-, Et,NCH,CH. 

P .  
1 

P. 
AI,C(OH)P.;A~,~-OH+E~,N~HCH,~E~,NCH(CH,)P. 

/ 
Imob// I MMA 1 MMA 

Ar,CCAr, Polymer (?) Polymer 
I I 

HO OH 
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For the specific case of initiation by polymer-based ketones a 
suggested reaction scheme involving IAA is given below: 

CH.C~. or kHz 

H 

Ar,COH 1- k M A  

"f' polymer 

It is difficult to explain fully the results obtained for co- 
initiation by TEA and, considering that this simple tertiary 
amine is a very good model for many systems employed in 
commercial photocure processes, the complex nature of the 
kinetic and molecular weight data serve to indicate the 
difficulties of generalising structure-activity relationships in 
photoinitiation by ketone-amine combinations. 

In contrast to the situation in co-initiation by IAA, poly- 
merisations photoinitiated by polymeric ketone and triethyl- 
amine (TEA) showed no evidence for graft polymer formation 
at [TEA]=O.l M and formed gelled systems only after 
prolonged irradiation. Identical polymerisations, but keeping 
[TEA]=O.Ol M, showed slightly higher rates of polymerisa- 
tion, gave clear (G.P.C.) evidence for grafting and formed 
gels readily. The conclusion must be that the higher concen- 
trations of TEA retard, or prevent, coupling of the growing 
chains or reactions with polymer based radicals. 

Possible explanations for the effects of amine concentration 
on rates and products of photoreduction of benzophenone 
have been discussed independently by Parola et but for 
the present work an additional process is required whereby 
triethylamine at 0.1 M suppresses or modifies self-interaction 
of polymer based semipinacol radicals or their reactions with 
growing chains or monomer. It is tempting to speculate that 
hydrogen bonding of semipinacol radical to the amine is 
important, so providing a mechanism for either amine 
mediated hydrogen transfer to growing radicals or monomer, 
or a diminished capability of ArzcOH (Amine) to react by 
self combination perhaps because of initiation e x . :  

In any case this result would be extremely important for the 
design of systems involving polymer based photoinitiators 
having anticipated rapid cure characteristics. 

Utilisation of polymer-bound initiator components is an 
obvious means of improving gel times or cure times in photo- 
initiated polymerisations as the authorsgh and othersz4. z5  

have demonstrated previously. Photoreductive couplingz6, 
and attempted photoinduced graftingz7 of polymers con- 
taining aryl carbonyl groups have also been reported pre- 
viously. Taken with the present results, these facts suggest 
that graft efficiencies in model polymer studies, and curing 
rates for commercial systems, may be improved more easily 
by employing polymers having pendent amine groups rather 
than pendent ketone groups. 

[Received 14 Septentber 1977 
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Recent developments in photoinitiators* 
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Summary 

A survey is presented of thephotoinitiatorswhicharecommercially lems encountered in the light stabilisation of UV curing Systems 
used today. Information is given on the products of their photolysis are discussed. 
and their performance in different UV curing systems. The prob- 

Keywords 

Processes attd ttretlruds prinrarily associated with 
nranrifactrrring or synthesis 

ultraviolet curing 

Processes and methods primarily a.s.soriated u,irk 
drying or rrrring of coatinps 

radiation curing 
photoinitiation 
exciplex formation 
ketone initiation 

Properties, characteristics and conditions printarily associated with 
coorings drtring applicafiotr 

curing rate 

Types and classes of coatings and alliedprodttcts 

pigmented coating 

Raw tnalerials 

binders (resitrs, err) 

acrylic resin 
polyester resin 

DBveloppements recents dans le domaine de photo-amorceurs 

On prtsente une revue au sujet des photo-amorceurs utilists par les rayons ultra-violets. On discute les problemes que I'on 
actuellement par les industries inttressks. On donne des renseign- rencontre en assurant la solidit6 I la lumiere des systemes durciss- 
mentssurleurcomportement dansdediR6rentssyst6mesdurcissables ables par les rayons ultra-violets. 

Neue Entwicklungen auf dem Gebiet der Photoinitiatoren 

Eine ubersicht gegenwlrtig gehandelten photonitiatoren wird hinsichtlich Licht - Stabilisierung bei UV Hartung vorkommenden 
gegeben, ebenso wie Information iiber die Photolyse der Produkte Sch~ierigkeiten werden ksprochen. 
und ihr Verhalten in verschiedenen UV Hartungssystemen. Die 

Introduction 4oini t ia tor  

Rrlr. 1 J 
reducing agent 
chain transfer agent 

In the past few years UV curing has found a broad field of spectral sensitiser 
application in the area of coatings and inks for metal, paper, -lieht stabiliser 
plastics, in the manufacture of printing plates, and adhesives. 

- 
-thermal stabiliser 

The many advantages of the UV curing technology compared 
to the conventional means has been thesubject of many papers -colourants, ~lasticisers, and additives. 

and needs no further comment. 
Large numbers of compounds have been patented as  

In general, a system which is cured by UV light may consist photoinitiators, but those which have obtained commercial 
of the following ingredients, where the first three are found in ,ignificance belong mainly to the following classes: 
almost all formulations: 

(a) benzoin ethers 
UV forn~ulalion schen~e (b) a-acyloxime esters 

-prepolymer (polymer) (c) acetophenone derivatives 

-monomer (d) benzil ketals 

-photoinitiator , (e) kentone-amine combinations 

*Paper presented at the Newcastle Section Symposium on "Ultraviolet curing" held at the University of Durham on 1 4 1 5  September 1977. 
UVJI 105 
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The first section of this paper will cover the photochemistry 
of these photoinitiators. In principle, the role of the photo- 
initiator is to form radicals by the absorption of UV light. 
The manner in which this is achieved has been the subject of 
numerous This paper will concentrate on the 
reaction schemes established according to the reaction 
products detected by various analytical methods. 

Benzoin ethers 

The photochemistry of benzoin ethers has been reported by 
Heine et. a14 and Pappas et aL5. These types of photoini- 
tiators dissociate from the excited triplet state to form free 
radicals according to Norrish type I cleavage. 

From theoretical considerations it should be assumed that 
both radicals are of different reactivity. A recent study with 
14C labelled benzoin ethers by Pappas and co-workers gave 
evidence that the two radicals are equally effective in the poly- 
merisation of acrylates and methacrylates14. On the other 
hand, evidence for the greater reactivity of the benzoyl 
radical with styrene has been presented". 

In addition to starting polymerisation, the two radicals may 
undergo dimerisation, H-abstraction or chain termination: 

It was shown that the reactivity of benzoin derivatives as 
photoinitiators is strongly dependent on the substitution 
pattern of the carbon atom a to the carbonyl group. Sub- 
stituents capable of stabilising an adjacent positive charge are 
the most effective in accelerating a-cleavage. 

a-Acyloxime esters 

The photochemistry of a-acyloxime esters as photoinitiators 
for acrylics and unsaturated polyesters was studied by 
Delzenne et A Norrish type I reaction leads to two 
radicals: A benzoyl radical and a second radical which under- 
goes the further cleavage: 

Acetophenone derivatives 

Chlorinated acetophenone derivatives 

Commercial representatives of this class of compounds are 
substituted di- and trichloroacetophenones. The main 
reaction during irradiation is a &cleavage as shown for 
p-tert-butyl-trichloroacetophenone. 

The chlorine radical so formed is highly reactive and is 
effective in initiating polymerisations. On the other hand, 
this radical may form hydrochloric acid by hydrogen abstrac- 
tion from a hydrogen donor. Consequently this photo- 
initiator (PI) is also effective in acid catalysed vehicles. 

By mass spectrographic (MS) examination of the photolysis 
products of this compound it was possible to characterise the 
following benzoyl partial structures: 

By chemically induced nuclear polarisation (CIDNP) 
measurements it was shown that chlorinated acetophenones 
are also cleaved to some extent by Norrish type I reaction: 

The tricholoromethyl radical forms chloroform by hydrogen 
abstraction. 

Hdonor 
.CCI,-CHCI, 

Dialkoxyacetophenones 

The photoproducts of 2.2-diethoxyacetophenone (DEAP) 
have been analysed by chemical means by Sandner and 
O~born' .~. According to these experiments the first step is 
internal H-abstraction. a Norrish type 11 cleavage, yielding a 
biradical as the chain initiating species: 
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In the absence of reactive double bonds the biradical under- 
goes internal coupling to form an oxetanol intermediate 
which disproportionates thermally to acetaldehyde and 
o-ethoxyacetophenone. 

The authors have studied the photochemistry of 2,2- 
diethoxyacetophenone in benzene solution by 13C and 'H 
chemically induced nuclear polarisation (CIDNP) experi- 
ments. According to these experiments there is evidence that 
in the photolysis of 2,2-diethoxyacetophenone a Norrish 
type I reaction also takes place: 

0 0 
II 

/OEt 
& 0'' + 'CH, 

OEt 

,oEt P 
'CH, + 'EL + HC 

OEt ' O E ~  

Benzaldehyde, propiophenone and ethylene have been 
detected as possible reaction products between the benzoyl 
and the ethyl radical. 

The CIDNP experiments show that the Norrish type I and 
Norrish type 11 pathways are of comparable importance. 
The H-NMR integrals of a typical reaction mixture at room 
temperature after relaxation of CIDNP leads to the following 
weight ratio: 

Norrish I : Norrish 11 : oxetanole intermediate = 2 : 1 : 2 

Ketonelamine-combinations 

Ref. 9 

Phoforeducfion of ketones 

The photoreduction of benzophenone to benzpinacol in the 
presence of hydrogen donors is a well-studied reaction. 

Triplet excited benzophenone abstracts hydrogen from 
hydrogen donors and the radicals so formed initiate poly- 
merisation chains of acrylates9. 

The ketyl radicals may undergo: 

dimerisation to benzpinacole, 
initiation of polymerisation by H transfer, or 
chain termination by recombination with the growing 
radical species 

Phoforeduction of ketones via "excip1ex"-formation 

A special case of photoreduction of excited arylketones in- 
volves the use of amines as hydrogen donors. Amines have a 
high affinity to excited carbonyl groups forming donor1 
acceptor complexes, either by a charge transfer or an electron 
transfer process. 

The donor acceptor complex collapses to form the amine 
derived radical which is an efficient polymerisation initiator. 
Another example for this mechanism is the exciplex formation 
of benzophenone1Michler's ketone, a well known system for 
the UV curing of printing inks. 

Benzilketals 

To obtain an insight into the photochemistry of this class of 
compound the authors have studied the photoreaction of 
benzildimethylketal in solution by 13C and 'H chemically 
induced nuclear polarisation (CIDNP) experiments at 
different temperatures. Some photoproducts of these com- 
pounds have been analysed chemically by Sandner and 
Osbornlo. 

The primary reaction is a Norrish type I cleavage of the 
photoinitiator furnishing a benzoyl and a substituted benzyl- 
radical: 
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The substituted benzyl-radical decays into the highly 
reactive methyl radical and the stable methyl-benzoate: 

OMe 0 

At 0°C no methyl benzoate could be detected by CIDNP, 
whilst the polarised signal of the recombination product 
(be~ildimethylketal) could be seen. 

With increasing temperature the polarisation of the ester 
resonances increases and at room temperature methyl 
benzoate is the main product. 

By CIDNP experiments with solutions of benzildimethyl- 
ketal in benzene containing various amounts of monomers it 
could be shown that primary as well as secondary radicals 
formed during irradiation are effective in starting polymerisa- 
tion. The future of the described radicals, besides starting 
polymerisation is expressed by the following schemes. 
Needless to say that these reactions might become important 
at low monomer concentrations or during light exposure of 
the finished article. All products mentioned have been detected 
by the CIDNP technique in benzene solution, as described 
above: 

Acetophenon as a cage collapse product of the methyl- and 
benzoyl radical. 

Two symmetrical dimers and two asymmetrical dimers of the 
benzoyl and substituted benzyl radical: 

OCH, OCH, OCH, 
I 

2 0 i C H ,  - 0t;la 
OCH, 

OCH, 0 
0 

H - OCH, 

The formation of the asymmetrical dimers is a side reaction 
of the recombination reaction. The concentration of these 
products is very low. 

The benzoyl radical additionally has the possibility of 
forming benzaldehyde by hydrogen abstraction as shown 
below: 

The hydrogen donor (RH) may be the substrate, but it 
could be shown also that the substituted benzyl radical may 
function as a hydrogen donor. By the deuteration of the 
methyl groups and the solvent (benzene) it was found that the 
protons come from the aromatic ring: 1 :  + + + &-mH, 

II 
OCH, 

Three different methyl substituted methyl benzoates could 
be detected by gas chromatography/mass spectroscopy 
(GCIMS) analysis of the reaction mixture. By CIDNP 
measurements it was shown that the orthomethyl compound 
is the main product. 

The following section discusses the performance in various 
substrates of the photoinitiators (systems) described. 
Among the criteria which turned out to be of the greatest 
interest in the choice of a photoinitiator are cure efficiency 
and shelf-life. These properties in different UV-curing 
systems will be considered. 

Unsaturated polyester resins 

These vehicles were the first of commercial significance of all 
UV systems in the late 60's for wood coating". Recently, they 
have obtained a new interesting outlet for the UV curing of 
GFR-articles. 

The fact that styrene, or its homologues, are mainly used 
as cheap reactive thinners, determines the choice of the 
photoinitiator. Styrene is known to be a triplet quencher and 
this may explain why ketonelamine-combinations do not work 
with unsaturated polyester systems. The diffusion controlled 
photoreduction of the ketones may favour the energy transfer 
from the excited ketone to styrene. 

Figure I shows how various photoinitiators perform in a 
high gloss unsaturated polyester resin containing a certain 
amount of allylic resin to overcome the air inhibition problem. 
Here the surface hardness as a measure of reactivity (pendu- 

10 %L& 0 0.5 1.0 1.5 2.0 2.5 
PHOTOINITIATOR 

Fig. 1. Curing of unsaturated polyester resin 
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lum hardness method according to the German DIN standard 
53.157) is plotted against the initiator concentration. 

Obviously, benzildimethylketal shows the best performance 
of the photoinitiators used. Only this photoinitiator is able to 
cure the coating sufficiently at concentrations below I per cent 
in the cure cycle used. 

The a-acyloxime ester shows a similar performance to the 
benzoin ether, whereas the acetophenone derivatives slope 
away. 

It is interesting to note that at high levels of photoinitiator, 
the hardness of the films even may decrease as shown in 
Figure 2. 

0 1 1 l 1 l l l l 1 l 1  
0 1  2 3 4 5 6 7 8 9 1 0  

% PHOTOINITIATOR 

Fig. 2. Curing of an unsaturated polyester resin at various photo- 
initiator concentrations 

01 I I 1 I I I I I 
0.3 0 . 4  0.5 0.6 0.7 0.8 0.9 1.0 

% PHOTOINITIATOR 

Fig. 3. Curing of a particle board filler using various photoinitiators: 
1. Benzildimethylketal 
2. Benzoinisopropylether 
3. Benzil-(0-ethoxycarbony1)-a-monoxime 

Table 1 

Slielfllife or 60 C ofphotobiitiof~~rs (2", , )  in on rrnsatrrrafcdpolycsfer 
resin (60°!, itr styrene) 

Unsaturated polyester 60 C dark storage 
stability (days) 

benzildimethylketal 45 
2.2-diethoxyacetophenone 45 
p-tert.butyl-trichloroacetophenone 8 
benzoinisopropylether 13 
benzil-(0-ethoxyc3rbonyl)-n-monoxime 1 

Non-uniformity of light-absorption by the photoinitiator 
which leads to decreasing polymerisation rates going from the 
surface to the bottom of the film provides an explanation for 
this effect. Additionally, with increasing photoinitiator 
concentration primary radical termination increases leading 
to a shorter average chain length. 

The efficiency of various photoinitiators in a particle board- 
filler based on 45 per cent of unsaturated polyester resins and 
55 per cent of a mixture of BaSOI/talc is given in Figure 3. 

Obviously, the difference in reactivity between the benzoin 
ether and the a-acyloxime ester is much more pronounced 
than in the clear system. The benzildimethylketal again 
provides. even at low concentrations, good hardness values, 
which favour the sandability of the particle board-filler after 
curing. 

One of the most interesting aspects of U V  technology is the 
possibility of manufacturing fully-formulated one-pack- 
systems, which are stable when kept in the absence of light. 

Unfortunately, even this aspect turned out to be a limiting 
factor, since most of the photoinitiators used in the past 
decrease the shelf-life of the unsaturated polyester resin 
considerably. The following table shows that there are 
photoinitiators which do not show this difficulty. In a series 
of different polyester resins it was possible to confirm that the 
shelf-life of the resin is normally not affected by benzil- 
dimethylketal or 2.2-diethoxyacetophenone. 

The reason why benzoin ethers affect the shelf-life, is found 
to be related to the activated hydrogen atom in the a-position 
of the ether group. It is well-known that ethers of this struc- 
ture easily react with oxygen, forming hydroperoxides. These 
intermediates may cause the thermal instability or some 
"cold curing" in the presence of transition metals which are 
usually present in filler materials. In earlier studies, it was 
found that the substitution pattern of the benzoin ethers also 
affects the shelf- life, short chain alkyl or non-branched ethers, 
such as the benzoinmethyl ether being the worst. A com- 
promise between reactivity and shelf-life was, therefore, found 
to be benzoin isopropyl ether. 

In principle, it is of course possible to improve the shelf-life 
of benzoin ethers by adding thermal stabilisers or radical 
scavengers such as hydroquinone, benzoquinone etc. The 
disadvantage of this procedure is that the cure efficiency may 
be also affected. Another possibility to improve the shelf-life 
of benzoin ethers is the substitution of the hydrogen atom by 
taking advantage of its acetic character. 

Acrylates 

The introduction of the acrylates has opened many new areas 
for the UV-technology. New coatings for metal, paper, 
plastics and wood with outstanding properties are now avail- 
able. The main advantage over the unsaturated polyester 
resins, which made this development possible were higher 
cure rates and tailor-made resins from a variety of different 
monomers and prepolymers. 
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On the other hand, due to their higher cure rates, the 
difference between through cure and surface cure caused by 
oxygen inhibition in acrylate based formulations became 
substantial. In order to overcome this detrimental effect of 
oxygen the photoinitiator concentration and consequently 
the radical density had to be increased by a factor between 
2-3, if the advantage of higher cure rate is not to be, at least 
partially, lost. 

Two other possibilities for solving the air inhibition prob- 
lem exist; elimination of oxygen by blanketing with inert gas 
and the use of co-initiators which accelerate the surface cure 
rate. 

The inert blanketing technique has been limited to some 
extent by the cost of nitrogen which is used in a large 
quantity. 

Amines as co-initiators, on the other hand, played an 
interesting role in the UV curing in an air atmosphere. The 
combination of benzophenone with tertiary aliphatic amines 
did not show the decrease in surface cure rate like other 
photoinitiators. Unfortunately, this combination showed 
some disadvantages in curing bulk coatings as shown in 
Table 2. 

Table 2 
Cure efickncy using 3 phr phofoiniriator with 5 phr aliphark umine 

pendulum residual 
hardnessA double bys 

photoinitiator (set) (%) 
- - - - 

benzildimethylketal 59 23 
2.2-diethoxyacetophenone 31 40 
benzophenone 20 64 

Formulation A: based on polyester acrylate, 40 mlminllamp 
Formulation 8: based on urethane acrylate, 50 m/min/lamp 

Obviously, there is a good correlation between pendulum 
hardness and residual double bond content as determined 
by infrared spectroscopy. The lower cure efficiency using the 
benzophenone-amine combination results in a lower hardness 
of the film or a correspondingly higher content of residual 
double bonds. 

The correlation between surface cure and body cure using 
various photoinitiators is demonstrated in a urethane-acrylate 
based formulation. 

