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SEPTEMBER 

Scotch is 
an amber liauid 
that im~rovei the 

taste 'of water. 
But you know this already: you've tasted 

Scotch for yourself, and drawn your own 
conclusions. 

And that's just what we want you to do 
with our products. Don't take our word -test 
them yourself. 

It's the best way. Even though we're 
Europe's largest producer of extenders, we'd 
still prefer yo11 to believe the results of your 
own tests. 

We make a range of refined extenders 
including calcined and ordinary clays a s  well a s  
calcium carbonates and talcs for use 
throughout the surface coating industries. And 
amongst then1 there's a product that's just 
right for you. 

Who's better qualified than you to find 
out which one? 

i ENGLISH CHINA CLAYS 
I'nxlish China ('lajs Salcs Co. Ltd. 
Head Office: John Keay House. St. Austell, 1 c o r ~ ~ ~ t a i l ,  ~:ng~:~ncl. 
Telephone: St. Austcll 4482 (STD 0726). 

I 
T e l c ~ :  45526:7. 
Please smd me dctails of 17 Calcincd clay 

I 
iI1 Ordinary clays 

I 
I U Calcium Carbonates I 

Talcs I 
Name 
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SEPTEMBER iii 

When you measure 
flow behaviour 

you need a plot not add. 

When you arc measuring flow 
behaviour you need a flow curve - single 
point readings just won't do. 

So the Ferranti-Shirley Viscometer 
system - comprising Viscometer, 
electronic controller, chart recorder - 
(and temperature unit if needed) - gives 
you the complete curve, automatically - 
at the touch of a button. And presents 
you with a permanent record. 

The Ferranti-Shirley conelplate 
system is used for assessing oils, paints, 
dairy products, confectionery, plastics, 

SHEAR STRESS (Dynes/cm2 ) 

adhesives, pharmaceuticals, coslnetics - 
almost any liquid, in fact. Only 0.5 mg. 
of sample is required which reduces 
to a minimum the time for filling and 
cleaning and this means easy, low cost 
mcasuremcnt. 

Cone speeds are infinitely variable 
within the ranges 10 to 1000, 1 to 100 
and 0.1 to 10 r.p.m. A uniform shear 
rate is applied to the sample and the 
range of rates obtainable is 2 - 20,000 
sec. - 1. An automatic setting unit 
controls the positioning of the plate 

after initial micrometer adjustment, to 
an accuracy of 0.0001 in. A stress 
relaxation attachment can be fitted for 
low shear rate measurement. 

Over four hundred Ferranti- 
Shirley Viscometer systems are in use 
around the world. 

Contact Ferranti Limited, 
Instrument Sales, Moston, Manchester 
M10 OBE. Telephone: 061-681 2071. 
Telex: 667857 

The kranti-Shirlq/Vlscometer~em. 
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" .  
You know they give you whiteness. . . opacity 
. . . durability. With them you make the best 
white and pastel-tinted paints. I 
Tioxide international 
LIMITED . 10 STRATTON STREET. LONDON WIA 4yP . ENGLAND 
The selling organization of the Brrtish Titan g m p  of companies 
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Transactions and Commum-cations 

Polymers: Developments for the future* 
By C. E. H. Bawn 

Donnan Laboratories, University of Liverpool, Grove Street, P.O. Box 147, Liverpool L69 38X 

Summary 

The manner in which the mechanical properties of polymeric ments from copolymers, or of modifications of existing plastics, 
substances are governed by their molecular structures and orienta- (c) within the next twenty years, a new range of plastics will be 
tions are discussed. The provision for strong and stiff materials, developed and, (d) other sophisticated plastic materials will be 
and for heat resistant volymers is described, and the lines uvon discovered within the same ~e r iod  of time. 
which future developm&t<might be made are outlined. 

Broadly speaking, the advances in polymers have followed the 
It is suggested that (a) no completely new mass plastic will be introduction of new catalysts, and it is suggested that the synthesis 
developed in the next ten years, (b) there will be a series of develop- of enzymes will open up a new field of polymer chemistry. 

Kevwords 
Properties, characteristics and condifions 
arirnarilv associated wit11 niaterials in general 

mechanical property 
melting point 

Polymitres-dBveleppements pour I'avenir 

RbumC 

On discute la fagon par laquelle leurs structures moleculaires et 
leun orientations exercent une influence decisive sur les caracte- 
ristiques micaniques des substances polymeres. On decrit la misc 
au point des matieres robuste et rigide, et egalement des polymeres 
resistant A la chaleur. D'ailleurs on trace les grandes lignes des 
developpements eventuels de I'avenir. 

On suggkre que: 
(a) Pendant la prochaine decennie on ne perfectionnera pas de 

matiere plastique de base entierement nouvelle. 

polymers 

(b) I1 y'aura une dr ie  de developpements i partir de copolyni.+res, 
ou des modifications de matitres plastiques actuelles. 

(c) Au cours de la prochaine vingtaine d'annees, une nouvelle 
gamme de matiitres plastiques seront mises au point. 

(d) D'autres matieres plastiques tvoluees seront dkouvertes 
pendant la meme epoque. 

En dnkral. les avances dans le domaine de volvmtres ont suivies 
l'intkxiuction de nouveaux catalysateurs, e i  I'on suggbre que la 
synthbse d n  enlymes donnera a d s  B un nouveau domaine de la 
chimie polym&re. 

Polymerentwicklungen der Zukunft 

Zusammenfassung 

Eine Erorterung der Art und Weise, in welcher die mechanischen oder Modifizierungen bestehender Kunststoffe stattfinden 
Eigenschaften polymerer Substanzen durch ihre molekularen werden, 
Strukturen und Orientierungen dirigiert werden. Die zur Erzeugung 

kr;iftigen und steifen Materialien und hitzebestandigen (c) innerhalb der nschsten nvanzig Jahre eine neue Gruppe von 

Polymeren notigen Massnahmen werden geschildert, sowie die 
Kunststoffen entwickelt werden wird, und 

Pfade umrissen, entlang denen sich kiinftige Entwicklungen (d) wshrend der gleichen Zeit andere ~pitzfindi~e, synthetische 
bewegen mogen. Kunststoffe entdeckt werden. 

Es wird als wahrscheinlich vorausgesagt, dass 
(a) innerhalb der nachsten zehn Jahre keine vollig neue plastische 

Masse entwickelt werden wird, 
(b) eine Reihe von Weiterentwicklungen aus Mischpolymeren 

Cnena~br cnenymqne npennonomewsn: 

(a) 9TO B Te9eHRe UleAYloUUX neCRTR He 6ynm pa3BMTO HHKa- 
K W X  HCKnEOYWTenbHO HOBblX IInaCTMaCC, 

Die Fortschritte auf dem Gebiete der Polymere folgten im grossen 
und ganzen der Einfuhrung neuer Katalysatoren, und es wird 
als naheliegend angenommen, dass die Enzymsynthese ein neues 
Gebiet der Polymerchemie erschliessen wird. 

(6) 6yner pnA pa3~n~RR n3 cononuMepoB UJlU M O A U @ U K ~ W ~ ~  
cyulec~aylountx nnamuros, 

(6) B TCWHUe CllenylOUlUX ABaAUaTR neT 6yneT Pa3BHT PUA HOBblX 
MaCTMaCC R 

(r) ~ Y M T  06napyxesbl npyrne donee CnOXHble MaCTU'iecKUe 
MaTepnanbl B TeqeHne Tor0 me nepnona BpeMeHw. 

Boo6qe roeopn, nporpecc B nonnMepax nocnenosan nocne 
BBWeHNR HOBblX KaTaJIR3aTOPOB R IIpeJlnOJlaraeTCn 'IT0 CUHTe3 
~ ~ D M ~ H T O B  DaCKVOeT HOBYlo 06nac~b B XUMUU nOnHMePOB. 

* Presented at the 1973 Eastbourne Conference. Plenary lecture. 
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Introduction 

C. E. H. BAWN JOCCA 

Structured materials 

The polymer industry is not only the youngest but also the 
fastest growing section of the chemical industry. Recent 
forecasts indicate a three-times growth in manufacture and 
processing by 1980. It is not the author's intention to discuss 
this volume of growth or the motives which determine it, 
however, but to consider the trends in the future developments 
of polymeric materials and the likely future achievements. 

Man-made polymers are not only applied as substitutes 
for metals, glass, paper, natural fibres and other materials, 
but have found novel uses in their own right. In general, 
applications are associated either with specific properties, 
such as toughness, flexibility, elasticity, transparency, heat 
and environment resistance, or with specific fabrication 
techniques such as moulding, extrusion, calendering, foaming, 
film casting, fibre spinning or surface coating. This breakdown 
indicates broadly the two main divisions of the industry 
that is synthesis oblique production and propertieslprocessing. 
This paper is mainly concerned with the former, but the 
important interaction between production and application 
should always be borne in mind. 

In spite of their widespread nature, certain future trends 
are already discernable: 

1. Improvement of the physical and mechanical properties, 
especially permeability to gases and liquids, rigidity, toughness 
and surface hardness 

2. Widening of the temperature range in which the material 
can be used 

3. Increase in the endurance of materials, namely in their 
ability to withstand ageing both under load (fatigue, stress 
cracking) and without load against attack from the environ- 
ment (chemicals, weather). 

Although significant progress is being made in these and 
other areas, one of the widely accepted reasons for the 
continuing significant growth of the industry is the belief 
that it still has great potential, as yet only dimly perceived, 
for producing many new and useful effects, not only in the 
improvement of present day materials, but also in the synthesis 
of polymers either using controlled structures or by combining 
polymers in composite structures. 

At the present time, low cost and large-scale production 
polymers (using the term in its widest sense to include plastics, 
synthetic fibres and elastomers) are made from a small group 
of inexpensive monomers produced by the petrochemical 
industries, namely ethylene, propylene, isobutylene, buta- 
dience, styrene, vinyl chloride, vinyl acetate and the acrylics. 
It is likely that in the next decade at least 80 per cent of 
polymeric materials will be made from the above monomers, 
or a combination of them, and it is fairly certain that other 
industrially produced monomers will be added to this list. 
Nevertheless, there still remains considerable opportunity 
for the production of new materials from existing, cheap 
monomers by copolymerisation (graft and block copolymers), 
polyblending and cross-linking. Another approach is the 
use of physical (and manufacturing) processes for making 
structured materials. Progress in already defined areas 
(such as orientated films, paper like materials based on 
fibres or film, multicomponent structures such as synthetic 
leathers, the reinforced materials based on glass, carbon, and 
polymer fibres) will continue, and new applications for 
multicomponent materials is expected. 

Molecular properties 

In general terms, the properties of a polymer and its useful- 
ness are determined firstly by the chemical structure and 
properties of the assembly of polymer molecules, such as 
molecular size and shape, and secondly by the supermolecular 
structure which defines the structural features characterising 
the arrangement of the polymer molecules in three dimen- 
sional space. In the solid state, polymers exist in an amor- 
phous or semi-crystalline condition. The ability to crystallise 
is probably the most important property when determining 
the thermal and mechanical properties of polymers, and the 
principal factors which determine crystallinity are the struc- 
tural regularity of the chains, the intra-molecular bonding 
between chains, and chain conforn~ation. 

At sufficiently high temperatures, a linear or branched 
polymer is an amorphous rubbery melt in which the chains 
are entangled with one another. On cooling, the melt forms 
a hard rigid solid which may be (a) crystalline, and thus 
characterised by a melting point T,,, or (b) a glassy amorphous 
solid with a well-defined glass transition temperature T,. 
Nearly all the useful mechanical properties are determined 
by these transitions and by the temperatures at which they 
occur. As with the melting point, the glass transition tempera- 
ture depends strikingly on the molecular structure of the 
polymer, and the most important factor determining T, 
is the flexibility of the polymer chain. In fact those factors 
which determine high melting points, namely rigid chains 
and strong intra-molecular forces, also favour high glass 
transition temperatures in semi-crystalline polymers. 

Within the general family of linear polymeric structure, 
an approximate and significant correspondence exists between 
T, and T,,;, namely T, - 213 T,,. It is evident that, in order 
to synthesize a polymer with both a high melting point 
and high T,, rigid chains and high inter-molecular forces 
are necessary, and thus there is no great likelihood of T, 
and T, b-ing controlled independently. In order to do this 
it is necessary to  modify the main structural characteristics of 
the polymer. By using a combination of monomers it is 
possible to build irregularities into the supermolecular 
organisation, and accommodation into the crystal lattice 
may be controlled. The melting points and transition tempera- 
tures of copolymers as a function of composition show the 
general behaviour represented in Fig. 1. It is clear that 
copolymerisation allows the polymer chemist to attain an 
independent control over T, and T,,. 

L 
100%8 100% A 

COMPOSITION 

Fig. 1. Melting point and glass-transition temperature as functions 
of copolymer composition 
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A further structural irregularity arises if the units A and B 
forming the copolymers are arranged in long alternating 
sequences (that is, as block copolymers of the form A, By). 
The poly-crystallites of A might melt at a high temperature 
and those of B at a low temperature, and thus it is possible 
to combine a high crystalline melting point of the A 
component with a low transition or melting temperature of 
the B component (that is, a property combination achieved 
by neither linear polymers nor random copolymers). The 
second component may be totally amorphous, for example 
an elastomer, and the combination of a crystalline block A 
combined alternately with an elastomer block B constitutes 
the recently developed group of polymers known as thermo- 
plastic elastomers A, By A,. The crystalline regions act in 
the same manner as do chemical cross-links which prevent 
chain molecules slipping over one another. 

Another method for forming "labile" cross-linking is by 
ionic association or bonding. Thus, hydrogen bonding 
between carboxyl groups in polymeric acids, or in a-olefin 
carboxylic acid copolymers, constitutes a form of labile 
cross-link. The glass transition and elastic modulus of 
styrene/methacrylic acid copolymers has been increased 
considerably by the replacement of the acid by a metal salt. 
In these materials, strong inter-chain forces are developed 
between the ionised carboxyl pendant groups in the a-olefin 
and free metallic cations, mainly from groups 1 and I I 
of the Periodic Table. Ionic association produces a profound 
effect on crystalline morphology leading to  diminished 
haze and thus greater transparency. 

The "ionomers" made by Du Pont are alkali salts of 
copolymers of ethylene with acrylic acid or methacrylic acid 
(appoximately 10 per cent). The monovalent metal ion in the 
alkali acts only through an association of polar ion pairs 
and not, as with the bivalent zinc ion, through ionic bonding. 
The cross links are able to dissociate and re-associate freely, 
and permit easy injection moulding and extrusion. 

These methods of physical cross-linking are in striking 
contrast to the more familiar method of cross-linking by 
covalent bonds which leads to  hard, infusible and insoluble 
resins, such as melamine or urea-formaldehyde resins, and 
which is irreversible. 

Heterophase polymer systems 

Polymers, whether crystalline or amorphous, are not mutually 
soluble on the molecular scale. Consequently, polymer 
blends are heterophase systems, with few exceptions, and 
as a result the properties of these materials are significantly 
different from those of random copolymers of the same 
chemical composition which are homogeneous. Furthermore, 
whether the two polymers are formed end to end to the form 
of simple AB blocks or multiply to form block ABAB . . . 
copolymers does not alter significantly the degree of compat- 
ability. These so-called "poly-alloys" have new and interesting 
properties. 

When two polymers are blended mechanically the dispersed 
regions are irregular in size and shape. With block copoly- 
mers, however, as a result of the chemical bonds joining the 
blocks, phase separation occurs on a microscopic rather 
than on a macroscopic scale, and thus gives more uniform 
and more regular disperse regions. For example, consider 
copolymers formed from long alternating sequences of two 
monomers A and B (that is, block copolymers AB, ABA 
and ABABA and so on) where the A sections are rigid and 
can crystallise, and the B sections consist of flexible chains 

which have typical elastomeric properties. These copolymers 
have the properties of a thermoplastic polymer above a 
certain temperature and behave as a typical rubber at lower 
temperatures. The strength and high elasticity of this new 
class of material is due to the high degree of contact bstween 
the rubbery and plastic phases. The plastic phase A is highly 
dispersed in the rubbery matrix, and, by virtue of its semi- 
crystalline nature, forms domains which function in a similar 
manner to cross links by incorporating the elastomeric 
chains into a three dimensional network structure as shown in 
Fig. 2. The concept is an extremely valuable one and much 
progress has already been made in the synthesis and manu- 
facture of such block copolymers. 

Fig. 2. Schematic representation of the polystyrene domain structure 
in SIBIS triblock copolymers 

Mechanical properties 

It is very revealing to consider the properties of polymers 
from the mechanical point of view. Stress-strain measure- 
ments (for example, of load versus extension) made over 
a range of temperature and speed of elongation indicate 
the conditions under which the material will break, whether 
or not it is brittle or ductile, and provide, in addition, much 
information about the stiffness of the material. The stress- 
strain behaviour of polymers depends upon a number of 
factors. Increase in crystallinity raises the modulus (stiffness), 
decreases the elongation at break, and generally tends to 
make the polymers more brittle. The amorphous form of a 
polymer can be expected to be more resistant to fracture at 
a given temperature than the semi-crystalline material. 

From the mechanical point of view, a very desirable feature 
of any polymer is the ability to combine a high level of 
rigidity and low creep with a high impact strength. With 
impact, the specimen is put through a stress-strain cycle 
at high rates of strain. It is desirable to have a high energy 
requirement for fracture, and the energy absorption can be 
represented by the area under the stress-strain curve (Fig. 3). 
In order to combine toughness with rigidity, it appears 
necessary that the plastic yield should set in suddenly at 
high stresses, and should have a stress-strain curve which 
is linear at low stresses. Thus, the requirements for a tough 
rigid polymer are a high modulus and a high yield strength 
(although the latter must be less than the fracture strength). 

In order to transform a brittle polymer into a tough 
material therefore, it is necessary either to increase the 
fracture stress until it exceeds the yield stress, or to reduce 
the yield stress until it is below the fracture stress. Consi- 
derable success has been achieved in this field by using 
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Fig. 3. Deformation and fracture of a typical thermoplastic 

rubbery material in conjunction with an organic glass. High 
impact polystyrene, ABS resins, and similar products have 
been developed in this manner. The introduction of rubbery 
material has a softening action and causes reduction in 
overall rigidity and strength. However, this disadvantage is 
more than offset by the increased capacity of the polymer 
to deform and take up energy under impact conditions. 

It has long been recognised that the strength of glass-like 
plastics is limited by flaws and cracks at the surface and within 
the structure. The presence of the rubber component confers 
on the polymer the additional property of interfering with 
crack propagation in the matrix. In practice, it is found that 
the rubber is more effective when used as a copolymer 
than as a blend, and it is found that the shape and dispersion 
of the rubber particles is more regular when copolymerisation 
is used. 

ing or moulding operations. Fig. 4 illustrates that the tensile 
modulus of a thermoplastic can be increased so as to approach 
that of die cast metal by the addition of 20 to 50 per cent 
of glass fibres as reinforcement. Modern technology, however, 
needs stronger and stiffer materials, and in recent years 
attention has been focused on the synthesis and production 
of stronger fibres. It is well established that the maximum 
strengths of fibres range from 0.03 to 0.10 E, where E is 
Young's modulus. The strength of "everyday" materials 
ranges from 0.001 to 0.01 E, mainly due to the fact that the 
strength is limited by structural faults in the material. Under 
certain conditions, it is possible to make flawless materials 
and not only to realise in practice the strength of the ideal 
fibre, but also to make fibres very much stronger than those 
commonly used. The materials which meet these requirements 
are berylium, boron, graphite, silicon carbide and silicon 
nitride fibres. 

In these materials, toughness is achieved by sacrificing 
rigidity or tensile strength. Naturally, it is desirable to 
minimise the loss of yield strength, and this is achieved by 
using a third monomer (one which gives a strong polymer 
such as acrylonitrile) and styrene together with the rubber. 
The acrylonitrile-styrene-butadiene terpolymers have superior 
rigidity and impact strength compared to high impact 
polystyrene. The tensile strength is provided by the ordered 
crystalline regions; the soft rubbery regions can undergo 
appreciable extension and are thus able to accept large 
deformations. 

Strong and stiff materials 

The tensile strength of most commercial thermoplastic 
materials is about 100 to 200 times less than the theoretical 
breaking stress of the covalent carbon-carbon bond. The 
strength can be raised considerably by careful orientation of 
highly crystalline polymers, for example polyethylene, but 
even under the most carefully controlled conditions of Fig. 4. Estimated Young's modulus of materials 
preparation and measurement, the strength is still an order Diagonal shading = fibre 
of magnitude less than the ideal value, mainly because of Open area - fibre I resin (50 per ccnt by volunie) 
flaws and surface cracks in the glassy amorphous regions. Cross-hatching =- fibre I metal (50 per cent by volume) 

It has been shown how the possibility of fracture might 
be reduced by dispersion of an elastomeric phase uniformly 
throughout the material. A method of much wider applic- 
ability is the reinforcement of plastics by fibres. The extensive 
use of glass fibres as reinforcement with unsaturated 
polyesters, epoxies, phenol-formaldehyde, or melamine- 
formaldehyde resins is well known. The technique is used for 
the production of glass-fibre mats and other fabric by laminat- 

Initially developed for aero-space application, graphite 
fibres made by the carbonisation of polyacrylonitrile are 
now being widely used, and it can be safely predicted that 
this and similar fibres will have an important place among 
materials which will be developed in the next decade. Graphite 
fibres, with an average tensile strength of 250 to 300 x lo3 Ib 
in-2 and Young's modulus of about 60 x lo8 Ib in+ can 
be readily incorporated into conventional polyesters or 
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aromatic) rings in the backbone. They are obtained by the nical properties in the range -253 to 650°C, at least for short 
condensation of aromatic diamines and aromatic dianhy- periods. 
drides, followed by intermolecular cyclodehydration (Fig. 7). 
The first step is usually carried out in dimethyl acetamide 
solution at room temperature. The intermediate polyamic 
acid, free from solvent, is cast into film and, above 150°C, The future 
dehydrates by cyclisation to form the insoluble polyimide. 
The polymer is stable for long periods at 300°C, and may be Looking into the future, the following four assumptions 
used for shorter periods at much higher temperatures. seem to be valid. 

Soluble polyamic acid (prepolyrner) 

Insoluble polyimide 

Fig. 7. Procesq involved in the formatton of a high-temperature resistant polyimide 

The polyimides are examples of polymers which have I. There will be no completely new mass plastic develop- 
aliphatic and aromatic groups in the backbone, and this ed durina the next ten vears. 
gives a compromise betwccn chain stiffening and reduction 

- 
2. There will be a series of developments from copoly- 

of brittleness. Other heat resistant materials belonging to mers, or modifications of existing plastics. 
this class are the polyamide-polyimides and polyoxadiazoles. 

A more advanced group of polymers, the so-called "semi- 
ladder" polymers, possess a backbone built entirely of 
aromatic and heterocyclic rings. The polymers are prepared 
by polycondcnsation and cyclodehydration from aromatic 
tetramines or diamophenols and aromatic dicarboxylic 
acids or dicarbonvl comoounds. The oolvbenzamidazoles 

Generally, the output in Europe of "classical" plastic 
material will double every five years. In addition, the new 
and higher priced materials which have a low consumption 
at present (polyacetals, TPX, polysulfones and thermally 
stable polyamides, and fibre reinforced thermoplastics) will 
lead to the development of new materials. . - 

(Fig. 8) can be made in two steps (soluble prepolymers 3. Within the next twenty years a new range of plastics 
followed by ring closure) and, as with the polyimides, are will be developed having a temperature resistance 
stable in air at 300°C and are reported to have good mecha- approximating to that of aluminium. 

polyoxadiazole 
polyimide 

polybenzimidiazole 

Fig. 8. "Semi-ladder" heat-resistant polymers 
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The influence of supermolecular structure on the 
properties of polymer films* 
By W. Funke and U. Ziirll 

Forschungsinstitut fur Pigmente und Lacke e.V., Stuttgart. Germany 

Summary 

Whilst in general a homogeneous film structure is considered to 
be thehost favouiable state, various advantages in film behaviour 
can be brought about by a particular morphological structure. 
This structure is based on some features in the supermolecular 
range, such as "soft-phase" inclusions or micrqvoids, that affect 
mechanical and optical film properties in a speclal way. 

Keywords 

Properties, characlerisfics and conditions primari1.v 
assorioted wilh dried or curedfilms 

mechanical property 

L'influence de la structure supermolhculaire sur les 

Bien que I'on considbre, en general, le feuil de structure homogbne 
d%tre la condition la plus favorable, on peut eflectuer de divers 
avantages B I'egard du comportement du feuil au moyen d'une 
spkifique structure morphologique. Cette structure se base sur 
certaines caractCristiques dans la gamme supermolc5culaire, telles 
que les inclusions "soft-phase'' (phase rnolle) ou des microvides 
qui influencent les caracteristiques mecanique ou optique du feuil 
dans une manibre exceptionnelle. 

The effect of inclusions was studied in an acrvlic eraft coaolvmer 
system as well as that of microvoids in a vinyichloFide-vinila&tate 
copolymer, using films cast from solutions with various sol\,ent 
hlcnds. F.lectron-microscopic studies. as well as viscoelastic and 
rheoloeical measurements. can be used to characterise hetero- 
geneous film structures. ~dhesion between fillns may be lmproved 
if the lower layer has a specific heterogeneous surface structure. 

Miscellaneous 

formulation 
polymers 

caracthristiques des feuils de polymhres 

On a etudik I'effet des inclusions dans un svstbme coalvmtre 
acrylique greffe; el celui des microvidec dans un coplymbre ihiorure 
dc vinylc-acetate de vinylc au moyen des feuils fondus B partir 
des solutions dans de divers melanges de solvants. Afin de carac- 
teriser les structures heterogbnes de feuils, on peut se servir des 
etudes au microscope electronique, de mEme que les mesures 
viscoelastiques el rhtologiques. On peut ameliorer I'adherence 
entre feuils, dans le cas oit la surface de la couche inferieure possbde 
une structure specifiquement hettro&ne. 

