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Epikote 
stops tropical corrosion 

in its tracks 

Paints based on Shell's 
Epikote resins provide perfect 
protection for exposed steel- 
work. Even under the most 
rigorous tropical conditions. 
That's why Epikote paints 
were used to  protec t  all 
exposed steelwork on the 
mul t i -mi l l ion  do l l a r  G u r i  

River basin-presented an  
enormous metal protection 
problem. 13.5 tons of Epikote 
resin in 12,000 US gallons of 
paint provided a weather and 
impact proof coating 16 mils. 
thick. 

On buildings, dams, bridges 
and piers, wherever there's a 

protection possible. 
For more information about 

Epikote resins please contact 
your Shell Company. In the 
UK contact your Shell Chemi- 
cals regional office in London, 
Manchester, Birmingham, 
Glasgow or Belfast. 

hydroelec t r ic  scheme in  need- for-exceptional resist- 
Venezuela. The dam's con- ance to the elements, Epikote 
struction-in the hot and based paints provide the most 
humid jungles of the Caroni effective a n d  economical 
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Film formation and curing 

Foreword 
The 14th Biennial Conference of the Oil & Colour Chemists' Association was held a t  
Eastbourne in the period 17-21 June 1969. 

On this occasion, for the first time, our President was able to welcome the presidents 
of the principal European and US organisations connected with our technologies, 
namely Dr  P. Castan of FATIPEC, Mr K. Christensen of the Federation of Scandina- 
vian Paint & Varnish Technologists and Mr M. E. Schleicher of the Federation of 
Societies for Paint Technology. A unique occasion but one it is hoped which will 
not remain so. 

The Technical Sessions, under the Chairmanship of Dr S. H. Bell (Paint Research 
Station), Dr J. Gaunt (Atomic Energy Authority) and Dr  G. de W. Anderson (Paint 
Research Station), were all well attended and the discussion was active and informed. 

The nine papers, three from overseas, covered a variety of concepts, techniques 
and mater~als and the authors are to be complimented on their papers and the presenta- 
tion of their subject matter. The Chairman, at the end of each Session, summarised 
the matter presented and provided the thread linking the various topics with the 
Conference theme. 

The Workshop Sessions again attracted more applications than the places available 
and the Convenors, Mr W. E. Moss (The futility of artificial weathering), Mr R. J. P. 
Nicklin (Surface preparation of steel) and Mr J. A. L. Hawkey (Colour), all reported 
lively and useful discussion. In all cases the Workshop Sessions had to be terminated 
while discussion and comment were vigorous and participants could well have said 
more. No doubt the topics were further debated during subsequent social gatherings. 
I t  seems fair to say that the open forum, where coninlent can be frank and controversial 
without the possible embarrassment of publication, is attractive to many participantq. 

"Forward Thinking" and the future pattern of Association act~vities are still under 
active review. It is possiblc that the format of the Conference will change with a new 
Honorary Research & Develop~nent Oficer, and a new President and Council, and 
this is probably desirable for, with changing needs, all activities should be considered 
for change. 

Dr S. H. Bell, Chairman of the first Session and President at the time of the 13th 
Conference, reiterated the statement he made at Scarborough about the need to "bridge 
the gap" between the academic and technological needs of our industries and said 
that the subject matter of the 14111 Conferencc bid fair to contribute to this aim. 
I f  those who participated can concur with this belief the 14th Conference was a success 
but other requirements may supervene at future Conferences. There is little doubt 
that the Honorary Officers and Council have the "forward look" well in mind. 