Table 3 
Cure rares in a urethane-arrylate-based system 

photoinitiator (5'%,) 

benzildimethylketal 
2,2-diethoxyacetophenone 
p-tert.butyltrichloroacetophenone 
benzoin isopropylether 
benzil-(0-ethoxycarbony1)-a- 

monoxime 

surface 
cure rate 

In 
m/min/lamp 

pendulum 
hardness in 
seconds at 

10 m/min/lamp 
-- 

182 
170 
166 
181 

155 
benzophenonelN-methyldiethanol- 

amine 80 7 1 

Obviously, the benzophenone/amine-combination performs 
best in curing the surface of the coating, whereas the body 
cure falls away. It should be mentioned that the use of 
aliphatic amines generally lowers the hardness of the film. 
Possibly the reason for this is a plasticising effect or their 
function as chain transfer agents. The way in which amines 

are effective in suppressing oxygen inhibition is described by 
the following equations: 

Thus, the role of amines could be understood as a reduction 
of dissolved oxygen by a radical chain process. In principle 
all photoinitiators can be combined with amines, but of 
practical interest so far is mainly the combination with aro- 
matic ketones, benzilketals, and dialkoxyacetophenones. This 
is for the reason that the combination of amines with the 
other (photo-fragmentation) products results either in a poor 
shelf-life, as described later, or in a retarding effect which is 
found in the case of chlorinated acetophenone derivatives. 
As may be seen from Table 4, the addition of amine may 
accelerate or decrease the surface cure rate of acrylate based 
formulations considerably. 

Tahli, 4 
E&rt of amine udditiori 011 the sur/ure rure rat(' ill u urelhulre- 

acrvlare baveil li~rmulurii~n 

photoinitiatorlcoinitiator 
(3 phr) (5 phr) 

surface 
cure rate 

(m/mtn/lamp) 
- -  - .- 

benzildimethylketal 30 
benzildimethylketal/amine 80 
2,2-diethoxyacetophenone 20 
2.2-diethoxyacetophenoneiamine 50 
p-tert. butyltrichloroacetophenone 20 
p-tert-butyltrichloroaceto~henonelamine < 10 

It should be mentioned that aliphatic amines may offer 
some problems in acrylate formulations due to emulsification 
of the vehicle in wet offset printing and exudation. 

Therefore, a lot of effort was made to incorporate them by 
modifying resins with amines or ammonia. or by using 
amines with acrylate functionality. 

Chlorinated aliphatic or aromatic compounds as co- 
initiators have been covered by several patents. It is well- 
known that these compounds are sensitive to UV irradiation 
and may also function as chain transfer agents. The use of 
these compounds is also somewhat limited by the risk of 
hydrochloric acid formation which may cause corrosion 
problems. 

Tohk 5 
Sht.lfili/e of photoiniriators irr an ucryluti, ba.sr,d rooting 

60 
shelf-life 

photoin~tiator (2",) in days 

benzildimethylketal > 180 
2,2-diethoxyacetophenone > 180 
p-tert.butyltrichloroacetophenone 27 
benzoinisopropylether 2 
benzil-(0-ethoxycarbony1)-a-monoxime I 
benzophenonlN-methyldiethanolamine 1 

Shelf-life is, of course, also one of the main criteria for 
photoinitiators in acrylate based formulations. Table 5 
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shows the shelf-life of a urethane-acrylate based coating con- 
taining different photoinitiators, which correlates well with 
the results obtained in unsaturated polyester resins. 

The poor shelf-life of the b2nzophenone-amine combination 
is caused by the tertiary aliphatic amine used. It is well-known 
that amines may decrease the shelf-life of acrylate based 
formulations considerably, depending upon the level used. 
The poor shelf-life of the acyloxime ester is caused by thermal 
instability of the material. A combination of acyloxime ester 
with aliphatic amines leads to an exothermic decomposition- 
reaction which starts even at ambient temperature and causes 
early gelation of the acrylate system. Amines are also known 
to accelerate the decomposition of peroxides and, therefore, 
the pot-life of formulations containing benzoin ethers is 
further reduced in the presence of amines. 

Pigmented acrylate systems 

UV curing of pigmented systems has always been a challenge 
to workers in this field. Pigments with different absorption 
characteristics in the near UV range may affect the cure rate 
to a large extent. In spite of this, even white and black inks 
are now UV cured. 

Figure 4 shows the performance of the photoinitiator 
benzildimethylketal in a yellow and cyan offset printing ink, 
containing 15 and 20 per cent of organic pigment respec- 
tively. The inks wereapplied on a laboratory printing machine, 
UV cured and examined as described elsewhere12. 

Fig. 4. Curing of an offset printing ink 

I 

$2 . 
0 

W 
a 

w 1 -  
3 

0 

The absorption of the pigments in the near UV range 
between 300 and 400nm may explain the difference in 
reactivity. The performance of various photoinitiators as 
found using the same technique is given in Table 6. 

PERFORMANCE O F  
BENZILDIMETHYLKETAL IN 
OFFSET PRINTING INKS - 

YELLOW 

4 x  
I I I I I I L 

Tuhk 6 

Performance of various phofoinifiators in a cyan ofl.iet printing ink 

cure speed 
photoinitiator (h'::,) 

-- -- 
(mlsllam~) 

.- 

benzildimethylketal 1 .O 
2,2-diethoxyacetophenone 0.5 
p-tert.butyl-trichloroacetophenone 0.5 
benzil-(0-ethoxycarbony1)-a-monoxime 0.5 
benzoin isopropylether 0.25 
benzophenone/Michlcr's ketone (412) 0.75 
benzophenone/Michler's ketone (511) 1 .O 

0 1 2 3 4 5 6 7  
X PHOTOINITIATOR 

With two strongly absorbing bands at about 250and 370 nm 
( e  values of about 15.000 and 30.000 respectively) Michler's 

ketone has proved to be particularly effective in combination 
with benzophenone for the UV curing of printing inks. 
Of course, the colour formation which is observed using the 
system, restricts its use in clear and white pigmented coatings. 
For several reasons there is an interest in replacing Michler's 
ketone in printing inks. By tightening the molecule the 
efficiency of the corresponding amine in combination with 
benzophenone unfortunately becomes worse. 

The following order of decreasing reactivity is observed: 

CH, 

CH, CH, CH, 

In order to improve the performance of photoinitiators 
which undergo photo-fragmentation, combinations with more 
strongly absorbing aromatic ketones and aromatic amines 
were examined. Figure 5 shows an interesting result to be 
found by using a combination of benzildimethylketal, methyl- 
thioxanthone and the ethyl ester of the p-dimethylamino- 
benzoic acid. 

o m  
0 1 2 3 4 5 6  

% BENZILDIMETHYLKETAL 
Fig. 5. Curing of an offset printing ink 

1. benzildirnethylketal 
2. benzildirnethylketal/rnethyl-thioxanthone (O.S")/DMABE (2%) 

By the addition of small amounts of the strongly absorbing 
methylthixoanthone, the efficiency of benzildimethylketal in 
the given (cyan) printing ink could be enhanced considerably. 
It should be mentioned that the combination of methyl- 
thioxanthone with DMABE (0.512) did not even work at 
0.25 m/sec/lamp. 

White pigmented inks have offered serious problems in UV 
curing due to the high levels of pigment needed in order to 
obtain good hiding power. Unfortunately, anatase type 
titanium dioxide, in spite of its better UV transmittance com- 
pared to rutile, has not become of commercial significance for 
this outlet due to rheological problems and its poorer hiding 
power13. The main class of photoinitiators used in this area so 
far are the thioxanthone/amine-combinations. Their good 
cure efficiency is demonstrated by Figure 6, showing the 
amount of volatiles (per cent) as a function of the exposure 
time (number of passes). 

The efficiency of the thioxanthone/amine-combination is 
even further improved if iron iodide doped lamps are used, 
which is shown in Figure 7. 



G. BERNER E T  AL. JOCCA 

00 
1 5 10 15 

PASSES AT 50 r n / r n i n / ~ ~ ~ ~  

Fig. 6. Curing of a white basecoat containing 2 %  of aliphatic amine, 
with: 

1. Ethyl-anthraquinone (4%) 
2. Benzil (Z::,) 
3. Chloro-thioxanthone (O.Jo,,) 

I I 
5 10 

PASSES AT 50 r n / r n i n / ~ ~ ~ ~  

Fig. 7. See Fig. 6, but doped lamp used 

Unfortunately thioxanthonelamine-combinations have a 
tendency to slight discolouration. Therefore, their usage has 
to be limited to low levels (below 0.5 per cent). Consequently, 
the surface cure rate is retarded. 

By a combination with benzildimethylketal the surface cure 
rate of these systems can be enhanced as shown in Table 7. 

Table 7 
Combinations of benzildimethylketal with 2-chlorothioxonthone/ 

omine in a n4ite base coot/r,r ran exteriors 

passes required 
benzildimethylketal 2-chlorothioxanthone for tack free 

( ' I , , )  (,'#I) surface 

Light stabilisation in U V  cured systems 

Light stabilisers in U V  cured systems seem to be a contradic- 
tion in terms, since the photoinitiator needs U V  light for its 
performance and the object of the light stabiliser is to protect 
polymers against the negative influence of U V  light. Conse- 
quently, using conventional U V  absorbers it was found that 
the cure efficiency may be affected as indicated in Table 8. 

Table 8 
C I ~  eficknry in the presence of a U V absorber 300 / I  films, benzo- 

triazole type UV-abrorber 

exposure time pendulum hardness 
",, UV-absorber (sec) top side under side 
- - - - - - - 

none 4.5 163 148 
0.1 4.5 117 30 
0.1 9.0 169 131 

The films have been irradiated only on one side which 
resulted in big differences of the hardness values at the same 
cure cycle. On the other hand, by doubling the exposure time 
it was possible to obtain a well cured film on the reverse side. 

In thicker films, like 2 mm unsaturated polyester plates, the 
difference in cure efficiency was even more pronounced. 

Tahle 9 
Cure t%frcirn[y in the presence of a UV-ab.rorher (benzotriazole type) 

residual 
exposure time* styrene content*' 

U;, UV absorber (set) (?:,) 

none 6 0.9 
0.1 18 8.2 
0.1 24 3.2 
0 .2  48 3.3 
- cold cured 2.3 

* From both sides 
"According to DIN 16 945 

The conclusion from these tests is that, depending on the 
film thickness used, it is possible to use conventional U V  
absorbers at low levels for the stabilisation of U V  cured 
coatings. Retardation of cure rate and the risk of "overcuring" 
the surfaces has to be considered, which may provide weak 
links in the light stability of the binder. 

U V  curing in the authors' opinion opens a new interesting 
outlet for a new class of light stabilisers-the hindered amines. 
These light stabilisers do not function by the absorption of 
U V  light as do conventional U V  absorbers and consequently 
do not affect the U V  curing. 

The performance of these light stabilisers in stabilising a 
clear coating based on an aromatic urethane-acrylate pre- 
polymer is presented in Figure 8. 
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STABILIZER 

I I I 1 
1 0 0  2 0 0  300 400 500 

EXPOSURE TIME (h) 

Fig. 8 

The initial discolouration of the coating is due to  a reversible 
yellowing caused by the photoinitiator used. This discoloura- 
tion disappears gradually during further exposure. The sample 
which does not contain the light stabiliser shows a further 
increase in the yellowness index caused by the degradation of 
the polymer. 

[Received 17 August 1977 
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Present status of ultraviolet curable coatings 
technology in the United States* 
By J. Pelgrims 

Union Carbide Corp. Technical Center, S. Charleston, West Virginia 25303, U.S.A. 

Summary 

The different oligomers currently used in ultraviolet curable coatings analysed and correlated with curing in air or in nitrogen blanketing. 
and inks are emphasised as specially designed acrylated urethane The toxicological aspects and recommendations for safe handling 
oligomers. Acrylated monomers, both monofunctional and poly- of UV curable materials are highlighted. Finally a review is given of 
functional are discussed as a function of their respective disadvan- different market segments where i~ltraviolet curing technology is 
tages. Problems and advantages of several photoinitiators are applied successfully. 

Keywords 

Raw materia1.s Proce.s,se.s and nrefhods prinmrilj~ assoriafed wi111 
dryinfi or crfrinfi o/'chafin~s 

raw materials rrsed in nian~ifacfure or synfliesis ofi~grerlients. for 
coafin~s ultraviolet curing 

oligomers 

solvents 

diluent solvent 

Eqrriprnenf primarily as.socialed wirh 
dryinfi or cfrrinp o/'malin&~s 

ultraviolet curing 

Properties, rharacferistics and conditions primarily associaferl wit11 
materials in general 

cross linking 
photoinitiation 

L'Btat actuel aux Etats Unis de la technologie de revetements durcissables par les rayons ultra-violets 

On mentionne les divers oligomeres actuellement utilisis en re- relief lcs aspects technologiques des substances susceptibles a Otre 
vetements et encres durcissables par les rayons ultra-v~olets, et I'on durc~es par les rayons ultra-violets, ainsi que les precautions 
souligneles oligombres ur&thanne/acrylLs sp&ciallement Btudies. On necessaires a assurer la sicuriti des operations de manutention. 
discute, en fonction de leurs inconvtnients particuliers, les mono- Enfin, on donne une revue des divers secteurs du marche ou I'appli- 
mers acryltset mono et ~olyfonctionneis. On examineles ~roblemes cation de la technologie de durcissement par les rayons ultra-violets 
et les avantages de plushuis photo-amorceurs et les met en rapport connait un grand succes. 
avec le durcissement i I'air ou dans un atmosphere d'azote. On met 

Der gegenwartige Stand der Ultraviolet-Hartungstechnologie fiir Anstrichmittel in den Vereinigten 
Staaten 

Zusammenfassung 

Die zur Zeit laufend in durch Ultraviolet-Bestrahlung hartbaren stoffschleier in Beziehung gebracht. Die toxicologischen Gesicht- 
Beschichtungsmittel und Druckfarben werden aufgefuhrt unter spunkte werden betont, und insbesondere Vorschlage fur vorsich- 
Betonung von speziell entwickelten Akrylester-Urethanoligomeren. tiges Arbeiten mit UV hartbaren Materialien gemacht. Schliesslich 
Akryleitermonomere, sowohl monofunktionelle als auch poly- wird eine Ubersicht uber die verschiedenen Absatzgebiete gegeben, 
funktionelle werden hinsichtlich ihrer Nachteile besprochen. in welchen die Ultraviolet-Hartungstechnologie mit Erfolg 
Probleme und Vorteileverschiedener Photoinitiatoren werden unter- angewandt wird. 
sucht und mit Hartung an der Luft oder unter einem Stick- 

Introduction 

The fact that the Newcastle Section o f  the O i l  and Colour 
Chemists' Association justified the organisation within two 
years o f  a second Symposium on  Ultraviolet Polymerisation 
i n  the Coatings Industry, indicates the growing worldwide 
interest o f  coatings and ink  chemists i n  this relatively new 
technology. 

Three t o  four years ago the industrial coatings industry 
greatly accelerated its programmes regarding air pollution, 
occupational safety and health hazards i n  response to legis- 
lative actions by  key administrative agencies. A t  the same 
time, concern over energy shortages and energy cost in- 

creases came to the forefront. The industry reacted t o  these 
problems by introducing new coating technologies, such as 
high solids, waterborne, powder and radiation curable 
coatings. Technology forecasts at that time predicted future 
market share figures for each o f  these new types o f  coatings 
for several industrial coating market segments. Most o f  these 
were over optimistic and some indicated that the conventional 
industrial coatings were doomed to disappear. The fact that 
these changes did not happen at the expected rate can be 
attributed to several factors. The raw material shortages at the 
eild o f  1973 and during 1974, combined with the severe eco- 
nomic recession during 1975 and part o f  1976 is one factor. 
Another factor is that the technology was not advanced 
sufficiently t o  allow formulators and applicators to switch to 

*Paper presented at the Newcastle Section Symposium on "Ultraviolet curing" held at the University of Durham on 14-15 September 1977. 
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these new technologies without a sacrifice in product quality. 
Still another factor is related to human nature and resistance 
to change even though it may be for the best. Nevertheless, 
these new technologies are replacing, although at a much 
slower rate than initially predicted, conventional, organic 
solvent based coatings. All of the earlier mentioned new 
coatings technologies are in competition with each other to 
create their own share of specific market segments. 

Radiation curable coatings, or more specifically, coatings 
curable by either ultraviolet or electron beam radiation, are 
establishing themselves extremely well in specific industrial 
coatings and ink market segments. Some of the major reasons 
for thischange include the introduction of new, better designed 
raw materials and the improved technical skills of the formu- 
lators in overcoming most of the initial performance prob- 
lems. 

these types of acrylated urethanes the preferred candidates 
for a variety of applications such as high quality wood 
coatings, floor coatings and overprint varnishes for metal and 
paper. 

Table I 
Acrylated urethana oligomers 

U.S. Patent 3.700.643-Union Carbide Corn 

Ucar Actomer X-I 16-general use 
Ucar Actomer X-l 17-high abrasion resistance 
Ucar Actomer X-l 18-high flexibility 
Ucar Actomer X-119-balanced flexibility, toughness and 

abrasion resistance 

Unmodified Ucar Actomer X-118 properties: 
Tensile strength, psi 3373 
Elongation, percent 142 
Sward hardness, sec. 12 
Acetone resistance 139 
Reverse impact, inch-lbs. > 165 

Initially, especially in Europe but also in the USA, ultraviolet 
curing penetrated the industrial coatings market, and more 
specifically the particle board wood market. with polyester/ 
styrene based fillers and finishes. Although this type of resin 
is used on a high tonnage basis, its use is still restricted to 
wood. The major shortcomings of the polyester/styrene 
system are its relatively slow cure speed, the high volatility of 
the styrene, its yellowing tendency and problems related to 
the sanding operation. 

Over the last few years several other types of oligomers 
have made their appearance in the market place. Most of 
these contained an acrylate functionality, since this type of 
unsaturation provides the highest response to actinic light 
compared tomethacrylate, vinyl or allyl functionalities. Within 
the group of acrylate modified oligomers distinct classes 
emerged : 

-acrylated polyesters 

-acrylated epoxies 

-acrylated oils 

acrylated urethanes 

As new improved oligomers become readily available, it 
can be predicted that these types of acrylated urethane resins 
will allow UV coatings to penetrate a greater percentage of 
the industrial coating market. Ideally, these oligomers should 
have (I) minimum solution viscosities at increased molecular 
weight, so as to decrease the amount of diluent used; (2) de- 
creased volume shrinkage during cure so as to minimise 
residual stress; (3) adequate functionality and related activity 
to decrease the residual unsaturation in "cured" films whilst 
increasing the degree of polymerisation during cure. These 
requirements, along with development of improved photo- 
initiators and curing equipment will help to meet the needs of 
many application areas. 

Diluents 

As all currently available oligomers are too viscous to be 
applied on conventional coating equipment, most formu- 
lators now dilute the oligomers down to application viscosity 
(from 10,000cps to IOOcps depending on the method of 
application). For this the formulator has a broad choice of 
reactive products at his disposal, although several have 
disadvantages which make their use limited. A review of 
several diluents allows the following conclusions: 

All of these have several representatives in the niarketplace 
and find uses in many market segments, due to specific struc- 
ture related properties. For example, acrylated oil type 
oligomers, such as Actomcv X80, (Union Carbide Corpora- 
tion), are widely used in the lithographic printing area due to 
their excellent pigment wetting power, well balanced hydro- 
phobic-hydrophilic behaviour, as required to assure proces- 
sability on the press with regard to the fountain solution, and 
their relatively low toxicity. Combined with an acrylated 
epoxy resin, to provide improved hardness, smear resistance 
and reactivity, high quality lithographic and screenprinting 
inks have been developed. 

Acrylated urethanes, as a class, provide the well known 
properties specific to conventional urethane coatings, such as 
high abrasion and chemical resistance together with an 
excellent balance of flexibility and hardness. However, as in 
the case of the conventional urethane coatings, the chemical 
design of the polymer will dictate the ultimate performance 
and balance of properties. Acrylated urethanes, as described 
in the US Patent 3,700,643 allow the design of such oligomers 
(see Table I ) .  Coatings based on these oligomers have been 
obtained with tensile strength over 250 Kgcm-2 and an 
elongation at break over 100 per cent combined with excellent 
abrasion resistance. This combination of properties has made 

1 .  Butyl acrylatr: Although a good viscosity reducer, this 
material is very volatile. It finds some use in the wood 
coating area. 