Der Einfluss Supermolekularer Struktur auf die Eigenschaften Polymerer Filme 

Zusammenfassung 

WiAhrend in1 allwmeinen eine homomne Filmstruktur als der 
&sti&;e ~"s&~betracht;twird; io%nn& d&h k %rhal&n 
von Filmen durch eine eigenartige morphologische Struktur 
verschiedene Vorteile im Verhalten von filmen hervor~erufen 
werden. Diese Struktur beruht auf einigen ~esonderheiien im 
supermolekularen Hereich, wie z.R. "weichphasische" Einschlijssc 
oder Mikrovacua, welchc die mechanischen und optischen Filmei- 
genschaften auf spezielle Weise beeinflussen. 

Die Gegenwart von Einschliissen wurde in einem Akrylatpfropf- 

polymersystem untersucht ebenso wie die Wirkung von Mikro- 
vacua in eincm Vinylchlorid-Vinylazelat Kopolymer, wobei auch 
gegossene Filme aus verschiedenerlei Losungsmittel enthaltenden 
Losungen inbegriffen waren. Um die heterogene Filmstruktur zu 
charakterisieren, konnen sowohl elektronmikroskopische Studien 
als auch viskoelastische und rheologischc Messungen benurzt 
werden. Haftung zwischen Filmen kann. wenn die untere Schicht 
eine spezifisch lieterogene Oberflachenstruktur hesitzt, verbessert 
werden. 

XOTS B O O ~ W ~  rOBOPn OAHOpOnHan ClpyKTypa nneHKl4 npUHU- COn0SlUMep~0fi CHCTeMe, a  KT MHKPOnYCTOT -Ha BHHHJlXJlO- 
MaeTcn K ~ K  caMoe 6naronpnn~noe cocTonHHe, pnn npenMyluecTB B p u n - ~ n ~ n n a ~ e ~ a m o ~  cononwepe, conepmaunMu nneuKu nony- 
nOKneHUH nneHOK MO)KeT 6blTb Bb13BaH 0~0601 M O P ~ ~ O ~ O ~ W ' I ~ C K O A  YeHHble W3 DaCTBODOB C DaMWYHbIMH CMeCIlMU DaCTBODUTenll. 

Introduction solvent, the molecular structure will consist of randomly 
coiled macro-molecules. Their shape is entirely fortuitous, 

The opinion that the structure of vehicles in paint films are and they penetrate each other t o  form a felt-like network. 
predominantly in a so-called amorphous state still prevails. For vehicles which react chemically during drying the situa- 
In other words, there is not supposed to  be any noticeable tion is somewhat different. In this case, the polymer chains 
structural order. Depending on the type of film formation, are finally cross-linked, but the chain segments between the 
the structure of the solid state of a film can be characterised cross-links are considered to  have a completely random 
in two ways. When a film dries physically, by evaporation of arrangement. 

* Presented at the 1973 Eastbourne Conference. 

430 



1973 (9) THE INFLUENCE OF SUPERMOLECULAR STRUCTURE ON THE PROPERTIES OF POLYMER FILMS 431 

Whilst this view has been widely adopted in the paint 
field, the situation is different for plastics and fibres. Here 
considerable interest has long been taken in particular 
structural features, such as crystallinity and para-crystallinity. 
Accordingly, pertinent research during the past ten to fifteen 
years has disclosed the most essential structural characteris- 
tics of such partly crystalline polymers. 

The simple idea of a two-phase system with adjacent 
crystalline and pure amorphous regions had to be abandoned. 
Rather, the material exhibits a continuous range of different 
kinds of order, ranging from a perfectly crystalline to a 
completely amorphous structure. However, neither of these 
extreme cases can be realised, even under most precise 
conditions. A perfectly crystalline polymer always contains 
dislocations or similar faults; a completely amorphous 
solution, or melt, of polymer is not a possible state also, 
because in both of these liquid states, regions of a certain 
near- or far-reaching order will exist which fluctuates 
to a greater or lesser extent. Hence, in order to characterise 
the state of a polymer film adequately, it should be considered 
as a non-crystalline rather than as an amorphous structure. 

During the last few years, the phenomenon of molecular 
order in non-crystalline polymers has rapidly gained pro- 
minence in the field of solid state polymer physics.' It seems 
appropriate to extend these investigations to the paint field, 
where the morphological structure of the binder in the dry 
film has not yet been studied very extensively. 

A paint film may be formed from the originally liquid 
material, starting with either a melt or a solution. In this 
work, only the latter case will be considered. As to the choice 
of the solvents in paint formulation, several aspects are 
relevant. Firstly, the solvent should promote and accelerate 
the grinding and dispersion of the pigments. Moreover, the 
solvent should give the correct paint viscosity. The solvent 
mainly determines the rate of drying and markedly affects 
the levelling. Finally, some plasticising effect may occur if 
too much solvent is retained in the film after its formation. 
All these relations are well known factors of paint production 
and orocessine techniaues. 

by the influence of solvents on the short-range order of the 
polymer chains. 

Heterogeneous structure and related 
mechanical properties 

First of all, it should be remembered that every normally 
pigmented paint film already possesses some of the distinctive 
features of a heterogeneous system. The pigment particles, 
which are dispersed in the film, provide some additional 
hardness to that of the unpigmented film. But, with the 
exception of fillers, which are sometimes deliberately added 
for this purpose, the mechanical effects of pigments are 
tolerated, being considered more or less unavoidable if 
the required optical film properties are to be produced. The 
general influence of pigments, in mechanical terms, has 
often been studied, at least as far as film hardness is concerned, 
and is fairly well-known. The elastic modulus increases with 
the pigment volume concentration, and this is virtually 
independent on particle size, as van der Waal et al.' would 
indicate. 

According to these authors, the influence of the tempera- 
ture on the mechanical properties, which is very characteristic 
of any polymer film, is scarcely affected by pigments unless 
these are able to react with the polymer molecules. In parti- 
cular, the glass transition temperature T, of an unpigmented 
film is virtually maintained even in films of relatively high 
pigment ~ o n t e n t . ~  Since the specific effects of the pigment 
can be adequately assessed from the basis of normal ex- 
perience with ordinary paint films, it is justifiable here to 
restrict the treatment to the unpigmented film, and to discuss 
how film properties can be influenced by the deliberate 
variation of the supermolecular structure of the binder. 

The incorporation of a disperse phase into an otherwise 
homogeneous polymer has yielded very significant results 
in so-called polymer blends. The most prominent example 
of such material is certainly high impact strength polystyrene. 
Obviously, the disperse soft phase in the hard continuous 
matrix renders the latter sufficiently stable to mechanical - 
imoact. The resistance is not simolv due to the oresence of 

Not so much attention, however, has been paid to the fact 
that the solvent may also affect the morphological structure 
and the short-range order in the polymer film, thus contribut- 
ing indirectly to the mechanical properties finally obtained. 
The effects are caused by intra-molecular as well as inter- 
molecular interaction between solvent and polymer mole- 
cules. The extent of intermolecular interaction depends 
also on the polymer concentration. Under comparable 
conditions, the interaction in very diluted solutions takes 
place mainly between segments belonging to the same chain 
molecule. A different situation is encountered in concentrated 
solutions: interactions between segments of different mole- 
cules will occur to a significant extent. This change in the 
segmental interactions not only affects the rheological 
properties, but also results in some specific forms of short- 
range order, which can be considered to be the beginning of 
some kind of molecular order in the solid polymer film. 

Generally, two kinds of structure forming effects may be 
operative in the process of film formation from polymer 
solutions, each of which depends, essentially, on the particular 
type of solvent used and the temperature involved. One of 
these effects consists of a phase separation at some time 
during film formation, if the system develops some in- 
compatibility due to the composition of the residual solvent 
mixture changing. The other effect may be brought about 

. . 
a certain percentage of the soft component, which may 
absorb and dissipate the energy. According to recent theory, 
a more sophisticated mechanism has to be assumed4 because 
the effect of the disperse phase is mainly due to a state of 
stress in soft inclusions in the region adjacent to the hard 
matrix material, which impedes the formation of cracks 
when the material is subjected to mechanical impact. 

The beneficial function of the disperse phase can, however, 
only be utilised completely if sufficient adhesion exists at the 
inter-face between inclusion and matrix. For example, graft 
copolymerisation may provide sufficient linking at the 
interfa~e.~ Such a reinforcement principle, which is well 
known in the plastics field, can be used, in addition, to 
improve the mechanical properties of polymer films. Materials 
similar in their behaviour to high impact strength poly- 
styrene, or to the much used ABS-polymers, have not yet 
found anv sienificant a~olication in the ~ a i n t  field. This is 
probably due to the bell-known fact that translucency, 
normally considered as a sign of film quality, is naturally 
seldom attainable in such films. It is not realised, however, 
that this minor disadvantage in optical terms could be 
compensated for by markedly improved mechanical proper- 
ties for such films. 

In order to study a typical example of such a material, an 
acrylic graft copolymer system has been investigated. The 
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matrix consisted of methyl methacrylate that, alone, would 
be much too brittle for paint films despite of its otherwise 
advantageous properties. The expected advantages of a 
composite can, however, be obtained when butyl acrylate, 
as soft disperse phase, is incorporated into the brittle matrix. 
Films produced from this heterogeneous material are still 
rather translucent. Apparently, the difference between the 
refractive index of the inclusion and that of the matrix does 
not affect optical film properties too much. Moreover, the 
films exhibit the anticipated mechanical properties. Their 
flexibility should be sufficient even for coatings on substrates 
which may change their shape, such as wood. The deforma- 
bility of these composite films can also be regarded as ap- 
propriate for most practical cases, because, as mechanical 
tests have shown, such films can be elongated up to about 
20 per cent without any detrimental effect on the adhesion 
between the two adjoining phases. 

softening region of the film material, the modulus discloses 
how the heterogeneous structure affects the mechanical 
properties. On the other hand, the loss modulus, which is 
characterised by a maximum in the softening region, is 
also influenced by structural factors. 

A torsion pendulum was used for the measurement of 
these viscoelastic properties.' The results are shown in Fig. 2. 
It is of particular interest to monitor the effects of additional 
film treatment. Alterations brought about in this way lead to 
some ideas of how the film's behaviour will change under 
similar conditions in practice. 

The morphological structure may be demonstrated by 
taking electron micrographs of the interior of the film using 
the fractographic method'. A typical cross-section micro- 
graph (Fig. 1) shows some of the essential features. Appar- 

0 20 40 60 
TEMPERATURE ('Cf 

Fig. 1. Electron micrograph of an acrylic graft copolymer film 

ently, thesize of the inclusions is quite uniform. This should, 
in general, be appropriate to the use of the material as a 
vehicle, for then the disperse phase can be better adapted to 
the size of the pigment particles, if necessary. Any interaction 
of this component with the surrounding vehicle, which 
finally affects the mechanical behaviour, can be assessed more 
adequately when a definite relationship exists between 
the particle size of the pigments and that of the inclusions. 

It is remarkable that the distribution of the disperse phase is 
fairly uniform. This is an additional requirement for the 
intended effect of the soft inclusions. Their shape is, however, 
not spherical as might be anticipated from the phenomena 
encountered in polymer blends in the plastics field. The 
inclusions in Fig. 1 appear in form of ellipsoids of which 
the greater extension is distinctly parallel to the plane of film. 
This feature clearly indicates that, to a certain extent, the 
process application may also affect the morphological 
structure. As a result of this, the film properties will exhibit 
some anisotropy. 

The mechanical properties of these acrylic copolymer films 
have been determined by a viscoelastic method, which yields 
information about hardness and on structural changes, 
both of which depend upon temperature. In this method, both 
components of the complex shear modulus, that is storage 
and loss modulus, are determined. The storage modulus 
can be considered as a direct measure of the deformability 
in the range sufficiently below the ultimate strength limits, 
and, if the temperature range studied coincides with the 

TEMPERED 
/ (150'C. lh) 
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TEMPERATURE ('C) 

(b) 

Fig. 2. Viscoelastic properties as a function of temperature 

Starting from the curve for modulus dependency on 
temperature of the film without any additional treatment. 
it can be observed that there is a distinct step in the centre 
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of the softening region, that is generally associated with 
the interface between soft and hard phase.8 When the film 
is stretched to  about thirteen per cent the influence of the 
soft phase becomes somewhat more pronounced, but this 
occurs without any changes in the general mechanical 
behaviour. In particular, the connection between the phases 
must have remained intact despite the elongation of film, 
since otherwise the step in the curve would have vanished. 
Apparently, this is the case of a greater elongation, up  to  
about twenty-six per cent, for which the resulting, nearly 
continuously descending curve is shown in Fig. 2. The co- 
herence of the material must have suffered as a consequence 
of the stretching treatment, for the modulus has decreased 
markedly. Yet, still more important is the fact that the 
interfacial connection between the soft inclusions and their 
surrounding matrix has obviously now been ruptured. 

This structural change can be observed macroscopically, 
for the originally clear film, stretched to  such an extent, 
turns white and turbid. Strictly speaking, the film should 
then no longer be considered as  composite, and the film 
should no longer be expected to  possess the advantageous 
properties which would otherwise result from the combined 
action resulting from both phases being in intimate contact. 
Since this deterioration only appears a t  a rather large elonga- 
tion of more than twenty per cent, however (which will 
seldom happen on rigid substratcs). the risk of losing useful 
film properties is unlikely in practice. 

The variation of mechanical properties of the material 
can also be seen from the curve for the loss modulus in Fig. 2. 
Thcre is virtually n o  difference between thc undeformed and 
the slightly stretched film. At an elongation of twenty-six 
per cent, however, the maximum has nearly disappeared, 
for the same reason given for the explanation of the missing 
step in the curve of storage modulus. 

Another practical condition, which may influence the 
mechanical properties, is high temperature. Fig. 2 indicates 
what changes will occur in such a case if, for instance, the 
film is maintained a t  ISOC for one hour. Here the shift 
of the storage modulus t o  higher values, and particulary the 
fact that the step in the curve is no longer as pronounced 
as for the untreated material, may be explained by an  addi- 
tional cross-linking in the interfacial region. In other words, 
as a consequence of the heat treatment, the film becomes 
somewhat more homogeneous. The smoothly descending 
curve is considered to  be characteristic of this state. The 
higher degree of cross-linking is also reflected by the shift 
of the maximum of loss modulus to  correspond to  a slightly 
higher temperature. 

Both variations, large deformation and the use of elevated 
temperature, are beyond what would be anticipated for 
most practical situations. It can be concluded, therefore, that 
the morphological structure, as  shown in Fig. 2, is sufficiently 
stable t o  maintain the mechanical properties for the purposes 
intended. 

Effect of microvoids in the film 

The heterogeneous structure of films which consist of a 
continuous and a discontinuous polymer phase are by n o  
means the only unconventional way t o  modify mechanical 
film properties. An alternative procedure is the use of films 
containing air-filled voids of specified size and form. This 
method has already proved successful in conjunction with 
other developments; the so-called bubble- coating^,^ in which 

the principle of "pittmentation" is realised,1° provide an 
example. 

When considering the use of air-filled voids to determine 
the mechanical properties of a film, it must not be overlooked 
that any empty site in an  otherwise continuous material 
is a potential volume of decreased strength. Thus some 
provision is necessary for avoiding this unwanted pheno- 
menon without nullifying the effect of what is otherwise a 
useful modification. The most important point in this context 
is the size of the void. According to Griffith's ideas," a void of 
sufficiently small dimensions would b t  stable under stress 
unless the elastic energy stored in its environment were 
high enough t o  increase the surface energy, when the size 
of void would increase. This simple model does not imply 
any plastic deformation of material adjacent t o  the void, 
and should not, therefore, be supposed to  be entirely realistic 
-a certain stability is obtainable, in any case, in a material 
containing a percentage of empty sites. 

The use of a solvent mixture rather than a pure solvent 
can be a proper means for producing a supermolecular 
structure, where the occurrence of voids is the pertinent 
feature. Generally, the composition of such a mixture is 
determined by various considerations. In practice, ease 
of production of the liquid paint and of its application are 
often essential factors in the economy of such a process. 
Thus the appropriate solution may often be found by using 
a solvent blend. 

The employment of a certain amount of non-solvent in 
the mixture normally affects the conformation of macro- 
molecules in the liquid r n e d i ~ m . ' ~  The general rule that the 
more the chain of molecules is uncoiled the "better" the 
solvent in respect t o  the polymer remains valid in principle. 
Thus, in polymer solutions with some non-solvent content 
some changes in the behaviour of chains may be expected. The 
result should be a modification of the supermolecular struc- 
ture after film formation. When such a condition is deliber- 
ately achieved, films with peculiar properties (due to  the super- 
molecular structure) may be obtained.I3 -*" 

A very informative example of this idea is a vinyl-chloride- 
vinylacetate copolymer (VC-VA) with about 85 per cent 
by weight of the vinyl chloride monomer. The solvent mixture 
consists of methyl isobutyl ketone (MIBK) as  solvent and 
of 2-methoxybutanol (MOB), as  the non-solvent. Suitable 
films may be obtained with a non-solvent concentration of 
up  to  forty per cent. 

At first, it is very instructive to  study the behaviour of the 
solutions, especially when the dissolution temperature is 
varied. The sequence of adding the components of the mixture 
is another possible variation. Solutions of the VC-VA 
copolymer in various mixtures of the two components 
exhibited a pseudoplastic behaviour even for a polymer con- 
centration as  low as  90gm I-I. When solutions are heated 
to  90°C for a short time and then cooled, the rheology 
changes from pseudo-plastic t o  Newtonian, and the viscosity 
becomes distinctly lower than before. This phenomenon is in 
accordance with similar results obtained by Hengstenberg 
and Schuch," who found that in a solution polyvinyl chloride 
molecules tend to  associate, but may dissociate again when 
the solution is heated. 

For this reason, the viscosity of solutions in MIBKIMOB 
mixtures (of molar ratio 60 : 40) was measured a t  various 
rates of shear. Moreover, the sequence of adding the solvent 
components t o  the copolymer was varied, and portions of 
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the solutions were heated before measuring. The results are 
shown in Fig. 3. 

Fig. 3. Vi i s i t y  as a function of rate of shear for VCVA-copolymer 
solutions subject to different pre-treatments, as  indicated; (solvent: 

mixture of MlBK and MOB) 

It can be seen that the rheological behaviour depends on 
the sequence in which the solvent components are added t o  
dissolve the  polymer. When the polymer is first dispersed 
in the poor solvent and then the good solvent is added 
(curve 3). the rate of dissolution is high, and the viscosity 
of the resulting solution low. This is the usual procedure 
used for manufacturing paints. However, if the dissolution 
is begun by adding the good solvent, or a mixture of the 
good and bad components, then the dissolution proceeds 
more slowly, and the viscosity remains higher even after a 
long time (curves I and 2). The situation is changed com- 
pletely after heating the solutions to  90°C. As indicated by 
the curves 4 and 5, the viscosity not only decreases distinctly 
and irreversibly, but the solutions now exhibit almost 
Newtonian flow. In contrast t o  this, the viscosity and the 
Newtonian behaviour of solutions of VC-VA copolymer in 
the pure solvent MIBK are not affected by heating (curves 
6 and 7). Such behaviour could be observed up to  a copolymer 
concentration of 20 per cent by weight. 

It may be concluded from the decrease of viscosity, as  well 
as  from the approach to  Newtonian behaviour, that in none 
of these three cases was the dissolution process complete, 
even after a long time. Obviously, the copolymer molecules 
are in a state of strong intermolecular association after the 
dissolution process, and this association can be destroyed 
only by using a sufficient excess of good solvent in a rather 
dilute solution. With higher polymer concentrations, a 
complete dissociation may be brought about only if the good 
solvent is used alone o r  at least in very high concentrations. 
In mixed solvent systems, the remaining associations are 
rather stable and only an increase in temperature can com- 
plete the dissociation. However, due to the deficiency of 
good solvent, a re-association takes place during cooling 
and, moreover, this is predominantly intramolecular asso- 
ciation. As a consequence of this, not only does the viscosity 
remain a t  a lower level, but also the pseudo-plastic behaviour 
disappears. Viscometric studies thus yield additional evidence 
as  t o  the shape of the macromolecules in solution which can 
be useful in assessing the supermolecular structure which 
finally exists in the polymer film. 

The merits of structural modifications resulting from the 
use of specified solvent mixture can best be demonstrated by 
measuring mechanical properties, such as Young's modulus, 
tensile strength and elongation a t  break. For the stress-strain 
test, an Instron-Tester has been used in which the rate of 
deformation is well defined. Films of VC-VA copolymer were 
prepared using solvent mixtures of different compositions 

varying from pure MlBK to  60 per cent MIBK : 40 per cent 
MOB. 

The mechanical properties are shown in Fig. 4 as  a function 
of the composition of the solvent mixture. Two distinct 
features appear in this diagram. The ultimate of strength 
does not attain an optimum when the good solvent alone is 
used for preparing the film. Instead, the highest values for 
both ultimateelongation E E  and tensile strength c r ~  are given 
by films which have been cast from solutions containing 
10 per cent non-solvent. In addition to  the possibility of 

..-- 
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Fig. 4. Mechanical properties (Young's modulus E, elongation at 
break ELI, tensile strength CB) as function of solvent composition in 

the liquid paint 

improving film properties, a certain economic advantage also 
results, although only with respcct to hardness, which may 
be characterised by Young's modulus E, this statement 
needs to  be modified somewhat. Apparently, the hardest 
films are obtained using solutions with the good solvent 
alone. Yet the hardness of films which display maximum 
strength is only 15 per cent lower than those films which 
have the greatest hardness. Considering the increased strength, 
this decrease in hardness can certainly be tolerated. There 
may be some plasticising effect by retained traces of solvent, 
but this is supposed t o  affect the mechanical properties in a 
continuous way. It can hardly be expected that such an 
effect would bring about the maximisation of mechanical 
properties, o r  that it could be caused in such magnitude as 
observed here. 

It is informative to  compare these mechanical data with the 
supermolecular structure as  revealed by electron micro- 
scopic studies. It can be seen macroscopically that the films 
become more heterogeneous as  the content of non-solvent 
in the mixture is increased. Films are fairly translucent up to  
10 per cent MOB. Higher concentrations of that component 
yield turbid films. A film from a solution with 40 per cent 
MOB appears perfectly white with excellent hiding power, 
even in pigment-free form; that is, this is nothing more than 
a bubble-coating. The reason for this peculiar optical 
behaviour can be seen from Fig. 5, which shows an electron 
micrograph of the film cross-section. Owing to  the high 
non-solvent content, a phase separation takes place during 
film formation, and this causes the discontinuous structure. 
Since a rather large portion of the film does not contain a 
vehicle t o  provide strength and hardness, it is not surprising 
that such a film turns out t o  be inferior t o  the more compact 
ones in mechanical terms, for there is simply not sufficient 
mechanical support in the many thin interconnected lamellae 
of which the film is made up. 
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Fig. 5. Electron micrograph of a film made from a solution of 
forty per cent non-solvent in the solvent blend 

The conspicuous strength of the films obtained with only 
10 per cent non-solvent can be attributed, in addition, to a 
supermolecular feature. The translucent appearance of the 
film indicates that such structural details are of dimensions 
much smaller than the wavelength of light, that is about 
0 .5~m.  It is possible, however, to prove the existence of 
voids of that or a smaller size by fractographic electron 
microscopic studies. This is due to the occurrence of a para- 
bolic pattern originating from the so-called secondary 
fractures, of which the void-situated in the focus of the 
parabola-is the cause. Fig. 6 demonstrates such a pattern 
and clearly shows that not only can the existence of micro- 
voids in the otherwise homogeneous film be easily perceived, 
but also that the concentration and distribution of these 
morphological details may be assessed. 

Fig. 6. Electron micrograph showing a fractured surface with 
secondary-fracture parabolae caused by micro-voids 

It is now possible to give an explanation for the effect of 
these micro-voids on the mechanical film properties and, in 
particular, for how they can bring about the optimum 
deformability observed. Obviously, the micro-voids must be 
of a dimension small enough to be essentially stable in terms 
of the Griffith model". If, however, the film is loaded beyond 
the limit of stress which the micro-voids can bear, the fracture 
energy necessary to break the film will be markedly enhanced, 
for there will not only be one fracture surface, as would 
develop in the case of an homogeneous material, but a 
multiplicity of such surfaces. each essentially produced by 
and, therefore, to be allocated to a micro-void. Because a 
certain amount of energy is dissipated by this effect of the 
micro-voids, the required fracture energy is higher than for 
the homogeneous film. This increase of energy is, in turn, 
reflected in improved deformability. Such energy dissipation 
is not conceivable in films obtained with 100 per cent solvent 
in the solution. It is, therefore, quite in line with this 

hypothesis that these films are again inferior to those in 
which micro-voids may become effective. 

Consequently, the essential feature of the supermolecular 
structure is that a certain amount of voids, whose size is 
sufficiently small to avoid optical effects or to initiate fracture 
according to Griffith's theory, will even produce better 
mechanical film properties than can be obtained with a 
homogeneous film of the same material; which has previously 
b:en considered to have optimal properties. 

A variation of the solvent mixture composition may be of 
advantage in other systems. Related studies have shown that 
a modification of mechanical properties can nearly always be 
observed. Attainment of optimal properties, however, 
requires testing a variety of combinations, but even for those 
systems which do not possess a maximum of properties, a 
variation in the solvent mixture may assist in the formulation 
of films which best meet specific requirements. 

Improvement of adhesion by 
morphological surface structure 

When modifications to the supermolecular structure extend 
over the whole film thickness, it is mostly the mechanical and 
optical properties of the film which are affected. However, 
for special purposes it is possible to restrict structural changes 
to certain portions of the film. The introduction of an open- 
porous structure in the surface layer of the film, that can be 
produced by various means, is of particular interest. 

A film possessing such a surface structure will allow the 
adhesion of a subsequently applied paint layer to take place 
under more favourable conditions. Provided the liquid paint 
is able to penetrate sufficiently into the pores, this upper 
film layer will bacome mechanically linked to the under- 
coat. This is essential because good intrinsic adhesion between 
the two materials is not then necessary, as would be the case 
if the films formed a plane interface. Even if there are no 
adhesive forces at all, the top layer is still mechanically 
anchored to the substrate, so that the films cannot be 
separated easily. 