A. T. S. RUDRAM, 
Hon. Research & Development Officer, 1963-1969. 
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Keynote address: Physicochemical 
principles of film formation* 
By A. R. H. Tawn 

Cray Valley Products Ltd., St.  Mary Cray, Kent, 
and The Borough Polytechnic, London, SE1 

In a brief introduction, tlie dinlensions of the components of coatings arc disci~ssed in relation 
to  filni thickness and it is postulated that tlie polymer matrix itself should not be considered 
a continuum. Attention is then turned to convertible coatings in particular, and theories of 
polymer formation in terms of tlic functionality concept arc outlined. Deviations from basic 
Flory statistics owing to unreal assumptions arc discussed in some detail. The final scctions 
deal with the complenienl;~ry approach in which an ideal Gaussi;ui network is first considered 
and the properties of real networks arc discussed in terms of dcparti~rcs from the idcalised 
structure. Particular attention is drawn to the Ibrniation of inhomogeneities in polymer 
matrices and to tlie ways in which they niay influence filni properties. 

Keg words 
Birulers-ri~sitrs. cJtc. 

polymer 

Discours-Thsme 
Principes physico-chimiques de la formation de feuil 

Dans une brittvc introduction, on disci~te les dimensions dcs constiti~ants de revi.tements 
tilniogenes par rapport :I I'Cpaissei~r de feuil. et I'on propose quc la niatrice polymkre. elle- 
nii.me, ne doit pns Ctre considerec un continu. Puis on fait attention en particulier. aux 
rcvttements durcissables, ct I'on etabli Ics grandcs lignes de qi~clqucs tliCorics de formation 
polyniere au point de vile du concept de fc)nctionnaliti.. On tliscutc en quelque d h i l  des 
deviations, d6es aux assomptions firi~sses, B pnrtir des statistiqi~es de base. d6rivi.e~ pa.; 
Flory. Les dernikres sections du discours se traitent dc la technique compli.mentaire ou. 
d'abord, I'on considkre un ideal rCscau Gaussien, et puis on discutc Ies cal-actkristiq~~cs des 
reseaux reels en terrnes des Pcnrts de la structure idei.alisi.e. On fait attention particulikrc 
A la forniation des inhon1ogi.ni.iti.s dans Ics matrices polymkres ct :I la manicre dc Icur inlli~cncc 
sur les proprietks de feuil. 

Richtungsweisender Vortrag : Physikalisch-Chemische Prinzipien 
der Filmbildung 

In kur7en. einlcitcnden Worlcn wcrden die I)imcnsioticn dcr Komponenten. ails denen 
Anstrichniittel hcstehen, in1 Vcrgleich zur 1-il~ndickc besproclien, ~ l n d  die Bcli:~upti~ng 
aufgestcllt, dass tlie Polimermatcr selhst niclit nls cin Kontinuum zu bctrachtcn sei. Alhdann 
wcrdcn vor allcm die liiirthnrcn Anstriclimittcl hcsprochen. i ~ n d  Tlieoricn iibcr die 
Polymerbildung in der Spraclie dcs Funktionalitiitsko1i/c1~tcs ski7zicrt. Ziemlich ins einzelne 
gehend wcrden Abweicliungcn von gri~ndsiit~lichcn Flory-Statis:iken. weil a i ~ f  i~nwiiltliclien 
- 

*Presented at tlic Eastbourne Conference, 18 June 1909. 



Annalinicr~ bcruliend. hcsproclicn. Die Ahsclinittt. a m  Cntlc hefassen sic11 mit der zusiitzlichen 
Beliandlirnpsmetliodc. in welchci- ~ilniichst cine idcale Gauss-Vernct7ung hctraclitet wird, 
und die wirklichcn Vcrnetzungcn hcsproclicn werdcn, als 01) sie von dcr idcalisicrtcn Struktur 
abwichcn. Resondcrs wird die Aufmerksamkeit auf die Bililunp von Unglcichartigkciten in 
Polymermatern gclcnkt, ilnd wic dadurch die i-'ilmc~gcnsclialtcn beeinflusst werden kiinnen. 