2.  Isobutyl acrylatr: This is also very volatile, but has found 
some use. 

3. 2-Ethylhexyl acrylate: Most widely used diluent at present; 
however its volatility is a drawback. 

4. Isodecylacrylafc: This material is a good viscosity reducer, 
less volatile than 2-ethylhexyl acrylate, although still 
doubtful in some applications. It shows promise as a 
preferred diluent in many applications. 

5 .  Phenoxyethyl acrylate: An excellent viscosity reducer and 
one of the least volatile monomers presently available for 
development. 

6. Tetrahydrofurfurylacrylafe: Excellent viscosity reducer, but 
has a strong, lingering odour and reduces the shelf life of 
coating systems. 

7 .  Isobornyl acrylate: Although it is used, it has a strong 
odour. 
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8. 2-H.v(lroxyrtl1yl acvylafc: Although i t  is widely used at 
present, its high toxicity has forced people to formulate 
around this material. 

9. N-Vi~ ly l  pja.ro/idollr: Excellent viscosity reducer, combined 
with reported low toxicity. Although i t  does not contain 
acrylate functionality i t  copolymerises with acrylates when 
used at the proper mole ratio. I t  also is reported to improve 
flexibility o f  the cured film. (See Table 2). 

Ucor Actomer X-117 90 90 90 - - - 

Urar Actomer X-119 - - - 95 95 95 
1,6 Hexane diol 

diacrylate 1 0 -  5~ - 

Trimethylol propane 
triacrylate - 10 - - 5 - 

N-Vinyl pyrrolidone - - 10 - - 5 
Sward hardness 10 20 16 22 26 26 
'7, Elongation 50 30 87 37 29 53 
Tensile strength, psi 3010 3900 3700 3890 3895 4400 

Crosslinkers 

Crosslinkers are multifunctional acrylates which impart 
solvent resistance, stain resistance, and hardness to the cured 
film. The crosslinker type and the anlount used has a definite 
influence on curing response and elongation o f  the resulting 
cured film. A large number o f  crosslinkers are available to the 
formulator. The following crosslinkers are widely used: 

1. 1,4-Butanediol diacrylate is widely used i n  the wood 
coating area. 

2. I,6-Hexanediol diacrylate, with its lower volatility, is 
increasingly replacing neopentyl glycol diacrylate, although 
both are suspected skin irritation sensitisers. They are 
relatively good viscosity reducers. 

3. Pentaerythritol triacrylate is widely used in the printing 
area since i t  gives rapid cure response. However, the pro- 
duct is a severe eye irritant. 

4. Triniethylopropane triacrylate has low volatility and is 
attractive in the ink area. 

The decision to use one specific diluent and crosslinker over 
another should be considered carefully since this will influence 
the volatility, toxicity and viscosity o f  the wet coating and the 
physical properties o f  tlie cured film. 

Photoinitiators 

The commercial or development materials currently available 
can be divided into tlie following classes: 

-Benzoin ethers 

-Thioxanthones and derivatives, such as 2-chlorothioxan- 
thone (2CTX) 

Benzophenone and derivatives, such as Michler's Ketone 

-Derivatives o f  acetophenone, such as diethoxyaceto- 
phenone (DEAP). 

Reviewing these classes o f  pliotoinitiators allows comment on 
some deficiencies encountered when using them. Benzoin 
ethers, when considered as a group, have low photoinitiator 
efficiency and they impart poor shelf life to most formulated 
coatings as compared to acetophenone derivative-type 
photoinitiators, such as DEAP and dimethoxyphenyl- 
acetophenone (benzil dimethylketal) (Table 3). Clearly, DEAP 
is niore efficient than the benzoin ethers at significantly lower 
concentration'. 

Tohk .< 
U~irrarlrd mo~iomrr rc,moini~ihr it1 fin 

Exposure, sec (fpm) 
Initiator (wf  ",,I 2.(150) 1 .(300) 

-- - -  - - - - ~ -  - - 
r, I-Diethoxyacetophenome: (2",,) ",, ,, . 2.0 

(I(&<,) 0 2.2 
(0.5",,) 1.9 15.5 

Henroin, isohutyl ether (2%) 5.7 25.2 
(I",,) 8.1 31.5 
(0.5"..) 16.2 39.1 

Films cured with inerted 100 Wattsiinch 
mercury vapor lamps (flux 500 Wattsll't2) 
Coaling: Oligonier 40 

Mononier 60 
Photoinitiator as indicated 

With only a few exceptions, all the commercial photo- 
initiators are solid and crystalline. This makes them difficult 
to incorporate into coating formulations, since generally the 
solubility o f  these photoinitiators in acrylate diluents and 
crosslinkers is low. Furthermore, these photoinitiators tend 
to crystallise from the wet coating during storage, which 
results in a reduction in curing eficiency and in film defects. 
Therefore a liquid photoinitiator, such as DEAP. is preferred. 

Another problem encountered with several pliotoinitiators. 
such as with Michler's ketone and presently commercially 
available thioxantlionc types, is the fact that they impart 
extensive yellowing to the cured film. Although no photo- 
initiator is completely free from this shortcoming, most 
acetophenone types, and DEAP in particular, are best in 
this respect. 

Nitrogen blanketing 

The polymerisation o f  acrylate monomers is highly inhibited 
by oxygen. Essentially, there are two means to overcome this 
problem. The first way is to alter the photoinitiator system. 
For instance. the addition o f  a tertiary alkanolamine, such as 
methyldiethanolamine, to an arylketonc type photoinitiator, 
such as benzophenone, helps overcome oxygen inhibition. 
(See Figure I ) .  Particularly interesting for air curing acrylate 
type systems is a mixture o f  two parts benzophenone and three 
parts 11-methyldiethanol amine2. The second way, and cer- 
tainly the most efficient way, is to remove the oxygen from 
the curing environnient by nitrogen blanketing. The Linde 
Division o f  Union Carbide has developed equipment which 
allows efficient nitrogen blanketing at extremely low nitrogen 
consumption. CalculationsJ, taking into account all involved 
factors, such as energy input cost, lamp service cost, water- 
cooling cost, nitrogen cost and photoinitiator cost, indicate 
that the real cost o f  running a production line with nitrogen 
blanketing, when using curing equipment such as manufac- 
tured by the Linde Division o f  Union Carbide Corp., repre- 
sents a negligible additional cost factor to the operation. To 
apply one gallon o f  a floor tile coating, which sells at S28 to 
433/gal., the additional cost to operate under nitrogen blanket- 
ing is 5 to 8 cents (less than 0.28 per cent). This insignificant 
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I 
1") (RCH,),-N-~HR + # - (RCH,),-N-CH-C-C. 

etc. 
0-0. 

+ 
(RCH,),-N-~HR 

Fig. 1. Postulated reaction of the amine-derived radical functioning 
as oxygen trap 

By Dr. C. L. Oshorn 

Ref: U.S. Patent 3,759,807 to Union Carbide Corp. 

cost increase is more than compensated by improved product 
performance such as hardness, gloss and abrasion resistance. 
It also increases the formulation latitude of the coating system. 
Therefore, in the US the use of nitrogen blanketing is wide- 
spread and still gaining in popularity. 

C u r i n g  e q u i p m e n t  

Based on the mathematical derived equation that the exposure 
time per unit of volume cured is inversely proportional to the 
square root of the UV flux, the idea of process reciprocity has 
been developed4. The exposure time and flux may be recipro- 
cally interchanged to maintain a constant volume cured. 
Furthermore, efficiency of the UV process (productivity of 
process divided by power requirement) has been defined to be 
inversely proportional to the square root of the flux. All these 
considerations have lead to a new type of curing equipment 
using the "expanded flux" principle. This type of equipment 
is known as the "Linde PS 2 8 0 0  Photocure system5. This 
concept provides more control of the process, highly efficient 
energy utilisation and low process temperatures. The latter is 
most significant, in that processing of very delicate, heat sensi- 
tive materials such as vinyl and other plastic films and sheets, 
can now be achieved without destructive alteration of the 
substrate. 

Tox ico logy  a n d  s a f e t y  

A major concern of everyone involved with ultraviolet curable 
acrylate type coatings is how to avoid the hazards associated 
with skin absorption, inhalation, eye irritation and most of all 
sensitisation. It is the task of all responsible persons, at all 
levels, from raw material supplier to applicator, to inform and 
educate their subordinates and to take preventive measures in 
order to avoid accidents. 

Toxicology studies on UV curable coatings and interme- 
diates are performed in toxicology laboratories supported by 
Union Carbide Corp. at Carnegie Mellon Institute. Results 
have been published together with handling practice recom- 
mendations''. 

As a result of a greater awareness of the associated hazards 
with some acrylates coupled with production experiences, 
several companies have made up a list of products which they 
do not tolerate in UV coatings, inks, and adhesives. Such 
products are generally selected on the basis of high overall 
toxicity rating or high volatility. Photocurable coatings, in 
liquid form based on acrylate chemistry, cause skin irritation, 
are toxic if ingested in sufficient quantities and are irritating 
to the eyes. Vapour forms of photocurable coatings will cause 
irritation to the respiratory system. These effects can be con- 
trolled by taking precautions related to good housekeeping 
and safe handling practices. For example: 

-adequate labelling, showing the hazardous properties of 
the chemicals. 

-adequate ventilation in the work area, with adequate 
face velocity at the hood combined with adequate air 
volume transport at the hood. 

-wear proper protective clothing: 

a. black neoprene gloves, such as Edmont Wilson black 
neoprene glove (290865) 

b. chemical worker neoprene aprons 

c. black rubber boots should be worn to clean up spills. 

-apply barrier cream on the hands, after washing them 
with water and soap, but before putting on the gloves. 

-use only isopropanol as cleaning solvent, avoid ketones. 
which penetrate the gloves. 

-wear standard safety goggles or glasses at all times. 

4 l e a n  up all spills immediately. 

By following these common sense measures, the hazards in 
using acrylate-type photocurable coatings can be reduced to a 
level consistent with some conventional solvent-based indus- 
trial coatings. 

M a r k e t s  f o r  UV c o a t i n g s  

Because ultraviolet curing contributes to air pollution con- 
trol, conserves energy, improves cure speed and throughput, 
and reduces capital costs by space saving and economical 
equipment purchase, it has become the preferred technology 
in many industrial coating, ink, and adhesives applications. 
Taking into account all these advantages, it is the author's 
opinion that two decisive factors have made ultraviolet 
curing a success in the USA: (a) energy conservation-regard- 
less of energy cost and (b) the ability to coat heat sensitive 
substrates with less risk of substrate degradation. People have 
introduced ultraviolet curing units in their production lines 
and are still doing so, to meet market required production 
output with their allocated natural gas volume. Companies 
coating or printing heat sensitive substrates such as PVC 
flooring goods, PVC foil, paper and carton, polyester foil, 
etc. are those who most utilise UV technology. 

Included in detailed analyses of market segments where 
ultraviolet curable coatings are applied commercially at 
present, the following can be listed: 

(1) PVC-asbestos tile, where added coating value is highly 
compensated by sales price, due to improved quality. (See 
Table 4). 
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Tahk 4 
Rrsilirnt floorinx 

(9) Printing Plates: U V  has been innovated i n  this area due 
to cost consideration. 

Vinyl asbestos tile 
Historically: not coated: waxing 

Retail selling price: f0.30/ft2 
U.V. curing: Add-on value: f0.08/ft2 

Retail selling price: $0.80-l.20/ft2 
Sales argument: no wax-gloss 
Investment (coating-curing) SZOO m 
Output: 50 m ft2/ 

day 
Risk: Consumer acceptance 
Status: 7 lines U.V. converted out of 

30 existing lines 

(2) PVC rollgoods for flooring, where improved quality is 
obtained at higher output by U V  curing technology as com- 
pared to conventional coatings. 

(3) PVC wood veneer imitation foil: where UV  coating 
technology allows reduction i n  foil thickness, with improved 
surface quality. 

(4) PVC wall covering. 

(5) Record sleeves: besides the printing operation, the 
replacement o f  the "Cellophane" or "Mylar" laminate by U V  
overprint lacquer has been successful due to production cost 
reductions. 

(6) Screen printing on paper and glass, where U V  tech- 
nology brought better quality and a decrease o f  overall pro- 
duction cost due to the possibility o f  using lower quality 
paper and decreased scrap rates. 

(7) Lithographic printing on paper and metal, where reduced 
space requirements made U V  acceptable on reduced capital 
cost and energy consumption savings. 

(8) Bottle caps and closures and metal container overprint 
varnishes: UV  technology has been favoured in these applica- 
tions on energy saving considerations. 

Epoxy-UV Curing 

This presentation on ultraviolet curing may be closed by 
mentioning a relatively new technology based on the cationic 
polymerisation o f  liquid cycloaliphatic epoxies, such as 
ERL4221 and ERL4289 from Union Carbide Corporation 
with catalysts such as substituted aryl diazonium salts des- 
cribed i n  the patent literature' or other types o f  catalysts 
known as "epoxy cura~ives"~. The catalyst, under influence 
o f  U V  light, liberates a Lewis acid which polymerises the 
cycloaliphatic epoxy 17ia oxirane ring opening. 

This type o f  technology may find important applications in 
the general class o f  ultraviolet curable coatings and inks. 
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The design and construction of ultraviolet lamp 
systems for the curing of coatings and inks* 
By R. E. Knight 
51 5 lpswich Road, Trading Estate, Slough. Berks SLl 4EP 

Summary 

There are now over 400 installations running using a U.V. drying 
process in Europe at  present, and world wide the total figures must 
now run to several thousand. 

The demand on the equipment manufacturer for higher efficiency, 
and an  ever widening field of applications effecting the size and 
shape of the equipment, has tested the suppliers ability to  meet the 
rapidly expanding and changing requirements. 

There is a danger that new ideas are rapidly overtaken by events. 

Keywords 

Proce.s.ses and rmafhod,~ prinmrily avsociated n~irlt 
rnanrifacrnritrg or .synfhe.si,v 

ultraviolet curing 

Misrellaneo~rs terms 

ultraviolet light 

In this atmosphere the equipment manufacturer spends much of his 
time redesigning and modif>ing the mechanical features of existing 
equipment to allo\r,  hem to be fitted into nlternati\e 5Ite ritualion.;. 

Lamp development, therefore, has largely been in the area of higher 
power from the same lamp size, as  from a lamp point of view this is 
the simplest and most direct method of achieving higher efficiencies 
for a given equipment cost. However, there are problems of addl- 
tional excessive heat and shortened lamp life and a balance has t o  be 
struck between these conflicting functions. 

Equipmertf primarily associafed with 
dryin,? or cr i r in~ of coafings 

mercury lamp 
xenon arc 
ultraviolet curing 

La conception et la construction des appareils aux lampes ultra-violettes pour assurer le durcissement 
de revetements et d'encres d'imprimerie 

II y a actuellement en Europe plus de 400 installations qui utilisent passer une grande partie de son temps en ttudiant nouveau et  en 
le processus de skhage  par les rayons ultra-violets, et dans le modifiant les details mtcaniques du materiel dejh en service, afin 
monde entier les chiffres doivent atteindre plusieurs milles. que I'on puisse I'adapter un autre emplacement. 

Les txigences pour un rendement plus Blevt, et la  gamme d'appli- Donc, I'tvolution des lampes s'est situte, en grande mesure, dans le 
cations plus ttendue qui exerce une influencesur les dimensions et la  domaine de la production d'une puissance plus Clevte par h n p e s  
forme de I'installation, ont  mis P I'tpreuve I'aptitude des fournis- don1 la taille reste la mtme, puisqu'au point de vue de la lampe, 
seurs P reoondre aux besoins en voie d'tvolution e l  d'exoansion i l  s'aeit de la mtthode la olus simole et directe d'assurer un rende- 
rapides. ment-plus tlevt a un prix ferme pdur le mattriel. Toutefois, il reste 

des problemes tels que le dtgagement d'un excedent de chaleur et la 
Les nouvelles idtes risquent d'etre depassQs rapidement par les diminution de la vie utile des lamoes. et I'on doit ttablir un 6quilibre 
kvenements, et par consEquent, le fabricant de materiel est obligt de entre ces deux fonctions opposees. 

Entwurf und Konstruktion von Ultraviolet Lampensystemen fiir die Hartung von Anstrichmitteln und 
Druckfarben 

Bereits uber 400 Anlagen sind in Europa in Betrieb, welche ein In einer solchen Atmosphare verbringt der Instrumentenbauer 
U.V. Trocknungsverfahren benutzen, und in der ganzen Welt einen grossen Teil seiner Zeit mil Neuentwicklungund Modifikation 
durfte die Zahl einige tausend betragen. der mechanischen Merkmale bestehender Apparatur, sodass diese 

unter alternativen Situationen eingebaut werden koannon. 
Die an die Ausrustungserzeuger gestellten Anforderungen beziiglich 
hoherer Leistungsfahigkeit, sowie ein sich stetig ausbreitendes, 
Grosse und Gzstalt der Appnratur baeinflussendes Anwendungs- 
gebiet spannte alle Nerven der Hersteller an,  die sich rapide 
vergrossernden und wechselnden Anforderungen zu erfillen. 

Die Gefahr besteht, dass neue ldeen sehr schnell durch Ereignisse 
uberholt werden. 

Deshalb fand die Entwicklung von Lampen grossenteils auf dem 
Gebiete grosserer Stlrke unter Beibehaltung der gleichen Lampen- 
grosse statt,da diesvom Gesichtspunkte der Lampe ausdieeinfachste 
und direkteste Methode ist, um hohere Leistungen bei festliegenden 
Kosten fiir einen Ausrustungsgegenstand zu erzielen. Es bestehen 
indessen Probleme hinsichtlich zusatzlicher uberhoher Hitze und 
verkurzter Lebensdauer der Lampe, und deshalb muss ein Ausgleich 
dieser widerstreitenden Funktionen erwogen werden. 

T h e  lamp which has been almost universally accepted for  this 2. T h e  lamp has been used for  m l n y  years in the  photo- 
process is the medium pressure mercury a rc  lamp. T h e  reasons printing industry and  is, therefore, well tried a n d  tested. 
for  this choice a r e  a s  follows: 

1. T h e  lamp produces a large amount  o f  energy in the UV 3. T h e  l amp produces a longitudinal a rc  a n d  can  b e  made  in 
wave bands, approximately 15 per cent o f  the total output .  almost any  length u p  t o  the mechanical a n d  electrical 
T h e  remainder consists o f  abou t  70 per cent  infrared a n d  limitations. T h e  longest length s o  far  manufactured is 
the balance in white light. approximately 72 inches. 

'Paper presented at  the Newcastle Section Symposium on "Ultraviolet curing" held at the University of Durham on 14-15 September 1977. 
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4. The lamp is almost entirely hand made at the present time, 
and therefore small batch production in a large variety of 
sizes can be accommodated. 

The lamp consists of a quartz tube sealed at both ends and 
filled with a mixture of mercury and neon. 

When a voltage is passed through the lamp the mercury 
slowly vapourises increasing the internal vapour pressure and 
drawing more current until a stable situation is reached. 

Quartz lamps are relatively expensive because of the high 
cost of quartz and the hand manufacturing. Quartz is neces- 
sary as it is transparent to ultraviolet light and is extremely 
heat resistant. The surface temperature of these lamps, while 
running, is about 800°C. Most of the lamps currently being 
used in production are rated at 200 wattslinch, but other 
values are possible and levels as high as 800 wattslinch have 
been manufactured, and are being used for UV drying. 

The factors affecting the choice of a specific rating are as 
follows: 

I .  Life of lamp is proportional to the deterioration in the 
transparency of the quartz jacket, which is in turn depen- 
dent upon the running temperature. Therefore, as the 
rating goes up, so the life of the lamp is shortened. 