In order to produce the effect, it is necessary, however, that 
the voids in the surface region of the lower coating are not 
only open in the direction of the surface but possess a par- 
ticular shape that is denoted at best by an "ink-bottle" 
structure. The liquid paint is able to enter through the orifice 
and fill up the cavity, thus expelling completely the gaseous 
content from the voids. Some provision for a sufficiently low 
viscosity and proper wetting power of the paint would be 
indispensable. 

This principle of predominantly mechanical anchoring has 
already been realised in practical cases. The surface voids 
can be obtained by a combined action of solvent and 
humidity in the case of VC-VA copolymer, as was recently 
shown by Funke and Zorll". Another example, where a 
similar procedure was successful, is demonstrated in Fig. 7. 
The lower coating consists of nitro-cellulose, and the upper 
of a modified alkyd. It can readily be seen that the cavities 
in the nitro-cellulose film exactly meet the requirements for 
this concept of adhesion, and the same can be said of the 
capability of the alkyd paint to penetrate into the former. 
When employing this special kind of morphological structure, 
any difficulties in obtaining adequate adhesion can be 
avoided because coherence of each component in this 
stratified system determines the strength of the joint rather 
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than adhesion between components. Whereas this principle 
is already utilised in other technical areas, for instance in 
metallising surfaces of plastics, its application in the paint 
field is not yet usual. In the authors' opinion, it provides a 
very promising aspect for technical progress in the field of 
coatings. 

Fig. 7. Electron micrograph of the interfacial rcgion after the tnp 
layer of a modified alkyd paint (A) has penetrated into cavities in 

the nitro-cellulose (N) undercoat 
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Discussion at Eastbourne Conference 

M R  J. PELGRIMS mentioned the influence of heating of 
MOB containing pva/pvc solutions to decrease pseudo- 
plasticity to obtain Newtonian flow, and asked whether 
this influence was larger than on pvc/pva solutions, not 
containing MOB. Pvc/pva copolymers made by emulsion 
o r  suspension polymerisation, when solubilised in MlBK 
inherently showed this "memory" effect and went from 
pseudoplastic solution behaviour into Newtonian behaviour 
after a similar heating process. What happened when pvc 
He/MIBK-MOB were cooled instead of heated? 

D R  U. ZORLL replied that Mr Pelgrims had probably 
noticed three curves; the lower, not exactly straight curve 
was obtained by first giving the methoxybutanol-that is, 
a non-solvent-to the material and then adding the MIBK, 
and there was not much difference in the opposite procedure. 
Adding the non-solvent to the material was more usual and 
allowed for quicker procedure for bringing this material 
t o  the liquid state; but the most striking difference was that 
only by heat could the rheological behaviour be changed 
in such a remarkable way as had been observed. This could 
be explained in terms of the interaction between the molecular 
segments. Temperature increase could be strong enough 
to bring about a dissociation of the molecular segments. 
Formerly they were connected by intermolecular association, 
that is some sort of network between various macromolecules 
was formed, but after heat treatment they became individuals. 
On cooling again, they tended to reassociate, but now there 
was a difference. The segments reassociated in an intramo- 
lecular way and the molecules, therefore, behaved more like 
little spheres so  that the viscosity as  a whole was lowered and 
the material became a Newtonian liquid. 
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MR PELGRIMS said that this normal difference which 
Dr  Zorll had shown was visible without addition of a non- 
solvent. 

PROF. W. FUNKE commented on this second point. 
One had to consider also the concentration for, with solutions 
of relatively low concentration, there was such an excess 
of the good solvent that all molecules would be dissolved, 
and all associations would dissociate. For concentrated 
solutions, however, and this was what Dr  Zorll was talking 
about, it was not possible t o  have enough good solvent to 
dissociate the associated parts of the molecules, which were 
probably the vinylchloride segments. These segments might 
have been intermolecularly associated from the production. 
As to the final viscosity, not much difference was shown by 
the way one addcd the solvent components, but if one 
increased the temperature, the associated sequences would 
dissociate and then reassociate on cooling, but now in a 
predominantly intramolecular way. It was to be expected, 
of course, that the different structuring had some effect on 
the mechanical properties of films obtained from heated 
solutions. 

DR M. L. ELLINGER asked whether the effect of micro- 
voids in the film promoting intercoat adhesion was also 
valid in cases where the primer coat has been cured at elevated 
temperature (for example, I5OUC)? 

D R  ZORLL said that in most cases it would be expected 
because the treatment could be done after stoving, but 
this was a special treatment. One could combine the action 
of water vapour and solvent vapour, and this should be 
sufficient to dissolve the surface a little-this was a very 
simple explanation for the effect, in reality it was more 
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difficult. The little water droplets penetrated somewhat into 
the surface region and afterwards they evaporated again 
leaving beneath the surface spherical cavities with very small 
orifices. This could be done after any film drying procedure 
and, this was a most important point, one could apply this 
treatment, in principle, to a completely dried film. 

MR J. S. BOROKY asked Dr Zorll to inform him about 
the practical manufacture of these heterogeneous polymer/ 
solvent mixtures, what shelf-life the products had, and 
what was their colloidal stability. 

PROF. FUNKE replied that, of course there was the 
question of the shelf-life for such mixtures and, for such 
concentrations as were usual in practice, it depended on 
whether enough solvent was available to dissolve associations, 
and it depended on time. It was well known that the time 
necessary for dissociation processes could be rather long; 
it might last from a few hours up to a few weeks. In the 
authors' experiments they usually waited until they had 
equilibrium conditions. 

MR A. R. H. TAWN pointed out that the people who 
were going to try and apply this principle were obviously 
going to be very interested in the time scales involved. 
Professor Funke had said that he allowed the systems to 
reach equilibrium before making his studies. If this equili- 
brium was reached during the time it would take the paint 
to get from the manufacturer to the customer it was all 
right, but if it was going to be on a time scale of days or 
weeks, of course, it could conceivably lead to more serious 
problems. He asked Prof. Funke to indicate the order of 
the time scale he was talking about. 

PROF. FUNKE replied that the question of colloidal 
stability of these solutions depended on whether one reached 
the equilibrium state during the dissolution process or not. 
In case of heated solutions, after cooling down the viscosity 
remained constant, at least during one week of observation. 
Non-heated solutions, however, took considerably longer 
until the viscosity did not change significantly any more. 
There was also a strong dependence on the way the solvent 
compounds were added to the copolymer. Obviously, the 
equilibrium state was reached much more quickly if the 
dissociation of associated segments were accelerated by 
the heating process. 

MR BOROKY said that the preparation of these dispersed 
polymeric mixtures was a solvent dependent procedure, and 
he was mainly interested in the shelf life of such a mixture 
when one prepared it. Unless the two or more polymers 
had suitable built-in dipole moments they would not stay 
in a stable condition very long; but the speaker took this 
as a natural consequence of the system. He was really interest- 
ed in the limitation of the system that one could not very 
well use it generally for pigmented laquers because there 
the solvent used surely competed with absorption of the 
polymer. 

DR ZORLL agreed that one might expect this, but he 
had also used these films pigmented with titanium dioxide, 
and up to a pigment volume concentration of 10 to I5 
per cent, fairly good films showing the same behaviour 
had been obtained; that is, a maximum of mechanical 
properties with a certain amount of non-solvent in the film. 
It was not possible, therefore, to say that as a rule pigmenta- 
tion of such materials should cause a decrease in overall 
properties. 

MR A. M. VAN LONDEN asked Dr Zorll to indicate 
the level of retained solvent, especially the non-solvent, in 
the films after drying and after the heat treatment, this in 
respect to the observed film properties. 

PROF. FUNKE said that he had expzcted this question. 
Everybody thought about solvent retention and it was well 
known that polymer systems like polymers tended to retain 
solvents even after drying. Of course, they had made sure, 
by various methods of drying as well as by gas chromatogra- 
phy, that the effects observed, especially the mechanical 
effects of a certain mixture were not caused by the retained 
solvent. In this context, it had to be noted that there was no 
steady increase in the properties, but a decrease towards 
using the pure solvent system. This effect could only be 
allocated to a certain composition, to the structure, and 
not to retained solvent. 

MR A. R. H. TAWN said that, presumably, from thc 
thermodynamics of the system, Prof. Funke would expect 
the good solvent to be more tenaciously retained than the 
poor solvent, the non-solvent. 

PROF. FUNKE replied that it was well known that the 
ketone used in this case might be strongly retained by this 
system, and he thought there were values published in litera- 
ture which amount to 6 or 7 per cent retention, but this 
could not allow for the curves for mechanical properties 
going down again when 100 per cent solvent was used for 
preparing the film. 

MR J. R. TAYLOR asked whether electron micrographs 
showed uniform pigment dispersion when pigmentation of 
these systems was undertaken. It might be expected that in 
such a heterogeneous resin systems, flocculation of the 
pigment would take place during the formation of the paint 
film. 

DR ZORLL answered that they had observed from 
electro-micrographs of the pigmented systems that, as 
compared to ordinary paint films containing the same sort 
of pigment, there was somewhat more flocculation encounter- 
ed than with such ordinary paints, but not so much that 
one should have to object to it. They did not feel it was 
necessary, therefore, to modify the procedure of pigment 
dispersion in order to obtain more homogeneous distribution 
of the pigment in the film. 

DR L. VALENTINE, taking up a point raised by Mr 
Tawn on practicability and the time to get stable effects, 
asked whether the authors could comment on the reproduci- 
bility to be expected arising from the drying process. In 
industrial practice there were often considerable variations 
in drying processes and it would be interesting to know if 
reproducible effects could be obtained under these conditions. 

PROF. FUNKE said that they had repeated the experi- 
ments with a wholly new series of test specimens, and could 
reproduce these to about 10 per cent. The characteristics 
could be reproduced and also the appearance in the electro- 
microscope. He added that they would like to show that the 
paint chemist must look at the solvents used from a view- 
point different from that of the past. The solvents also had an 
influence on the polymer structure of the film. It was not only 
the plasticising effect, which everyone had been well aware 
of in the past, but also the solvent which might effect the 
properties of the film. I n  this case, they had tried to show that 
there was a strong influence on the structure of the molecule 
in the film, and that this could be influenced by changing 
the solvent composition. 



MR TAWN said he thought it was true to say that the 
influence of solvent had long been known, although it had not 
been particularly well understood, and that this work had shed 
a lot of light on some of the phenomena which have been 
known, o r  at lcast suspected, for a long time. By under- 
standing what was happening, it was now becoming possible 
t o  exploit it, and this was the potential value of this work. 

MR TUUKKANEN stated that, by varying the solvent/ 
non-solvent composition, a maximum in mechanical proper- 
ties was found. H e  asked what was the effect of test tempera- 
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ture. Was a maximum also found a t  temperatures below 
freezing point and at temperatures above room temperature? 

DR ZORLL replied that this maximum was fairly inde- 
pendent of temperature as  long as  one remained below 
temperatures of approximately 40°C. If one went up to  fairly 
high temperatures (120°C more or)  one could bring this 
system into completely different state and, its favourable 
properties were more o r  less lost. All the systems showed a 
certain sensitivity to temperature and that could be easily 
explained because of the balance of the various forms of 
interactions between the segments of the macromolecules. 
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Hardening of organic coatings with infra-red lasers* 
By E. Ladstadter and H. D. Hanus 
Vianova Kunstharz AG, Research Centre, Graz, Austria 

Summary 

The experiments carried out so far with a 100 W CO, laser emitting At present the process is limited to curing of small areas. However, 
at a wavelength of 10.6ym. although not complete, indicate that the intensd development in the field of CO, lasers is expected to 
enamels used commercially only need very short irradiation times. lead both to moreeficient equipment and to the practice of irradiat- 
The areas hardened in this way are of excellent quality. One of ingobjects with largesurfaceareas. 
the most important advantages of this method is the exact control 
of the area irradiated and of the period of irradiation. 

Keywords 

Process and methods primarily associate~l 
with drying or curing of coatings 

Miscellaneous 

laser 
infra-red drying 
radiation curing 

Le durcissement des reveternents organiques au rnoyen des lasers a I'infra rouge 

Bien que les experiences effectukes jusqu'l present l I'aide d'un irradik et aussi sur la durke d'irradiation. 
laser-CO, de lOOW tmettant B une longueur d'onde de 10.6 y ne 
soient pas dt j l  termintes, elles indiquent que les peintures-emaux A prtsent, le processus est limit6 au durcissement dm superficies 
de commerce n'exigent que les durkes d'irradiation Ires courtes. modestes. Cependant, on s'attend B ce que les dtveloppements 
Les feuils durcis par cette technique sont d'une qualite excellente. acharnCs dans le domaine des lasers-CO, aillent mettre en dvidence 
Un des avantages les plus importants de cette rntthode, c'est le du materiel plus efficace et la possibilitt d'irradier les articles 
contrble precis que I'on saurait exercer sur la superficie l &tre d'une superficie importante. 

Hartung Organischer Beschichtungen mit Infrarot-Lasern 

Bisher mit einem l00W CO, Laser durchgefuhrte und noch und zeitliche Kontrolle der eingestrahlten Energie. 
keineswegs abgeschlossene Versuche zeigen, dass n i t  den handel- 
iiiblichen Einbrennsystemen sehr kurze Bestrahlungsxiten erzielt Zur Zeit is1 das Verfahren auf kleine Flachen beschankt. Die 
werden konnen. stiirmische Entwicklung gerade auf $em Gebiet dm Kohlendioxid 

Laser lasst wesentl~ch leistungsfah~gere Gerate und damit An- 
Die so geharteten Lackflachen sind von ausgezeichneter Qualitlt. wcndungsmoglichkeiten bei grossflichigen Objekten erwarten. 
Ein wesentlicher Vorteil dieser Methodc is1 die exakte raumlichc 

O ~ M T M  npoBeneHHMe no CMX nop c lOOOW CO, na3epo~ ~ 3 n y -  B Hacronuree BpeMn npouecc orpaHnrew cyur~oii we6onbu~x 
9ammMM C flnu~oti BOnHbl B 10.6 MKM. XOTIl M He nOJIHOCTbl0 nnoulaneti, HO 6blc~pblR TeMK pa3BUTMR B 06nac~u COa JIa3epOB, 
OKOHSeHbI, Bce me yKa3blBamT q T 0  npOMbllUneHHble 3ManH ~pe6y- Hall0 OXWaTb, npUBWeT K PaPBMTMIO 6onee YCOSpUeHCrBOBaH- 
mT nUUb 09eHb KOpOTKOe BpeMn 06ny.le~M~ nn0ulaJlH OTBepX- HOrO 060pyLT0~au~~ U K BO3MOXHOCTU 06nyqe~lm donblunx 
neHHble TaKUM o6pa3o~  o6nanam.r OTIIMWlbIMU KaSefTBaMU. ~ O B ~ P X H O C T ~ ~ ~ .  
Onno M? ~au6onee BaxHblx npenMyulecTB ~ T O ~ O  MeTona nsnnercn 
TOqHblfi K O H T P O ~ ~  0 6 n y ~ e ~ ~ o i i  MOUanU U nepH0~la 06nyre~nn. 

Introduction 

Conventional thermal infra-red sources have been used to  
harden varnishes for more than 50 years. The recently dis- 
covered irasers (infra-red amplification by stimulated emis- 
sion of radiation), open completely new possibilities for the 
curing of organic coatings by infra-red irradiation. The 
basic work to  develop this method was mainly induced by 
the following considerations: 

1. Some typical infra-red-spectra (Fig. I) of various thermo- 
setting paints indicate that the spectral range between 6 

* Presented at the 1973 Eastbourne Conference. 

and 12 pm wave-length would be the optimum to  harden 
varnishes, since the conditions of absorption and reflexion 
in the medium infra-red enable the paint film to  warm 
up  uniformly, independent of pigments and binding media. 

A. White paint on alkyd/MF resin; dry film thickness 28 pm 

B. Red paint on alkyd/MF resin; dry film thickness 26 W r n  
C. Clear varnish on alkyd/MF resin; dry film thickness 27 pm 

D. White paint on epoxy resin; dry film thickness 20 Dm 
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Fig. 1. Infra-red-spectra of various thermosetting paints 

In the near infra-red, however, there are not only consi- 
derable differences in transmission (for example 15 per cent 
for the red paint B, 86 per cent for the clear varnish C, 
measured at 2.5pm wave-length), but also important reflec- 
tion losses. The latter may reach a maximum of 50 per cent in 
the case of high pigmentation with titanium dioxide1. 

2. Conventional infra-red sources can be described by the 
Planck equation for a black-body and derived from this 
equation by Wien's displacement law and the Stefan 
Boltzmann equation. It follows that, using a thermal 
radiation source having its emission maximum in the 
previously cited wave-length range from 6 to 12pm. the 
temperature of the source would lie between 470°K 
and 240°K corresponding to 200°C and -30°C (see 
Fig. 2). 

wavelength I p r n l  

Fig. 2. Spectral radiance Nh of a black-body at the absolute 
temperature T shorn on each curve 

The diagonal line, intersecting the curves at their maxima, shows 
Wien's displacement lawa 

3. Thus, in the most favourable case, at a maximum tempera- 
ture of 200°C on the surface of the infra-red source and 
assuming a theoretical thermal equilibrium, the tempera- 
ture of the paint could reach not more than 200°C because 
even with the best methods of focusing the radiation, 
the temperature of the irradiated object would not be 
higher than that of the source. The total power emitted 
per square centimetre would reach a maximum of 0.3 W. 
For a rapid heating, and hence hardening of coatings, 
temperatures of about 300°C for short periods and. 

depending on coating and substrate, power density levels 
of 1-10W cm-a, are necessary. 

4. At present, the only radiation-source in the medium 
infra-red suitable for hardening coatings and offering 
high power and an almost unlimited power-density, is the 
CO, laser. This commercially available iraser, which emits 
at a wavelength of 10.6 pm, gives a higher continuous- 
wave output combined with a higher efficiency (theoreti- 
cally up to 40 per cent of the pumping energy) than any 
other iraser or laser. 

Again, with reference to Fig. 1, the uniformity of the 
transmission curves at the point of the emission of the 
CO, laser can be seen. 

The losses of radiation energy by reflection amount to 
about 5 per cent only, irrespective of the pigmentation, thus 
permitting up to 90 per cent of the incident radiation power 
to be transformed into heat. These facts reveal the significant 
possibility of the CO, laser being able to compete successfully 
with conventional infra-red sources, where special hardening 
conditions are required. 

Table 1 shows some characteristic data of such conven- 
tional infra-red sources in comparison to those of a CO, 
laser. 

Table I 

Characteristic data of some infra-red sources 

Amax wave-length of niaximum emission 
H max greatest irradiation power-rlensity achievable 
P total radiation power 

Amm 
(im) 

The power-output of a single CO, laser is low, compared 
with other infra-red sources, but as its power-density cannot 
be attained by any conventional means, the CO, laser is 
generally used for cutting and drilling metallic or ceramic 
materials, when the highest accuracy is required. Hardening 
organic coatings with a CO, laser still seems to be contradic- 
tory, however, because an extremely well-focused CO, 
laser beam shows considerable disadvantages in this field of 
application, where enlargement of the beam would be of 
more interest. 

H ,ax I P 
(W cm?) / (103W) 

The acceleration of the cross-linking reaction in thermo- 
setting resins by the use of such an intensive infra-red source 
is economical only if the radiation power applied to the 
paint system can be regulated. Without control, the least 
change in absorption (for example, varying film thickness) 
would cause either insufficient cross-linking or thermal 
decomposition of the organic substance. Control of the 
intensity during irradiation can be achieved either by pulsed 
operation of the CO, laser or by continuous variation of the 
pumping power. With the aid of a device for measuring 
temperature without contact, it is possible to construct an 
automatic control-unit for the temperature of the coating. 

To irradiate larger areas with the CO, laser beam, the time 
control is combined with a spatial control determining the 
direction of the electromagnetic wave. To enlarge the cross- 
section of the beam with the aid of lenses or equivalent 

Low-temperature infra-red radia- 
tor (473" K) .. 
Quartz-halogen lami (285'4"~) . . 
CO, laser (CW) . . . . . . 

6 
I 
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mirror systems would be simple and elegant but this method 
cannot be applied for the following reasons. 

The far-field mode-pattern of the CO, laser is neither 
constant nor uniform. An enlarged projection would there- 
fore lead to great local differences in temperature due to 
the poor heat conductivity of synthetic resins. 

Fig. 3 shows some of the principal far-field mode-patterns 
of a He-Ne gas laser. Similar intensity distributions can be 
observed with a CO, laser (the mode-pattern of an iraser is 
difficult to record due to the lack of suitable apparatus). 

today would be destroyed by the high power densities or 
because most known scanning devices are too inefficients. 
In practice, a simple scanning with metal mirrors is feasible. 
The operating band-width, when using the most elaborate 
equipment, can be extended to a maximum of IkHz, which 
is quite sufficient for the CO, laser when curing paint films. 

Experimental 

The first attempts to harden organic coatings with a CO* 
laser were made in 1969. The results were so promising that in 

'I l:\ly, ; 'l'l<\l,o 'l'l~;>lso + 'rh;.llo, 'l'l~:>l,o + Tl,;>Io, 
L- .. .- - A 

Fig. 3. Far-field mode-patterm of a He-Ne g a ~  lasera 

The low total power of a CO, laser is best exploited when 
each part of the coated surface is irradiated for a very short 
time to absorb the minimum amount of radiationenergy 
necessary for the acceleration of the crosslinking reaction. 
Thus, the energy loss by heating the substrate which, unlike 
the coating, usually has an enormous heat capacity, is 
considerably reduced. This means that the area is best 
scanned with a slightly focused beam of diameter lOnim, 
each part being exposed several times to the maximum 
temperature for a very short time interval. 

An electromagnetic wave has to be deflected through 
reciprocal reaction with matter. Unfortunately, the methods 
applicable to electro-optics in the visible range cannot be 
applied to the CO, laser, partly because the materials used 

the same year a patent4 covering the process was filed. Since 
then, a series of tests has been carried out using a CO, laser 
of lOOW theoretical output, in co-operations with the Insti- 
tute of Physics at the University of Graz. 

The arrangement to irradiate flat surface areas is shown in 
Figs. 4 and 5. Temperature regulation was achieved by 
modulating the scanning speed of the CO, laser beam. 

The beam leaves the CO, laser (I), passes first through the 
optical system (2) (3) and the beam splitter (4), and after 
being reflected at two fixed (9) and one moving mirror (10) 
it scans over the surface of the sample (11). The temperature 
of the coating is controlled by means of an infra-red thermo- 
meter (7) and the feedback loop, consisting of the control 
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Fig. 4. Schematic diagram of equipment used to irradiate flat samples 

1 COI laser 
2,3 Germanium optics 
4 beam splitter 
5 power monitor 
6 concave mirror 
7 infra-red thermometer 
8 He-Ne laser 
9 fixed mirror 

10 moving mirror 
11 sample 
12 mirror drive 
13,14 programmer unit 
15 control amplifier 
16 temperature adjustment 

amplifier (15), the sawtooth and staircase generators (13) 
(14) and the mirror drive unit (12). The equipment is 
completed by the power monitor (5 )  and the He-Ne laser (8), 
which serves as an indicator for the invisible infra-red beam. 

Fig. 5. Practical arrangement to irradiate flat samples 

The power-output of the disposable CO, laser amounted 
to 70W. The irradiation power density, just sufficient to 
cure the organic coating in a short time, lay between 1 and 
I O W C ~ - ~ ,  and was largely dependent upon the heatcapacity 
and heat conductivity of the substrates (usually steel panels 
but also plates of wood and glass). Thus the surface areas 
of the coated samples were limited from about 7 to 70cm2. 
The ideal film-thickness of each hardened organic coating, 
usually about 30 pm, was calculated from the corresponding 
infra-red spectra. In practice, the applied film, still containing 
solvents, required a uniform heating without severe 
temperature gradients. This was best realised on metallic 
substrates as the decreasing intensity of radiation within the 

film was nearly compensated by the reflection of the trans- 
mitted radiation at the metal surface. 

An industrial enamel, normally stoved at 100°C for 30 
minutes, could be cured within 30 seconds, without any 
flash-off time being necessary. The peak temperatures during 
the irradiation were 300C, the paint film was faultless and 
of excellent quality. 

In those cases where the samples were smaller than the 
diameter of the unfocused C02 laser beam, the modified 
arrangement shown in Figs. 6 and 7 was used. 

Fig. 6. Schematic diagram of the apparatus used for irradiating small 
samples 

infra-red thermometer 
Cassegrain telescope 
measuring amplifier 
recorder 
oscilloscope 
control amplifier 
temperature adjustment 
power amplifier 
actuating magnet 
CO, laser 
mirror 
sample 

The intensity-modulation was achieved by the actuating 
magnet (9). The CO, laser beam was directed on the sample 
(12) via the fixed mirror (I I); due to the smallness of the 
object, a telescope (2) had to be used in front of the tempera- 
ture measuring device. 

Fig. 7. Arrangement for curing small samples 
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VeoVa and the amazing: 
glo-ng colour top coat 

Now, ~ e o ~ a T t h e  basis for so many of 
today's brightest domestic emulsion paints, 
can be used to formulate industrial finishes. 

Developed by Shell Chemical research, 
VeoVa polymers give top coats of smooth, 
glistening evenness and toughness and have 
particular attraction for uses demanding a 
metallic finish. 

VeoVa-based polymers can be 
used in addition for electrodeposition, 
to give superior white and aluminium 

single coat systems. 
And all the time VeoVa continues to be 

used in ever-growing quantities for all types 
of decorative emulsion paints and, more 
recently, in the new 'silk' finishes. 

For further information contact your 
Shell company. 
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No doubt about your I.Q. 
What about your 1.9. C." ? 