B KpaTKOM BBenetlMM O ~ C Y X ~ ; I I O T C R  p87MCpbl KOMnOHeHTOB ~ O K P ~ I T M ~ ~  no OTHOlUeHMW K 

~onulr411c rlneHoK M nocTynMpycTcn YTO MaTpMua caMoro n o n m e p a  He nonmHa 
PaCCMaTpMBaTbCR KBK K O H T M H Y Y M .  ~ ~ T C M  B YBCTHOCTM O ~ P ~ I I I I C H O  BHMMaHMC Ha 0 6 p a ~ M ~ b l e  
IlOKpblTMII I1 o6cyxjlam~cn TCOPMH O ~ P ~ ~ O B ~ ~ H M I I  IlOJlMMCpOB C T O Y K M  3pCHMII MDeM 
@ ~ H K U M O ~ I ~ ~ ~ H O C T U .  P ~ C C M ~ T ~ M B ~ ~ O T C R  IIOBOJlbHO n o n p o 6 ~ o  OTKJlOHCHMR OT O C H O B H O ~  
CTaTMCTMKM @ ~ O P M  78 CYCT F l C ~ C ~ J l b t l b l X  npc~I l~nO~et lMf i .  ~ o c ~ ~ J I H R R  W C T b  CTaTbM 
aHanMwpyeT n o n o n ~ r ~ ~ c n b ~ b ~ u  nonxon, B ~ o ~ o p o ~  cncpBa paccMaTpMsaeTcn MneanbHan 
rayCC0Ba CCTb M 3aTCM O ~ C Y X ~ ~ I O T C R  C B O ~ ~ C T B ~  pKInbHblX C C T C ~ ~  C TOYKM 3peHMR OTK~OHCHMB 
OT ~ n e 8 n l l 7 M p 0 ~ a ~ ~ O f i  CTPYKTYPbl. Oco6oe BHMMaHMC YAC'JlReTCII 0 6 ~ 8 3 0 ~ 1 1 ~ ~ ~  HeonHOpOn- 
H o C ~ C ~  B rlOnMMCPHblX MiITpMU8X M MX B03MOXHOMY BJIMRHMK) Ha C B O ~ ~ C T B ~  IlneHOK. 

Introduction 
Coatings technology, as it is to be understood throughout this Conference, 
is distinguished from other polymer technologies by a combination of two 
essential features. The first is the small thickness of the film relative to its area, 
and hence a high value of the surface:volume ratio. The second is the liquid- 
solid transition which must follow the application step-usually as rapidly as 
possible. 

The relevance of film thickness-or rather thinness-is easily seen if one 
considers some typical dimensions. A typical film thickness might be 25 microns 
or 25 . 10"m. The C-C bond is cu 0.15nm long, i.e. cu 170 '.: lo3 C-C bonds 
placed end to end span a distance equal to the film thickness. Allowing for 
contraction due to bond angles. a single polymer chain can easily span the film 
thickness. Even when the polymer chains are highly coiled or when polymers 
of rather low molecular weight are considered, a number of molecules of the 
order of about a hundred is all that may be encountered between one surface 
of the film and the other. Typical particles of pigments and extenders range in 
diameter from cbu 30nm to (.(I 3.000nm. i.0. the film thickness considered corres- 
ponds to only 8-800 particle diameters. These facts show that the building 
blocks of which the film is made are of a size which is certainly not so small 
that the film can be regarded as a continuum. 

The concept of structure in films, particularly with regard to the size distribu- 
tion and disposition of pigment particles, has been discussed by many workers. 
Discontinuities in the structures formed by the coalescence of emulsion particles 
have also been extensively studied for many years. In contrast, there has been 
a tendency to treat as a continuum the polymer matrix deposited from solution, 
because, notwithstanding the dimensions quoted above, little evidence of phase 
boundaries has been adduced unt i l  recently. 