2. The size of the reflector system and the space into which it 
must be accommodated. Obviously a small reflector 
system will be much more affected by the heat output of the 
lamp, and this may seriously limit the possible rating of the 
whole lamp system. 

3. The type and efficiency of the reflector cooling system. 

4. The total price of the equipment. Obviously, it is cheaper 
to have one system at 400 wattslinch than two systems at 
200 wattslinch, although the former may give more inflexi- 
bility as regards power selection. 

5. The electrical limitations imposed on the lamp by the con- 
trol requirements, and the current which the lamp can 
carry without terminal problems i.e. most lamps have a 
maximum current rating of about 8 amps, and it is desirable 
to limit the upper voltage of the lamp for practical and 
safety reasons. The practical lengths that can be made in 
these higher ratings are severely limited i.e. for 800 watts/ 
inch, a lamp of about 6 inch length maximum is currently 
available. 

To summarise the above points: The higher the design 
rating of the lamps the more efficient must be the cooling 
system. Also, it must be expected that a considerably shorter 
lamp life will result, and there are severe restrictions on the 
lengths that are available. 

Additive lamps 

Variations from these standard lamps are the use of minute 
quantities of metal halides, such as iodine or ferrous oxides, 
which are mixed with the mercury and have an effect of chang- 
ing the spectral output of the lamp, depending on the type and 
quantity of the additive used. 

However, additive lamps have many disadvantages at the 
present time: 

I .  The lamps tend to be more unstable electrically, and there- 
fore the control system and the cooling has to be more 
sophisticated. 

2. It has proved impossible to select an additive which is 
universally more efficient when used on all the enormous 
variety of coating and printing inks currently available. 

3. Whilst the lamps can show an improvement in efficiency of 
up to 25 per cent when new, the deterioration rate of the 
lamp is often faster than with a conventional mercury arc 
lamp, so that the effective life at the higher efficiency level 
is often very much reduced. 

4. Additive lamps are more difficult to make and, therefore, 
more expensive than the conventional lamp. 

At present, therefore, although many of these lamps are 
being used experimentally, there are very few examples of their 
use in the production. 

Pulsed lamps 

This is another variation of the standard mercury arc lamp in 
which the electrical supply to the lamp is pulsed at every cycle 
i.e. normally 50-60 cycles/second. 

The effect of this "pulsing" is to give the unit extremely 
high peak of energy instantaneously every 1/50 second with 
virtually nothing in between each peak, instead of the more 
even distribution radiated by the standard lamp, see Figure 1 .  

Fig. 1. The effect of pulsing 

As it is fairly well established that curing rate of pigmented 
coatings is to some extent dependent on intensity, it can be 
argued that although the total output of the lamp has not 
changed, these high peaks of intensity give an improvement in 
curing efficiency. 

However, although this has been found to be true in static 
curing situations, particularly with thick films, there are 
problems with moving substrates which, of course, consti- 
tutes the vast majority of curing applications. As this peak 
intensity only occurs every 1/50 of a second, even at modest 
speeds there is a considerable gap between one peak and the 
next causing alternate bands of high efficiency curing and very 
much lower efficiency curing. Attempts to even out these 
bands by the use of parabolic reflectors only serves to elimi- 
nate the high intensity levels received by the substrate, thus 
nullifying the original advantages. 
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Therefore, to summarise the current lamp position, it is 
true that most companies' manufacturing equipment are 
using the standard mercury arc lamp at about 200-250 watts/ 
inch, and that current developments are moving towards 
higher powered lamps with more improved and efficient 
methods of cooling. 

Much effort was put into the possibility of making a cold 
lamp to reduce the problems associated with the over-heating 
of the equipment, and possibly the substrate, with the large 
amount of infrared produced by these lamps. However, it is 
now generally accepted that a certain amount of infrared 
does improve the curing efficiency of the lamp to a significant 
extent, and that the removal of the infrared both at the source, 
or by the filtration through, for instance, a water jacket, does, 
in fact create a low efficiency system, so that in general these 
ideas have largely been abandoned. 

Reflector systems 

In the curing of pigmented systems, it is now generally ac- 
cepted the higher intensities provided by the use of the 
elliptical reflector are essential. 

The actual shape of the ellipse depends on: 

(a) the distance of the lamp from the substrate i.e. the focal 
length of the reflector. and 

(b) the distance from the centre of the lamp to the back of the 
reflector (dimension "a" in the diagram). See Figure 2. 

POINT OF 
FOCUS 

Fig. 2. A typical elliptical reflector arrangement 

As the space available on the press or coater for the reflector 
system is often extremely limited, there is a tendency to keep 
both these dimensions as small as possible, therefore dimen- 
sion "a" is normally between 1-1.5 inches and the focal 
length usually between 4-7 inches. 

It is often not possible from a manufacturing point of view, 
or desirable from a geometrical point of view, to give a mathe- 
matically accurate shape, and therefore a vast range of 
reflector shapes are possible within the dimensions given, and 
it may well be that one shape is preferable for a certain sub- 

strate or press configuration, whereas a reflector at the other 
end of the scale might be preferable, for a different set of cir- 
cumstances. The author's Company, for instance, now 
manufactures five reflector shapes for different situations or 
applications. 

It should be pointed out that although the theoretical 
maximum efficiency of an elliptical reflector is when the sub- 
strate is precisely at the focal point, in practice this is rarely 
achievable and the variation in curing efficiency is very small 
within k0.5 inch from that point. When more than 0.5 inch 
from the focal point, there is a discernable deterioration in the 
efficiency as the distance from the lamp increases. 

With regard to clear coatings, there does not seem to be any 
significant advantage in the use of elliptical reflectors, and 
most suppliers are providing either parabolic or a compromise 
between the ellipse and the parabola, or in some cases a 
simple flat or angular reflector system. Again, the main 
criteria are the practical considerations in terms of space 
availability within the curing unit and the distance of the lamp 
from the substrate. 

Except for very short lamps, this equipment cannot be 
switched on and off instantaneously. For a lamp of average 
length, it takes approximately 3-4 minutes to reach full power 
and if the lamp is switched off it may be necessary for it to 
cool down considerably before it becomes passible to restrike 
the arc. This might take as long as 8-10 minutes. 

It is, therefore, undesirable to switch the lamp off for 
minor stoppages of the curing system or surrounding equip- 
ment. However, if any paper or equipment stops under the 
fully operational lamp it will be subjected to an extremely high 
temperature at the focal point. For this reason, many 
systems are fitted with some form of protective device that 
can take the form of either: 

(a) shutters 

(b) the removal of the lamp from the substrate 

(c) the rotation of the reflector or system to direct the energy 
away from the substrate. 

In this idling situation it is also normal for the lamp to be 
switched to half power. 

Again, the practical considerations of space severely 
restrict the type of system used, and the author's Company 
uses at least three systems, depending upon the circumstances. 

From the point of view of health and safety the hazards 
involved with these lamps are well known i.e.: 

(a) the production of UV light which can be dangerous to the 
eyes and skin 

(b) the production of ozone which is rated as a hazardous gas 

(c) the normal electrical problems associated with high 
voltage equipment. 

The various authorities and factory inspectorates have laid 
down the precise levels and conditions under which this equip- 
ment must be operated. These conditions are not difficult to 
achieve in the vast majority of applications. There are over 
400 installations now operating in Europe alone, and the 
experience gained seems to have nullified the early fears 
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associated with the process. i.e. the safety conditions required 
are easily achievable, easily checked and maintained and are 
more readily understood and accepted by Unions, Manage- 
ment and the Factory lnspectorate than had been feared. 

Finally, it must be said that there is no single lamp type, 
reflector shape or shutter system which, in combination, 
form an ideal system for all the wide variety of applications. 

There are now available on the market an enormous range 
of inks, coatings, adhesives etc. The substrates to which they 

can be applied consist of tin, paper, wood, cardboard, 
plastics and others. Application can be made on flat, round, 
and three-dimensional objects etc., and the methods of 
applying these materials to the substrates vary with size, 
shape and complexity. 

What is required, therefore, is a choice of equipment from 
which the user can select the configuration that most closely 
fulfils his particular requirements. 

[Received 17 August 1977 

These papers were first presented at a Symposium of the Newcastle Sertiorr, entitled "Ultraviolet polymerisation", hell at Durham 
University on 14 and 15 September 1977. Other papers from the Symposium will he published in the Journal during the ne.rt few 
months. The Association is preparing a limited number of reprints of these papers to he collated and hound as u separate volume and 
offered for sale. It is expected that the book will be available in the autumn of 1978, and jirrthcr irlformation regarding availability will he 
prtblished irr the Journal in due course. 
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Next month's issue 
The Honorary Editor has accepted the following papers for publication, and they are expected to appear in the May issue of 
the Journal: 

OCCA 60th Ailiriwrsaty 
From gold to diamond. OCCA 1968-1978 by S. H. Bell 

The application of linear programming to paint and resin formulation by P. E. Kavana~h 

Microanalysis of marine antifouling pints  in the scanning electron microscope - its automation and application to less homogeneous 
paints by R. J. Bird and D. Park 

The mathematical relationship between the viscosity of PVC plastisols including fillers and plasticiser number of fillers by J. Wypych 
and J. Walczak 

A new method of determining the dispersibility of pigments and the optimal mill base formulation by J. Oyarrun 



Section Proceedings 

London 
The finishing of exterior timber 

The third evening technical meeting of the 1977-78 session was 
held at the "Princess Alice", Romford Road. E7 on Thurdsay 
19 January 1978. Dr E. R. Miller of the Princes Risborough 
Laboratory of the Building Research Establishment. presented 
a lecture entitled 'The finishing of exterior timber' to an 
audience of 36 members and guests. 

In opening his talk, Dr Miller first mentioned that the 
general feeling that the present day resistance of wood and 
timber to exterior weather was not what it used to be, was due 
to a number of changing factors such as wood quality, 
architectural design, living standards etc. In his lecture Dr 
Miller examined and discussed some of these points. 

Before amplifying the protection afforded by coatings 
Dr Miller described the chemical and morphological structure 
and properties of wood and showed how the diHerences 
between heartwood and sapwood and between hard and soft 
woods could effect the resistance of the wood to exterior 
exposure. The performance of surface coatings was also 
altered by the type of wood used. 

Wood itself deteriorated on exterior exposure, either due to 
water, sunlight or fungal attack. Water uptake caused dimen- 
sional movement of the timber and led to grain raising, 
splitting and decay. For the latter to occur the moisture con- 
tent of the wood had to be greater than about 20 per cent. 
Fungal attack caused disfigurement and staining of the 
timber. Sapwood was particularly vulnerable to this sort of 
attack and the increased use of such wood in recent years had 
led to greater incidences of fungal attack. 

Sunlight ( U V  radiation) attacked the cellulose and lignin 
components in the outer layer of wood causing breakdown of 
the integral surface structure. 

A combination of the three factors created more severe 
degradation of the timber. As an illustration of this Dr  
Miller exhibited slides of thin film veneers which had been 
exposed to sunlight under a variety of conditions. Those 
veneers exposed in wet atmospheres degraded very much more 
rapidly than those kept dry. 

The change in the surface structure of the timber during 
exposure led to differences in the subsequent weatherability 
of such wood when overcoated compared with unweathered 
and coated wood. Regardless of the paint system used, the 
weathered timber did not perform as well as unweathered 
wood. 

Dr hliller then went on to livt the ideal requirements of an 
exterior wood finish and then compared the actual perfor- 
mance of pigmented and clear coatings, wood stains and 
water resistant coatings against this list. 

In general, paint finishes had good application character- 
istics and gave good protection to U V  radiation, but did not 
have particularly good film integrity over a number of years, 
control of moisture content, adequate extensibility or fungal 
resistance. Clear varnishes gave the same sort of properties as 
paints, and in addition, also permitted the passage of  U V  
radiation. Exterior wood stains, containing fungicide and 
water repellants such as waxes or silicones, were shown to meet 

all the requirements with the exception of film integrity (films 
need to be recoated every 2-3 years) and only reasonable 
water control. Such types were finding more favour with 
architects and were likely to be used more widely in the 
future. 

In conclusion, Dr Miller said that previous developments 
in the treatment and preservation of wood had neither been as 
rapid nor as considerable as had really been necessary because 
timber was both complex in structureand at thesamecommon- 
place enough to be taken for granted. In recent years, how- 
ever, the technical strides that had taken place were now 
beginning to reduce the problems associated with wood 
degradation. 

After a very lively, extended question time, avoteof thanks 
to the lecturer was proposed by Mr R. Wallington to which 
the audience warmly responded. 

A.J.N. 

Manchester 
Modern paint manufacturing techniques 

Mr B. L. Lucas of Joseph Mason, Derby, delivered a lecture 
entitled "Modern paint manufacturing techniques" to 64 
members and guests at The Manchester Literary and Philo- 
sophical Society on Friday 13 January 1978. 

The lecturer was historical, parochial, provociitive and 
predictive in his approach to the subject; he admitted that his 
company's interests were related to numerous small batches 
and that sandmills were not his speciality. The virtues of 
cavitation mixers with polythene block bottom liners were 
extolled and the irrelevance of rotor diameter in relation to 
container size stated. Future predictions had a sound basis and 
included vociferous reaction to increased legislation, raw 
materials now class.ified as hazardous and ultrasonics as the 
futuristic method of dispersion. 

Question time, which included discussion of E.D. pigments 
and the increased use of aqueous pigment dispersions, was 
concluded by a vote of thanks proposed by Mr D. Clayton. 

Urethane media for heavy duty coatings 

Mr C. Barker, a Manchester Section Member, employed by 
I.C.I. Ltd, Organics Division, delivered this lecture to 45 
Students and Guests on Thursday 26 January 1978 at the 
Manchester Literary and Philosophical Society. 

Beginning with the early history of various isocyanates, the 
lecturer described the toxicity hazards that influenced their 
eventual use. Reactive resins for isocyanates were discussed 
followed by the seven types of prepolymers and hydroxy 
acrylic resins available. 

Key applications for urethane coatings illustrated with 
colour slides preceded a lively question period which covered 
such varied topics as urethane oils, blowlamp removal of 
urethane coatings, sensitisation and blocked isocyanates. 

Mr G. T. Flood proposed the vote of thanks for the excellent 
lecture, which was received in the usual enthusiastic manner. 

F.B.W. 
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Thames Valley 
The Section has held three Technical Meetings since the last 
report, These have been a talk by D r  D. Moody on "ln- 
fologistics". This is a name, coined by D r  Moody (OCCAM 
Ltd), to describe the relationshipof 'information' with Society, 
i n  the individual, group and global sense, with Government. 
industry, the professions - indeed, with the very survival o f  all 
forms o f  life. The word implies the practical result o f  moving, 
lodging and supplying information. The Lecture was both 
informative and amusing and the rage o f  questions shamed 
the appreciation o f  the Members and visitors. 

The December Lecture was not as advertised, and M r  G. 
Scott stepped into the breach at short notice. A long-time 
member o f  OCCA, he is widely travelled and has had a vast 
experience o f  paint manufacture i n  many countries. His talk 
on  his career, from start to present time, was accompanied by 
slides and photos, many highly nostalgic showing blank spots 

Information Received- 
Increased production 

Simplex-GE Manufacturing Ltd has in- 
creased their production followings change 
from solvent based paint to Drynamels' 
epoxy thermoset powder coating systems. 
Furthermore, the overall coating cost per 
component has been greatly reduced and the 
quality of the finishes has been increased 
with a marked reduction i n  the necessity of 
re-coating damaged secttons. 

Electrostatic colour equipment 

The finishing plant at Ford-Halewood will 
be equipped with a Multicolour-Esta by 
Behr-lndustrieanlagen, Ingersheim. West 
Germany following ten years successful 
operation of two Esta devices for primer 
applications. A l l  nlodels of the Escort 
range including estates and a new convert- 
ible model, can be coated with the new 
system and a change of colour can be 
achieved in less than five seconds. The 
finish is a two coat system sprayed wet-on- 
wet using fourteen atomizers located on two 
roof machines and two side groups. 

Rationalised production 

After an extensive study, Burrell Colours 
Ltd has concluded that production of pig- 
ments at the Cromford Colour Works. 
Derbyshire is no longer conimercially 
viable and must cease after I July 1978. This 
decision is in line with the Company's long 
term planning and IS allied to present and 
projected investment in new plant at the 
other U. K. locations, which is designed to 
give continued growth i n  total capacity. 
Stepsare beingtaken toensurecontinuity of 
supply of products from Matlock and ~iiost 
ofthe production will be transfered to other 
Burrell Colour units. 

Colour range changes 

The Dulux Trade Group has expanded its 
BS48OO colour range so that all colours are 
available in both Dulux Trade Gloss and 
Trade Matt Emulsion. 

Specifications service 

A new London lnforniation service for users 
of American Specifications and Standards 
started on 1 January 1978. London In- 
formation is now i n  a position to advise 

where once busy firms operated. I t  aroused many memories 
and was the start o f  a very animated discussion. 

The January Lecture, by M r  G. Pollock o f  Osro L td  was on 
'Chemical colouring o f  metals'. This was a very interesting 
lectureon the'blackingofmetals',starting with the Great War, 
when the use o f a  highly polished rifle in the trenches usually 
meant sudden death and the Germans devised a method o f  
dulling the metal to a black finish by means ofchemicals. This 
has since developed into a fascinating industry o f  great scope 
and, judging by the lecture, o f  high ingenuity. Assisted by 
M r  Pollard o f  the same company, he kept the audience 
interested and full o f  questions. Although they do represent a 
competitive system to the use o f  paint, but not a pro- 
tective system as such, all present gained something from the 
lecture. The company also specialises i n  'de-burring' and the 
Section was treated to a resume on this process-again, o f  
much interest and more proof o f  the ingenious use o f  modern 
methods to solve ancient problems. A good discussion took 
place afterwards. M.P. 

A \ien of the new ponder n~ating \)>ten1 at Sinlple\-GE Manufaclurinl: 1.td wh~ch ha\ resulted 
in loner co\t\ 

custoliiers who have bought standards from principle of the attraction of a permanent 
them. whether they have bought current magnet, is designed to meawre all types of 
documents and, i f  the docu~iients have been dry film applicd to ferrous substrates. A 
superseded, London Infomiation can supply variety of scales are available for non- 
the updated versions within a few days. magnetic or nickel coatings. 

Hot line New UltrarR reagents 

Harwell have established a hot line which ~ ~ ~ k i ~  & wil1iams have four new 
will be able to advise custoniers on the chemicals to the range of 
analytical service? available, as solne extremely high purity solvents and reagents. 
customers had encountered difficulties in ~h~~~ are carbon tetrachloride, sodium 
locating the departlnent to help them. sulnhate. hvdrobromic acid and iodlne. 

New products 

New coating thickness gauge 

~ i p k i n  & ~ i l l i an i s  have also added several 
new items to their standard range of rea- 
gents and standard ~iietal solutions for 
atomic abwrption spectrophotometry. 

Surfatest have available a new version of Slip/peel tester 
the well known Mikrotest coating thickness 
gauge from Elcktro-Physik of Cologne. [mass, Inc., U.S.A. has announced a new 
The instrument, which operates on the instrument for measuring coefficients of 



The ability to specify acolour 
i n  an internationally agreed 
number convention is of 
immense benefit to indus- 
tries where close control of 
finished product colour is 
vital. Numbers, which can be 
transmitted to and from sup- 
pliers by phone or telex, 
completely eliminate the 
vagaries of matching colour 
samples by eye. 

Now, Pye Unicam can help 
solve colour specification 
problems at a realistic price 
with systems based on the 
SPB-100 scanning spectro- 
photometer. Materials may 

TURN THE 

Pye Unicam 

be studied by transmitted 
light and, with a unique inte- 
grating spheroid attachment, 
by diffuse or total reflec- 
tance. 

In its most sophisticated 
form the system has an on- 
line programmable calcula- 
tor and a very versatile soft- 
ware package. Programmes 
are included for colour co- 
ordinates, colour difference 
and index of yellowness. 
Standard illuminants, obser- 
vation angles and reporting 
conventions may be chosen 
by a simple question,anrwer 
routine. 