("Instant Quality Control) 

The world-wide shortage of raw materials is exercising the 
ingenuity of paint chemists determined to make no concessions 
to the high quality of their products. Consider therefore: 

1. The BK Dual Applicator & Casterguide 
Something new in quality control, this combination will save 
valuable Laboratory time in the rapid assessment of dry hiding 
power and in the determination of the sag index of paints. 

2. The New 3-Speed BK Drying Recorder 
For the constant checking of drying time and of drying behaviour 
of paints, varnishes and printing inks. 

3. The New 2-Speed BK Gel Timer 
For the checking of gel times of systems based on polyesters, 
epoxies and polyurethanes. 

For illustrated leaflets please write to: 

The Mickle Laboratory Engineering Company, 
Mill Works, Gomshall, Nr. Guildford, Surrey 

Shere 2178. 

print in practice 
Metchim's have been printers for over 100 years. 
Today, in the heart of Westminster, in the shadow 
of Big Ben, our modern automatic presses pro- 
duce vast quantities of high-class printed matter, 
day and night, in our 12,000 square feet factory. 
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I 

COPPER PRESERVATIVES 
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I 
CUNILATE FUNGICIDES 

Solubilised Copper 8-hydroxyquinolinate 

Cuprinol are specialists in metallic salt 
preparations. Careful research and 
stringent controls during manufacture 
have produced a range of batch-to-batch 
consistent products at highly competitive 
prices. But don't take our word for it. 
We'll be delighted to let you have samples 
for labtesting. Justtickthe boxagainst 
any products you're interested in, and 
we'll send you comprehensive data 
sheets together with prices and an order 
form for samples. 

Address I 
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I 
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SYNTHETIC RESINS LTD 

S.R.L. is a member of a European association of lead- 
ing resin producers between whom there is free inter- 
change of technology and information on product 
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sale i n  the U.K. of their new resins. 
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The temperature schedule used with this equipment to 
cure an epoxy resin film is shown in Fig. 8. By far the greater 
part of the irradiation time necessary was used to evaporate 
the solvents at a low temperature. The cross-linking reaction 
in this example only took four seconds. 

0 10 2 0 30 I s1  
irradiatron time 

! 260°C 

Fig. 8. Temperature schedule for curing an-epoxy resin 

Temp. 
I'CI 
200 

100 -. 

Conclusions and general outlook 

. 

. 
.. 

8O0C 

Summing up the experience gained from laboratory work, 
the following advantages over conventional infra-red sources 
are noted. 

The time necessary to harden organic coatings can be 
considerably reduced, but depends upon the nature of 
solvents and substrates involved. 

The energy input is precisely controlled in time and space, 
and can be adjusted with practically no time-lag. Thus, 
the film-forming reaction is effected by a temperature-time 
programme specially adapted to the paint system in question. 
By means of additional optical equipment, not only plane 
objects but also spatial ones can b: irradiated. 

Local differences in the heat conductivity and heat capacity 
of the substrate are compensated by modulation of the 
intensity of the laser beam during scanning (broadening by 
deflecting with a mirror). 

Since air does not absorb electromagnetic radiation of 
10.6pm wavelength (see Fig. 9), the laser can be placed at 
a greater distance from the object. The hazard of the explo- 
sion of solvent vapours is greatly reduced. 

Discussion at Eastbourne Conference 

DR U. ZORLL asked whether the greater versatility of the 
iraser system's application in the paint field was not primarily 
an engineering problem. In the electron beam curing system, 
the beam had to be deflected magnetically for scanning a 
sufficient surface area of the paint film to be hardened. 
Thus, for the carbon dioxide laser, a similar effect might be 
brought about by a rotating mirror system. 

DR H. D. HANUS replied that it was a matter of cost. 
A carbon dioxide laser would have cost almost £10,000, and 
it was difficult to convince the research department to buy 

wavelength I pm I 

Fig. 9. Transmission spectrum of aira 

At present, the main disadvantage of the method described 
in this paper is the fact that the time to harden an organic 
coating depends above all on the average irradiation-power 
density per unit area during the irradiation time. The rela- 
tively low total power output and the still high purchase 
price of commonly available CO, lasers only permit the 
curing of coatings on small surface areas, such as on compo- 
nents for the optical and electronic industry. For this applica- 
tion the rate of curing, the ability to harden in close proximity 
to heat-sensitive materials, the gain of efficiency by pulsed 
operation, the reduced risk of explosion and the compactness 
of the installation may be decisive for the choice of a COa 
laser. 

It is to be expected that more efficient and less expensive 
irasers will appear on the market in the near future'. This 
will justify continuing the "towards 2000" experiments 
into the hardening of organic coatings with irasers; a great 
many problems of theoretical or practical interest are still 
waiting to br overcome. 

[Received 6 February 1973 
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another one more versatile in its application. There had been 
a considerable development in C0,-lasers during the last 
five to ten years, but the authors had the impression that 
this was for military use in the United States, and they could 
not get one. There are already very powerful lasers on the 
market but with rather astronomical prices. It was an engineer- 
ing problem, and the authors were dependent on engineers 
as well as people who would take the courage to begin with 
this new method. 

MR J. S. BOROKY said that lasers used in microrecording 
on plastics had to be carefully controlled against extensive 
surface effects. He asked what the practical limits were in 
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controlling surface damage for the authors' process. Lasers 
used in microrecording had to work with a beam intensity 
so low that two subsequent letters, or digits, were not affected 
by melting. 

DR HANUS agreed that, generally, lasers were used in 
focussed beams to cut metals and plastic, and here the 
problem was to enlarge the beam or to let it scan. Until 
now, they had only tried to harden coatings on metallic 
surfaces, and were just beginning to use plastics. They did 
not encounter serious difficulties when hardening coatings 
even on plastics because it was not the whole plastic substrate 
which was being heated as would occur in a normal oven, 
but only the surface. Even if the surface were slightly distorted, 
this would improve the inter-facial and the intercoat-adhesion 
between the plastic support and the varnish itself. Mr Boroky 
was quite right when he said that the laser beam had to 
attack the plastic support, but until now the authors had 
not found any harmful effects. 

MR A. R. H. TAWN asked the authors to confirm that 
they were dealing with a beam of a lower quantum energy 
than those used for these other purposes. The problem was 
diminished because of the lower quantum energy radiation. 

DR HANUS agreed. 

DR E. LANDSTADTER added that they were using 
power density levels of one or two watts per square centi- 
metre. For drilling and cutting, much higher power density 
levels were used, up to a million watts per square centimetre. 

MR A. G. NORTH said that, when trying to decide 
between the many alternative radiation systems which were 
available, it seemed that one should take due notice of the 
so-called "energy crisisw-the problem of supplying enough 
energy in a few years' time. There were many curing processes 
currently talked about (electron beam, ultra-violet, infra-red, 
glow discharge and so forth), and it seemed that electron- 
beam was by far the most efficient in terms of the cure of 
coatings for a given quantity of original electrical energy 
input. It was difficult to make comparisons, because one was 
often curing different sorts of coatings. Mr North asked 
the authors whether they had compared electrical efficiencies, 
that is the initial electrical input compared with the final 
quantity of cured coating. 

DR LANDSTADTER answered that one had to spend 
much more energy in any film-forming reaction than was 
really needed for the chemical reaction itself. This was why 
he felt that the overall efficiency of the carbon dioxide laser 
was very good. One could reach, theoretically, 40 per cent 
efficiency based on electrical input to radiation output, 
and as radiation was absorbed, or could be absorbed nearly 
totally in the coating, there were only negligible reflectance 
losses, and absorption losses in the air. In practice, one coud 
get 20 to 25 per cent efficiency for a high power carbon 
dioxide laser, and up to 90 per cent of the output was trans- 
ferred to heat within the film. This was quite comparable 
with electron beam curing. 

DR HANUS added that, generally, in the paint industry 
one always thought of large areas. His firm was concerned 
mainly with car finishing and priming, and although the 
laser could be of use in the car industry, the authors were 
far from that stage of development in practice. At the present 
time, the laser would be of use only over very small areas 
where there was no other method available for curing the 
film. A very large unit might be used in a coil coating installa- 

tion in connection with common heating installations so that, 
after a certain flash-off time using conventional equipment, 
the laser would be used for the very last cross-link curing 
reactions. The losses in terms of electrical energy would be 
more or less compensated for by the gain in space inside 
the factory. This application, too, was in the future, and 
depended on the development of lasers. Dr Hanus stressed 
that, at the present time, only very small surface areas could 
be cured. 

DR D. J. MURRAY commented that the present paper 
had discussed the use of infra-red lasers. He asked the authors 
to comment on the possible applicability of lasers emitting 
in the ultra-violet, or even visible, regions of the spectrum. 

DR LANDSTADTER said that lasers in the visible range, 
which had been known since 1960, were not very useful for 
this kind of application because they had very bad efficiency. 
The efficiency of a laser in the visible range was about 0.1 
per cent, or even less, and the efficiency of a carbon dioxide 
laser was the greatest of all lasers known. One could not 
afford to spend such enormous electric energy and get 
out only 0.1 per cent efficiency, and this was the reason for 
not using lasers in a visible range. In the ultra-violet range, 
it might be useful for photo-chemical reactions but when 
only producing heat, as the authors were doing, the carbon 
dioxide laser was the only laser on the market worth consider- 
ing. 

MR TAWN commented that this seemed to come back 
very firmly to Mr North's point. 

DR HANUS added that there was a considerable difference 
in absorption in the near or far infra-red regions which had 
not yet been explained. It was pointed out in the paper 
that, for a wavelength of 10.6 micrometres, the absorption 
was almost independent of the binders and pigments used, 
which was another argument in favour of the carbon dioxide 
laser instead of some other laser. 

PROF. W. FUNKE asked whether it was possible to 
apply infra-red laser curing to very small areas like those 
which were involved in the preparation of electronic circuits 
or printing letters with photopolymerisable polymers. 
He asked what were the smallest dimensions which might be 
cured without too much heat conduction to the surrounding 
areas not to be cured. 

DR HANUS said that this was a very good question but 
rather difficult to answer because with a laser there was no 
new process; it was a simple heating, absorption, and cross 
linking process absorbing electromagnetic energy and 
converting it into heat. There was no special polymerisation 
unless induced by heat. They had started the work trying to 
harden monomers to polymers, and there had been no 
curing at all. 

MR P. FINK-JENSEN asked what were the smallest 
dimensions which could be cured by this new method; 
was the lowest dimension a millimetre, or less than that. 

DR LANDSTADTER replied that they had not tried to 
focus the beam at the limits, but he thought there were no 
limits, down to several micrometres. The limits were then 
caused by diffraction and although they did not try to harden 
coatings on one square micrometre, nevertheless, in principle 
it was possible. A limit might be the heat conductivity of 
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the resin and of the substrate which was being coated; 
to go below this limit would give blurred edges. 

DR HANUS remindef Prof. Funke that they had discussed 
earlier the possibility of testing films on very small surface 
areas, and the authors were really quite happy to find testing 
methods for an area of two or three square centimetres. 
They had no intention to go down to even two square milli- 
metres, because it was not possible to test the paint film. 

MR FINK-JENSEN said that the authors had been 

comparing the infra-red laser's action with that of ordinary 
lamps. He asked what comparison the authors could make 
with longer wave lengths, with microwaves for example, 
which were also produced by an electrical method and where 
the energy could be controlled very efficiently. This is to 
say, what comparison was there between the use of micro- 
waves and the laser beam. 

DR LANDSTADTER said that he had no experience of 
microwave curing, and could not, therefore, make a compari- 
son. 



The American paint industry 
Present trends and future possibilities* 
By F. Armitage 
195 Clarence Gate Gardens, London, NW1 

Summary 

This paper deals mainly with the current trends i n  the American 
industry, but consideration is given to the numbers of British 
Patents issued during the years 1961 to 1970. That a high proportion 
o f  these patents, emanate from American and German sources 
is very evident, and the patents' probable effect on British industry 
is discussed. 

The current position of paints for the principal outlets, trade and 
industrial, is outlined, and the probable future for trends i n  the 
types of media used in their formulation discussed. The future 
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L'industrie de peintures aux Etats Unis. Les tendan 

Cet article traite largement des tendances actuelles de I'industrie 
de peintures aux Etats Unis, mais on considere egalement la 
proliferation des brevets delivrts en Grande Bretagne entre les 
annCes 1961 et 1970. 11 est evident au'une orooortion elevee de 
ces brevele a cman6 des sourccs amei~cainnes & allemandes. On 
discute les effets ebentuels de ces tendancec sur I'industrie britan- 
niaue. On trace les grandes lignes de la situation actuelle en ce 
qui wncerne les peintures destinees aux debouches principaux: 
peintures industrielles ou celles pour le peintre-artisan, et I'on 
discute les tendances vraisemblables a I'egard des types de milieu 
destines a Btre utilises parmi les constituants de ces peintures. 
On considere les developpements A I'avenir dans les domaines 
de peintures a base de I'eau, revetements en poudre, les dispersions 

developments i n  water-based paints, powder coatings, non- 
aqueous dispersions and so forth are considered, as well as the pos- 
sible effect of anti-pollution legislation on solvent-based paints. 

The future prospects for curing by means o i  an electron beam, 
ultra-violet and induction heating techniques are discussed as well 
as possible trends for automotive paint, wil coating and wood 
finishing. Some consideration is given to the economics of paint 
manufacture i n  America and the probable influence of American 
practice and investment in Europe. 

Ices actuelles et les possibilitbs A I'avenir 

non aqueuse etc.. de meme que les eflets eventtiel, suscites par la 
legislation pour diminuer la pollution provoquk lore de I'emploi 
des peinlurcs A base de rolvants. 

On discute les perspectives A I'avenir dcs techniques de durcissement 
au moyen des faisceaux d'cleclrons. de rayons ultra violet, el de 
rechauffage par induction. de meme que les tendinces cvenruelles 
dans le domaine de peintures pour automobiles, de revCtements 
en continu. el  des finitions Dour bois. On donne oueloue consi- 
deration a"x facteurs tinanciirs de la fabr~cat~on de'peiitures aux 
Etats Unls el Cgalemenl i I'influence evenluelle de In pratique et 
les investissements americains en Euro~e. 

Die Amerikanische Lackindustrie-gegenwartige Stromungen und kiinftige Moglichkeiten 

Dieser Vortrag befasst sich i n  der Hauptsache mi l  den lauienden 
StrBmungen i n  der amerikanischen Lackindustrie, jedoch werden 
auch die zahlreichen, whhrend der Jahre 1961 bis 1970 ausgege- 
benen Britischen Patente in Betracht gezogen. Es ist ganz offen- 
sichtlich. dass ein hoher Prozentsatz dieser Patente'aus amerikani- 
;;hen ubd deutcchen Quellen stammt: es wird Gesprochen, uke 
sich dies auf die hriticche lndustrie aller Voraussicht nach aucwirken 
wird. 

Die gegenwlrtige GeschPitslage far die Hauptabsatzgebiete, 
d.h.fiir Maler- und Industrielackc, wird umrissen, und die voraus- 
sichtlichen zukunftigen Stromungen in der Art der in Rezepturen 
benutzten Bindemitteltypen wird besprochen. Die kunftigen 

Entwickluneen auf den Gebielen von wassereetraeenen Lacken. 
~ulverlacke~. nichtwassrigen Dispersionen, eic.. werden ebenso 
betrachtet. wie d ~ e  Auswirkung von Antipollutioncgecetz~ehung 
im Bezug auf losungsmittelhaltige Lacke. 

Besprochen werden ebenfalls die kunftigen Aussichten fur das 
Htirten mit  Elektronenstrahlen-, Ultraviolett- und Induktions- 
beheizungstechniken, wie auch mogliche Entwicklungen aui den 
die Autolackierung, Bandlackierung und Holzlackierung betre- 
ffenden Gebieten. Aufmerksamkeit wird auch den die amerikanische 
Lackindustrie betreffenden wirtschaftlichen Gesichtspunkten und 
dem wahrscheinlichen Einfluss von amerikanischen Praktiken und 
lnvestierungen in Europa geschenkt. 

C ~ a ~ b n  OnUCblEt3eT rnaBHblM o6paxo~ TeKyUUe HaIlpaBneHUR B BblX ~OKP~ITHR. 6e3wlI~bix .LlUCnePCUfi U. T. n. H TaKXe BO3MOX- 
a~epHKaHCK0fi nPOMblUmeHHOCTU,YneJlnn BTO Xe BpeMR BllUMaHUk' II~IA ~&@CKT ~ P o T U W K O P P O ~ H ~ ~ ~ ~ ~ ~ X  MCp Ha UpaCKaX OCHUBaHHblX 

rona. TOT  KT 920 60nbuian nponopqHn 3TUX naTeHTOB ncxonHT 
n3 aMepmaHcKux n HeMeUKHx UCTOqHUKOB BeCbMa oseeuneH u 0 6 c y x n a m ~ c ~  6yn~m.e nepcneKTuBbl CYNKH npu noMourn 
06cyxnae~cn BO3MOXHOe BnHnHUe 3TUX naTeHTOB Ha ~ P R T ~ H C K Y M  3neKTPOHHUX nyqeA TeXHHKH YJ'bTPa@uoneTOBOro H UHnYKTUB- 
npOMbliUJleHHOCTb. HOrO HarpeBaHHR H TaKXe BO3MOXHble TeHneHUUU B CaMOUUDyK- 

TUBHblX KPaCKaX, CnUPaJIbHbLX nOKPbITU9X U OKpalllUBaHUH 
0603pesae~cn HacTonuee nonoxeuse KpacoK pJln rnanuoro cnpoca nepena. Ynenne~cn BHuMaHne ~ K O H O M U K ~  ~ p a c o r ~ o k  np0MblIUneH- 
( T O P ~ O B ~ ~  A I IPOM~~IU~~~HHOCT~)  If 06cyxnam~cn BO3MOXHbIe HOCTU B A M ~ ~ H K ~  H BO3MOXHOMY BSInnHUIO a~epu~aHCK0fi 
6yny tune minenusn B mnax cpen npnMeHneMblx B ux @op~ynnuuu. npaKTnKH n KannTanoenoxeHun B Eepone. 
PacmaTpnsae7.cn 6ynyulee p a 3 ~ u ~ n e  BonnHbtx xpacor, nopouro- 
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Introduction 

American paint sales are divided into trade and industrial 
sales, and the trade sales group comprises about 86 per cent 
architectural coatings. which are essentially interior and 
exterior paints for houses and buildings. The remaining 
14 per cent include automotive refinishing paints, traffic 
paints and some marine paints for pleasure boats. For 
convenience of presentation architectural paints have been 
isolated. These are applied manually by brush, roller-cotter 
or spray-gun and have included the 14 per cent of non- 
architectural paints in the section of the paper entitled 
"Industrial paints". Figures quoted in gallons refer. ofcourse. 
to American gallons. 

During the past ten years, total paint sales1 rose from 
623 million gallons ($1,750 million) to 874 million gallons 
($2,831 million) in 1971. Neglecting annual fluctuations, 
the production of architectural paints appears to have 
shown an overall decrease from 45 per cent to 42 per cent 
(of all paint sales) on a volume/volume basis. How much 
this proportion will change in the next twenty or thirty 
years depends on several factors. as will become apparent in 
the following sections where recent developments and current 
trends are discussed. 

Architectural paints 

Markets 

Less than 10 per cent of these paints is used on buildings 
other than private dwellings, and perhaps 80 per cent is used 
for repainting rather than for the painting of new structures. 
This may indicate that the proportion of architectural paints 
out of total paint sales is not going to change very much in 
the future, although the increasing use of precoated wood 
sidings and internal panelling, and of precoated aluminium 
sidings may tend to cause a decrease of this figure gradually 
below the present 42 per cent. The amount of repainting 
will depend, apart from fluctuations in the national economy, 
mainly on the numbers of occupied houses and apartment 
buildings. Fig. 1 shows the increase in the numbers of conven- 
tional dwellings compared with the rise in population since 
1900.2 

Fig. 1. Tncrease in the population and total number of houses in 
USA since 1900 

Fig. 2 shows the annual construction of conventional units 
since 1960, and the manufacture since 1965 of (a) mobile 
homes and (b) factory-produced single family units. Mobile 
homes are based mainly on precoated aluminium; and 
industrialised houses, mainly on timber or p l y ~ o o d , ~  there 
being little or no progress in the use of steel, concrete or 
plastic for this purpose. It is noticeable that mobile homes 

and factory-produced houses together now amount to 30 per 
cent of all homes built in 1971. 

ANNUAL CONVENTIONAL 
HOUSES BUILT 

Fig. 2. Types of houses built in USA since 1900 

The rate of growth of the population is expected to decrease 
considerably during the coming years,' as a result of an 
increase in the numbers of married women seeking paid 
employment outside the home, better availability of contracep- 
tive drugs and abortion, and rising levels of education and 
later marriages. Against these factors, increasing affluence 
should lead to more frequent replacement of slum property, 
and the production of second homes for urban families-a 
trend already apparent. 

It has been estimated that for new houses of the conven- 
tional type, 30-35 per cent of exterior surfaces are of wood 
or wood products, 40-45 per cent are of brick, stone or 
stucco, and about 25 per cent are of aluminium, although 
the last figure includes repairs to older houses. Less than 
10 per cent may be of asbestos shingles. 

Incorporation of the numbers of mobile homes and 
industrialised houses into the total numbers of new houses 
will tend to show increases in both wood and wood-products, 
and in aluminium, at the expense of other materials during 
future years depending on the rate of growth of these types 
of dwellings in relation to the building of conventional 
houses. The mobile home appears to be a specifically 
American development; it is defined as a vehicular portable 
structure built on a chasis designed to be used without a 
permanent foundation as a year-round dwelling, when 
connected to utilities more than 8ft wide and more than 
34ft long, and weighing over 4,5001b. Available parking 
land is often pleasantly landscaped and equipped with the 
necessary facilities, in country neighbourhoods. In 1971 
precoated aluminium for residential sidings and mobile 
homes already accounted for 50 per cent of all aluminium 
coated strip, including that used for repairs and maintenance; 
the proportion used for mobile homes being somewhat 
larger than that used for sidings. 

Tt goes without saying that incorporation of precoated 
materials into any type of house will tend to increase the 
period of time before repainting becomes necessary because 
the baked finish has superior outside durability, and over 
the years this factor will tend to reduce the total amount of 
repainting which would have been carried out if the houses 
did not include such materials in their construction (although 
in any one year this effect will be marginal). 

Technology 

The do-it-yourself market has developed more in the USA 
than in other countries, partly because of high labour costs. 
and the home-occupier may be faced with a bewildering 
display of diverse products in a large paint-store or super- 
market department. The paints will be formulated for 
application to a wide variety of substrates for specific loca- 
tions, including interior floors and ceilings, and exterior 



F. ARMITAGE JOCCA 

patios, roofs and swimming pools as well as for the more 
typical areas of wood, masonry and aluminium comprising 
the bulk of the construction. Perhaps half a dozen of the 
major companies will be offering latex wall-paints in three 
different qualities at three different prices. The automatic 
colour dispenser for producing required shades of paint 
has, of course, been in common use for many years. Besides 
the sales of paints in cans, 240 million paint aerosol packs 
were sold in 191 1. 

The main trend over the past 20 or so years, has been an 
increase in latex paint sales, which in 1971 represented 
65-70 per cent of all interior paints, and 52-55 per cent of 
all exterior paints, on a volume basis, depending on whether 
or not aerosol paints or other products of lesser importance 
are included.' 

Most inside latex paints are based on vinyl acetate polymers 
or copolymers, which continue to increase at the expense 
of styrenelbutadiene-based latex paints. For outside applica- 
tion most latex paints are based on straight acrylics, although 
some may include aromatic modification and, no doubt, 
some vinyl acetate copolymer latices are used. Ethylenel 
vinyl acetate copolymers do not so far appear to be subs- 
tantial competitors either for inside or outside use. The ratio 
of all interior paint usage to  outside usage is about 1.7 to 
l.&including both latex and solvent-based types. 

A continuous increase in the sales of latex paints and a 
fairly slow decrease in solvent-based paints must be antici- 
pated during the next several years. Whether or not the 
latter will eventually be eliminated entirely, depends to a 
large extent upon whether or not a water-based, high-gloss 
paint can be produced, and upon whether or not such a 
product would have acceptable outside durability. The 
author feels entitled to  assume that during the next twenty 
years, this long sought-after material, with performance 
equal to that of a conventional aikyd paint, will become 
available, made from a polymer latex, from a water-soluble 
resin, or from a combination of the two. Already some 12 
per cent of inside latex paints are of the semi-gloss variety, 
which are now well established. However, it should be noted 
that a fair amount of external painting is carried out in very 
cold weather, for which, at present, latex paints are unsuitable. 

Latex paints 

Many problems arose before these paints gained public 
acceptance for outside application to wood and plywood, 
in particular the extremes of climatic conditions prevalent 
throughout the United States. In general, it was found that 
the earlier types would allow transmission of water through 
the paint film, causing expansion and contraction of the wood 
substrate with changes in temperature and humidity, thus 
causing film failure by checking and cracking. Ingress of 
moisture also caused solubilisation of the coloured substances 
in such substrates as cedar and redwood, which substances 
eventually came to the paint surface as unsightly stains. 
Staining by surfactant leaching in dark-coloured paints was 
another early problem. 

Improved emulsion polymers, methods of pigmentation 
and selection of thickener and surfactant system, were 
ultimately to eliminate these faults, especially when the paints 
were applied over a solvent-based oil or alkyd primer--on 
new wood. Latex primers now perform as well as solvent- 
based primers under normal conditions of application- 
and even better in some respects. 

Fume-staining was originally caused by the presence of 
mercurial fungicides which react with hydrogen sulphide in 
the atmosphere above certain geographical areas, and was 
prevented by the elimination of the mercury (which, in any 
case, is now widely prohibited for quite different reasons). 

With so much repainting being carried out, it became 
necessary to supply paints capable of performing satisfactorily 
on chalking paint surfaces, and this was accomplished by 
emulsifying into the paint a proportion of oil or alkyd resin, 
which in turn involved the incorporation of a satisfactory 
system of driers in order to retain the quick recoatability 
of the product. It is not too difficult to visualise the time when 
polymeric emulsions are produced with built-in properties for 
penetration in and adhesion to chalky surfaces. 