A SCIENTIFIC INSTRUMENT COMPANY OF PHILIPS 

I. plastics 

paintspvarnishes 

3. glass, optical filters 

4. paper* packaging 

5. cosmetics 

6. printing inks 

'' pharmaceuticals 
8. photographicproducts 

9' foOdcO~ourants 

10. textiles 

11. drinksand other liquids 

12. ceramics, stone 

PAGE FOR FURTHER INFORMATION 



For the measurement of sur- tions across a larger surface may 
face colour, an integrating be examined using 3mm dia- 
spheroid (mean diameter meter apertures. Holders are 
174mm) locates entirely within also supplied for powder sam- 
the sample compartment of the ples. Either total o r  diffuse 
SP8-100. Samples as large as reflectance may be studied by 
160x 170mm can be mounted fitting the spheroid with the 
without the need for cutting or  appropriate diffusing o r  absorb- 
folding. Small samples or  varia- ing caps opposite the sample. 

Colour measurements normally most applications. The operator 
demand some form of data pro- can select from a number of 
cessing. The SP8-100 can Output standard programs, or  via a 

a printer Or for and answer routine, 
line processing but, in many 
instances, an on-line program- establish a combination of para- 

Pye Unicam offer the power- programs can be stored and 
ful HP9815A calculator and a recalled at the touch of a 
software package suitable for button. 

Colour measurement at  a realistic price 
with the Pye Unicam SP8-100. 

Pye Unicam Ltd 
York Street Cambridge CB12PX England 

Telephone (0223) 5 8 8 6 6  . Telex 817331 

The Pye Unicam SPB-100 is a 
new, high performance ultra- 
violet and visible spectrophoto- 
meter which has been designed 

the Outset with the 
requirements of cOlour meam 

in mind. It is an 
excellent investment for labora- 
tories with a wide range of 
analytical problems as it can be 
switched between colour mea- 
surement and normal spectro- 
photometric measurements in 
minutes. and without the need 
for any critical adjustments. 

The SP8-100 has digital read- 
out of absorbance, transmission, 
reflectance and concentration. 

Printed ~n England by Salfron Press Ltd. 
7061 05 2567 11 

Any of these may be plotted 
against time o r  wavelength on 
the integral chart recorder. 
~ h ,  instrument has been de- 
signed t o  be extremely easy t o  
use, even by new operators. For 
example. wavelength scanning 
is simply a matter of setting the 

and wavelengths and 
pressing a chart 
and monochromator are then 
aligned automatic all^ by the 
unique Synchroscan feature. 
This ensures every recorder 
gridline is synchronised with a 
major wavelength for ease of 
interpretation. 

DATA OUTPUT 
INTEGRATING SPHEROID AND COLOUR COMPUTATION 

TO FIND OUT MORE ABOUTTHE RANGE JUST PHONE, WRITE OR USE THE REPLY CARD 
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friction o f  surfaces and peel strengths of 
pressure-sensitive adhesives. Thc new slip/ 
wel tester is designed for such measure- 

paper, rubber, metal or textiles, iind peel 
streneths o f  adhesives in varlous nee1 
geomitr~es. The Instrument 1s cynchrono;~.;ly 
drlven and forces are mcasured clectronl- 

Flame retardant paint 

A new type o f  f l a ~ i ~ e  retardant paint has 
been launched by Blundell-Permoglaze Ltd. 
Called Fyrexo, it is the first intomesccnt 
paint to have been especially formulated 
for application to already painted combust- 
ible surfaces, both as a white decorative 
finich in its own right, and as a primcr for 
other Blundell-Per~iioglazc paint systems in 
any colour from tlie BS4XOO rangc. Fyrcxo 
works by insulating tlie surface kind stop- 
ping it becoming hot enough, to :ignite and 
continue tlie spread o f  flame. When flame.; 
attack thc new paint i t  swclls up to form a 
layer o f  rigid foam. 

A demonstration of tlie name retarding pro- 
perties of the Fjrexo paint 

Industrial fans 

A new and comprchen\ive range o f  fan\ 
designed for industrial ventilation i\ 
available from Hivcnt Ltd. The rangecover.; 
axial, backwardly inclincd ccntrifugals and 
paddle-bladed centrifugal.; and is capablc o f  
air volumes ranging from 3400 l o  50.000 
m3/hr. 

The new range o f  industrial fans from Hivent 
Ltd 

Body priming paint 

A new primer surfacer coating, known ;is 
Min-Sand' has been developed by thc 

Automotive Coatings Division o f  Inter- 
n ~ t ~ o n a l  Pa~nt to 111~et Ihc rcqulrenicnt, 111. 

the motor ~nduttr). Thc pilint I.; \ p r ~ \ c d  o11 
to car bod~cs nftcr thc 1n1t1.1l elsutro~horct~c 
or conventionallv dlnoed nri~ner and. as the . . .  . 
name implies, only niini~nal sclcctivc 
sanding is necessary before the colour coat 
i r  appl~ed. Sand scratchec do not show up 
and there is only thc nccd for spot sanding 

in local areas, which require rectification. 
The product has a high sheen which enables 
these defects to be identified. 

Coupled pumps 

'rotton Flsctrical Sale.; I td havc i~nnounced 
tu,,~ new niodcl\ tu thew current r:lngc of 
pumps. Both pumps arc driven by a ceramlc 
magnet attached to the impeller which 

The new coupled pumps from Totton 
Electrical Sales Ltd 

eliminates the nccd for a shaft seal and stops 
leakage ascociatcd with seals. The punips 
e i v c a  litrcs oer minute maximum flow and 
havc corrosion rcsist;*.nt coatings. 

Full-view flowmeter 

1120/21 Full-View Flowmeter from Brooks 
Instrunients. The flow rate is indicated on 
the borosilicate glass metering tube in 
millinletres or as a percentage o f  maximum 
Row. 

New infrared units 

A new range o f  medium wave infrared 
lamps have been added to the range o f  
equipment manufactured by Wallace Knight 
Ltd. The lamps are designed for use in 
any application i n  the paint and coatings 
industry where controllable heat forms an 
essential part o f  the manufacturing process. 
The lamps are available in a variety of 
sizes and have a peak emission between 2 
and 3.5 microns. 

New small SEM 
Cambridge Instmnients have introduced a 
ernall \c.l;;ning mlcro\copc called Stcr~oscan 
60llhl[\vh1ch incorpor;~tes the cophtst~cation 
pre\~oilr lv n\a~lable only ~n thc~r larger. 
more cxpknsive, research-grade instruments. 
The new machine gives resolutions to l0OA 
with full upgradability froma wideaccessory 
range'and-incorporates the same specimen 
handling &c;lpabilities as their top grade 
research machine. 

'The Cambridge Instruments Sterioscan 6M)M 
scanning electron microscope 

New thixotrope from ICI 
Thixomen, a new organic th~xotrope fro111 
Ihe Mond Division o f  ICI, is specially de- 
signed to produce high build properties in 
paints based onacrylics, chlorinated rubber. 
enoxies and vinyls. In  conventional bulld 
&LI~I.; 11 ~ i i ~ n t ~ i ~ r e s  plgnicnl settlement 
Th~honicn n l w  h:i\applicat~on\ in adhe\~\cc. 
tiin\t~ce. 'enl:lntz, prlntlng and reprograph~c 
inks and elsewhere where anti-sag proper- 
ties, coupled with good application proper- 
ties and high film build. are required. 

Courses, Literature. etc. 

Heat transfer printing inks 

A publication available from Eastman 
Chemical International AG. presents data 
showing how cellulose acetate propionate 
(CAP) can be succcssfully used as a re- 
placement for ethyl cellulose in solvent- 
based heat transfer printing inks. This 
process offers brilliant colouring and sharp 
reproduction of  intricate des~gns, and the 
publication compares grinding times, dry- 
ing rates, dye-release properties in inks 
containing CAP and those based on ethyl 

The Full-View fiowmeter from Bronkslnstru- cel'uiose'- 

ments in stainless steel which can be Teflon paint industry survey lined 
DAFSA Analyse, a French company, have 

Fully visible flow measuren~ent o f  corrosive completed a coniparative study o f  the Euro- 
gaccs or liquids to a calibrated accuracy o f  pean industry whichcomparesseven French 
I I per cent full scale from 100 per cent to and seven English co~iipanies i n  depth as 
10 per cent o f  scale readlng i5 the perfor- well as the paint industry structure o f  each 
mance rating achieved with tlie new scries tnajor European'country. 



Notes and News 

The Exhibition Committee is pleased to 
welcome to the OCCA-30 Exhibition 145 
organisations, representing the United 
Kingdom and fifteen overseas countries: 

Belgium, Canada, Finland, France, East 
Germany, West Germany, Holland, Hun- 
gary, Italy. Japan, Poland, Spain, Sweden, 
Switzerland and the USA. 

I t  is particularly pleasing to note the 
return of many exhibitors from previous 
years. as well as new exhibitors, thus show- 
ing the strength of  the support for this 
annual focal point for the surface coating 
industries. 

Dates and times 
The 1978 Exhibition will take place at Alex- 
andra Palace. London. N.22 on the follow- 
ing dates and times: 
Tuesday 18 April . . 09.30 - 17.30 hrs. 
Wednesday 19 April . . 09.30 - 17.30 hrs. 
Thursday 20 April . . 09.30 - 17.30 hrs. 
Friday 21 April . . 09.30 - 16.00 hrs. 

Theme of the Exhibition 

The Committee emphasises that whilst i t  
naturally encourages the showing of new 
products i t  does not stipulate that new prod- 
ucts have to be shown by exhibitors each 
vear and i t  attaches eoual imnortance to the - ~ 

advantage to personn;~ at all'lcvcls of meet- 
ing and discussing the~r common technical 
problems. 

The Exhibition nrovides an excellent 
annual opportunity forthetechn~cal person- 
nel In the supplying lndustr~es to meet the11 
counterparts in the manufacturing indus- 
tries and to discuss their common technical 
problems. The advantage both to exh~b~tors 
and vis~torsofmeetlng Inan ~nformalatmoc- 
 here needs hardly be stressed. since the 
cost to exhibitors &dine re~resentatives to 
all the countries from wkch'the vis~torsmi 
drawnm~ght well beprohib~t~ve.part~cularly 
to smaller companies. 

Visits by principal officers of 
other societies 
The Exhibition Committee has extended an 
invitation to the principal officers of many 
technical societies, researchassociations and 
government departments. to a private 
luncheon at Alexandra Palace on the 
opening day (Tuesday 18 April). The 
Committee will be conducting the party 
around the Exhibition and visiting the 
stands during the afternoon. 

OCCA-30 Exhibition 
18-21 April 1978 at Alexandra Palace, London 

*Belgium * Canada * Finland * France * East 
Germany * West Germany * Holland * Hungary * * Italy * Japan * Poland * Spain * Sweden * * Switzerland * UK * USA k 

EXHIBITION PREVIEW 
Refreshments on stands 

Exhibitors were allowed for the first tlme 
In 1977 to serve alcoholic refrechnients on 
their stands and this innovation will be 
continued at OCCA-30. Manv exhibitors 
expressed thew appreclatlon of th~c ac II 
allowed the~r perconnel to renialn on the 
stands w~th  vibltors for the whole perlod of 
the Exhibition. 

Facilities at Alexandra Palace 
and travel arrangements 

Visitors to OCCA-29 last year were im- 
oressed bv the facilities available. which 
ln~luded iwo reetaurant\, tuo harr. a 
cafctcr~a and an exh~b~tors' har Othcr 
fac~l~t~cs thlc year lncludc dmple free car 
parking space, which is of  considerable 
benefit especially to those using the M I  
motorway which links with the]lNorth 
Circular Road. -, u 

The Edinburgh Room at Alexandra Palace, 
which will be open daily for luncheon. 

The Association will once again organisc 
a free bus schedule service to and froni 
Turnpike Lane station on the London 
Underground, Piccadilly line. The journey 
from central London on the Piccadilly line. 
takes approximately eighteen minutes and 
connections to the Piccadilly line can be 
made easily from all main line stations. 

Since the 1977 Exhibition, the extension 

of the Piccadilly line to the Heathrow 
Central Terminal has beencompleted, which 
enables visitors arr~ving at the airport to 
board a train in the airport complex itself, 
which will take them directly to Turnpike 
Lane station. Heathrow Airport is the first 
main airport in the world to have been 
dlrectly linked into the underground system 
of a major city. 

The Association has arranged for the 
Exhibition to be held on its own at Alex- 
andra Palace, which mea1-s the facilities are 
exclusively available for exhibitors and 
visitors to this important international 
nieeting place. The Exhibition Committee, 
therfore, draws particular attention to this 
aspect ofthisannual Exhibition in providing 
an international focal point for the surface 
coatings industries. 

Official Guide 

The Official Guide to the,Exhibition has 
now been published and dispatched to all 
members of the Associat~on and those 
requesting copies as a result of the Associ- 
ation's widespread public~ty. 

Members are asked to ensure, !hat they 
bring their tickets to the Exhib~t~on since 
otherwise the charge for admission will be 
made and no refund will be applicable in 
these cases. 

Copies of the Official Guide (including 
season admission ticket) are available at 
£2.00 (prepayment only) from the Associa- 
tlon's offices and they will also be available 
for purchase at the entrance lo the Exhibition 
Hall. 

A charge is made for both the Official Guide 
and the season admission tickets to the EX- 
hibition. The policy was introduced several 
years ago to deter casual visitors who 
otherwise collected large quantities of 
technical literature froni exhibitors' stands: 
the policy has been welcomed by exhibitors 
and has in no way acted ac adeterrent to 
bona fide visitors to the Exhib~t~on. 

Information in foreign 
languages 

As in previous years the Association will be 
circulating information leaflets in six 
languages which will contain application 
forms for those wishing to purchase copies 
of the Official Guide and season admission 
tickets before the Exhibition. 
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Plan of the Exhibition Hall at Alexandra Palace 
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Stand 87 Du Pont (UK) Ltd, situated b?tween stands 81 and 85 

Exhibitors at OCCA-30 
For posit ion o f  Stand, see plan o f  Exhibit ion Hal l  above 

For alphabetical l i s t  o f  Exhibitors, see Analysis o f  Exhibits tab le  o n  pages 129.130 and 131 

Stand 
1 
2 
3 
4 
5 
6 
7 
7A 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
1 7A 
178 
18 
19 
20 
21 
22 
23 
24 
25 

Ward Blenkinsop & Co. Ltd 
Glen Creston Machinery Ltd 
Roban Engineering Ltd 
Jenag Equipment Ltd 
Microscal Ltd 
Tiszamenti Vegyimuvek 
G J Erlich Ltd 
Molteni (UK) Ltd 
Ferchim Engineering SA 
Sanyo Kokusaku Pulp Co. Ltd 
Wheatland Journals Ltd 
ClRP 
Meca-lnox 
Q-Panel Company 
Polymers Paint & Colour Journal 
Pilamec Ltd 
Research Equipment (London) Ltd 
KWR Chemicals Ltd 
Ludwig Schwerdtel GmbH 
Draiswerke GmbH 
Allied Colloids Ltd 
Mastermix Engineering Co. Ltd 
A Gallenkamp 8 Co Ltd 
Contraves lndustrial Products Ltd 
Cole Chemicals Ltd 
Macbeth Division Kollmorgen (UK) Ltd 
Instrumental Colour Systems Ltd 
Montedison Group 

Stand 
K 8 K Greeff lndustrial Chemicals Ltd 
Dow Chemical Company 
Amoco Chemicals (UK) Ltd 
Kirklees Chemicals Ltd 
Barford Chemicals Ltd 
Paintmakers Association of Great Britain 

Ltd 
Lapo~te lndustries Ltd 
Hercules Powder Company Ltd 
Grilon (UK) Ltd 
Emser Werke AG 
Ciech-lmoort and Ex~or t  of Chemicals 

Ltd 
Millroom Accessories & Chemicals Ltd 
Diffusion Systems Ltd 
D.H. lndustries Ltd 
Baird & Tatlock (London) Ltd 
Pye Unicam Ltd 
Durham Raw Materials Ltd 
Torrance & Sons Ltd 
British lndustrial Plastics Ltd 
Dresser Europe SA 
Silberline Ltd 
Victor Blagden Et Co. Ltd 
Neville Cindu Chemie BV 
BV Ashland-Sudchemie VH Necof 
Chemetron Corporation 
Compagnie Francaise Goodyear 



NOTES AND NEWS JOCCA 

Stand 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 

Chemolimpex 
Worsdall Chemical Company Ltd 
Canadian Worsdall Chemical CO. Ltd 
R.K. Print-Coat Instruments Ltd 
Marchant Brothers Ltd 
Veb Kombinat Nagema 
Netzsch Feinmahltechnik GmbH 
Capricorn Chemicals 
Swada (London) Ltd 
H. Haeffner & Co. Ltd 
Floridienne SA 
Micro Products Ltd 
Croxton Et Garry Ltd 
Melbourne Chemicals Ltd 
Fischer Instrumentation (GB) Ltd 
John Godrich 

In addition to the Exhibitors listed above, reference is also made in 
also on show: 

Stand 
A.B. Metall 
ACNA . . - . . . . 
A.L. Process Equipment Co. 
A.M.F. International Ltd 
Allied Polymer Group 
Bachofen, Willy A. 
Blagden & Noakes Ltd 
CdF Chimie 
Campbell, Rex Et Co Ltd 
Chemical Supply Co. Ltd 
Chemviron 
Contraves AG 
Curwen, M D Ltd 
Daltrade Ltd 
Daniel 
Ecomax 
Flare 
Gardner Laboratory 
Ge-Halin 
Haake 
Hilton-Davis 
Hopkin 8 Williams Ltd 
ICI Ltd 
Johnson, S C 8 Son Inc 
Kemira Ov Vuorikernia 
Langer, deorge M 
Lucas Mejer 
Maschinenfabrik Heidenau 
Mearl 

Ltd 

Alexandra Park and locality 
There are adequate car parking facilities available at Alexandra 
Palace. Visitors travelling by road may consult the simplified 
diagram on page 136 showing the approach roads from central 
London and the Motorways, and the enlargement, right, of the 
area around Alexandra Park. The entrance through Dukes Avenue 
is for pedestrians only. 

Visitors are reminded that the extension of the Piccadillv Under- 
gro;ndline to the  ahr row CentralTerm~nal at the a~ r~o r i has  now 
been owned, so that those arrlvlng at the airport can nos board an 
Undereround train within the uassenaer complex. Trains will be 
runn16 at approx~mately four minute;ntervals during peak hours. 
and there is ~ncreascd roum in the compartments for tra!cllers ni th 
luggage. 

Those travelling to the Exhibition by the Underground system 
should leave the Piccadilly Line at Turnpike, Lane station, from 
which point the Association will again be runnlng a free bus shuttle 
service to and from the Exhibition. 

Stand 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 

Joyce Loebl Ltd 
Industrial Dispersions Ltd 
Elcometer Ltd 
Erichsen GmbH 
Eiger Engineering Ltd 
Hooker Chemicals & Plastics Corp 
Ferranti Ltd 
MSE Scientific Instruments 
Cornelius Group 
Cordova Chemical Co 
Red Devil Inc 
Society of Dyers & Colourists 
Lynchem Engineering Ltd 
Flavel & Churchill (Liquid Handling) Ltd 
Magmill France S.A. 
Superfos Packaging (UK) Ltd 
Du Pont (UK) Ltd 

the Official Guide to the following companies whose products are 

Stand 
79 
65 
45 

7 
42 
68 
70 
79 
42 
84 
14 
67 
7 
7 

36 
79 

Methylon 
Micro Powders Inc 
Nuodex Ltd 
O'Toole 
Oliver & Batlle 
Omya 
Original Hanau Quartzlampen GmbH 
Oulu 
Pamasol Willi Mader 
Plastic Pumps Ltd 
Portcullis Press Ltd 
PQ International 
Process Dipping Equipment 
Queneuder 
Radiant Colour 
Roehm GmbH 
Rondec 
Societe Francaise D'Organo Synthese 
Sussmeyer, Ateliers 
Teledyne Taber 
Ten Horn Pigments 
U PA 
Vibro-Mac 
Vollrath, Paul 
Vree, J De 
Westerline Maskinfabric 
Wm J MacNab & Sales Ltd 

I L 
C 

ALEXANDRA 
PARK 

C 
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Stand telephone numbers 

Many Exhibitors have applied to the Post Omce for telephones to be connected to their Stand for use during the period of the Exhibition. A 
com?lete list (~nclud~ng late allocat~ons made after the "Official Guide" went to press) is given below, but it is emphasised that these 
numbers are for use during the openitrg hours of the Exhibition only. 

Stand Exhibitor Stand telephone number 

18 Allied Colloids Ltd 01-883 2545 
28 Amoco Chemicals (UK) Ltd 01-883 1470 
30 Barford Chemicals Ltd 01-883 1470 
50 Blagden, Victor & Co. Ltd 01-883 0087 
47 British Industrial Plastics Ltd 01-883 2699 
62 Capricorn Chemicals 01-883 3335 
53 Chemetron Corp 01-883 0087 
39 Ciech Import & Export of 

Chemicals Ltd. 01-883 4022 
22 Cole Chemicals Ltd 01-883 1059 
54 Compagnie Francaise Goodyear 01-883 3928 
21 Contraves lndustrial Products 

Ltd 01-883 0680 
42 D.H. Industries Ltd 01-88311531 
41 Diffusion Systems Ltd 01-883 21 10 
27 Dow Chemical Company 01-883 1470 
178 Draiswerke GmbH 01-883 3148 
48 Dresser Europe SA 01-883 3999 
45 Durham Raw Materials Ltd 01-883 2399 
38 Emser Werke A.G. 01-883 2548 
7 Erlich, G. J. Ltd 01-883 0815 
8 Ferchim Engineering S.A. 01-883 0815 

77 Ferranti Ltd 01-883 2788 
2 Glen Creston Machinery Ltd 01-883 1161 

37 Grilon (U.K.) Ltd 01-883 2548 
61 H. Haeffner & Co. Ltd 01-883 3335 
36 Hercules Powder Company Ltd 01-883 2240 
72 lndustrial Dispersions Ltd 01-883 3536 
24 Instrumental Colour Systems 

Ltd 01-883 3585 

Stand Exhibitor Stand teleohone number 

59 
31 
40 

7A 
60 

(Mobile 
unit l 

Jenag Equipment Ltd 
K & K Greeff Industrial 

Chemicals Ltd 
KWR Chemicals Ltd 
K~rklees C'hem~cal, Ltd 
Laporte lndustr~es I.td 
Mdcbeth Dlilslon Kollmoraen 

(U.K.) Ltd 
  arch ant Brothers Ltd 
Mark Allen Travel Ltd 
Millroom Accessories & 

Chemicals Ltd 
Molteni (U.K.) Ltd 
Nagema, Veb Kombinat 
National Westminster Bank Ltd 

01-883 1470 
01-883 3148 
01-883 1470 
01-883 8318 (3 lines) 

5.2' Necof, BV Ashland-Sudchemie 
VH 01-883 0087 

61 Netzsch Feinmahltechnik GmbH 01-883 1363 
51 Neville Cindu Chemie 01-883 0087 
32 OCCA Information Centre 01-883 2005 
14 Polvmers Paint & Colour 

~burnal 01-883 0120 
58 R.K. Print-Coat Instruments Ltd 01-883 0458 
3 Roban Engineering Ltd 01-883 0240 

17A Schwerdtel, Ludwig GmbH 01-883 3148 
49 Silberline Ltd 01-883 0087 
63 Swada (London) Ltd 01-883 3335 
46 Torrance & Sons Ltd 01-883 0932 

1 Ward Blenkinsop & Co. Ltd 01-883 3167 

28 Amoco Chemicals (UK) Ltd . . . .  
43 Baird &Tatlock Ltd . . . . . . . .  

Analysis of Exhibits 

00 

62 Capricorn Chemicals . . . . . .  
-- 

Insulation blankets 
~ ~ ~ - ~ ~ -  . 53 Chemetron Corporation . . . .  I I  I  . 1 I 1 1 1 

M 

30 Barford Chemicals Ltd . . . . . .  
-- 

50 Blagden, Victor & Co. Ltd . . . . . .  
-- 

47 British Industrial Plastics Ltd -- . . . .  
57 Canadian Worsdall Chemical Co. Ltd 

-- 
I1 CIRP . . . . . . . . . . . .  

55 Chemolimpex . . . . . .  
-- 

39 Ciech-Import &Export Chemicals Ltd . . . 22 Cole Chemicals Ltd . . . . . .  I . I I 1 I . I  1 1 

. . .  

21 Contraves Industrial Products Ltd . . 
-- ------- . 67 Cmrton&GarryLtd . . . I  0 1  . I 0 1  . 1 I I I 

Miscellaneous Stand Exhibitor 

-- 
18 Allied Colloids Ltd . . . . . . . .  

. . . .  80 Cordova Chemical Co. I I 1 I * * /  1 I 

. 

.- 3 m c  v 

------- 

------- I 
------- 

------- 
Resin plants 

-- ppp-- 
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Analysis of Exhibits-continued 

-- 
79 Cornelius Group . . . .  I . I 
42 D. H. Industries Ltd . . . .  
-- 

41 Diffusion Systems Ltd . . . . . .  
27 Dow Chemical Co. . . . .  

-- 
178 Draiswerke GmbH . . . . . . . .  
48 Dresser Europe S.A. . . . .  

- 
87 Du Pont (UK) Ltd . . . . . . . .  
45 Durham Raw Materials Ltd -- 
75 Eiger Engineering Ltd . . . . . .  
73 Elcometer Ltd . . . . . .  -- 
38 Emxr Werke A. G. . . .  . Curing agents for 

epoxy reslns 

7 Erlich G. J. Ltd . . . . . .  
-- - 

74 Erichsen GmbH . . . . . . . .  
8 Ferchim Engineering S.A. . . . .  

77 Ferranti Ltd . . . . . . . . . .  

20 Gallenkamp A. & Co. Ltd . . . .  
2 Glen Creston Ltd . . . . . . . .  

69 Fischer Instrumentation (G.B.) Ltd . . 
-- 

84 Flavel & Churchill (Liquid Handling) Ltd 

65 Floridienne S.A. . . . . . . . .  

70 Godrich, John . .  
54 Goodyear, Compagnie Francaise . . 
37 Grilon (U.K.) Ltd . . . . . . . .  Curing agents for 

epoxy reslns 

64 Haeffner H. & Co. Ltd . . . . . .  

- 

36 Hercules Powder Co. Ltd . . . .  
- 

76 Hooker Chemicals & Plastics Corp . . I 
-- 

72 Industrial Disoersions Ltd . . . . . .  

----- 

---- . 

24 Instrumental Colour Systems Ltd . . . .  
-- 

4 Jenag Equipment Ltd . . . . . .  
. . . . . . . .  71 Joyce-Loebl Ltd 

-- 
26 K. & K. Greeff Industrial Chemicals Ltd 

29 Kirklees Chemical Co. . . . . . .  
17 KWR Chemicals Ltd . . . . . .  

-- 
35 Laporte Industries Ltd . . . . . .  
83 Lynchem Engineering Ltd . . . . . .  
-- 

78 M.S.E. Scientific Instruments . . . .  

Bulk storage 
installations 

. . 
- 

-- 

---- 

' 
-- 

----- 

------,- I I 
----- 

. 
Coalescing solvent 

Resin plants 

-- * I  
-- I *  -- 

------- 

------- 

------- 
. 

----- 

. 
-- 

. 
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Analysis of Exhibits-continued 

59 Marchant Brothers Ltd . . . .  
-- 

19 Mastermix Engineering Co. Ltd . . . .  
-- 

12 Meca-Inox . . . . . . . . . .  
. . . .  68 Melbourne Chemicals Ltd -- 

66 Micro Products Co. . . . . . .  

Stand Exhibitor 

-- 
23 Macbeth Color & Photometry 

Division of Kollmorgen (U.K.) Ltd . . 
85 Magmill France S.A. . . . . . .  

5 Microscal Ltd . . . . . . . .  
-- 

40 Millroom Accessories & Chemicals Ltd . . 

M c .- 
+ -.A 

552 - v u  z 
2 .- * 

P 

7A Molteni (U.K.) Ltd . . . . . . . .  
- 

25 Montedison Group . . . . . . . .  
60 Nagema, Veb Kombinat . . . . . .  
-- -- ----- 

52 Necof, B. V. Ashland-Sudchemie VH . . I I I I I I I I 

r 

ii: 

--- 

. . . .  61 Netzsch Feinmahltechnik GmbH -- 
51 Neville Cindu Chemie BV . . . .  
33 Paintmakers Association 

of Great Britain Ltd . . . . . .  

g " 
o 5 
$,$$ 
< + a  

------- 

/ Technical education 

" , c  0 

2 
3% 
' j g  u.s 

13 Q-Panel Co. 
-- . . . .  

. . . .  58 R.K. Print-Coat Instruments Ltd 

15 Pilamec Ltd . . . . . . . . . .  
-- 

. . . .  14 Polymers Paint & Colour Journal 

-- 
44 Pye Unicam Ltd . . . . . . . .  

81 Red Devil lnc. . . . .  - 
16 Research Equipment (London) Ltd . . 

M 
'- 

2 

Fsg ~ s a  

--- . 

3 Roban Engineering Ltd . . . . . .  

------- 

------- 

Bulk storage 
installations 

d - 
2 s  g 
2 5  ug 
Zg.5.- 
A , P ~ $  

9 Sanyo Kokusaku Pulp Co. Ltd . . 
-- 

17A Schwerdtel, Ludwig GmbH . . . .  

Miscellaneous 

49 Silberline Ltd 
. . . .  

82 Society of Dyers & Colourists . . . .  Colour Index, etc. 

86 Superfos Packaging (U.K.) Ltd . . Packaging 
-- 

63 Swada (London) Ltd . . . . . .  
6 Tiszamenti Vegyimuvek . . . .  

-- 
46 Torrance &Sons Ltd . . . . . .  

Technical journals 
and books 

I Ward Blenkinsop & Co. Ltd . . UV curing agents 
-- 

10 Wheatland Journals Ltd . . . . . .  Technical journals 

56 Wondall Chemical Co. Ltd.. .. . . l o I  1 I I 1  1 I 
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News of Exhibitors at OCCA-30 
The OCCA Exhibition “Official Guide" is published nrany weeks before the dotes uf t l~e Exhibition, so that visitors ran ohruin ropies in advanre 
and plan their itineraries. The "Oficial Guide" contains full descriptions of Exltihitors' Stunds and ntucl~ other usefil information; copies ofthe 
"O/Jiciul Guide" and season odntission tickets may be purcl~used (ut f 2.00 each) either in udvanrefron~ the Association's ofires or at the entrance 
to the Exhibition, and additional copies of the "Of i ia l  Guide" will be on sule ut the In/i~rmotion Centre (Stand 32). Details of additional 
applicants for Stand space and news ofExhibitors issued since the puhli~hing ofthe "Oficiol Guide" are given below. 

Stand 82 Stand 85 Stand 86 

Society of Dyers Magmill France SA Superfos 
and C O ~ O U ~ ~ S ~ S  range Mugmill of  fiance multi-stage SA grinding will be showing machines their for 

Packag ing (U K) Ltd 
The Society will display details of itsactivi- 

the surface coatings industries. During the StrpnfosParkaging(UK)LtdwiIl beexhibit- 
grinding operation, the particles pars ing their comprehensive ranges o f  packag- 

ties and publications, such as lhe Colour through three grinding zones, each designed ing materials and containers which have 
Index, and the Jorrrnal of the So~ ie t )~  of to grind the particles to a fincr size which many applications in the surface coatlngs 
Dvers and Colourisls. results in improved consistency. industries. 

Stand 87 
Further details of thcse late applicants for spaceand any further late allocations will be given 
In aseparate leaflet dtrtr~buted l o  vis~lorsat the entrance to thc kxhibrtion Hall. 

Du Pont (UKI Ltd . . 
Hopkin & Williams 

Instrument Products 
Stand 2 1 

The largest range o f  Dow Corttirrg sili- 
Division cones in the U.K. is set out in the new C0nf raves 1 ndustrial 

Hopkin & Willian~s catalogue o f  silicones 
The exhibits on the DuPont stand at OCCA and maintenance products. tfopkin & Prod u cf s Ltd 
30 wil l  consist of high performance liquid Williams range of reagents, stains and dycs 
chromatographs and thermal analysis sys- will be represented, as will the latest ConIraves Illdustrial Products Ltd are 
tems. Of interest to paint and polynler additions to their AIlalaR and I / / lrrlR showing their wide range of rotational 
chemists will be the 830 lriglr temPerattr,r ranges of high purity chemicals visconieters and rheometers. Instruments on 
steric exclusion systenl, which can rapidly show include both industrial and laboratory 
measure molecular weight distribution. Col- models for determining the viscosity 
umns compatible with both polar and non- characteristics and flow behaviour o f  fluids 
polar solvents are available, and the latest Stand 22 or visco-elastic substances. 
infrared detector will beshown which affords This wide ranging display includes multi- both detection performance and analytical Cole Chemicals Ltd speed laboratory rheometers designed for capacity. Also on show will be the new 
micropressor based 850system with methods A conlprehensive range of materials of product research and development, single 
storage and instant recall. particularinteresttopaint, inkandadhesives instruments for batch quality control 

manufacturers will be shown on the tole and industrial viscometers for in-line process 
The 990 Thennul Ana!i~sis Systelll allows Cl~emicals stand, includ~ng; control and coating applications. The 

development chemists to ensure that poly- Rlreomat 30, for example, is a versatile 30 
mer behaviour is predictable during all Additives. A range of problem solving ~pced instrument for shear stress measure- 
stages of thermal processing. I t  isof modular additives including non-mercurial fungi- n1e"soVer awiderangeof shear rates. It  may 
design with a central temperature pro- cides and package preservatives. be used with either the Rheoscan 20 or 30 
grammer/recorder, to which can be con- programmer, plus an X-Y plotter to form a 
netted differential scanning calorimetry for Ahrntiniurn powders and pastes; hrortze fully automatic rheogram plotting system. 
jneasuring energy changes, thermogravi- powders. A range distinguished by their 
metric analysers for measuring weight fine lamination, enabling economies in Other models on the Contraves stand 
changes, thermomechanical analysers for use of 20-30 per cent when compared with include the Rlreomat IST, T V  and STY 
measuring dimensional changes and dyna- competitive products. single 3 speed instruments, the Covistat 
mic mechanical analysers for nleasuring industrial viscosity regulator and the H V 6  
modulus and damping behaviour. The latest Fillers. A range o f  clays, calcium carbon- high pressure capillary viscometer. 
additional to the thermal analysis line is the ates, dolomites and marble powders. 
R90 which is a low cost microprocessor 
based controller and will allow routine Grinding ~rredia. Steatite and Stemalox 
applications to be perfornled with the mini- granules, balls and bricks. Stand 79 
mum of operator involvement. Ion exchange resins. For water treatment, 

emuent and process applications. Cornelius Group 
Nonylphe~rol and D i  nonylphenol. Exhibiting for the first time as a group, the 

Stand 43 Cornelirrs stand will present product areas 
PYA emulsions. A range o f  homopolymer o f  the constituent companies, e g. Cornelius 

Baird & Tatlock and copolymer emulsions. & Co. Ltd, Cornelius Clremical Co. Ltd, 
Cornelitts Produce Co. Ltd. 

(London) Ltd Plasticisers. DBP, DIBP, DOP, D B M  and 
liquid sulphonamide. Particular emphasis wil l  be placed on the 

products of the Surface Coatings Division, 

::fie$ ~ ~ ~ o f ~ ~ O o & e ~ ~ ~ ~ , " m ~ ~ , " ~ ~  
Polyolefin powders. For use in textured both resins and pigments, including: 

including the Rheolog system (for recording finishes' 
*The range o f  acrylic resins from Roehm 

viscosity as a function of time andlor Resins. A range o f  coumarone, hydro- c n l b ~ ,  
temperature), the Synclrro-Lectric visco- 
meter on a Helipoth stand whichenables i t  to 

and terpene resins' 
'Finntitan titanium dioxide pigments from 

make measurements on non-flowing ge!s Resills emrrlsions. Ke~t~iru Oy Vuorikemia. 
and pastes and the Viscose1 Automat~c 
Viscosity Control Unit which has applica- Uretlranes. For use i n  solvent and hot 'Flare fluorescent pigments. 
tions wherever the viscosity o f  a flowlng melt systems. 
liquid needs to be kept within preset 'Pigments, dispersions and flushings from 
limits. Zinc oxides. Hilton-Davis. 
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Adds body to your paint 
.................... 





APRIL 

- - - - 
It'll help you - - 

- - 
- - 
- - - 
- - a - 
- - - - 
E in formulating - - 
- - 
- - 
- - 
- - - 
- - 

5 - -- High build chlorinated 
- - 
- - - 
- - 
- z - - rubber-type paints for 
- - 
- - 
-- 

- 
- - - = - Ships, Tanks, Bridges, @ 
- - a 

- - 
- - 
- 
s a n d  - - other steel works,g 
- - 
- - - - 
- - - - - 
E with outstanding - - 
- - 
- - 
- - - - 
- -- 
- - - - 

-. 

Z exterior durability, - - 
- -. -- 
- -- 
- - - 
- -- 
- - -- - 
- - z storage stability and E 
- -- 
.- 

-- 
- - 
- - 
- - - - 
ZE airless sprayability. - - - - .. 
-- -- 
.- 

-- 
.- 

- 
- - 
- - 
- --- - - 
= - - - Try Superchlon for 
-- - 
- - - - - - - z your formulations. - - - 
- - 
- -. 
- - 
- - - - - - - - - - .  

For detailed information, please - - - - - 
- -- 
A contact: - 
- -- 
- - - - - 
- - 
- - -. 
- -- 
- - .- 
- - 
- . -. 
- -- - - - .- 
- - - - - 
- - - -- - -- 
- -- - -- 
- --- - -- 
- .- . 
- .- 
- - 
- -- - - 
- -- - -- --. 
- - -- .- - -- - - -. . 
= - Sanyo-Kokusaku Pulp Co.,Ltd. - - - . - - .- 
- -- 
- CHEMICALS SALES DEPT. - 
- - 
- -- 
- - - - 
- -. 
- - 1-4-5 Marunouchi, Chiyoda-ku. Tokyo, Japan = - - - - - Telex: J24279 SKPULP - - 

Celebrating 
Our 30th Year 

DESERT SUNSHINE 
EXPOSURE TESTS 

INC 
We Expose Everything Under the Sun 

for Our Clients- 

THE FINEST COMPANIES IN THE WORLD 
D=DURABILITY 

S =SUNSHINE 
E =EVALUATION 
T=TESTS 

Accelerated Testr 
EMMA (QUA), EEK. BLACK 
BOX. SPRAY RACK. 
Convent~onal Tests; any 
angle derlred, new 
adlustment angle. 

Servlces ~nclude-- 
Instrumental colour and 
gloss measurements, thermal 
performance testlng of solar 
collectors. reflectance and 
tranrmlttance spectro- 
photometry, radlorneter 
cal~brat~on, lsVo of 
photovolta~cs. 

We are a h~ghly techn~cally- 
orrented, independent test 
facility-ask your competitors 
about our service. 

Weathering and Related Services are 

Our Only Business 

MEMBERS: 

AATCC, ACIL. ANSI. ASTM. 

AWPA. FSCT, ISES, ISO, 

OCCA. SAE 

BOX 185 BLACK CANYON STACE 
PHOENIX, ARIZONA 85020 (602) 465-7525 
TWX NO. 910-950-4681 DSET PHX 
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A T  Y O U R  SERVICE to  develop finer, more durable products 
The fast, economical weather t e s t s  of 

SUB-TROPICAL TEST ING SERVICE, I N C .  
established 1929 

Sub-Tropical Testing Service is known and utilised world wide 

Send for  free 

O u r  50th year D Sub-Tropical colour 
brochure 1 

Sub-Tropical Testing gives fastest Natural  Weather tests available fo r  * paints * chemical coatings * plastics * textiles * fabrics * related products * 
(List of representative clrents given upon request) 

Wir warell die ersten, welche einen Priifdienst dieser Ar t  f i r  Lacke, Kunststofl'e, chemische ~eschichtungen, 
Stoffe und Gewebe aller Art, FarbstofTe und verwnndtc Erzeugnisse in  den U.S. mijslich mncliten. 