Mildew formation on paint films in the hot, humid southern 
areas of Louisiana and the Gulf Coast has always been a 
serious problem with all paints, and, in general, latex paints 
are less susceptible than oil-based paints. Nevertheless, 
protective precautions must be taken. The formulation of 
the primer itself is a factor contributing to mildew resistance. 
Many hundreds of proprietary mildewicides have been 
examined by the industry, including the mercwials and 
arsenicals now prohibited. Many have failed because of their 
relative ineffectiveness; some have shown instability in 
the can; some have caused staining of the paint film on 
exposure; and some are too expensive to  produce in the 
amounts required to give protection. For totally exposed 
films, a controlled degree of chalking is very helpful, but 
this cannot be obtained on unexposed areas. Zinc oxide, 
as part of the pigment in top-coats, is effective and is often 
used. 

For outside application, it is important that a sufficiently 
thick toptoat be brushed on to give proper hiding and 
protection, and, in the past three or four years, latex paints 
have been developed with built-in brush-drag, which prevents 
the painter from over-spreading the material simply because 
the controlled rheology makes over-spreading physically 
difficult.' The advent of a onetoat latex paint involved 
this principle. The procedure differs from that employed for 
thixotropic gel paints where the application of relatively 
thick coats depends more on the skill of the painter. 

A recent development introduced by PPG Industries" 
relies on the production of hiding power by incorporation 
of spherical voids in the paint. These microscopic voids may 
be obtained in a variety of ways, and this paint, when properly 
formulated, can reduce the amount of titanium dioxide 
required. The system is also applicable to solvent-based 
paints. PPG presented a paper at last year's FATIPEC 
conference in which it was said that the original inspiration 
arose from observation of the whiteness of snow, where 
microvoids of air are entrapped within crystalline water 
structure. The authors suggested that their paper "opens 
up opportunities for a decade of research," and it is perhaps 
too early to judge whether or not this interesting development 
will have a really important role to play in paint formulation 
of the future. 

It may be interesting to consider patents in the field of 
polymer latices and latex paints in general over the past 
several years. The numbers of British patents published 
each year up to March 1970 are shown in Table 1, the numbers 
relating to the year in which the patent was first filed, either 
in the UK or in the country of origin, when the specification 
was filed under Convention. British patents have been 
chosen because one can see the comparative activity between 
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companies from different countries when all are filing on 
common ground. Table 1 covers specifications concerned 
with the preparation of straight-chain polymer emulsions 
where these are recommended for use in paints on hard 
substrates, and does not include those patents where the 
products described are useful especially as adhesives, or in 
coatings for paper or fabric. About 20 per cent of the patents 
are concerned with modifications to latex paints as such, 
including surfactants and thickeners particularly. 

An interesting development in alkyd resin technology, 
leading to reduced reaction times and improved colour, 
has been described.' This is a batch process generally applic- 
able to esterification reactions which are carried out in 
presence of solvent, and is, of course, not confined to those 
alkyds used in architectural finishes. A portion of the mixed 
ingredients from the main reactor is continuously removed 
to an auxiliary heatexchanger, in the form of a thin-film 
evaporator, which is maintained at a somewhat higher 

Table I 
British patents filed on straight-chain polvmer emulsions for use in pints on hard substrates 

- -  - - 

Applicationyear .. .. .. 1 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 (Totals 

Totalpatents .. .. . . I  10 16 25 16 25 23 30 17 16 2 / 180 

By UK companies . . . . 2 6 9 
By US companies . :: 1 4 3 1 1  
By German companiks . . . . 3 3 3 

Thus almost 40 per cent of these patents have been secured 
by American companies, of which Du Pont and Celanese 
Coatings have some 30 per cent of total American-owned 
patents between them. Bayer, BASF and Hoechst between 
them, have about 70 per cent of German-owned patents. 
Of those held by British companies, TCI and Dunlop own 
some 45 per cent between them. 

Vinyl acetate is by far the most frequently mentioned 
of the monomers exemplified in these patents, with acrylates 
or methacrylates in second place. 

Paint manufacturers have been concerned during the past 
year or so about proposed legislation to control the amount 
of lead permitted in products used in or on houses. A maxi- 
mum of 0.06 per cent lead by weight of dried film is suggested, 
and this seems to be an excessively low requirement. The 
paint industry anticipating the possibility of this figure 
being universally applied by statute law, has undertaken a 
massive programme of reformulation, which have involved 
extensive changes in drier combinations. Following the earlier 
programme devoted to changes in industrial paint solvent 
blends as a result of "Rule 66" type legislation, the present 
concern about lead is a burden on the industry, and whilst 
this burden has been for the most part conscientiously 
accepted, it has inhibited technical work in other, more 
profitable directions. The lead problem arose, apparently, 
because of the incidence of "pica" among infants, particularly 
in run-down and neglected city areas, where children were 
found to be eating flaking and peeling paints, some of which 
paint was many years old and contained lead pigment. 

A recurrent problem in northern states has been intercoat 
peeling on inverted horizontal surfaces, such as may be found 
under the eaves of houses and car-ports, and is related to 
the peculiar climatic conditions which may occur in winter, 
especially round the Great Lakes area. 

In general, technological advances in solvent-based decora- 
tive paints have been understandably neglected in the face 
of the growing importance of latex paints, but the manu- 
facture of oil-modified alkyd resin media has received atten- 
tion, in terms of alcoholysis catalysis and the improvement 
of reactor output. 

temperature than the main batch, and where the water of 
esterification and solvent are removed as the products of 
esterification are returned continuously to the buUc reactor. 

Industrial paints 

The total industrial paint market, including automotive 
refinishing paints and traffic paints, stood at 504 million 
gallons ($1,490 million) in 1971, compared with 370 million 
gallons (81,340 million) for architectural paints. Paints for 
industry may be divided into several more or less well-defined 
end-uses, some of which will be separately examined later. 
The most important single factor affecting the use of industrial 
paints has been the legislation prohibiting atmospheric 
pollution by certain solvents and solvent combinations. 
which originated in California, and was followed by 
corresponding legislation in other States. This has given 
particular impetus to the use of solventless finishes, powder 
coatings and water-based paints, all of which, however, were 
being manufactured prior to the anti-pollution laws. Non- 
aqueous dispersions, lately introduced, involve new techniques 
for their manufacture. From water-based coatings there 
evolved electrodeposition; a new method of application 
at the time of its commercialisation, and one which is still 
less than ten years old. 

As an alternative to the use of these coatings, many in- 
dustrial paint consumers have installed solvent  incinerator^,^ 
or other means of preventing atmospheric pollution from, 
for example, baking oven fumes. Thermal incinerators, or 
so-called "after-burners", require careful engineering to 
cope efficiently with a wide variety of organic emissions, 
which may include decomposition products of the paint 
medium. Already, demands by industrial coaters are such 
that fuel supplies in some areas are becoming a problem. 
Chemical scrubbers or water scrubbers, used less frequently 
than after-burners, also involve sophisticated engineering 
and must overcome, in the case of water-scrubbers, air 
pollution without running into the danger of river pollution. 

A feature of much of the literature in the past five to ten 
years, concerning newer types of finish and methods of 
application, has been the over-optimistic forecasts about 
the future of individual developments, usually propagated 
by companies with a vested interest in a particular line of 
work, and indifferent to, or unaware of, parallel develop- 
ments in potentially competitive products. 



450 F. ARMITAGE JOCCA 

One method o f  cure recently shown to be commercially 
advantageous is U V  curing, and electron beam curing has 
been the subject o f  considerable interest. Induction heating 
also should not be overlooked as a future development. 

Water-based finishes 

I n  1968 these paints amounted to 5 to 10 per cent o f  all 
industrial finishes, and RogersY has suggested a figure o f  
45 per cent for 1975, an estimate which might seem to be 
quite unrealistic, although there is little doubt that there 
will be growth i n  this area in  various fields of application 
such as conventional spray, electrodeposition, and probably 
roller coating. Electrodeposition may already account for 
up to 90 per cent o f  water-based coating application. and 
a separate look at this process will not be out o f  place. 

Fig. 3 shows the commercial development in terms o f  tank 
capacity in  use, in each successive year since 1966."' By 
1971 electrocoating had reached about 2 per cent o f  all 
industrial finishing on a dollar basis-progress by no means 
insignificant having regard to its present limitations as a 
baked primer or one-coat finish on metallic objects, and to 
the relatively high capital cost o f  equipment. 

coating and (d) cathodic deposition (all o f  which are scarcely 
beyond the laboratory or pilot-plant stagc at present) will 
give a boost to  the rate o f  growth generally. 

Table 2 shows the numbers of British patents on electro- 
deposition, arranged in the same manner as those in  Table 1. 

Judging by the present state o f  development o f  electro- 
deposition, i t  appears unlikely that the pcak years o f  1965 
and 1966 will ever again be equalled in terms of patent 
activity in  this field. Out of the total number o f  patents, 
about 55 per cent describe resinous binders, and 45 per cent 
describe other aspects of the process, such as pigments and 
paint compositions. metal pretreatment, p H  control, elec- 
trical and mechanical operations and so forth. The largest 
American interest is represented by the Ford Motor Corpora- 
tion with 42 patents and by PPG with 18. 

One o f  the most useful innovations described in later 
patents is the ultrafiltration process, already used fairly 
extensively on a commercial scale. Although capital cost 
for a complete system is relatively high. a considerable 
economy o f  running costs may be introduced, depending on 
how much paint is normally lost in the final rinse when 
operating without the ultratiltration unit. I t  has been found 
in some plants that paint losses may be as much as 20 to 25 
per cent. 

A dozen or so patents have been concerned with deposition 
at the cathode, and U S  companies are actively examining 

TOTAL 
such coatings, which may reduce the discolouration which 
often occurs on steel or copper anodes. I n  some cases, 
improved throwing power has been claimed too. 

Fig. 3. Production of paint for electrodeposition in terms of production 
tank capacity 

Rate o f  growth i n  the future will depend in part upon 
the extent to  which the automotive industry choose t o  increase 
the 1972 figure o f  15 per cent o f  American car-bodies receiving 
these primers." Progress in  (a) use o f  two-coat systems. (b) 
manufacture o f  air-drying products, (c) application to coil- 

Perhaps the most notable trend in  the commercial use of 
resinous media for anodic deposition, especially for one-coat 
finishes o f  light colours on aluminium and steel, has been 
the widespread use o f  thermosetting acrylics and oil-free 
polyesters. 

Powder coatings 

Levinson" estimates total sales in  North America of powder 
coatings to be about 30 n~il l ion Ib. excluding polyethylene 
used for carpet-backing, and suggests a figure o f  less than 
10 per cent o f  the industrial market by 1976. Rogers,' on 
the other hand, has guessed 20 per cent o f  the U S  industrial 
market by 1975. Child's!' projection o f  about l l per cent 
by 1980 is more in  line with Levinson's figure. and several 
estimates o f  50 per cent or more by 1980 appear to be wildly 
exaggerated, and even 50 per cent o f  baked finishes on metal 
is hardly likely to  be achieved, especially considering the 
competition from water-based materials. 

Some observers have been optimistic about the use of 
powder coatings on motor-car bodies, but so far this applica- 
tion is only in the experimental stage, and it is often overlook- 

- - 

Application year . . . . 1 1960 1961 1962 1963 1964 1965 1966 1967 1968 1960 1970 1971 I Totals 

Total patents . . . . . . 

By UK companies . . . . 
By US companies . . . . 
By German companies . . 

2 2 10 31 25 64 65 46 39 37 7 2 ' 330 .--__I_- 
- - 4 15 12 23 13 3 8 3 1 
- 

' 82 
1 5 1 1  1 1  21 23 14 1 1  17 4 < I 1 1 9  

- - 1 5 1 17 14 10 10 7 - -  - - - I  65 
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ed that the finishing of automobiles represents only about 
13 per cent of the industrial paint market. 

Table 3 shows the numbers of British patents concerned 
with powder coating since 1960. As with the patents on 
electrodeposition, about 55 per cent are concerned essentially 
with resins and the remainder with equipment. As may be 
expected, most of those patents describing fluid-bed applica- 
tion were filed prior to 1964 and those concerning electrostatic 
spray equipment were filed after 1964. In the resin field, 
appreciably morc patents have covered the use of epoxy 
resins, but an emphasis in the future on acrylics, and polyester 
and polyurethane powders may be anticipated where com- 
mercial usage is, as yet, negligible. 

Balm Paints of Australia holds nine patents, no doubt 
arising from its association with ICI. The limited American 
interest is represented by Du Pont, Rohm & Haas and 
Ceianese Coatings, all of whom have filed more extensively 
in the United States. It is reported that ICI has sold its 
know-how to more than one American company, and has 
secured US patents corresponding to its British ones. 

Methods of curing 

An important element of equipment used in industrial paint 
plants is the baking oven, which is usually heated by gas or 
infra-red lamps. Gas ovens are often excessively long and 

Table 3 
British patents on powder coatin~s filer1 since I960 

Application year.. . . . . 1 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1 Totals 

Total patents . . . . . . I 6 9 13 19 19 1 1  12 14 17 12 4 1 1 137 
By UK companies . . - - 4 2 4 -  1 4  6 I - -  22 
By US companies . . 1: 3 4 6 5 9 4 5 2 I I 
By German companies.. . . - 1 1 6 3 3 2 3 3 6 2 -  

It is interesting to note that at least seven of the above 
patents have been concerned with the coating of metal strip 
or wire. 

Non-aqueous dispersions 

These materials have begun to find industrial usage within 
the past twelve months, particularly in the automotive field. 
In some ways they resemble the organosols employed in 
coil-coating but, of course, the non-aqueous dispersion 
vehicles are formed by polymerisation or copolymerisation 
in an organic liquid, whereas organosols are formed by 
dispersion of preformed polymer powders (particularly 
polyvinyl chloride polymers) in the liquid medium. Non- 
aqueous dispersions, in their most common form, are copoly- 
mers of acrylic and methacrylic ester monomers, and may 
be thermoplastic or thermosetting. They represent an advance 
over solution acrylic lacquers or paints, in so far as they have 
have an appreciably higher solids content at spray viscosity. 
It is too early to say how these materials will develop in the 
future, but it is safe to say that competition from both water- 
based coatings and powder coatings will detract from the 
commercial importance which they might otherwise have 
achieved. 

The record of British patent activity differs from that of 
other products and processes mentioned. Not only has 
relatively low interest been displayed in them, but also 
filing is lower by overseas companies than by British com- 
panies-more correctly by one British company, ICI Ltd., 
who have secured all but one of the 28 patents. 

uneconomical in terms of floor space, unavoidable with 
conventional baking finishes. 

Induction heating has been proposed for the curing of 
finishes applied to continuous metal strip, and already has 
some commercial application. The strip is passed through an 
induction coil, electric currents are generated in the strip, the 
metal temperature rises, the heat generated passes on to the 
coating, which cures from the lower layers upwards. This 
system tends to avoid the problem of "solvent popping", and 
ensures through-curing of the film. Not all of the problems 
associated with this development have been solved, especially 
those encountered in the curing of paints on aluminium. No 
doubt this method will be limited to flat metal stock, and will 
not be applied to wooa or to plastics, so that although it 
may increase in popularity, its ultimate level of usage will 
never be more than a small proportion of all industrial types 
of curing. 

UV curing, especially for wood finishes, has been practised 
for some years in continental Europe, but hardly at all in 
the UK or in the United States. Unsaturated polyester/ 
monomer based wood fillers have been used mostly, but 
clear top-coats have also been applied. Within the past 
twelve months, commercialisation in the American furniture 
industry has begun. It has been claimed by J. J. CrowleyI3 
of the O'Brien Corporation that sixteen lines were operating 
last July, and that new lines in excess of one per month 
would be installed. The present limitations of UV curing 
are probably likely to limit this method of cure to its use on 
furniture and interior panelling, and even in that field it 
may be supposed that thc resin types suitable for UV poly- 

Table 4 
British paterrts or1 norr-aqrreorrs dispersions filed since 1960 

Application year . . . . 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1 Totals 

Total patents . . 5 7 I 3 4 6 6 10 6 1 1 1 50 

3 1 3 3 5 4 3 - 
- 

1 
Ry US companies 1 4 - I I - 2 2 - 

- - - - - - 2 - - 2 
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merisation will make slow progress in the face of competition 
from the well-established nitrocellulose or cold-curing urea 
and melamine resins. 

Electron beam curing represents a rather unique situation 
in so far as publicity on the subject has been very considerable 
during the past two or three years, and patent activity, as 
indicated by British publications, has been nearly three 
times as great as that concerned with UV curing. In spite of 
this, commercialisation is noticeably less than is the case 
with UV curing, not only in Europe, but also in the United 
States where, at the time of writing, only one line is thought 
to be operating (for the curing of coatings on plastic auto- 
mobile parts). Table 5 shows the numbers of British patents 
issued over the past ten years. The figures refer only to the 
use of electron beam curing of coatings on rigid substrates, 
and do not include the use of the system for cross-linking 
plastic sheets or articles, but do include equipment and its 
modification, which amount to about twenty per cent of the 
total. 

in registered passenger cars and commercial vehicles since 
1950''. The rate of increase of new passenger cars alone was 
almost three times the rate of growth of the population over 
the same 20 year period. 

- 
I BUSES AND TRUCKS 

0 I I I I 
1950 55 60 6 5  70 

Fig. 4. The number of registered vehicles in the USA since 1950 

General Motors, Ford, and Chrysler between them produce 
some 80 pcr cent of American cars in the approximate 
proportions of 60 per ccnt, 25 per cent and 15 per cent 

Table 5 
Briti.sI1 putentsfiled since 1960 or1 electron beor11 ~r~rirrS 

-- - - 

Application year . . . . / 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 I970 1 Totals 

Total patents . . . . 1 2 1 2 I 2 14 17 12 16 32 2 1 101 
-- 

Ry UK companies - - - I 4 I I - 

By US companies I 2 - 1 12 12 9 9 23 
By German companies - - 1 I - 2 I - I 6 

No less than forty-two of these patents were filed by the 
Ford Motor Company which company also figured pro- 
minently in the electrodeposition field. In three cases Ford 
coupled the process of electrodeposition with that of electron 
beam curing. Some patents (not by Ford) disclose curing of 
coatings on metal strip, and there are several patents covering 
UV curing (or part-curing) followed by electron beam curing, 
or UV or electron beam curing as alternatives, with the 
same resinous binder. 

Levinson14 has compared the technology, speed of cure 
and economics of UV and electron beam curing, and suggests 
that by 1975 sales of UV cured coatings will be $5.8 million 
and for electron beam cured materials $2.4 million, which 
together amount to less than 0.5 per cent of the expected 
total industrial sales. It is a little difficult to foresee any 
significant break-through for radiation curing during the 
next twenty years or so, judging by experience so far, although 
electron beam curing of finishes on plastics may show some 
progress. In terms of capital cost of equipment, Levinson 
quotes figures of $20,000 to $50,000 for UV, and ten times 
these figures for electron beam; but the latter does have 
advantages, at present, of curing more quickly and of curing 
pigmented products. 

Automotive paints 

The automotive industry in the United States utilises about 
13 per cent of industrial paints on both a volume and dollar 
basis. The refinishing and repair of automobiles represents 
about 7 per cent by volume, or 11 per cent on a dollar basis. 
Since 1950 annual production of passenger cars has varied 
between 6.5 and 9.5 millions, the latter figure being reached 
in 1965 and in 1971. The production of buses and tmcks 
also fluctuated over the same period, reaching a peak of 
2.3 millions in 1971, Fig. 4 shows separately the increases 

respectively. Ford has its own paint plant with a captive 
capacity of some 15 million gallons, and Chrysler too pro- 
duces some of its own paints. These three companies have 
many foreign plants, and their collective influence in Europe 
is well known; in the UK alone nearly 50 per ccnt of automo- 
tive production is American owned. 

Since 1960, or slightly earlier, the types of paint finish 
have changed from those based on nitrocellulose or baked 
alkyd/melamine resins, to top-coats based on thermoplastic 
or thermosetting acrylic resins on a high proportion of new 
cars. It has already been mentioned that very recently non- 
aqueous dispersion type acrylics have been applied to some 
cars. The introduction of the electrodeposition of primers 
in the early 1960s was a small revolution in the surface- 
coating industry. It was initiated in the United States by 
Ford, PPG Industries and Glidden. 

Besides the interest in non-aqueous dispersions, work is 
being undertaken by the major companies on both powder 
coatings and water-based finishes. It would be premature 
to anticipate which of these will ultimately become the most 
popular, but perhaps water-based topcoats have the greatest 
potential, considering their flexibility of application, cost 
and compliance with pollution regulations. 

Of particular interest to the paint industry is the increasing 
use of plastics'" in the average American passenger car, 
which now amounts to lOOlb per car, having almost trebled 
in the past ten yean. Most rigid plastic parts are relatively 
small, for example nameplates, fan shrouds, air-deflectors, 
control knobs, lamp lenses and so on; larger parts are radiator 
grills, front-end panels and instrument panels. The total 
plastics content, includes flexible cushioning and plasticised 
pvc covering material. Moulded reinforced plastic parts 
in 1970 were based on about 301b unsaturated polyester/ 
monomer compositions, and l2lb ABS polymer per car. 
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Polyolefin mouldings accounted for another 121b1'. Some 
mouldings are part of the outside of the car, and may now 
include reinforced nylon. 

Several automotive manufacturers havc extensive plastics 
component moulding departments, and it has been estimated 
that the average content of all types of plastic in the mass- 
produced passenger car will be three times the present figure 
of lOOlb by 1980. As a result of the incursion of plastics, 
not only in the automotive but also in furniture and other 
industrial products, the painting of rigid mouldings has 
become an important part of the industry's development 
programme. The use of electron beam curing by the Ford 
company is an illustration of one method of ensuring good 
adhesion, at least on ABS plastic. 

For refinishing, quick-drying alkyd resin-based materials 
are mostly employed, and also acrylic lacquers, which may 
be modified with nitrocellulose or cellulose acetate butyrate. 
The third most important type is based on a monomer- 
modified alkyd medium, first introduced more than ten 
years ago. It is not uncommon to blend automotive finishes 
with small amounts of polyisocyanates before application 
to improve the properties of the film. 

Coil coatings 

among end-users than is the case with aluminium1? The 
total amount of both metals used for all types of domestic 
appliance is no more than 2 per cent, and there appears to 
be scope for expansion in this area. 

The formulation of coil coatings used today is based 
mainly on thermosetting acrylic media, followed by the 
old-established alkyd MF systems, and probably both of 
these are likely to decrease with increasing competition from 
oil-free polyesters, silicone polyesters and pvc plastisols. 
Fluorocarbon polymers have not shown the growth expected 
when they were first introduced three to four years ago, and 
their future is still a matter for speculation. 

Papers presented at a National Coil Coaters Association 
meeting ten years ago by various technically interested 
parties in the coilcoating field discussed the possibilities 
of operating lines at 1,000ft min-I with evident optimism, 
but the average speed today is still below 300ft min-I with 
a maximum, for reverse roller-coating of paint, at not much 
more than 450ft min-l. 

Very high speeds have been obtained in the case of steel 
strapping up to half an inch wide, where a 6in coil is first 
slit into 12 narrow widths, and the black paint applied by 
electrodeposition, at no more than 0.2ml thick. 

For normal wide strip coating, suggestions have been made, 
and experiments carried out, for the application of resinous 
powders by different methods, and for the application of 
primers by electrodeposition. Water-based top-coats applied 
by normal roller coating are of current interest, and are 
expected to be used commercially in the not too distant 
future. Increased speed of cure, perhaps leading to increased 
line speed, has bzen the subject of semi-commercial trials 
using the Ford Electrocure (electron beam) system, but the 
future of this process remains uncertain. 

Fig. 5 shows the amount of aluminium and steel strip in 
thousands of millions of square feet coated each year since 
1962; the average rate of increase has been about 17 per cent 
per year; the 25 million gallons of paint used represents some 
5 per cent on a volume basis, or 6.5 per cent on a dollar 
Oasis, of industrial paints in 1971'. 

Wood finishing 

0 4!- / ALUMINIUM 
" ' I  / 

Fig. 5. Area of aluminium and steel strip coated each year since 1%2 

Building products as a whole utilise some 70 per cent 
of the total of precoated aluminium, mainly for mobile 
homes (29 per cent) and residential sidings (23 per cent). 
Can manufacturers take about 18.5 per cent. Of precoated 
steel, building products take about 60 per cent (less than 
I per cent being for residential sidings); the next largest 
usage embraces furniture, home and office fixtures and office 
equipment, which, taken together, represent about 7.5 
per cent. Thus the coated steel is more widely distributed 

The wood-finishing industry primarily involves the finishing 
of furniture, which accounts for about 10 per cent of industrial 
paint business on a volume basis, or 6 per cent on a dollar 
basis, and factory-finished timber which accounts for about 
half the furniture coating business. 

The furniture industry is considerably more fragmented 
than the paint industry and comprises some five thousand 
companies, of which two-thirds employ less than twenty 
people. Nitrocellulose remains the most important basis for 
furniture finishes, followed by cold-hardened urea/formalde- 
hyde and melamine/formaldehyde resins. In an earlier section 
the growth of UV-cured unsaturated polyesters has been 
mentioned. 

The growth of plastics in furniture is a feature of both the 
wood and automotive industry, and most of the larger com- 
panies have their own moulding departments. A total of 
800 million Ib of plastics was said to have been used in 
1970, of which by far the largest item was pvc covering; 
flexible polyurethane foam cushioning also represents a 
considerable proportion. In the case of rigid plastic, nearly 
half (125 million Ib) of the high impact polystyrene was 
made injection moulded, with perhaps 55 million lb of foam 
polyurethane and 40 million Ib of unsaturated polyester 
made by casting (a more flexible and economic process than 
injection mo~lding)'~. 
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Most of the plastic has been used for decorative curved 
pieces common to reproduction style furniture in general, 
and after suitable finishing is indistinguishable from the wood OIL MODIFIED 
with which it is incorporated. Lately, rigid polyurethane foam ALKYDS 

has been used for structural pieces; the density of this material .0 6 
can bs varied from 2 to 501b ft-3 with increasing strength. 
Wood or fibre board remains a relatively inexpensive subs- < '-- . 
tance for straight flat pieces, which form the bulk of modern z 
furniture. 

The factory prefinishing of wood or wood products for ACRYLICS 

modular housing introduces the same labour-saving costs 
over traditional on-site painting that are inherent in metal c02 P.V.A. 

coilcoating. Baking up to 120°C for short periods can be 
used, and catalysed thermosetting acrylic latex coatings 
have been proposed for topcoatseu. 

: p, 
0 

1965 66 67 68 69 70 71 

Raw material changes 

Changes in types of paint used for different types of applica- 
tion, are reflected in changes in the resinous paint binder, 
for the most part, and published figures show somc interesting 
comparisons in respect of rate of change for some important 
materials. Fig. 6 shows how the use of natural triglyceride 
oil, oil-modified alkyd resins, acrylic resins and polyvinyl 
acetate has changed since 1965. Each point on the graph 
represents the ratio of dry weight of resin to total volume of 
paint produced each year, that is the weight of resin (or oil) 
in millions of pounds, divided by the volume of paint in 
millions of gallons2'. The trends illustrated are as accurate 
as available statistics will allow, and it may be noted that, 
for example, "acrylic" resins undoubtedly include a minor 
proportion of styrene or vinyl toluene although, in the main, 
they comprise copolymers of acrylic and methacrylic esters. 
Polyvinyl acetate resins, on the other hand, include minor 
proportions of plasticising monomers, some of which are 
acrylic types. The oil-modified alkyd resins are not defined 
according to oil length, but there is littledoubt that the average 
content of combined oil or fatty acids will have decreased 
over the period'. Oil-free polyesters are not included. 

Fig. 6. Variation of the amounts of certain raw materials used per 
year 

acrylics will continue to rise at a greater rate than polyvinyl 
acetate, especially when powder coatings and water-based 
paints become established in the industrial field. 

Table 6 gives the numbers of British patents published 
since 1960 on the subject of thermosetting acrylic resins, 
the criterion for "acrylic" being that the acrylic (or metha- 
crylic) monomer be more than 50 per cent of the specified 
addition polymer (whether an additional crosslinking or a 
modifying resin is used or not) according to the main claim 
of the patent. From this survey are excluded air-drying latex 
polymers, non-aqueous dispersions, and polymers for radia- 
tion curing. The total patents comprise 144 solvent-based 
resins, and 65 water-based resins, and of the latter, 33 were 
recommended for electrodeposition, and were previously 
included in Table 2. 

The total published British patents from Tables 1-6 are 
arranged in Fig. 7 and amount to some 780 (eliminating the 

400r Us, Cos i/ 
The dotted curve in Fig. 6 relates to all types of oil used 

(drying or otherwise), either alone or in combination with 
resinous materials, including that used in alkyds. 300 

Thus the amount of oil used in the "average" can of paint 
has been reduced by about 45 per cent in the six years under 
review, and the amount of alkyd by some 15 per cent; this 
is consistent with the rise in consumption of acrylics and 
polyvinyl acetate. Epoxy resins and polyurethanes, currently LL 

used at less than 100 million Ib per annum, have also shown 
a continuous increase. z 

Acrylics and vinyl acetate copolymer emulsions have 
displaced both oils and alkyds in architectural paints, and 
solvent-based acrylic polymers have also had outstanding 1960 61 62 63 64 65 66 6 7  68 69 70 

success in industrial paints, particularly for automobiles, Fig. 7. in the numbers of British ptents filed in the yars 
metal strip and appliances. It is to be expected that the use of 1960 to 1970 from the data in Tables 1-6 (COSr companies) 

Table 6 
Brilislt patents published since 1960 on acrylic resins 

Application year . . . . . . 1 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1 Totals 

Total ~atents . . . . . . 1 6 16 22 23 28 36 30 26 14 8 1 2 0 9  

~y UK companies . . . . 3 5 2 2 5 9 3 1 
By UScompanies . . . . 5 12 12 12 11 I 1  6 
By German companies . . . . 6 5 6 16 9 6 4 4 
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33 electrodeposition cases from Table 6). Fig. 7 shows the essential technical personnel and instrumentation required 
accumulated patents secured by British, American and for successful operations. 
German companies in these areas of paint technology. 

A survey of all patents covering paints, resins, raw materials 
and methods of application indicates similar domination Influence in Europe 
by the combined forces of America and Germany (with the 
Americans having, in general, the most influence) in other 
countries of Europe. On the other hand, patents filed in 
the United States over the same broad field, show only 
I0 t o  15 per cent ownership by foreign companies. 

Economics 

As in many other countries, the American paint industry 
is very fragmented, with something like 1,500 companies 
in business. Surveys indicate that smaller companies consis- 
tently operate a t  lower profit margins than larger companiesz' 
and a recent analysis by Bewley" shows that overall profit- 
ability of the industry is well below the average for American 
industry in general. This difference is even more marked if one 
considers net profits per employee, when inefficient use of 
manpower becomes apparent-perhaps typical of all coun- 
tries, and endemic t o  the type of operations carried out. 
and the structure of the industry. 

Figures published by KLinelshow that from 1958 to  1968 
the ratio of production workers t o  total employees fell from 
60 per cent t o  55 per cent, in which period the average 
hourly earnings of production workers rose 3.8 per cent 
whilst the average annual gallons per man-hour rose by 
2.6 per cent. Greater use of high-speed dispersion techniques 
and continuous sand millscontributed to  this modest advance, 
and although refinements and modifications of such equip- 
ment have taken place, there does not appear t o  be any 
fundamentally new method of dispersion in sight. 

Between 1961 and 1971 average annual volume increase 
was about 3 per cent for trade sales and about 5 per cent 
for industrial paints. On a dollar basis, the annual increase 
was about 5.5 per cent over the same period for all paints 
manufactured, rather less than the rate of increase of the 
gross national product. There is no reason for believing 
that this modest rate of growth will not continue in the 
foreseeable future. 

Fifteen companies account for 40 to  45 per cent of total 
sales, no single company having a share of more than about 
10 per cent. The top four, Sherwin-Williams, Du Pont. 
PPG Industries and Glidden in that order, account for 
about 25 per cent of the total. Sherwin-Williams has a 
pigment and chemical division and important can-manu- 
facturing units. although paint sales account for more 
than 60 per cent of total income, mostly through over two 
thousand owned o r  rented paint stores. In the case of Du 
Pont, only 4 to  5 per cent of the total are sales of paint 
products; PPG Industries sells about 17 per cent of its total 
output in the form of resins and paints; and Glidden's paint 
sales represent about 22 per cent of the total sales of SMC 
Corporation. the parent company. 

In the past five years some 80 paint companies have been 
bought up by larger organisations, and this consolidation 
is expected t o  continue, perhaps a t  an accelerating pace. 
Paint formulation and methods of application, especially 
in the industrial field, have now reached such a state of 
sophistication, that a larger proportion of paint production 
falling into the hands of the larger companies may be 
expected, because they are better equipped t o  acquire the 

Although there is some American investment in European 
paint manufacture as such, it does not amount t o  a very 
significant proportion. The high proportion of American- 
owned patents in European countries relates essentially t o  
the American ownership of European industrial paint users. 
American ownership is especially prevalent in the automotive 
industry, but also concerns many companies producing farm 
equipment. office machinery, domestic appliances, and so 
forth. The licensing of patents and/or technical know-how 
to  European paint companies is often involved, therefore, so  
that products matching those used in the United States may 
be formulated. American influence is not only restricted to  
those paint manufacturers supplying American subsidiaries; 
a good deal of American know-how is bought by companies 
in Britain and continental Europe, because they choose t o  
improve their technical competence in this way rather than 
by investing money in research and development work for 
themselves. An example is the recent spate of American 
licensing in the field of coil coatings. 

When speaking of "American know-how." reference is, 
obviously, t o  the know-how of certain large American-based 
companies, with the necessary research and development 
facilities for the commercialisation of new and improved 
products, and sufficiently orientated towards the European 
market t o  be able t o  profit from licensing activity. The 
enlargement of the EEC may well increase American interest 
and influence, but it is equally possible that the continued 
growth of such European companies as Shell, AKZO, 
Bayer, BASF. Hoechst and ICI. esoeciallv where this involves . .  . 
investment in paint manufacture, may do  something to  alter 
the trend in the next five to  ten years, and this could happen 
independently from any changes in the status of the user 
industries. It seems unlikely that, short of some untoward 
catastrophy, American interest in Europe as a whole will 
decline. The possibility of individual European governments 
choosing to  limit American investment in national economies 
is another matter, but such decisions will certainly require 
careful thought because irreparable damage could be done. 

Many politicians and professional economists see nothing 
but advantage in the encouragement of American investment 
generally, and certainly the paint industry itself must 
acknowledge technological advances which might not 
otherwise have occurred. 
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Discussion at Eastbourne Conference 

DR L. VALENTINE asked if Mr Armitage were Research 
Director and had to concentrate on only one route towards 
pollution-free coatings, would he select water-based coatings, 
non-aqueous dispersions (NADs), high solids coatings or 
powders. 

MR F. ARMITAGE replied that it would have to be 
water-based coatings. Both water-based coatings and powder 
coatings had been used commercially for more than 20 
years in the industrial field. More recently, the use of both had 
accelerated because of new application methods-in the case 
of water-based materials by the electrodeposition, and with 
oowder coatings bv electrostatic svrav. If thinking were - . - - 
restricted to industrial finishes, powder coatings were un- 
suitable for air-dry finishes, including among others, automo- 
tive refinishes. They were also unsuitable for wood and 
plastic finishes, which cut down their potential considerably. 
There was no such restriction with water-based finishes. 
Non-aqueous dispersions represented a technological advance 
of great interest, and had involved very sophisticated develop- 
ment. They might be less restricted than powder coatings in 
their potential usage, but might ultimately conflict with 
anti-oollution laws in the States in some areas. Thev were 
a relatively new development, and it was the author's opinion 
that, in terms of eventual importance, they would always be 
behind water-based coatings. High-solids coatings-those 
with less than 20 per cent of solvent, already typified by 
pvc plastisols-had certainly become of greater interest 
because of clean-air legislation, and would include older- 
established materials which incorporated a reactive solvent 
such as unsaturated polyester/styrene types or cold-catalysed 
epoxy types. If high-solids materials, thinned with water, 
could be produced, then this might be the best compromise. 

MR G. R. SIDDLE asked whether, in view of the projected 
shortages of oil-based chemicals for surface coatings, Mr 
Armitage knew of any research efforts directed towards 
vegetable oils (and other products) to improve the yield or 
to discover new varieties. 

MR ARMITAGE apologised and said that he did not. 

MR G. WILLISON asked if the American regulations on 
solvent contamination of the atmosphere took any heed 
of the emission of resin-decomposition products during 
stoving operations. 

MR ARMITAGE said that if the decomposition products 
included proscribed materials then technically the legislation 
took heed of them, but the legislation was concerned with 
amounts allowed into the atmosphere, and in the ordinary 
way the decomposition products of resinous nlaterials were 
very small in relation to the total amount of solvent evaporat- 
ed. In the case of powder coatings, where decomposition 
products might be of the order of, say, 3 per cent, it was the 
author's understanding that, even in Los Angeles, so long 
as the emissions did not exceed 31b per hr there would be 
no problem-that is, 31b per hr from one unit. For larger 
amounts it would be necessary to find out whether the 
emission was permissible-probably such decomposition 
products would be non-exempt. 

DR M. L. ELLINGER commented that in the paper 
the advantage of cathodic electrodeposition was pointed 
out in respect of improved colour on steel substrates. There 
seemed to be some evidence that, whilst substrate iron 
dissolution was avoided, a certain inherent discolouration 
of the binder occurred (yellowing) and, therefore, the main 
advantage of cathodic deposition versus the anodic methods 
was perhaps the greatly improved corrosion and salt spray 
resistance. 

MR ARMITAGE agreed that one of the points made 
in respect of cathodic deposition was improved corrosion 
resistance over steel. With anodic deposition, he thought, 
every binder was subject to yellowing, and indeed one could 
now get good whites with anodic deposition. He thought 
this had not been achieved on copper, which was a difficult 
substrate anyway. 

MR M. HESS mentioned the presence of amines in water- 
based paints, which are also pollutants. 

MR ARMITAGE answered that amines were present in 
very small amounts, but he was not aware that they had 
raised problems in terms of air-pollution. It might be that 
they had to be considered in respect of water-pollution, 
but he was not sure about that. 

MR R. J. WOODBRIDGE asked Mr Armitage whether 
he could give any estimate of the relative size of the "good- 
better-best" sectors of the retail latex paint market, and any 
trends in these sectors. 
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MR ARMITAGE replied that he could not really say, 
but one might presume that the cheaper grades-or cheaper 
grades marketed by larger companies who were perhaps 
not in this field previously-would tend to attract more total 
business in decorative paints to the larger companies. 

MR J. M. RACKHAM said that whilst the lecture was 
entitled "The American paint industry, present trends and 
future possibilities" would Mr Armitage like to extend his 
comments to the European scene, where the pollution 
requirements and clinlatic conditions could be quite different 
from the USA. 

MR ARMITAGE replied that anti-pollution laws in the 
States varied considerably from one area to another, those 
in Los Angeles being more stringent than those in other 
cities or States, simply because Los Angeles was in a unique 
location, coupled with a high u/v incidence. It also had the 
highest concentration of automobiles, from which oxides of 
nitrogen were exhausted, which catalysed the photolytic 

degradation of some solvent vapours. In other industrial 
areas, of course, sulfur dioxide and/or particulate carbona- 
ceous materials were the chief offenders. With regard to the 
latter, he was sure that European countries already had 
legislation to reduce pollution. With regard to vapoar 
emission from paint-using plants, he did not doubt that 
Europe was watching the position, and one could only 
speculate that some areas might need special legislation but 
it was his guess that whatever might be introduced, it would be 
less widespread and less severe than it was in many of the 
American States or cities. 

Control of automotive emission was another matter 
again; motor vehicles made in the States by 1975 had to 
reduce emission of both nitrogen oxides and unsaturated 
hydrocarbons, either by engine modification or by catalytic 
exhaust burners. Petrol should also be free of lead additives, 
so far as one could judge. It might seem reasonable to suppose 
that continued increase in the concentration of automobiles 
in European large cities, might encourage similar legislation. 

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

Relations with the developing countries by A. T. S. Rl~clrflm 

The challenge of metal finishing hj) G. Isscrli.~ 

The role of coatings in corrosion prevention-future trends hv V. Ashworth at~d R. P. M. Proctor 

Electrochemical activity of conductive extenders for zinc rich coatings by V. P. Simpson and F. A. Simko 
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Advances in electrophoretic paint deposition 
1971 -72 

Bibliographies in Paint Technology No. 21 
By R. H. Chandler 

R. H. Chandler Ltd., pp. 80. Price E5 ($15) 

Quite apart from its recognised advantages as  a method for 
the application of paints, particularly corrosion-inhibiting 
primers, interest in paint application by electrodeposition 
has been further stimulated by the fact that it causes consi- 
derably less atnlospheric pollution. 

The present volume of 80 pages is the fifth in the series 
on electropainting and opens with a discussion of some of 
the theoretical aspects of electrodeposition based on papers 
published in the period under review. Particular attention 
is paid to defects such as pinholing and lifting (caused by 
gassing), anodic processes s ~ c h  as  oxidation and neutralisa- 
tion/coagulation, and the influence of molecular weight 
on film properties. The influence of the type of resin and 
pigment as  well as the value of pretreatment is also examined. 
Other topics under discussion are throwing powcr and thc 
techniquc of bath control by ultrafiltration. The latter 
technique has made major advances in thc last couple of 
years and is bccoming an established proccdurc. 

The interesting discussion section is followcd by 189 
literature references. Among these are thc 19 papers dealing 
with the reactions in electrodeposition and presented in 
1971 at the Los Angeles meeting of the Organic Coatings 
Division of the American Chemical Society, the 21 papers 
read at the "Electropaint 71" confercncc in London, and 
the 16 papers presented at the "Electropainting for the 
seventies" confere~ce in London in 1972. 

There are brief descriptions of the painting schedules and 
plant employed in 44 installations covering a wide range of 
products from car bodies to computer components. The 
final section, containing abstracts of 192 patents, will be 
found very valuable and could save a lot of time at the 
Patent Office. 

This bibliography maintains the high standard of earlier 
volumes and is a valuable addition to literature on electro- 
painting. 

W. M. MORGANS 

Progress in polymer science Japan 

Minoru lmoto and Shigeharu Onogi (Editors) 
Tokyo, Kodansha Ltd., and 
New York and London John Wiley & Sons 

Vol. I. 1971 pp. xii + 520. Price B11.05 

Vol. 11.1971 pp. ix -+ 379. Price C8.15 

An analysis of the papers published since 1970 in three of 
the major polymer review series shows the following distribu- 
tion by source: 

Source U K  W. Europe N. America 

(per cent) 12 16 51 

Source Japan Eastern bloc Australia 

(per cent) 16 - 7 3 

One can hardly say that this indicates a strong bias against 
papers of Japanese origin, but there can be little doubt that 
much Japanese work ncverthelcss remains inaccessible to 
western scientists. This at least is the justification expressed 
by the editors for a new rcview series wholly devoted to 
reviews by Japanese authors of work conducted for the 
most part in Japan. With the objective of bringing Japanese 
work to the attention of wcstern scientists so clearly stated, 
it would not have bcen surprising to find less than fall crcdit 
being given to the work in western laboratories, but, as 
far as this reviewer can judge, the Japanese authors have 
bcen scrupulor~sly fair and numerous papers of western 
origin are cited. 

Volumes I and 2 are daled 1971 but some delay in publica- 
tion is t o  be prcsumcd since they did not reach the British 
public until the end of 1972. Onc hopes that this will not 
recur, for secondary sources decrcasc sharply in value as 
they fall behind thc times. 

The contents of these volumes will be of interest to all 
general polymcr scientists though few of the more specialised 
contributions are likely to be read by those whose activities 
are confined to the field of surface coatings. In thc reviewer's 
opinion, the following papers are likely to be of most interest 
to rcadcrs of this Journal. 

In Volume I :  

Otsu, Structure and reactivity of vinyl monomers in radical 
polymerisation (68 pp). 

Tazuke, Effects of metal salts on radical polymerisation 
(80 PP). 

Osaki and Einaga, Viscoclastic propertics of concentrated 
polymer solutions (56 pp). 

In Volume 2: 

Iwatsuki and Yamashita. Radical alternating copoly- 
merisations (48 pp). 

Nozakura and Inaki, Radical polymerisation of internal 
olefines (62 pp). 

Onogi and Asada, Rhco-optical studics of high polyniers 
(68 PP). 

The standard of presentation is extremely high, and the 
editors appear to have been wholly successful in eliminating 
the rather quaint phraseology often found in the English 
writings of Japanese authors. If the present standard is 
maintained in substance as well as presentation, the ~eries 
will be highly prized. 

A. R. H. TAWN 



Information Received 
Bayer build a third waste water treatment New products 
plant 

Bayer AG has started constructing another 
fully biological waste water treatment 
plant at its Krefeld-Uerdingen factory 
beside the Rhine. With this joint waste 
water treatment plant (final capacity of 
135,000m3 of waste water per day) and 
the Dorlnagen project between the 
Erdoelcheniie GmbH and Baver AG 
(IO0,MMm3 per day), all Rayer'factories 
on the Rhine will he equipped with fillly 
biological plants for the treatment of 
industrial waste water by 1975 at the latest. 
The total costs for the Uerdinpn plant. 
including the necessary biological sewcrs, 
amount to some 55 million DM. Ahout 
7 million DM are needed each year for 
the running of the plant. 

Production of AF.1 paints transferred to IPC 

An agreement has been signed by The 
lnternztional Paint Company limited 
and the General Electric Company Limited 
whereby the production of industrial and 
decorative paints by Tlic Micanite & 
Insulators Company Limited (AEI 
PAINTS), a GEC Company, is to be 
transferred to The International Paint 
Company. The move is part of a stratcgy 
to expand the traditional business of The 
Micanite & Insulators Company Limited 
as major UK suppliers to the Electrical 
Industry of mica products and other 
insulating varnishes and materials, and 
to enable the concentration of overall 
resorlrccs into the companys niain-line 
activities. 

Paints and varnishes in Europe 

The Clicmical department of the METRA 
croup will have completed soon its three 
year survey of the European (former 
EEC countries and the UK) markets for 
paint and varnishes. Building and "do-it- 
yourself" represent 52 per cent of the 
market. the other main end-users being 
the automativc industry (10 per cent). 
automotive repairing (8 per cent) wood 
and fl~rniture. nietal products and marine 
eouionient. Besides this sector of the 
market, the survey covers distribution 
channels, production and application 
techniques, raw materials and new pro- 
ducts. 

Statistics for the dyestuffs and pigments 
industries 

A new statutory quarterly inquiry into 
the sales of the dvcstulTs' and pigments' 
industries, designed to provide up-to-date 
statistical information for the industry as 
well as for the Government. has been 
launched hy the Business Statistics Office. 

The product headings on the inquiry 
forni have been compiled after consultation 
between the Department of Trade and 
Industrv. the Chemical Industries Associa- 
tion a'nh the Rritish Colour Makers' 
Association. 

Forms will be sent to approximately 
50 establishments in the industry-all 
those employing 25 people or more. 
The first return covers the second quarter 
of 197.1, and replaces the existing quarterly 
inquiry into colours, and the monthly 
collection of statistics, previously under- 
taken hy the Dyestuffs Office, which have 
been discontinued. 

Transfer pump for lithographic inks 

A new 30 gallon pressure pump primer has 
been developed by Lincoln St. Louis, 
Division of McNeil Corporation, for the 
transfer of lithographic inks used in 
commercial litho work on metal. plastic 
and glass containers. The unit is adaptable 
to materials of medium and high viscosity. 
It aids pomp priming action, eliminates 
manual pump handling, and enables the 
user to buy larger quantities at lower 
costs. 

Lincoln Engineering transfer pump 

Polyurethane elastomers for textile and 
foam coatine 
A range of polyurethane elastonieric resins 
for coating of flexible subtrates is now 

available from Synthetic Resins Limited, 
following extensive application trials. 
Developed primarily for use with textiles 
with direct-coating or transfer-coating 
techniques, the resins are not only suitable 
for producing synthetic leathercloth and 
coatings for pvc and self-skinned polyure- 
thane roam mouldings, but they have also 
been shown to have considerable potential 
on application to pre-foamed and in-situ 
chemically foamed pvc. 

A new low-odour ink from Coates 

The latest addition to the range of litho 
inks manufactured by Coates Brothers 
Inks Ltd is CLT FRESH. Although 
basically an oil based system, with the 
machine properties to be expected from 
a conventional ink, it has been formulated 
to give an odour level that has previot~sly 
not been attainable with any system other 
than water miscible inks. In addition, 
C1.T FRESH achieves its final odour level 
raipidly and with very little airing. 

Carsons and Hadfields rationalise range of 
wood primers 

Carson Paripan Ltd and Hadfields (Merton) 
Ltd have rationalised their range of four 
wood primers down to two products. 
The range, which offered pink and white 
wood primers specifically for interior or 
exterior use, now comprises one Pink 
Wood Primer and one White Wood Primer, 
both soeciallv fornlulated bv the Carsonsl 
c ad fie ids re;earch and development team 
to give optimum performances under 
either exterior or interior conditions. 

Sharples two-tier ball mill 

A two-tier ball mill has been introduced 
by Sharples Engineering Co. (Bamber 
Bridge) Ltd. for the mixing and dispersal 
of materials such as chemicals, powders. 
colour pigments and paint resins. Designed 
for efficient batch processing, the unit is 
fitted with indeoendent tier drives which 
enablc onc tie; to remain in operation 
whilst the other is unloaded and reloaded. 

Two tier ball mill available from Sharples Engineering 
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New products 
(continued) 

Methylated urea resins 

Monsanto has introduced three ncw grades 
of high-solid mcthylatcd urea resins- 
Resimcne X-970, X-975, X-98Gfor high 
speed printing, wood finishing and intcrior- 
grade industrial coatings. Thcse new 
products complement the Monsanto rangc 
of high-solid amino rcsins. 

Universal colour dispersions 

A ranee of "A-line" universal piemcnt 
disper<ons has recently been introductcd 
in the UK by Bce Chcniical Company 
(UK) Ltd. Thc company claims that these 
dispersions are unique, for the follow- 
ing reasons. Firstly, the basic co~nposition 
is declared (100 per cent methacrylate 
resin pigment. and a glycol ether high 
flash point solvent) and. secondly. the 
dispersions are designed for both tinting 
and to be used as the sole colours. A 
complete range of industrial cnamclc may 
be formulated from one dispersion. 

Literature 

New publication on cthoxylated amine 
chemistry 

Armour Hess Cliemicnls Limitcd has 
announced the publication of a booklet 
cntitlcd "Elhomeens Ethoduomeens Etho- 
~nids Ethoqu~.ds." This has been written 
to provide an up-to-date rcferencc work 
on thc company's wide range ofethoxylated 
cationic and ethoxyl2tcd non-ionic chemi- 
cals. I t  covers liundrcds of applications in 
many industries and provides a detailed 
synopsis of the applications of ethoxylated 
chemicals. Copies are freely available froni 
the Harrogate Ofice of Armour Hess 
Chemicals Limitcd. 

Shandon spectrophotometer 

Shandon Southern Instruments has re- 
cently produced a full colour leaflet on 
its new Ato~iiic Absorption Spectro- 
photometer A34M). Contents include chart 
traces for lead, nickel. tellurium and 
cadmium and technical descriptions of 
the nionochromator, burner and spray 
chamber. 