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

I 
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*Daniel speziality products. Drab STS Mill, which is the only machine 
able to handle thece new pigments. 

*Metlivlon modified phenolic resins. 

*Fi~tnresirr spe~ialised alkyds froni Ketrlira. 

'Oulrr tall o i l  fa:ty acids and derivatives. 

*Mead range o f  pcnrl pigments. 

Stand 45 
Durham Raw 
Materials Ltd 
Produ:ts lnsnufaztured by the Dwha~~r  
Clre~~lical Group Ltrl for use by the surface 
coatings industry being duplayed this year 
include driers, biocides, dispersing agents 
and zinc dust. 

Nrr~dex, NUOSJ'I~. C I I ~ ~ O I I  asd Cekrare 
driers have been quality stpndards o f  the 
~ n d ~ \ t r v  l i l r  many )u.lr; and I ~ L .  c~nlp le lc 
rd?Re of  4anddrd productsu~l l  he dl\playcJ. 
inr!ud~ng tile new ( ' i ~ l ~ ~ r i r r  (irlcru~r~ 111",. 

Nrrodex biocides are used as in-can and 
fi lm preservatives for water and solvent 
based systems. The latest Information on 
Nuos?pr 95, Fungitrol 11 and Nuor1e.v 87 will 
also be featured. 

Dispersion of pigments in organlc media 
can still give problems In industry ;!nd the 
latest studies on th. use o f  Nrro.sperse 657 
wil l  be fevured. 

Corrasion of i r m  and steel is expensive 
and can lead to unsafe structures. Results 
obtained from exoosure o f  r inc dust paints 
based on ~ ~ r r l r a ~ ; r  zinc dusts and a wide 
wqge of orgarlic asd inorglsic media w ~ l l  
be presented. 

Stand 17B 

Draiswerke GmbH 
Drai.sn,er!<r will hlve photogr;iphc and 
dlaeram5ofthe new PM40STS triple coolrd 

Granulated pigment and resin which is fed dry 
to the Drais mill, without the necessity of pre- 

mixing with liquid 

Stand 73 
Elcometer 
Instruments Ltd 
Elcor~rclo 1ti.srrrnrants have been appointed 
exclusive distributors in the U.K. for the 
extreliiely wide range o f  products manu- 
factured by Garrlrrer Lahorarories Inc., and 
this range will be introduced at OCCA-30. 

n i l l i  used to feed the new RASFciry granu- 
13te3 pigment, dry re$in ctc. scpawtcly from 
tht. liquid p!llse to product clthqr liquid or 

A micro 'Omputer coupled to 

oil inks. 
Cardner's new optical system 

Slmpleiofthe product can be on the I n  particalar, instruments for the nieasure- 

ctand wi th rccults 8cllic,cd on the "lent of colour and such colour-rel2!ed 
properties as gloss and haze wil l  be featured. 

Nconletpr now nrovide the widest ranee 
ofquality control &rfacecoatinginstrumei- 
tation in Britain. This covers the measure- 
ment o f  surface profiles in cleanliness, 
coating adhesion, thickness and integrity. 
High-precis~on labora!ory instrumentation 
for the ~iieasurenient o f  colour and related 
properties 2s well as wesr end abrasion 
testing systems are elso now evailable. 

Stand 84 

Flavel & Churchill 
(Liquid Handling) Ltd 
Flavrl & Chrrrclrill !Lir/rrirl Handli~llin~) Ltd 
ere Turrrkev spec~alists for bulk handling 
installations for low-flash, highly flamniable 
solvents, resins, oils etc. Also on show will 
be the Flavrll & Clrurcltill ranges of control 

Th? l)rdi\ I'.M 4O 51's triple cooled n~achine panels and competitive ranges of tanks, 
o2:rali~;: with direct feed for granulated pumps, flowmeterb, valves, air elinlinators 

pigm:nt and mobile dispensers. 

Flavrl & C l ~ r r , ~ / ~ i / l  mainly serve the paint 
and ink industries. soecialisine in site work 
and systems for bulk storage, emuent and 
water treatment etc. 

Also on show on the stand wil l  be the 
ranges o f  industrial flowmeters, valves, 
and dynamlc self-checking level alarms 
from A.L. Proce.ss Eqrripnienf Co. Lfd, and 
2 new highly efficient range o f  chemical and 
water treatment pumps from Pla.sric 
purltps Lm. 

Stand 69 

Fischer 
Instrumentation 
(GB) Ltd 
Fi~chrr Instflr~rrentation will be exhibiting at 
OCCA for the first time after several years 
absence. During this time their range o f  
coating/film thickness and porosity measur- 
ing gauges has been further developed using 
the la!est electronic design technology. 

The Permascope EW 

The well known Perr~:ascope type ES, for 
coatincs on ferrous nia!erials. now has 
probes with specially coated, interchange- 
a5le tips, whic!i enables measurements to be 
obteined from z nezr lineer meter sc~ le  with 
much reduced variption due to substrate 
non-hornogenities. The instrument is also 
available in the type ESD, with fully L E D  
dieita.1 readout end i? BDC o u t ~ u t  for 

priced instrument with sicgie hardened 
contact probe and reedout hold system. 

The Deltascope 

Also on display wil l  t e  other Permascope 
instruments, including the EW8 which is 
unsurpassed in eddy current technology. By 
usinga new sapphire tipped miniature probe, 
surfaces with curvatures down to 2mm 
diameter can be probed with this instru- 
ment. 
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Stand 64 o r  batch processing, both wet and dry. ltcan 
be supplied with pump and tank. Stand 70 

John Godrich H. Haeffner & 
Company Ltd Stand 4 

The John Godrich stand this year will show 
machinery covering the two fields of mixing 
and testing. Several new items will be on 
show. 

Jenag Equipment Ltd H. Haeffner & Company Lfd will be repre- 
senting Westerli~ts Maskinfahrik AB of 
Sweden for their range of paint processing 
equipment. This range is comprehensive 
and takes in varying sizes of high speed 
mixers, laboratory mixers and paint sieves. 
This range of equipment is extensively used 
in Europe, but until now has not been 
actively sold in the U.K. market. 

A new air-driven Jenag strainer for the 
treatment of highly shear-sensitive products, 
including PVC pastes, plastisols and organo- 
sols, will be introduced by Jenag Equip- 
nterrt at OCCA-30. The machine, which has 
output capacity of 2000 litres per hour 
(dependingon viscosity), will be particularly 
useful to the resins, food and wallpaper- 
mdk~ng industries, and also in the manufac- 
ture of very heavy paints like ship antifoul- 
Ings. 

Chemcol-M range of mixers and stands 
will be shown for the first time and up-dated 
versions of the standard Chemcol arid 
Rotoslat mixers will be running. 

A new Credit humidity cabinet will be 
displayed showing the improvementscarried 
out in the last year, and the Suntest Light 
Fastness Tester, together with the special 
flooding system will be shown. For the first 
time, the Liebisch KS-300 sulphur dioxode 
cabinet for tests to DIN and B.S. will be 
available. 

The Company will also be showing the 
range of mineral wool fibres produced by 
Eco~nax of Sweden. These materials are 
produced as an alternative to asbestos 
fibre in the coatings industry and are avail- 
able in fibre lengths to  suit varying applica- 
tions. 

Stand 72 

Industrial 
Dispersions Ltd 
I~tdustrial Dispersions Ltd, a company which 
specialises in powder/liquid technology, will 
be exhibiting for the first time at OCCA-30 
with the theme of the 'Modern approach 
to dispersion'. As suppliers t o  such indus- 
tries as paint, ink, plastics, rubber etc.. 
standard ranges of products in plasticisers, 
oils, polyester, epoxy, glycol and universal 
media are offered. 

In addition. the company tailor make to 
meet the more exacting reauirements of The new Jenag air-driven strainer 
xpeclfic lndustr~es or  cu~omerc ,  and offers 
technical advlceon allaspects of mlxlng and 
mllllng and will provldc a colour matuhlng Stand 83 

The Credit Humidity cabinet Lynchem 
Engineering Ltd 

service. The Company will be promoting 
predispersed pigment pastes as the modern 
approach to dispersion and demonstrating 
that the savings in expensive dispers~on 
equipment and costly skilled labour can be 
make their use economically viable. 

Experts will be present to  discuss the 
Xenotest light fastness and weathering 
machines and Liehisclr salt spray cabinets. 
and other laboratory equipment and testing 
machines. 

Lynchent Engineering Ltd is the process 
engineering division of the Lyndale Croup of 
fabricating and manufacturing companies. 

Emphasis will also be placed on the 
positive contribution which the use of 
concentrated colour dispersions and master 
batches can make to the Health and Safety 
at  Work Act. 

Stand 2 Technical representatives and specialists 
in the design and installation of all types of 
synthetic resin plants will be in attendance 
to discuss equipment and advise on modem 
techniques of resin manufacture. 

Glen Creston 
Machinery Ltd 

Stand 15 Plants ranging from the smallest pilot 
scale to production units in excess of 20 
Tonne can be offered employing electric 
induction and indirect heat transfer heating 
systems. 

This year Glert Creston will be showing the 
entire range of D j ~ ~ t o  Mills from the giant 
200 litre mill to  the 0.3 litre laboratory 
machine. For the first time in the United 
Kingdom it will be possible to be certain 
of seeing the machines which best suit 
customers' need5 and verifying that they 
are production machines, not prototypes 
or  designer's dreams. 

Pilamec Ltd 
Megacol No. 1 

A vibrational ball mill adapted to paint 
function. The features include variable 
milling energy, no glands on the processing 
chambers which can be changed easily for 
colour changes, The total volume of the mill 
is less than 0,3m3, and it can be supplied 
fully engineered for paint production, with 
pump and tanks etc. 

Stand 81 

Red Devil Inc. 
Experience with Dyno Mills goes back 

some eleven years and includes nearly 200 
installations in the United Kingdom alone; 
during this time there h?ve been improve- 
ments, none of which have been introduced 
without extensive testing. 

Various models of machines for paint 
conditioning up to 25 litres capacity will be 
exhibited. 

Megapor vibratory pot mill Stand 3 
Of particular interest to  United Kingdom 

and Eire customers is the oolicv of fittine 
A pot mill which is significantly faster than 
convential pot mills. It can handle up to 
sixteen samples simultaneously or  a pilot 
batch of approximately three litres. It is 
designed for wet or dry processing. 

Roban Engineering 
Lt d British electrical equipment; where possibl< 

which tends to reduce costs and simplifies 
complying with U.K. safety regulations. 

Rohan will be showing a greatly increased 
product range as, in response to demands 
in the surface coatings industry, the R3OO 
solvent delivery, and R400 road tanker 
offloading pumps, are now available with 

Finally, the examples of grinding media, 
such as glass beads and zirconium oxide, 
will also be available for inspection on the 
stand. 

Megapact vibratory ball niill 

This mill is designed for laboratory use, and 
is a tubularvibratory ball mill forcontinuous 



XAMA 2, XAMA 7: They 
deliver low energy cure in sol- IMA 

vent and water-borne polymer sys- 
tems with the added benefit of improved adhesion. Use 

Cordova's XAMAs to upgrade your industrial coatings, 
while reducing your energy costs. 

IMA: It's Cordova's contribution toward improving adhe- 
sion and metallic pigment dispersion in high-gloss coatings 

for automotive, appliance, 
and industrial applications. VISIT OUR OCCA BOOTH 

LONDON, APRIL 18 - 21 

Chemicals for the Coatings Industry 

CHEMICAL COMPANY 
RO. Box 13400, Sacramento, California 9581 3 USA 
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pneumatic motors. Thl\ type of dr~ve yleldc 
clgn~liwnt cavlngc In uc~ght and SILC ac 
well ac belng clmpler In constructlon w~th  
greatly increased intrinsic safety. 

These models supplement the established 
R3OOlR4W pump range with single and 
three phase flameproof electric motors. 
The R400 utilises the Blackmer rotary 
sliding vane pump as successfully used for 
many years by the U.S. road tankerindustry. 

Both pumps are self-priming positive 
displacement and suitable for use with 
vegetable oil and plasticisers as well as 
solvents. For emulsion, the RSOO is avail- 
able with stainless steel rotary lobe or 
screw type pump mounted on the R3OO 
frame. 

Also on show will be the Robatr range of 
flowmeters with particular emphasis on the 
807ATlow cost, totalising, and R4PM5IVR 
preset models which are suitable for a wide 
range of solvents and liquids. 

Various accessories will be on show 
including preset control valves and linkaee. 
mlcro.trilner and explo\~on-proof m~c& 
cultch, enabling the Rohafr R2 and R4 
totalleer flournetere to be converted bb the 
user to preset form if required. 

- 

Raban engineers will be present to advise 
on the storage of liquid raw materials and 
to explain the Rohatr Turnkqv project 
service for the complete constructlon of 
above or below ground storage with distri- 
bution, pumping and metering schemes. 

Report of Counci 
A meeting of Council took place at the 
Great Northern Hotel London NI on 
22 February 1978 with'the President, Mr 
A. McLean, in the chair. There were 30 
members of Council present. 

The Annual Report of the Council for 
1977 was approved, together with the 
Agenda for the Annual General Meeting 
which will take place on 21 June 1978. 
Reports were received on the arrangements 
for the Sixtieth Anniversary celebrations. 
which will take place on the l l and 12 May 
1978. 

Council was saddened to learn of the 
death of two distinguished members of the 
Association since its last meeting-Mr 
I. C. R. Bews. who had been both Honorary 
Secretary and Honorary Editor and Mr 
C. J. A. Taylor, who had been Editor-in- 
Chief of the Paint Technology Manuals. 
An obituary by Mr M. H. M. Arnold on 
Mr Bews appeared in the February issue 
of the Journal and it was hoped that an 
obituary notice on Mr Taylor would appear 
in the April issue. It was reported that the 
Association had been well-represented at 
the Memorial Service held to Mr Bews and 
at the Funeral Service for Mr Taylor. 

It was unanimously agreed that any 
member whose subscription was three 
months in arrears would not receive the 
April issue of the Journal and would not 
be entitled to copies of the Journal pub- 
lished during the period of arrears. 

It was reported that there were over 
130 organisations from 16 countries on 
84 stands participating at the forthcoming 
OCCA-30 Exhibition and that copies of the 

"Official Guide" would be despatched to 
members early in March. Arrangements had 
been made to hold an informal luncheon on 
the opening day to which the principal 
officers of other societies and government 
departments, etc. had been invited and the 
response had been extremely good. The 
Manchester Section was once again organ- 
ising a joint travel group to the Exhibition. 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

Reports were received on the meeting 
of the Publications Committee held in 
November and of the preliminary arrange- 
ments for the Conference which will take 
place at Stratford-upon-Avon, 20-23 June 
1979, the title chosen by the Technical 
Committee at its meeting in November 
being "The challenge to coatings in a 
changing world". 

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

* * * * * * * * * * * * * *  

OCCA-31 
3-6 April 1979 

Alexandra Palace, London 

The Invitations to Exhibit at OCCA-31 will be despatched 
during the summer, for return by October 1978. 

Any organisation which has not previously exhibited and 
wishes to receive a copy of the Invitation to Exhibit 
should contact the Director €t Secretary at the address on 
the Contents page. 

* * * * . * * * * * * * * * *  

It was reported that at a meeting of the 
Professional Grade Committee held earlier 
in the day, one Fellow had been admitted, 
together with five Associates and three 
Licentiates who had transferred to Associ- 
ateship grade. Council noted with extreme 
satisfaction that the Council of the Paint- 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

mdkerc Accoclat~on ofGrcat Br~tli~n L~m~ted  
had parced the following recolut~on: - 

"The Council of the Paintmaken 
Association of Great Britain recognises 
the need for maintaining scientific 
and professional standards within the 
Industry and recommends Members 
to encourage their scientific and 
technical staff to apply for admission 
to the Professional Grade of the Oil & 

Colour Chemists' Association and to 
support the aims and activities of the 
Oil & Colour Chemists' Association." 

Council felt that this support would be of 
great encouragement to the membership. 

It was reported that Mr A. N. McKelvie 
had agreed to serve on the B.S.I. Com- 
mittee PVCj2I-Rusting and Preparation 
Grades, and Mr W. Phillips of the Man- 
chester Section was appointed to replace 
Mr J. H. Sparrow, who had retired, on the 
B.S.I. Committee PVCjZ4-Water Thinned 
Wood Priming Paints. 

The Sections reported on other activities 
and authority to amend the Ontario and 
Newcastle Sections' Rules was given. 
Council was pleased to learn of the contin- 
ued progress of the Divisions in New 
Zealand and South Africa. 

Council noted with great pleasure that 
the Society of Dyers & Colourists had 
decided to confer upon the office of 
President of the Association honorary 
membership of the Society, this being only 
the third time in the Society's history that 
an office had been so honoured, as distinct 
from an individual. The presentation would 
be made to the President at  the Society's 
annual dinner in Manchester on 28 April, 
in recognition of the Association's Sixtieth 
Anniversary and the close liaison which has 
been maintained between the two organisa- 
tions for so many years. 

There being no other business the 
President thanked members for their 
attendance and declared the meeting closed 
at 3.45 p.m. 
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h8r the brnrfir ofintm~icnv avirie,rr to rhr Fxh,hrt,~n. a m $0 IS .rpro<lurecl h , . l , r u  c.! rkl or,.., or,,,,n.l Alrrnndro Palocr rhowng 

I. A free bus shuttle service will operate between Alexandra Palace and Turnpike Lane station on the Piccadilly Line (Underground), 
which is denoted by the thick coloured line. Destinations of trains may he marked as "Cockfosters" or "Amos Grove" or "Wood Green". 

2. Those travelling by road wil l  find free car parking facilities at Alexandra Palace. 

3. Visitorsarriving at West London Air  Terminal may board the Piccadilly Line trains at Gloucester Road station. 

4. The Piccadilly Line has now hcen extended to the Ileathrov C'enlrol Tcrminal at the airport, i i l ~ d  \'lvtorF can nn!v hcs~rd e trmn at the 
airport which u l l l  take them d~rectlv to Turnp~ke Lane statlon, or lo  hute!.; In ucntr;~l I.nnJon ;It x h ~ c h  they arc \t;i)lng. 

5. The map also shows the position or the mainline stations in relation to the Piccadilly Line. 
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As menibcrs wil l  be aware, thc Acsociation 
celebrates the 60th Annivers;iry o f  its 
foundiition in May 1978, and it IS felt that 
members would like come delails o f  the 
proposed cclebrationc which will toke pliicc 
on Il and I 2  May 1978. 

The actual date o f  the foundat~on o f  the 
Assoc~ation w;le 16 May 1918, but it has 
been decldcd that the Thursday and Friday 
are more approprl;ltc times to hold the 
celebration\. 

The May 1978 issuc (IS the Journal w ~ l l  
contain an article by D r  S. H. Hell, OHE 
(President 1965-67) on main As\ociation 
events since the 50th Anniversary in May 
1968. Alrcady many comp;mics have rc- 
served advertising space in this important 
Issue in order to congratulate the As~oci- 
ation on this achievement. and others wish- 
ing to do so can obtaln full details from the 
Assistant Editor at the Acsociation's oRiccs 
at the address on the contents page. 

Commemorative Lecture and Dinner 
Sir JOIIII Mell~r,en 

The Commemorative Foundation Lecture 
(~nctituted i n  1963 in memory o f  the Intc evening o f  Thursday I I May by Sir John 
H. A. Carwood, Esq.. the first Honorary Mcthvcn. Director General of thc Con- 
Secretary o f  the Ascociation) will be given fcdcration o f  Br~tish Industry. The title he 
in the Court Room at the Pa~nters' Hall, has chosen is "The place o f  business in our 
Little Trinity Lane, London EC1, on the society". Admittance to the Lecturc wil l  be 

by ticket only and wil l  be followed by a 
short reception. Dinner will he taken in the 
Dining Hal l  of the Painter Stainers' 
Company at 8.00 p.m. Informal dress w ~ l l  
be worn. 