Conference, courses, 
symposia 

GDCh Fachgruppe conference 

The fortieth conference of the Gesellschaft 
Deutscher Chemikcr Fachgruppr "An- 
strichstoffe und Pigmente" will be held from 
9 to I2 October 1973 at Ratl Neuenahr, 
West Germany. 

Course at Manchester Polytechnic 

During the 1973174 Session, a course will 
be held at thc Manchester Polytechnic 
entitled "Chemical technology with special 
rcference to polymersand s~~rfacccoatings." 
which is a HNC endorsement subject (for 
LRlC purposes) and which will enable 
candidates to obtain part of the qualifica- 
tions for Associateship of the Society of 
Dyers and Colourists. 

PRA Trainim Sminars 

The Paint Rcscarch Association will be 
holding two training seminars on pigment 
dispersion (25-26 Scpternher 1973) and 
recent advances in analytical techniques 
(9-10 October 1973). 

Section Proceediicgs 

South African 
Transvaal Branch 

Internal pipeline coatings with particular reference to powders 

A n  interesting review of  developments in pipeline coating 
materials was presented by M r  M. A. Brett, o f  Michael 
A. Brett and Partners. at the Sunnyside Park Hotel on 
14 June 1973. 

M r  Brett stressed that i t  was poor practice in  days of  ever 
increasing repair and maintenance costs to select a system 
that had given average satisfactory past performance at 
a known cost without investigating the merits o f  a slightly 
higher initial capital outlay for better end-maintenance 
and longer pipeline life. Bitumen, coal tar, enamel, concrete, 
epoxy resin linings, galvanised finishes and epoxy powder 
coatings were outlined, and M r  Brett gave some most useful 
guide-lines which the designer should follow when selecting 
the type o f  lining material for use. The advantages of  expoxy 
powder linings over other types o f  material were dealt with 
i n  detail, and the plant necessary was described. 

I t  appeared that i n  South Africa, nearly 80 per cent o f  al l  
coated lines were still based on spun bitumen. The balance 
o f  coating usage was split between concrete and liquid epoxy 
resin type materials on an even basis. The epoxy powder 
materials at this stage, though k i n g  used on very small 
reticulation work i n  chemical plants, and so forth and on 
one major project to date, could not yet claim any noticeable 
percentage o f  the market. However, i t  was confidently to 
be expected that epoxy powder coatings would become 
specified more and more with a resultant more competitive 
cost. With the introduction o f  powder coating would come 
the opportunity for pipeline owners and operators to obtain 
longer life-times for coatings, better through-put and 
longer maintenance-free periods. 

The vote o f  thanks proposed by M r  Delerette was carried 
with acclamation. 



ATotr?.s and Nerm 

As already announced in the August issue 
of the Journal. OCCA 26 will take place 
at the Empire Hall, Olympia, London, 
from 23 to 26 A ~ r i l  1974. 

Invitation to Exhibit 

Invitations to Exhibit were despatched in 
July to those organisations in UK and 
abroad who have exhibited at previous 
Exhibitions or have requested information 
on the 1974 Exhibition. Any organisation 
which has not received an Invitation to 
Exhibit, but wishes to do so, should apply 
at once to the Director & Secretary of the 
Association at the Association's offices. 
The closing dare ./or applications to exhibir 
is 3 November 1973. 

International character 

The Exhibition, which has long been 
known as the forum for technical display 
and discussion for the surface coatings 
industries, in 1973 attracted visitors from 
more than 50 overseas countries, and there 
was direct contribution by exhibitors 
from 14 overscas countries. The motif 
chosen for this year's Exhibition shows 
the flags of the enlarged European Econo- 
mic Community and, by converging on 
the flag of the UK, symbolises the welconle 
extended for many years to exhibi!on and 
visitors not only from these countries but 
from farther afield to the OCCA Exhibi- 
tions in London, one of the capital cities 
of the European Economic Community. 
To further the aim of a truly international 
character, the Exhibition is widely adver- 
tised in technical journals both at home 
and in 18 technical journals overseas. 
Furthermore, it has been the practice for 
many years to issue information cards 
in six languages (English, French, German, 
Italian, Spanish and Russian) and these 
are widely distributed lo firms and indivi- 
duals in many countries. Interpreters 
are available at the Exhibition without 
charge to help both exhibitors and visitors 
alike. 

Hours of opening 

On this occasion the Exhibition Committee 
has decided to dispense with the Monday 
opening and to concentrate on four full 
days as follows: 

Tuesday 23 April . . 09.30 to 18.00hrs 
Wednesday 24 April . . 09.30 to 18.00hrs 
Thursday 25 April . . 09.30 to 18.00hrs 
Friday 26 April . . 09.30 to 16.00hrs 

The European Economic Community's 
forum for technical display and discussion 
in  the surface coatings industries 

23-26 April 1974 

Exhibition Dinner 

Following the success of the Exhibition 
Dinner on the opening day in 1973, the 
Committee has decided to held a Dinner 
at the Savoy Hotel, London WCZ on 
Tuesday 23 April at 19.00 for 19.30hrs. At 
the request of some exhibitors a cash bar 
will be made available after the function 
for those visitors wishing to use this 
facility. Full details of the Dinner will be 
announced in this Journal from time to 
time and an application form for tickets 
will be enclosed in each copy of the Ojficicrl 
Guide. 

Official Cuide 

The Ojficial Guide will be prepared well 
in advance of the dates of the Exhibition 
so that copies can be circulated widely, 
both to members and non-members, thus 
allowing visitors an opportunity to plan 
their itineraries. As well as maintaining 
the Exhibition's unique position as a 
purely technical display, manned by 
technical personnel, the Exhibition Com- 
mittee has for manv years followed the 
successful policy of. eAcouraging visitors 
in this way, and by making no charge 
for admission so that the maximum. 
flow of comniunication between exhibitors 
and visitors can take place. 

Aims of the Exhibition 

The Exhibition Committee wishes the aims 
of the Exhibition as stated in the invitation 
to Exhibit, to be as well known as possible 
and accordingly these are reproduced 
below. 

The aim of the Exhibition is the presen- 
tation of technical advances in those 
industries si~pplying the paint, varnish, 
printing ink, colour, linoleum and other 
allied industries. The technical advances 
may relate to: new products, new knowledge 
relating to existing products and their 
uses, or in suitable cases, existing knowledge 
which is not generally available in the 
consuming industries. 

The Committee stioulates that exhibitors 
present a technical (heme-that is display 
in a technical manner the technical develop 
ments in raw materials, plant or apparati~s 
illustrated by experimental evidence. It is 
essential that a technically or scientifically 
trained person, who has full knowledge of 
the products displayed, be available on the 
stand throughout the official hours of 
openlng. 

Whilst the Committee naturally en- 
courages the showing of new products, 
it does not stipulate that a new product 
has to be shown each year, since it fully 
appreciates that there are occasions when 
this is not possible. Accordingly, the 
Committee draws attention to the fact 
that new technical data on existing products 
are regarded as acceptable si~bjcct matter. 

Charge to Exhibitors 

The OCCA Exhibitions have for many 
years been planned to keep costs as low 
as possible for exhibitors. The charge 
(which includes stand space, floor, walls, 
muslin ceiling, fascia with coloured felts 
and pine trims, and painted name plaque), 
will be 61 10 (plus Value, Added Tax) 
per unit of 4.32m2, and exhtb~tors recelve 
a free supply of Official Guides, six language 
cards, badges, folders, and so forth. Since 
there is no charge made for admission to 
the Exhibition, no "special facility" tickets 
are issued for distribution by exhibitors. 
Each visitor is given a copy of the Ojficial 
Guide, together with a folder for technical 
literature, showing the location of the 
stands, upon arrival at the hall. 

Exhibitors can, if they wish, choose to 
have their name plaque rendered in dis- 
tinguished colours and to have superimpos- 
ed their trade mark at additional cost. 
Each year the colours chosen for the felts 
of the fascia have been selected to integrate 
with the motif chosen for the particular 
Exhibition, and it has been the custom 
to have one colour on all fascias north 
to south, and another on all those fascias 
which run east to west in the hall. Sam~les 
of the feltschosen are rent to each exhil;~tor 
and it has been a feature of the Exh~bition 
in recent years that many have incorporated 
these colours into the design of their 
interior stand fitments. 

Travel Agents 

The Wayfarers Travel Agency Ltd.. Cran- 
field House, 971107 Southampton Row, 
London WCl B 484.. will be allocated a 
stand adjacent to the OCCA Information 
Centre at the Exhibition and will be 
prepared to advise on, and arrange, hotel 
accommodation and travel facilities to the 
Exhibition. They will also be able to make 
theatre ticket reservations for the evenings 
of the Exhibition. 

Please address all enquiries to The 
Wayfarers Travel Agency AT THE AD- 
DRESS SHOWN ABOVE, and not to 
the Association. 
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Report of Council Meeting 
A meeting of the Council was held at the 
Great Northern Hotel, London NI, on 
I 1  July when twenty-eight members of 
Council were present. The President, M r  
L. H. Silver, took the chair. 

The President extended a welcome to 
all new members of Council, both at home 
and overseas. 

The dates for the Council meetings. 
the Council Reunion Dinner. the Associa- 
tion's Dinner Dance and the Annual 
General Meeting 1974 were discussed 
and agreed as follows: 

I 7  October: Council meeting followed 
by reunion dinner 
26 February 1974: Council meeting 
4 April 1974: Council meeting 
23 April: OCCA 26-Exhibition 
31 May 1974: Association's Dinner 
Dance 

The Annual General Meeting will take 
place either in late June or in the first 
part o f  September 1974. 

The appointment o f  members of Council 
for the forthcoming session and the 
representation of the Association on other 
organisations was agreed. 

Reports were received on the Eastbourne 
Conference and the Annual General 
Meeting, which took place during the 

Conference. A full report on the proceed- 
ings of the Annual General Meeting 
appeared in the August issue of the Juiirnrrl. 

I t  was further reported that a mceting 
of the Liaison Cot~irnittee took placc at 
the Fastbournc Conference whlch was 
attended by represcntatives of all four 
Societies. As a result of this meeting, it 
was agreed to recommend to the governing 
bodies of the four societies that a working 
party be set up to explore the position 
of close liaison betwecn societies. The 
Council appointed the President and M r  
A. R. H. Tawn. with M r  D. S. Newton 
as an alternative reprcscntstivr, to represent 
the Actociation on the working part) 
which would have l o  refer its recornmcnda- 
lions but would have no power to bind 
the Association without reference to 
Cottncil. 

A rewr t  was also made on the 1973 
~xhibi t ion which had been an outstanding 
succetc. and a report appeared in the July 
issue of the Joiirn~l. 

The arrangements for the 1974 Exhibi- 
tion were briefly discussed, and Councll 
agreed to the booking of the Empire 
Hal l  for 1976. Council wishes i t  to he 
widely known that the Association's next 
three exhibitions will take place in April 
1974 April 1975 and April 1976, all at the 
Empire Hall, Olympia. London. 

Information was received by the Council 
concerning the number of Members whose 

1973 subscription had not yet been received 
and whose names wotlld be removed from 
the Register of Members in accordance 
with the Articles. 

Council was pleased to learn that sale 
of Part 7 of the Manuals "Works Practice" 
were still progressing satisfactorily. The 
papers. together with the discussions. 
from the Eastbourne Conference will 
be pi~blished in the September/December 
i5sues of the Joirrnr~l. 

Council received reports from the 
Jordan Award Committee and the Profes- 
sional Grade Committee, and took parti- 
cular note that at least one Polytechnic 
intended to organisc courscs which would 
help young Members reading for licentiate- 
ship. 

Council received information from the 
various Sections. and was  leased to 
accept an offer by D r  W. ~ i r r  (CIBA- 
GElGY Ltd.,) to present a paper on 
behalf of the Association at the forth- 
coming convention o f  the Federation of 
Societies for Paint Technology in Novem- 
ber, thus ensuring that an Association 
paper would be presented at each of the 
other three societies' conferences i n  the 
next session. 

There being no other bttsiness, the 
President thanked all members for their 
attendances and declared the meeting 
closed at 3.44 0.m. 

Professional Grade for Ordinary Members 
The innovation of the Professional Grade 
has proved to be most successful, as 
evidenced by the impressive list of names 
i n  the December issue o f  the Jo~irnrrl. As 
stated when the Grade was introduced, the 
main emphasis is on younger Members at 
the Licentiate level. and the followjng 
diagram shows the suggested progresston 
of a Student (up to 25 years of age). 

Note: At present there is no restriction 
on Students uo to 21: between 21 and 25 
a certificate lrom employer or college con- 
firming the course being taken is required. 
For the convcniencc of ootential appl~cdnts. 
full regulations for admission aie shown 
helow. 

I 
either 

J 
ASSOCIATE MEMBER 

(at 15) 

STUDENT 

1 
ORDINARY MEMBER 
(hefore 25 i f  sp qualified) 

C 
Remains as at prcsent Enters into (obtionall pro- 
in this category,but can fessional grade (after 22). 
apply for professional becoming LICENTIATE iu 
grade at later stage, i f  Technology of Surface 
he so wishes. Coatings (LTSC) and pro- 

gressing when so qualified 
to ASSOCIATE i n  Tech- 
nology o f  S~lrface Coatings 
(ATSC). , 

Regulations for admission to the Professional Grade 
Note: For the sake of simplicity. reference is made only lo UK exumiir~lions elr.. hut equivalent quuliticr~tions ovcrser,.~ wfll nnolru1l.v he rirceptetl. 

A. Licentiate 

I. Shall be an Ordinary Member o f  the 
Association and have been an Ordinary 
Member or Student of the Association 
for not less than one year. 

2. Shall have attained the age of 22. 

(a) Shall be a Licentiate o f  the Royal 
Institute o f  Chemistry in Coatings 
Technology (viz. Higher National 
Certificate 3-  Endorsement in coat- 
ings technology + I year approved 
experience i n  the science or tech- 
nology of coatings after passing the 
endorsement examination). 

OR (b) Shall be a Licentiate o f  the Royal 
Institute of Chemistry i n  another 
relevant subject such as advanced 
analytical chenlistry. colour chem- 
istry or polymer science, and shall 
have two years'approved experience 
o f  coatings since so qualifying. 
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C. Associate, not already a Licentiate 

EITHER 

2. Shall have been an Ordinary Member 
of the Association for not less than five 
years. 

OR (c) Shall hold the Full Technological 
Certificate of the City & Guilds of 
London lnstitute in a relevant 
subject as approved by the Pro- 
fessional Grade Committee and 
shall have two years' approved 
experience in the science or tech- 
nology of coatings since gaining the 
FTC. 

I .  Shall be not less than 24 years of age. 3. Shall beengaged in a position of superior 
responsibility in the coatings industry. 2. Shall be an Ordinary Member of the 

Association and have been an Ordinary 
Member or Student of the Association 
for not less than two years. 

4. EITHER (a) shall have been an Associ- 
ate of the professional 
grade for at least eight 
years; 

OR (b) shall have not less than 
fifteen years' experience of 
the science or technology 
of coatings in a position of 
superior responsibility. 

OR (d) Shall have passed Higher National 
Certificate or Hieher National 

3. Shall hold the Graduateship of the Royal 
lnstitute of Chemistry or lnstitute of 
Physics or a University or Council of 
National Academic Awards degree 
recognised by the Royal lnstitute of 
Chemistry or lnstitute of Physics as 
giving full exemption from the Graduate- 
ship examination. 

1)iplorna with three yearb' approved 
experience in the sctence or tech- 
nology of coatings since qualifying, 
but two years' approved pre- 
qualification experience shall be 
deemed equivalent to the third 
post-qualitication year. 

5. Shall submit, with his application, an 
account of his exoerience. with due 

4. Shall have not less than two years' reference to scientit?~ and tdchnological 
interests, achievements and puhlicat~on.i. OR (e) Shall be graduate in relevant subject 

with not less than I vear's aooroved 
approved post-graduate experience in 
tlie science or technology of coatings. 

6. Shall normally be sponsored by three 
Ordinary Members of the Association in 
the professional grade, all of whom 
must be Fellows. 

experience. 
5. Shall normally be required to satisfy the 

Professional Grzde Committee or some OR (f) Shall have passed such other quali- 
fications as approved by the Pro- 
fessional Grade Co~nmittee from 
time to time. 

other body approved by the Professional 
Grade Committee, at a viva voce 

7. Shall have paid the fee stipulated by the 
Council and have oaid the current sub- 

examination. 

6. Shall normally be sponsored by three 
Ordinary Members of the Association in 
the professional grade (either Assoctate 
or Fellow) at least one of whom must be 
a Fellow. 

4. Shall be required to satisfy the Profes- 
sional Grade Committee, or some other 
body approved by the Professional 
Grade Committee in a viva voce examin- 
ation and submit a dissertation on a 
topic previously approved by the Pro- 
fessional Grade Committee. 

scription payable' by an Ordinary 
Member. 

The fees payable with applications are 
JoNows: 

7. Shall have paid the fee stipulated by the 
Council and have paid the current sub- 

Fellow-£10.00 Associate-£6.00 
Licentiate-£3.00 
(Plus VAT at standard rate) 

scription payable by an Ordinary 
Member. 5. Shall normally be sponsored by three 

Ordinary Members of the Association in 
the vrofessional erade (either Associate 
or Fellow) at leac one df whom must be 
a Fellow. 8. Shall be not less than 30 years of age. Completed application forms should be 

returned, together with the appropriate 
remittance, to the Director & Secretary at 
the Association's offices (except in the case 
of those Members attached to the Auckland, 
South African and Wellington Sections, 
who should address their forms to their 
Sectio~~ Hon. Secretaries). 

9. Shall be an Ordinary Member of the 
Association and have been an Ordinary 
Member of the Association for not less 
than three years. 

6.  Shsll ha\e paid the fcc st~pulated by the 
Council and have paid the current sub- 
scription payable- by an Ordinary 
Member. 

10 Shall have been engaged in practising 
the science or technology of coatings for 
not less than seven years and shall have 
attained a position of considerable 
standing in the industry. 

R. Associate, being already a Licentiate 

The Committee wishes it to be known 
that Members rejoining the Association 
after a period in other industries may 
include leneth of service as an Ordinarv 

I.  Shall, since his election to the Licentiate- 
ship, have practised the science or 
technology of coatings for not less than 
three years. I I Shall normally be required to satisfy the 

Professional Grade Committee in viva 
voce examination of his professional 
competence. 

Membcr bc?ore their resignation as part i f  
the qualify~ng periods for entry into the 2. Shall provide evidence acceptable to the 

Professional Gradc Committcu: of his 
superior profess~onal skill and mntur~ty. 

Grade. 

Students wishing to apply for entry into 
the Professional Grade must first make 
application in writing for upgrading to 
Ordinary Membership, giving the reasons 
for their eligibility for such regrading. 
Applications, together with the appropriate 
remittance, should be addressed as for 
application for admission to the Pro- 
fessional Grade. 

12 Shall normally be sponsored by three 
Ordinary Members of the Association in 
tlie professional grade (either Associate 
or Fellow) at least one of whom must be 
a Fellow. 

3. Shall hold the City & Guilds of London 
Institute Insignia Award. O R  shall 
submit a thesis or dissertat~on of com- 
parable level on a topic previously 
appro\ed by the Profe$sional Grade 
Committee OR shall have ouhlished 13 Shall have paid the fee stipulated by the 

Council and have paid the current sub- 
scription payable by an Ordinary 
Member. 

work which, in the opinion of the 
Professional Grade Committee, is of 
comparable merit. Potential applicants are recommended to 

give the fullest possible details of their 
appointments, including the number and 
type of staff under their control, and 
indicating to whom the applicant is res- 
ponsible, as this aids the committee 
considerably in its deliberations. 

4. MAY be required to satisfy the Profes- 
sionel Grade Committee or some other 
body as approved by the Professional 
Grade Committee in a viva voce 
examination. 

D. Fellow 

Note: This is the senior award of the 
professional grade and signifies that the 
holder has made outstanding contributions 
to the science or technology of coatings or 
has reached a position of eminence in the 
industry through the practice thereof. The 
Professional Grade Committee will require 
substantial evidence of professional matur- 
ity in the science or technology of coatings 
although commercial experience will be 
taken into account in assessing the merits 
of candidates. 

5. Shall normally be sponsored by three 
Ordinary Members of the Association in 

It is felt that applicants for admission to 
the Licentiate grade might wish to have 
further information on the pattern which it 
is suggested should be followed for disserta- 
tions, the subjects of which have first to be 
approved by the Professional Grade Com- 
mittee. 

the orofessional grade (either Associate 
or  ello ow) at 
be a Fellow. 

one whom must 

6. Shall ha\c paid the fee \tipulated by the 
Council and have paid the current suh- 
hcriptton payable hy an Ordinary The dissertation should be preceded by 

a short summary and commence with a 1. Shall be not less than 33 years of age. 
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brief introduction and some account of the 
currcnt state of knowledge. Where practic- 
able it should follow the general format of 
a paper in JOCCA. 

The dissertation may be a review of a 
subject, a theoretical treatment, descriptive 
of practical work or a combinat~on of these. 
It must indicate that the candidate has a 

reasonably wide and up-to-date knowledge 
of his chosen subject and understands the 
basic scientific principles underlying it, and 
that he is able to think critically and 
constructively. 

Where ~ractical work is described. some 
attempt should be made to draw theoretical 
conclusions or to form some provis~onal 

hypothesis, together with an outline of what 
further work would be required to confirm 
the views put forward or further to advance 
the knowledge of the subject. 

Where the dissertation is a review or a 
theoretical treatment. there should be an 
attempt to contrast and compare any 
oo~osinz  views exaressed in earlier works. 
to kxamhe the vicws critically, to suggest 
any compromise interpretation, to account 
for all the known facts and to outline any 

Optional Professional Grade for further could be W O I ~  tested. by which the opposing views 

Ordinary Members Where applicable, references should be 

The Professional Grade Committee has issued a further list of admissions to the Professional published work' graphs' diagrams 
Grade. The full list showing the Sections to which the Members are attached is given below. etc. to be appended. 

Length: Text should be approximately 
Fellow in the Technology of Associate in the Technology of 5,000 words. 
Surface Coatings (FTSC) Surface Coatings (ATSC) 

Applicants should refer to the paper by 
Brooks, Leo James (London) Calder, Robert Malcolm (Aackland) Moss which appeared in the January 1973 
Jolly, Anthony Charles (Manchester) Formanek, Leopold issue; the Professional Grade Committee 

( ~ ~ ~ ~ ~ ~ l  ~verseas-~rechoslova~ia) feels that candidates for the Licentiate 
Moll, lvor Stuart D'anvers (Manchesler) grade could with advantage use this pay: 
Piggott, Kenneth Elliot (South African) 'pargo* Robert as a model for their dissertations. 

Register of Members 
The following elections to Membership have been approved by 
Council. The Section to which a new Member is attached is given 
in italics. 

Ordinary Members 

WLTER, COLIN JOHN, Fishburn Printing Ink Co. Ltd., 94 St. 
Albans Road, Watford, Herts. (London) 

BYRNS, ARTHUR ROBIN, "3 Sisters," Berrydel Avenue, Somerset 
West, CP South Africa. (South African) 

CI.AUSEN HANS CHRISTIAN, 301 Acutt Avenue, Durban North. 
~ a t i l ,  South Africa. (Sorrth African) 

COUGHLAN, THOMAS NOEL, "Ashleaf," Iona Road, Mafield, 
Cork, Ireland. (Irish) 

DAVIS, CECIL EWART, 14 Seymour Gardens, Surbiton, Surrey, 
KT5 80E. (London) 

DUMVILLE, JOHN ALFRED, Worsdall Chemical Co. Ltd., Sole 
Street. Cobham, Kent. (London) 

FANTHOM, ROBERT STEPHEN, BIP Chemicals Ltd., Popes Lane, 
Oldbury, Warley, Worcs. (Midlands) 

FROHNSDORFF, COLIN HERBERT, BSc, MSc, Bradbury Wilkinson 
& Co. Ltd., New Malden, Surrey. (London) 

GROVER, COLIN DAVID, BSC, 31 Melody Road, Biggin Hill, Wester- 
ham, Kent. (London) 

HACKETT, PHILIP PATRICK, 9 Glenwood Close, Maidstone, Kent. 
(London) 

HAMILTON, ALEXANDER JOHN FOX, 18 Ridlands Rise, Limpsfield 
Chart, Surrey. (London) 

HARRISON, MARTIN ROY, BSc, 9 Almond Close, Crawley, Sussex, 
RH11 8ED. (London) 

JAMES, THOMAS GERARD, 16 Wellniount Park, Dublin, 11. 
(Iri.sh) 

JARMANY, HENRY, PhD, Research Department Crown Paints, 
Darwen, Lancs. (Munchester) 

KNEISSL, UDO, 22 3rd Street, Roodepoort-North (Tvl) South 
Africa. (South African) 

LANDRETH-SMITH, IAN NIGEL, 27 St. Clair Avenue, Port of Spain, 
Trinidad, West Indies. (General Overseas) 

LOCKYER, DENNIS BRIAN, 105, Leipoldt Street, Ridgeway, 
Johannesbnrg, South Africa. (South African) 

MORG~N, PETER WILLIAM, 16 Upton Road, Bexley Heath, Kent, 
DA7HAQ. (London) 

MCCLEMENT, DAVID ALEXANDER, 2 Torphin Place, Kirkcaldy, 
KY26JG. Scotland. (Scottish) 

MCCRAE, JAMES MCGEACHIE, PhD, BSc, ARIC, 9 Merrick View, 
Stewarton, Ayrshire, Scotland. (Scottish) 

MCELWEE, ANGUS DAVID, BSC, 51 Forest Drive, Kloof, South 
Africa. (South African) 

NIEMANDT, ANTHONY PHILIP, Prolux Paints, Box 3704, Alroag, 
Alberton, South Africa. (Soutlr .4frican) 

PECK, ROBIN ARTHUR, Reeves & Sons Ltd., Lincoln Road, Enfield, 
Middx. (London) 

PHILLIPS, JOHN ROWLAND, 21 Old House Road, Balsham, Cambs. 
(Manchester) 

POTCIETER, HARTHMAN ECKHARDT, BSC, PO Box 9099, Port 
Elizabeth, South Africa. (Sorrth A fricon) 

SCHONE, HANS-JOACHIM, Take Bay Paints, PO Box 65, Strand, 
Cape. South Africa. (South African) , , 

SINGER, IVOR, BSc, Tioxide International Ltd., 10 Stratton Street. 
London, W1. (London) 

SMITH, BRIAN JAMES, LRIC, 48 Chiltern End, Westrees Park. 
Ashford, Kent. (Loridon) 

TANNER, ANTHONY EDWARD, 57 Wood Street, Mitcham Junction, 
Surrey. (London) 

TAYLOR, RICHARD ANTHONY JOHN, LRIC, 27 Barton Road, 
Sutton-at-Hone, Kent. (London) 

TONON, JUAN CARWS, Aristobulo del Valle 7400, Sante Fe, Argen- 
tina. (General Overseas) 

RAYNER, ALBERT HENRY, I5 Boughton Avenue, Hayes, Bromley, 
Kent, BR2 7PL. 1 London) 

ROBINSON, ROBERT GRANT, BSc 45 Howick Road, Blenheim, 
New Zealand. ( Wellineton) . .. . 