Immediately following the lecture, a 
speciill commemorative silver medal will be 
prcscntcd to Sir John Methven by the 
Master of the Worshipful Company of 
hinter-Stainers, Sir Ralph Perring Rt., to 
mark the occasion. 

Tickets for the Lecture and Dinner wil l  
be available from the Association's offices 
at a cost ofE12.00 plus VAT, and members 
will be sent an application form giving 
details i n  due course. The price of the 
ticket also includes the reception between 
the Lecture and Dinner, wines with the 
rncal, and port or brandy after the meal. 
Past Presidents, Past Honorary Officers o f  
the Association and Honorary Members 
wil l  be inv~ted as guests o f  the Association. 

Commemorative Dinner Dance 

The Association's Dinner Dance will be 
held at the Savoy Hotel, London WC2, on 
the evening of Fridi!y 12 May, and Presl- 
dents o f  other societies, together with their 
ladies, will be ~nvited to attend. 

The reception will take place in the 
River Room at 7.00 p.m. and Dinner wil l  
commence at 7.30 p.m. in the Lancaster 
Room. Arrangements for a cabaret have 
been made and dancing to the Jay Langha~n 
Orchestra wil l  continue until 1.00 a.m. 
Dinner Jacket wil l  be worn. 

Tickets. mice f 15.00 ~ l u s  VAT wil l  be 
available frbm the Association's offices, and 
members will again he sent ful l  details. 

Non-members who wish to receive 
application forms should write to the Director 
ni Secretary at the Association's offices as 
soon as possible, particularly i f  they wish 
to make up parties (up to 12 per table) for 
the Dinner Dance. 

Application forms for tickets for both 
functions will also be available at the 
Awoci:ition's lnforn~ation Centre (Stand 
321 at the OCCA-30 Exhibition beine held 
at ' Alexandra Palace, London ~ 2 2 ,  on 
18-21 April. 

that everyone enjoyed what was a thoroughly Scottish Section . sat~<filctory . evening. 
G.J.L. 

hnnual Dinner Dance 
News of Members 

The Annual Dinner-Dance o f  the Scottish 
Section was held on Friday 13 January 1978 ~i~~ S, ~ ~ ~ ~ ~ k ~ ,  ordinary ~~~~b~~ 
at the St. Andrews Suite in the Albany att;lchcd to ,lie ~~~d~~~ section, ha.; 
Hotel, Glasgow. from her position as Director of Cornelius 

The function w:~s wcll patronised by over 
Chelllici" C')' Ltd. 

340 member.; and their guests, some tr;ivcl- 
ling fairly long distances to attend. M r  A. Hughes, an Ordinary Member 

attached to the Manchester Section, has 
After an cnjoyablc meal. the Chairwin, been appointed to the position of Research 

M r  J. D. W. Dav~dhon, wclcomed the lop Manager with Raxenden Chemical Co. Lld. 
table guestc, and a toast was proposed I i ~ r  
Ladies and guests. M r  A. McLean, Presidcnt, 
replied for the Ladies and guests. M r  J. R. Green, an Associate Member 

attached to the Midlands Section, has been 
The dancing continued until thc early appointed Markcting Manager for Coating 

hours of the morning, and i t  was obvious Resins at R r ~ t i ~ h  Industrial Plast~cs Limited. M r  J. R. Green 
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Register of Members 
The following elections to membership have been approved by Council. The Section t o  which each new Member is attached is given 
in italics. 

Ordinary Members 

ADAMJI, FEROZ, PO BOX 4726, Taiz, Yeme. (General Overseas) 
BARKER, LEONARD ARNOLD, 33 Clotherholme Road, Ripon, N. 

Yorks HG4 2DE. (West Riding) 
DAVIDSON, JAMES ROBB, BSc, Shell Chemicals UK Ltd, 123 Bothwell 

Street, Glasgow. (Scottisl~) 
GREENWOOD, TERENCE LAWSON, MSC, Amoco Chemicals Europe, 

7 rue Versonnex, 1207 Geneva, Switzerland. 
(General Overseas) 

HARRIS, BRINDLEY BEAUMONT, 61 Elm Tree Close, Norristhorpe 
Lane, Liversedge, Yorkshire. (West Ridinn) 

HOMER, JOHN, BSC, PhD, BTP Tioxide Ltd, Portrack Lane, 
Stockton-on-Tees, Cleveland. (Newcastle) 

MOREL, EMMANUEL GUY, Hoechst SA Pty Ltd, PO Box 8692, 
Johannesburg 2000, South Africa. (Transvool) 

RENNIE, JAMES ALEXANDER. Gestetner Stirling Ltd, PO Box 19, 
Ladysneuk Road, Stirling. (Scottisl~) 

SIMPSON, LESLIE AINSLEY, BSc, PhD, 22 Silverdale. Nunthorpe. 
Middlesbrough. (Newcostle) 

Registered Students 

CULLEN, WILLIAM GERALD, 78 Castlefarm Estate, Swords, Co. 
Dublin. (Irish) 

MCGUINNESS, WILLIAM JOHN, 21 Croydon Park Avenue, Marino. 
Dublin 3. (Iri.sI8) 

SCALLY, TIERNAN JOSEPH, 8 Shanowen Drive, Santry. Dublin 9. 
(Irisl8) 

VERONIQUE, ASHLEY FRANCIS, 28 Hastings Avenue. Ilford, Essex, 
IG6 1DU. (London) 

WELLS, CHRISTOPHER JOHN, 32 Hall Drive, Harefield, Middlesex 
UB9 6LA. (London) 

Professional grade 
At a meeting of the Professional Grade Committee held on 22 COWIE, Edward Bruce (General Overseas-Ker~va) 
February, 1978 the following Ordinary Members of the Association JAMES, Tudor Herbert (Generol Overseas-U.S.A.) 
were admitted to the categories shown.The Section to which each John (scotti,7,1) member is attached is shown in brackets. 

MCCALLUM, Ian Robert (Scottislt) 
Fellow 

SHEPHERD, Joseph (Newcastle) 
Transferred from Licentiate to Associate 

CHAMBERS, Anthony (London) 
Associate CHURCHMAN, Anthony Edward (London) 

CLARKE, Raymond John (London) FERNANDES, Larry Raphael Francis Joseph (London) 

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

April 

Monday 3 April 

HUN Section: Annual General Meeting 
to be held at the George Hotel, Land of 
Green Ginger, Hull at 6.30 p.m. 

Tuesday 4 April 

West Riding Section: Annual General 
Meeting to be held at The Mansion 
Hotel, Roundhay Park, Leeds 8, com- 
mencing at 7.30 p.m. 

Thursday 6 April 

Newcastle Section: Annual General 
Meeting to be held at St. Mary's College, 
University of Durham, Elvet Hill Road, 
Durham. 

Friday 7 April 

Midlands Section-Trent Valley Branch: 
Annual General Meeting to be held at 
the Crest Hotel, Pastures Hill, Littleover, 
Derby at 7.00 p.m. 

Wednesday 12 April 

Scottish Section: Annual General 
Meeting followed by "Demonstration of 
Hypnotism" by A. M. Hearne, MBE, at 
the Bellahouston Hotel, Glasgow at 
7.30 p.m. 

Thursday 13 April 

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

Friday 14 April 

Bristol Section: "Uses of solar energy" 
by Professor B. J. Brinkworth of 
University College, Cardiff, at the Royal 
Hotel, Bristol at 7.15 p.m. 
Monchester Section: Annual General 
Meeting at The Woodcourt Hotel, Sale, 
Cheshire, commencing at 6.30 p.m. 

Wednesday 19 April 

Ontario Section: Annual General Meet- 
ing. 

Thursday 20 April 

Tharnes Valley Section: Annual General 
Meeting and talk on "Beekeeping" by 
Mr H. Aplin at the Beaconsfield Crest 
Motel (White Hart), Aylesbury End, 
Beaconsfield, Bucks at 6.30 for 7.00 p.m. 

Friday 21 April 

Irish Section: Annual General Meeting 
at the Clarence Hotel, Dublin 2, com- 
mencing at 8.00 p.m. 
Midlands Section: Annual General 
Meeting at the Crown Hotel, Broad 
Street, Birmingham at 6.30 p.m. 

Friday 28 April 

Bristol Section: Annual General Meeting 
at the Royal Hotel, Bristol at 7.15 p.m. 

Thursday 11 May 

London Section: Afternoon visit to the 
Paint Research Association, Waldegrave 
Road, Teddington, Middlesex TWI I 8LD 
commencing at 2.30 p.m. 



Trade Mark 

the versatile new thixotrope from ICI puts body in Paints, 
Adhesives, Mastics and Sealants, Polyester coatings and Inks 

'Thixomen' - ICl's new thixotrope 
for aromatic and aliphatic solvent-based 
products gives you really reliable 
structuring power! 

It's easy to disperse using standard 
equipment and it's backed by ICl's world 
wide, world famous technical service. 

Sample 'Thixomen' now and put 
rheology problems behind you for good! 

1 To: ICI Mond Division, 1 
I P.O. Box 13, Runcorn, Cheshire WA7 4QF England I - - 
I I'm interested in 'Thixomen' for use in 1 
1 Please tell me more. 1 
1 Name 1 
1 company I 

Address 1 I I - 

I I 
1 @ with worldwide service 
I 

JOC 1 
I 

Lmmm==mmmmm==mmmmmmmm==J 



= Moomine 
. - 

emyd-dpraprHa 

novr Fd &aib avail& upon rrg*rt 

s m z  PROWC15 Lrn" 
P & ~ ~ . ~ L r r H m f a t b ~ l S ~ s ~ R P  
w auz .w. 



OIL 6 COLOUR CHEMISTS' ASSOCIATION 

C U R R E N T  P U B L I C A T I O N S  

Paint Technology Manuals 
Works Practice 
This publication, which is of great use both to the 
practical man within the industry and the student 
entering the industry, is concerned with the prac- 
tical aspects of making paints. As very little has 
been published on this subject, a fairly broad 
coverage is attempted including factory layout and 
organisation, paint and media manufacturing pro- 
cesses, legal aspects and safety precautions. 
Price: £3.00 

Convertible Coatings 
The second edition of Convertible Coatings, pub- 
lished in 1972, is invaluable to those dealing with 
this aspect of the industry, and a few copies are still 
available. 

Price: £7.50 Published by Chapman & Hall Ltd 
on behalf of the Association. 

which 18,000 copies have already been sold, 
forms an  excellent introduction t o  t he  whole 
field of surface coatings and related tech- 
nologies. The fourth edition contains t h e  
important addition of a glossary of t he  terms 
used in t he  book together with explanations 
of  their derivations, a s  well a s  t he  completely 
revised and updated text. 
P r i c e  £5.00 (Registered Students of t he  
Association £2.50) P r e p a y m e n t  only .  
OIL AND COLOUR CHEMISTS' ASSOCIATION 
Priory House.967 Harrow Rd., Wembley HAOPSF 

11 Biennial Conference I I 

Special Reduction! 
TEN-YEAR 

CONSOLIDATED 
INDEX 

of Transactions 

and Communications 

1966-1975 
Volumes 49-58 

The remaining copies of the  Consolidated 
Index are offered a t  a specially reduced rate 
for a limited period only. 

The special rate will be: 

f2.00to n o n - M e m b e r s ;  f1.00to M e m b e r s  

AVAILABLE (prepayment only) from: 

OIL AND COLOUR CHEMISTS' ASSOCIATION 

Priory House, 967 Harrow Rd., Wembley HAO2SF 

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

UV 
Newcastle Section Symposium 1975 

The bound copies of the twelve papers 
presented covering many aspects of this 

polymerisation rapidly expanding field are available. 
Price: £5.00 uv 

I1 1977 Eastbourne The conservation of energy, materials 
and other resources in the surface coatings industries. 
Fourteen papers presented. Price: £5.00 I 

II 1975 Scarborough Performance of surface coatings- 
does reality match theory? Seventeen papers prc- 
sented. Price: £5.00 

1973 Eastbourne Towards 2000. Sixteen papers 
presented. Price: £5.00 I 

I' '1 
[See order form o n  page xxvi 
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BOOK ORDER FORM 
To: The Director and Secretary. 

Oil & Colour Chemists' Association. 
(PREPAYMENT ONLY) 

Priow House. 
967   arrow ~ o a d ,  
Wembley, Middx., 
HA0 2SF 
England. 

Date ....................................................... 

Please send me copies of the books as listed below: 

I enclose remittance off  (US $ to cover the cost. (Prepayment only) 

NAW 

ADDRESS TO WHICH nre BOOKS SHOULD BE Sew: 

...... " -- 
In order to avoid unnecessary delay please enclose m e e t  remittance with yom order. 

JOURNAL OF THE OIL AND COLOUR CHEMISTS' ASSOCIATION 

SUBSCRIPTION ORDER FORM 
To: The Director & Secretary. 

Oil & Colour Chemists' Association, 

England. 
Date ................... 

Please enter ...................... subscription(s) to the Journal for one year to commence with the .................................................................................... 9 .... issue. 

ADDRESS TO WHICH JOURNALS SHOULD BE SENT: 

(Block letters please) 

I enclose a remittance of* ..................................................... to cover the cost. 

If payment is to be made separately through a bank, please give details below: 
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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 of f4.00 per cm. Advertisements for Situations Wanted arecharged at f 1.00 per line. 
A box number is charged at 50p. They should be sent to D. M. Sanders. Assistant Editor, Oil & Colour Chemists' Association, 
Priory House, 967 Harrow Road, Wembley, Middlesex HA0 2SF. JOCCA is published EVERY month and Classified Advertisements 
can be accepted up to at least the 12th, and in exceptional circumstances the 20th of the month preceding pubiication. Advertisers 
who wish to arrange for an extension of the copy deadline should contact the Assistant Editor, 1). M. Sanders, at the address given 

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

APPOINTMENTS VACANT APPOINTMENTS VACANT 

THE UNITED PAINT COMPANY LIMITED 

Technical Sales Assistant required with knowledge of modern paint 
technology (technical qualifications an advantage) to deal with enquiries 

from Civil Engineers-Contractors-Architects and Public Bodies. 

Applications in confidence to : 

Managing Director, Uni tas Works, Victor ia Street, London, E l  5. 
4PW. Tel : 01 -534 4601. 

EQUIPMENT 

Polythene circular base liners 
for lining drums, kegs, mixing vessels, re-use of drums without expensive 
cleaning costs 

Eliminate mixing vessel cleaning times. Can be used free standing with 
powders. For these and other specialised polythene requirements con- 
tact : 

CHILTERN PLASTICS LTD, 

Pixmore Ave., 

Letchworth, 

Herts, SG6 1 JL. Tel : Letchwor th  76262 

RECONDITIONED EQUlPMENT FOR SALE 

Flame-proofed Battery Electric Forklift 
Trucks ! ! ! 

By Conveyancer. 45001bs capacity. Lifting heights 

from 9ft to  20ft. Full details and photographs 

available from: 

Speed Electrics, The Wel ls Road, Nottingham. 
Tel : 0602-609782 

A foreign company wants a technician 
to advise on the manufacture of syn- 
thetic iron oxide pigments and cadmium 
pigments. Please apply in confidence 
giving full particulars to Box 453. 

A foreign company wants a technician 
to advise on the manufacture of different 
types of iron blues. Please apply in full 
confidence, giving full particulars to 
Box 454. 

A continental titanium pigment com- 
pany wishes to have the services of an 
English speaking Technical Sales Rep- 
resentative qualified and experienced in 
this field. A substantial salary to benego- 
tiated is offered together with excellent 
pension and other benefits. Please send a 
recent photograph with the application. 
Box 456 

AT ANY TIME 

DAY OR NIGHT 

TELEX 

YOUR CLASSIFIED 

FOR 

JOCCA 

Telex 922670 (OCCA Wembley) 

See above for details of rates 
for Classified Advertisements. 
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3 0 ~ ~  TECHNICAL EXHIBITION 
OF THE 

OIL & COLOUR CHEMISTS'ASSOCIATION 

Alexandra Palace London 
18-21 APRIL 1978 

The world's most important international 
exhibition of raw materials, plant and 
equipment used in the Paint, Printing Ink, 
Colour, Adhesives and Allied Industries. 

TUESDAY 18 APRIL 09.30 17.30 
WEDNESDAY 19 APRIL 09.30 17.30 
THURSDAY 20 APRIL 09.30 17.30 
FRIDAY 21 APRIL 09.30 16.00 

The Association wil l  operate a free bus service to the Exhibition 
from (and return) Turnpike Lane Station (Piccadilly Line, London 
Underground). 

Copies of the "Official Guide"inc1uding season admission tickets, 
at £2.00 each (including VAT) are obtainable in advance from the 
address below orat the entrance to the Exhibition. 

Oil & Colour Chemists' Association. 
Priory House,967 Harrow Road, w&bley, Middlesex, 
England, HA0 2SF 
Telephone: (01) 908 1086 Telex: 922670 (OCCA Wemblev) 

INDEX TO ADVERTISERS 
B 

Banner, Samuel & Co. Ltd . . . . . .  iv 
Bray, E. P. 8 Co. Ltd . . . . . . . .  xxii 
British Industrial Plastics Ltd . . . . . .  Cover 

Ciech-Import & Export of Chemicals Ltd . . II 
Chemolimpex xviii 
CIBA-GEIGY (UK) ~td. '  pigments ' ( ~ a i n i j  

Division . . . . . . . . . . . .  vi 
Cordova Chemical Co. . . . . . . . .  xxi 
Cory, Horace 8 Co. Ltd . . . . . . . .  viii 
Croda Resins . . . . . . . . . .  v 
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'BEETLE' NEWS 
FOR POWDER 

COATING 
FORMULATORS 
A new 'Beetle' resin 

for use in the formulation of 
powder coatings is now 
available from KIP. 

'Beetle' L5232 is a 
carboxyl terminated 
saturated polyester 
designed pri~narily for use 
with epoxy resins. 
In suitable formulated 
systems it results in films 
with an excellent balance of 
properties, including good 
mechanicals, corrosion and 
humidity resistance, and 
resistance to a wide range 
of proprietary household 
chemicals. 

For information about 
'Beetle'L5232 and for 

details of other new coating 
resin developments, 

write to 
Chemicals Division 

British Industrial Plastics Ltd. 
PO Box 6 Popes Lane 

Oldbury Warley 
West Midlands B69 4PD 
Telephone 021-552 1551 

Telex 337261 

[?l] 
BEETLE 

ASK BIPABOUT L5232, 
THE NEW BEETLE RESIN ON STAND 47AT OCCA, 

ALEXANDRA PALACE, 18-21 APRIL 

Prinlrd in England by Richard Madlsy Lld., 6. Ellhorn* Road. NIP 4AG 



The moti f ,  designed by Robert Hambl in,  uses the symbol of a moving indicator on a calendar t o  emphasise the importance of 
the continuous dialogue year by year between suppliers and manufacturers. The inward-pointing letters recall the international 
aspect of this unique annual focal point  for the surface coatings industries. which i n  1977 attracted visitors f r om  50 countries. 

TRAVEL ARRANGEMENTS FOR VISITORS TO OCCA-30 

For those travelling to the Exhibition by car, ample free parking space is ava~lable in  the grounds of Alexandra Palace, 
and recent improvements to the road system include the extension of the southbound carriageway of the M1 Motor-  
way to the North Circular Road and the flyover o n  that road by the'new Brent Cross Shopping Centre. The extension 
of the Piccadilly Underground line to the Heathrow Airport Terminal gives a direct l ~ n e  t o  Turnp~ke Lane station from 
where the Association runs a free bus shuttle service t o  the Exhibition. The journey from central London to Turnpike 

Lane takes approximately 18 minutes. 
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