WILLIAMS-WYNN, David Ernest Arthur, PhD, MSc, FRIC, 15 
Melrose Circle, Westville. Natal. (Sorrth African) 

Associate Members 

KIERSANDT, ROLF, 101 Buxton Heights, Firdale Avenue, Tamboer- 
skloof, South Africa. (Sorrth African) 

Registered Students 

HITCHINS, CHRISTOPHER ROBERT, elo W. G. Hitchins, PO Box 13. 
Renwick, New Zealand. ( Wellington) 

LANGLEY, MICHAEL CHARLES, Polycell Products, PO Box 3744, 
Airode, South Africa. (Soutlt African) 

LYNCH, GERARD PAUL, 87 Todholm Terrace, Paisley, Scotland. 
(Scottishb 

Ross, PETER ROBERT, 12 Gullane House, Shetland Road, Bow. 
E3. (London) 
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News of Members 

D r  R. H. Leach, an Ordinary Mcmbcr 
attached to the London Scction, has been 
appointed director responsible for special 
projects and dcvelopmcnt for Fishhurn 
Printing Ink Company Limited. D r  Leach 
war previously operations director for tlie 
company. 

M r  R. L. Sorcnscn. an Ordinary Mclnhcr 
attachcd to thc Gcncral Ovcrscas Section. 
has hecn appointed Dircctor of Corporate 
Develop~iicnt for Printing Dcvelopments 
Incorporated, the graphic arts markrting 
subsidiary o f  Time Incorporated. New 
York. 

M r  .I. A. Banks, an Crdinary Mc~iiber 
attached to tlie Manchester Scction, has 
been appointed Manager o f  the Plastics 
Division o f  Victor Wolf Limited. He will 
he responsible for both thc coriimcrcial 
and the tcclinical activities of this new 
division, with emphasis on thc pvc industry. 

M r  R. Green, an Ordinary Meliiber 
previously attached to tlie London Scction 
but now attached to the Overseas Section, 
has returned to Trinidad tc take up an 
appoint~ncnt as Scnior Chc~iiist with 
Sissons Paints Li~ii ited, a subsidiary o f  the 
McPlicrson Group for which M r  Grccn 
has bcen working in England. 

He  was awarded thc London Section's 
prize for Paint Technology for the 1971-72 
session and has rcccntly bcen awardcd a 
certificate from thc East Ham College 
o f  Technology for "Industrial administra- 
tion and works organisation for chemists." 

Newcastle Section 
The British Titan Cup 

The twelfth annual tour~iamcnt for the 
British Titan Cup was played on 
Saturday 30 Junc 1973 over the Hexham 
Golf Course. Thc competition, a four ball 
hcttcr hall against bogey, was won jointly 
by A. Rridgcwood or Laportc Industries 
Limited and H. Fuller o f  Tioxide Intcr- 
national Limited. The matches wcrc played 

i n  dry and sunny conditions although, as 
is often the case at Hexham, the wind was 
a littlc naughty. 

The cup was presented by the Newcastle 
Scction Vicc-Chairman. M r  K. V. Hodgson, 
who also took part in the competition. 
A friendly stapleford competition held 
during tlic afternoon was won by J. G. 
Bcll and J. Rankin. 

Mr A. Bridgewood (left) and Mr H. Fuller, joint winners of this year's British Titan Cup 

Reunion Dinner for past and 
present Members of Council 
Council has dccided this ycar to hold a Reunion Dinner for those Members wlio have 
scrvcd on Council at any time. in placc of the biennial Past Presidents' Dinner. Notices 
were despatched at tlic cnd o f  July to all tliosc known l o  have served on Council. The Dinner 
will take place on Wcdnesday 17 October 1973 at the Cafe Royal, 68 Regent Street. London 
WI, at 6.30 for 7.00 p.m.. and informal dres will be worn. 

The price o f  the ticket, to include drinks at tlic reception, dinner, wines and liqueurs, 
will bef6.00 (inclusive o f  VAT). Past Presidcnts, Past Honorary Officers, Honorary Members 
and Founder Mcmber have been invited as guests of the Association, as they would have 
been invited to a bicnnial Dinner. Al l  othcr past and present Members of Council must 
send the necessary rcniittance with their co~npleted application form. Any Member with 
ser\,ice on Council, wlio has not received an application for111 and wishes to do so, should 
write to tlie Dircctor & Secretary at tlle Association's officcs. 
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Forthcoming Events 
Details are given of nicetings In the United Kingdom up to  the cnd of the month rollowing 
publication, and South Afrlca and the Commonwealth up to the end of the second month. 

Wednesday 17 October September Thantes Valley Section-Yrr~/er~t Grotrp: 
"Aerosols" hy Mr Southby of Aerosols 

Tuesday 11 September International Ltd., Downmill Road, 
WestRidingSection: Curing.q Bracknell, to be held in the main Lecture 
by Mr  A, G. North of Gray Valley Theatre. Slough College at  4 p.m. 
Products, to be held at  the Griffin 
Hotel, Leeds at  7.30 p.m. Friday 5 October 

Manchrsler Srclion-St1111rttr Groap: 
"Instrumental colour measurement" by 
Mr  Bravey of Berger Paints, to be held at  
the Manchester Literary and Philo- 
sophical Society at  4.30 p.m. 

Scottish Section-Eustrrtr Brunch: 
"Advances in Polymers" by Dr I. Soutar, 
Heriot Watt University, Edinburgh, to 
be held at  the Carlton Hotel, North 
Bridge. Edinburgh. at  7.30 p.m. 

Tuesday 18 September Hull Section: The Annual DinnerIDance 
will be held at Cave Castle, South Cave, 

Manchester Section: Symposium on Hull. 
"Wallcoverings" at  the University of 
Manchester institute of Science and 
Technology, Sackville Street,Manchester. SBturdaY 6 October 

Thursday 18 October 
Friday 21 September 

Scottish Section-Eastern Brancll, and 
St~tflent Group: Joint Meeting on "Dis- 

,rjsll section: -pollution. its causes and persions of titanium dioxide in modern 
effects" A speaker from the institute paint making" by Mr  Derek Craig of 
for Industrial ~~~~~~~h standards, Tioxide International ~ t d . ,  in the ~ a d y  
to be held at  the Clarence Hotel, Dublin Nairn WillOwbra~ Edin- 
at 8 p.m. burgh, at  10.30 a.m., followed by lunch 

and the annual skittles match at the 

London Section-Soirthern Brunch: 
"Problems in the painting of yachts" by 
a speaker from Campell & Nicholson 
Ltd., at  the Pendragon Hotel, Southsea, 
at  7.00 p.m. 

Friday 19 October Midlands Section: Ladies Evening 7.00 Abercorn Inn. 
p.m. Westbourne Suite, Botanical 
Gardens, Btrmlngham. Tuesday 9 October Irish Section: "The use of extenders in 

titanium dioxide" by Mr  M. Hart, 
Croxton & Garry, to be held at  the 
Clarence Hotel, Dublin, at  8 p.m. 

Scottish Section: Wine and Cheese 
Party, at a venue to be announced. 

Manchester Section: Joint Meeting with 
the North Western Branch of the 
Institute of Printing. "Change in printing 
ink technology and the influence of 
Europe" by M r  G. Whitfield, Mander 
Kidd (UK) Ltd., a t  the Cottons Hotel, 
Manchester Road. Knutsford, at 7.00 
p.m. 

West Riflinp Section: "The performance 
of wood primers" by M r  P. Whiteley of 
Building Research Station, to be held at 
the Griffin Hotel, Leeds. at 7.30 p.m. 

Manchester Section: Annual Dinner 
Dance at  the Piccadilly Hotel. Piccadilly Wednesday 26 September 

Manchester Section-Student Group: 
"Powder coatings" by M r  N. H. Seymour 
of Sterling Varnish Co. Ltd. to be held 
at  the Manchester Literary and Philoso- 
phical Society at  4.30 p.m. 

Plaza, Manchester. 

MidIancls Section: "The current status 
and role of amino resins in surface 
coatings" by R. McD. Barrett B1P 
Chemicals Ltd., to  be held in the Bir- 
mingham Chamber of Commerce and 
Industry. PO Box 30,75 Harborne Road, 
Birmingham 815 3DH. at  6.30 p.m. 

Thursday 27 September 

Imndon Section: Chairman's lecture, 
Great Northern Hotel, King's Cross. 
This will be a forum on the future of 
the London Section. 

Thomes Valley Section: "Modern 
developments in Europe on wood- 
finishing" by Herr Anskinovitch and Dr 
Schwarz of Glasurit, to be held at  the 
Beech Tree Hotel, Maxwell Road, 
Beaconsfield, Bucks. at  7.00 p.m. 

Thursday 11 October Thursday 25 October 
Midlands Section-Trent Vallev Brunch: Thurnes Vallrv Section: "Printing inks 

in the seventies" by Mr G. H. Hutchin- 
son, Croda Polymers Ltd.. at the Beech 
Tree Hotel, Beaconsfield, at  7.00 p.m. 

"Paint manufacturing techniqu&s" by M r  
B. L. Lucas, Joseph Mason & Co. Ltd., 
Derby. Venue to be announced later. 

Scottish Section: Visit to Planetarium of 
Glasgow College of Nautical Sciences. Friday 26 October 

Friday 2S September 

Bri.rtol Section: Ladies Evening. "Colour 
in the home" by Mr R. G. Stay, Berger 
Paints Ltd. to be held at the Royal 
Hotel, Bristol, at  7.15 p.m. 

Tuesday 16 October Bristol Section: "The testing and per- 
formance of flame retardant paints" by 
Mr F. C. Adams of the Building Research 
Establishment, Fire Research Station, to 
be held at  the Royal Hotel, Bristol, at  
7.15 p.m. 

London Section: "Some aspects of tech- 
nical training" by Mr G. Birtles, at the 
Great Northern Hotel. King's Cross at  
7.00 p.m. 

Midlands Section: "Recent developments 
in radiation curing" D. R. Bailey 
(Donald Macpherson & Co. Ltd.) to be 
held in the Birmingham Chamber of 
Commerce and Industry, PO ROX 
30, 75 Harborne Road. Birmingham 
R15 3DH at  6.30 p.m. 

e 1973-74 Session Programme for th 
London Section, Southern Branct 
1973 October 

Monday 1 October Thursday 18 October Tuesday 19 February 

Hull Section: "Polyacrylates in enlulsion 
paints" by a speaker from Allied Colloids. 
to be held at the Dorchester Hotel, 
Beverley Road, Hull at 7.00 p.m. 

"Problenis in the painting of yachts" by 
a speaker from Camper & Nicholson 
Ltd., to be held at the Pendragon Hotel. 
Southsea. at 7.00 p.m. 

"Wall and ceiling decoration" by Mr 
J. T. Icey, lotex Products (Decorations) 
Ltd., to be held at the Pendragon Hotel, 
Southsea. at  7.00 p.m. 

Tuesday 18 March 

"Commercial brewing practice" by Mr 
D. Thomasson, Whitbread Wessex Ltd., 
to be held at  the Pendragon Hotel, 
Southsea, at 7.00 p.m. 

Thursday 4 October Thursday 22 November 

"Web offset printing" (including a film) 
by M r  J. D. Freeman, of the News 
Centre, Portsmouth, to be held a t  the 
Pendragon Hotel, Southsea, at  7.00 p.m. 

Newcustlc Section: "Painting of wooden 
joinery," A. F. Sherwood, Paint Research 
Station to be held at  the Royal Turks 
Head Hotel, Newcastle. 
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Abetter 
scrub-resistance 
for printing inks 

with 
V E W e s  
In many printing processes printing inks like pigments. 
the colour film is subjected Thisisapplicableforallprint- 
to a strong mechanical ing processes. Do you want 
stress.The scrub-, abrasion-, to learn more about the ad- 
and scratch-resistance as vantages of VEBA-WAXES? 
well as the slip-friction are Then, please, ask for further 
real problems, the modern information, free samples, 
solution of which is offered and technical advice. 
byVEBA-WAXES.These hard 
synthetic paraffins and poly- 
ethylene waxes are supplied 
as fine powders of uniform 
particle size. They may be 
directly incorporated into 

VEBA-CHEMIE AG 
Dept. WD97- D466Gelsenkirchen-Buer - F.R.Germany - Phone(02322) 386-3910 
Telex 824881 . U.K. Representative: Petrowaxes Ltd. . Dept. WD97 .Thames 
Road . Crayford . Kent - Phone 24555. Telex 28419 dussek 
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I I 

I OCCA T I E ,  C A R  B A D G E ,  W A L L  P L A Q U E  A N D  B L A Z E R  B A D G E  OCCA I 

The ties will be supplied from stock; 
all other items are made to order. 

Only the tie can be supplied by air- 
mail at an extra cost of 35p. 

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

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

The plague has the insignia hand- 
painted in red and gold on a blue 
ground. 

The car badge has the insignia 
embossed in red and gold on a blue 
ground, the whole being covered in 
transparent polypropylene, with a 
thick chrome surround. Bar and grille 
fittings are available. 

I 
I Avai lab le  on l y  f r o m  : I As a member of the Association please accept I 
I I my order for the fol lowing: 
I 
I 

I 

I 
I I 

I O C C A  t ie  @ £1.65 
I 

! ! 1 1 
I 

I 
I 

L a n c n s t o .  Plnc,c., S t r m i d ,  L o l i t l o t i  WC2 I O C C A  blazer badge  @ £4.30 
I 

1 
I 
I . O C C A  wal l  p laque @ £3.10 

I 

I Name 
I 
I Sec t i on lNo .  
I 

Address  
I 

I 

I .. O C C A  car  badge  @ £ 3.25 ! 
I (store bor or prrl le) 

I 
I 
I I 

I I If t i e  required airmai l  add 35p 
I I I 
I Total Remitted I 1 I 
I 



FASTONA BLUE RFR. 
Combines resistance to 

flocculation, brilliance of shade 
and high concentration giving 

a phthalocyanine blue of unbeatable value 

SCC COLOURS LTD I 
Head Sales Office 
(U.K. and Export) 
Maryland Road, 
Stratford, 
London El5 I J H  
Tel : 01 -534 415' 
Telex: 263664 

Northern Sales Office 

Newbridge Lane, 
Stockport, 
Cheshire 
SKI  2NB 
Tel: 061-480 4474 
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introduction 
to 
paint 
tech nology 

The sales of this Association publication 
now exceed 16,000, and now includes an 
eleventh chapter entitled "Recent Develop- 
ment." The bookcontains 204 pages including 
11 line diagrams, 8 photographs of common 
paint defects, and comprehensive index. 

T O  keep the price of this book at its 
present low level, it is essential to reduce 
book keeping to a minimum. Copies of 
this book will only be supplied if remit- i tance is sent with the order. Accredited 
Bookseller's discount: 23",, I \ 

Copies are available, at £1.00 (post free 
i n  UK), from the Association's offices. 

DO YOU WANT TO GET A FOOT 
IN THE FRENCH MARKET? 

We were founded in 1932 as commissioning 
agents and distributors on an exclusive basis, 
and as general importing contractors. 

JUST YOUR VERY PARTNER 

For decades we have specialised in the 
introduction of new and delicate raw materials 
for the paint, varnish, anti-fouling and other 
industries. 

We have had a very close relationship with 
customers for many years; moreover, our 
chemists and chemical engineers are their 
advisers. 

S P l A  
11 Rue de Provence 75009 Paris, France. 

Telephone 770-7546 Telex 25 827 

Oil & Golour Chemists' 
Association 

PAINT 
TECHNOLOGY 
MANUALS 
The second edition of 

3 Convertible Coatings 
is still available 

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

The price of the 2nd edition is £2.80 per 
I volume. 

Still available in 1st edition is: 

6 Pigments, Dyestuffs and 
Lakes 

The price of this volume is £2.00 

The following parts : 

1 Non-convertible Coatings 
2 Solvents, Oils, Resins 

and Driers 
4 The Application of Surface 

Coatings 
5 The Testing of Paints 
ore now in the course of reprinting. 

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

Part Seven : Works Practice 

The seventh volume of the Association's Contents include: 
series of Paint Technology Manuals, entitled 
"Works Practice," is  now offered for sale. Chapter I-The factory. Siting and layout 

The articles which have under Chapter 2-Raw materials. Storage and handling 
Student Reviews each month have been so 
designed that the bound volume will form a Chapter 3-Varnish and media manufacture: 
complete, coherent book with full continuity. 
Apart from the necessary typographical (a) Co'dprOceSSeS 
changes in maintaining consistency in the (b) Manufacture in open vessels 
Journal, "Works Practice" will be exactly the (c) Manufacture in closed vessels 
same as those parts of the Paint Technology 
Manuals already published by Chapman & Chapter &Paint manufacture: 
Hall Ltd. (a) General 

(b) Processes involving premixing 
(c) Processes without premixing 

TO hold the price of this book at its present low (d) Layouts, maintenance, filling and warehouse 
level, i t  is essential to reduce book keeping to a 

copies of this book will only be Chapter &Factory organisation and personnel 
supplied if remittance is sent with the order. chapter 6-Lega/ requirements and regulations Accredited Bookseller's discount: 25%. 

Chapter 7-Factory hazards and safety precautions 

T o :  Oil and Colour Chemists' Association, Priory House, 967 Harrow Road, Wembley, Middx. 
England HA0 2SF. England. 

Please send . . . copies of Paint Technology Manual Part Seven, "Works Practice," @ L2.40 

per copy, post free in U.K. I enclose a chequeIP.0. for E.. . . 

Name 

Address 

-- 
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Classified Advertisements are charged at the rate o f  60p per line. Advertisements for Situations Wanted are charged at 15p per line. 
A box number is charged at lop. They should be sent to the Director &Secretary, Oi l  & Colour Chemists' Association, Priory House. 

967 Harrow Road, Wembley, Middlesex H A 0  2SF 

SITUATIONS VACANT 

Technician 
A technician at Grade I level is required in the Surface Coatings 
Section of the Chemistry Department of the Science Division. The 
selected candidate will join a team which provides a testing and 
analysis service for surface coating systems to satisfy the require- 
ments of paint manufacturers and large-scale users. The work involves 
the examination of paints for their physlcal properties as well as 
performance testing under conditions similiar to those which they 
experience in actual use and by accelerated weathering techniques. 
The work is mainly in the laboratory but will include also some site 
work. A minimum of two years' relevant experience is required. 
Experience in the investigation of paint failures and the issuing of 
paint s?ecifications would be an advantage. 

Minimum Qualifications : 
Intermediate Technological Certificates of the Department of Educa- 
tion in three suitable subjects or G.C.E. 'A' levels in two science 
subjects or  Ordinary Science Laboratory Technician's Certificate of 
the City & Guilds of London Institute or approved equivalents. 

Candidates with the National Cerlif~cate in Science will be considered. 

Salary Range: £1,496-£2,075 per annum. 

Application forms are available from 
THE PERSONNEL MANAGER, 
INSTITUTE FOR INDUSTRIAL RESEARCH & STANDARDS, 
RALLYMUN ROAD, 
DUBLIN 9. 
IRELAND. 

Closing Date : September 21, 1973. 

Technologist wanted for small-scale 
special paints production, quality con- 
trol and development. Knowledge and 
experience or polymers is desirable. 
Starting salary fro111 £1600 to £2000, 
according to experience. Protit sharing 
and contributory pension scheme. West 
of England. Box No. 373. 

SITUATIONS WANTED 

I I  
Plastics Chemist with 7 years' US 
management experience seeks suitable 
position i n  the British powder coatings 
or polymer industry. Box No. 372. 

INTRODUCTION TO I SCIENCE GRADUATE with nmt- I 
graduate qualifications-% paint' and 

paint 1 varnish technology seeks jobtinplant 
training. Box No. 374. 

TECHNOLOGY 
Price LI. OCCA-26 EXHIBITION 

OIL & COLOUR CHEMISTS' ASSOCIATION 
23-26 April 1974 

T H E  UNIVERSITY O F  
MANCHESTER INSTITUTE O F  
SCIENCE AND TECHNOLOGY 

CORROSION AND PROTECTION 
CENTRE 

(READVERTISEMENT) 

Applications are invited for the post o f  

LECTURER IN CORROSION 
SCIENCE 

(REF: CPC/363/DE) 

(with interests in organic materials and 
coatings) 

The Corrosion and Protection Centre 
possesses a large research school 
investigating many aspects of the 
corrosion and protection of materials, 
performs the interdisciplinary teaching 
i n  this field at UMIST, and is developing 
an advisory and testing service for 
industry. 

The Centre is proposing to enlarge 
its activity in the field o f  protection o f  
materials by paints and polymer coat- 
ings, and in the use o f  organic materials 
generally to resist corrosion. Applicants 
should have relevant experience. 

SALARY within the scale: £ 1,929- 
£4,548 per annum Superannuation under 
FSSU. 

Requests for application forms and 
conditions o f  appointment, quoting 
Reference should be made to the 
Registrar, UMIST, Sackville Street, 
Manchester, M60 I Q D  to whom 
completed forms should be returned by 
30 September 1973. 

AT ANY TIME 

DAY OR NIGHT 

TELEX 

YOUR CLASSIFIED AD 

FOR 

JOCCA 

Telex 922670 (OCCA Wembley) 

See page xxiii o f  this issue for details o f  
rates for Classified Advertisements. 
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SITUATIONS VACANT 

PRODUCT DEVELOPMENT 
TECHNICIAN 

Applications are invited for the above 
position in our Chemical Laboratory 
from personnel with the minimum 
qualifications of O.N.C. in Chemistry, 
or City and Guilds in Paint Tech- 
nology, and at least three yean 
lndustr~al experience. 
The successful candidate will have 
had previous experience in the field 
of surface coatings or have worked 
in a paint laboratory. 
We are an international Company 
engaged In the manufacture and 
erection of specialised steel and 
plastic building materials on a large 
scale. 
Salary will be competitive: contribu- 
tory Pension Scheme with Life 
Assurance cover. 
Please write or telephone for applica- 
tion form to: 

Mm. J. Tweedale 
Pemnnel Deparfment, 

H. H. ROBERTSON (U.K.) 
LIMITED 

Cromwell Road, 
Ellesmere Port, 

Wirral, CHESHIRE 
Tel. 051 -355-3622 

COLOUR TECHNOLOGIST 
required for a responsible and challenging 
position a t  the Paint Research Association. 

The work is interesting and varied. It 
involves handling a broad range of 
colour enquiries from paint manufac- 
turers and users, the development and 
assessment of new colour and surface 
texture measuring instruments, involve- 
ment in a research programme geared to 
the needs of the industry, and contract 
work requiring solutions to highly 
specialised practical colour problems. 

Experience in computer colour matching 
technique, and an appreciation of the 
colour needs of the industry served by 
the PRA would be a distinct advantage. 

The level of appointment will depend on 
age, experience and qualifications of the 
successful applicant. 

Applications, with full details of experi- 
ence etc., to the Director, Paint Research 
Association, Teddington, Middlesex. 
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A T  Y O U R  SERVICE to develop finer, more durable products 
The fast, economical weather tests of 

SUB-TROPICAL TESTING SERVICE, INC. 
established 1929 

Sub-Tropical Testing Sewice is known and utilised world wide 

Our  44th year Sub-Tropical colour 
brochure 

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

(List of representative clienu given upon request) 

Wir waren die ersten, welche einen Priifciienst dieser Art fiir Lacke, Kunststoffe, chernische 
Beschichtungen, Stoffe und Gewebe aller Art, Farbstoffe und verwandte Eneugnisse in den 

U.S. mogllch rnachten. 
Mr. C. Hubbard Davis, President, Sub-Tropical Testing Service, Inc. Phones: (305) 2 3 ~ 5 3 4 1 -  235-31 I! 
P.0.  BOX 876,8290 S. Wi  120th Street, Miami, Florida, U.S.A. 33 156 Cable: SUBTROPIK, M i r m ~  

peintures 
pi ments 8 q ve nis 

Founded in 1923 

Published under the patronage of the French National Federation of Paint, Varnish and 
Printing Inks manufacturers 

This journal is of a scientific, technical, economic and professional character and contains, apart 
from the editorial, columns on Technology, Rheology, Technical Information, Industrial Research 
News, Documentation, Economy, Information, Apparatus, New Products and Processes. 

It is, therefore, intended not only for scientists and technicians in research laboratories and 
enterprises in the field, but also for suppliers of raw materials and manufacturers of materials. 

Cost of a yearly subscription: France: 100 Francs. Abroad: 120 Francs 

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

80, Avenue du 18 Juin 1940,92500 Rueil-Malmaison (France) 

Exclusive representatives for Great Britain: 

FRANK L. CRANE LIMITED 
Specialised Publications Division 

16-17 Bride Lane, London EC4Y 8EB 

Telephone: 01-583 0581. Telex: 21489 
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