The liquid-solid transition may be achieved by various physical and chemical 
processes, and the niost important permutations have been classified by Talenl. 
I t  will be sufficient here to emphasise that the objective of the coatings manu- 
facturer is to satisfy ultimately those who will adjudge the coated object. These 
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ultimate users are seldom concerned with how the coating came to be there 
or what it is made of. as long as i t  performs satisfilctorily and is acceptable in 
cost. The formulator must therefore ask himself what purpose the coating is 
to serve, since it  is upon this that all other considerations depend. 

It may be noted that a rather rigid classification of coatings as convertible 
and non-convertible has been adopted for many years and from this have 
developed some rather fixed ideas about what each can do. The teaching of 
experience is that coherent films are seldom formed from materials having 
molecular weights below about 5,000 and that, for good mechanical properties 
and acceptable solvent resistance. many times this tigure is commonly needed. 
One is accustomed to the compromises that must be reached between viscosity. 
application solids, film weight and mechanical strength i n  non-convertible 
coatings. The extra formulating dimension afforded by the convertible coating 
permits facile avoidance of such compromises. This, however, does not necessarily 
imply that non-convertible coatings cannot in principle achieve the results 
commonly associated with cross-linked systems. Such a view was forcibly 
presented by Reiser2 in a paper read to the London Section of OCCA in 1963 
but unfortunately not published in c.\-tcnso. Some convincing arguments for 
the use of secondary bonding as the primary source of film cohesion in preference 
to the covalent cross-links of convertible coatings were presented, and it  is 
interesting to note that recent studies of polymer-solvent interaction suggest 
that it should be possible to take advantage of oriented adsorption eflects 
at the substrate surface, and even the graded deposition of difrerent species in 
layers as film formation proceeds. 

Gaylord has pointed out the danger of supposing that a polymer having 
desirable properties in one form, in bulk for example. will necessarily display 
the same advantages in an adherent film, but it is nonetheless tempting to regard 
the properties of some highly crystalline polymers, widely used in bulk. as 
closely approaching those of the ideal film-former for many purposes. The 
problem, of course, is that of solubility: crystallinity is associated with poor 
solubility, so polymers like the nylons can only be handled as solutions in a few 
specialised applications such as wire coating. where powerf~ll and generally 
unattractive solvents can be tolerated. Some progress has been made in the use 
of dispersions and powder-coating techniques. bill the possibility of depositing 
an oriented crystalline film from solution, or even of forming such a film it1 s i r l r  

from materials of low niolecul:ir weight, remains a n  attractive speculation. 
At the time of writing, however, i t  must be recognised that most high per- 

formance coatings are based on systems in which the liquid-solid transition is 
effected by a process of che~~iicnl cross-linking. The present Conference is 
concerned almost exclusively with this nlethod of film formation and the 
remainder of this paper will therefore be devoted to it. 

Polymerisation and the conversion step 
The cross-linking process of the conversion step results in the formation of a 
three-dimensional polymer network of indefinitely higli molecular weight in 
which the species initially present have, to all intents and pirrposes, lost their 
individuality. The properties of this network depend, in  the first place, on the 
density of the cross-links, the nature of the chains between the cross-links, iind 



the number and nature of any functional groups remaining unreacted. The 
network may, moreover. be more or less swollen by the presence of materials 
of relatively low molecular weight. The problem of designing a film of specified 
performance is thus, from the polymer viewpoint, u matter of finding the means 
to produce a pfirticular network structure in a time determined by the curing 
conditions wh~ch are acceptable in the circumstances. This, of course, 
presupposes a knowledge of the relationship between structure and performance, 
a far from simple matter which has been discussed by the author elsewhere.14 
The present disci~ssion will be restricted to polymer formation. 

Polymer networks may be formed either by the direct interaction of 
polyfunctional monomers or by the cross-linking of pre-formed, linear or 
branched, open-chain macroniolecules. An intermediate situation occurs when 
macromolecules are cross-linked through the agency of monomeric co-reactants. 
Direct polymerisation of monomers to give films is limited to one or two 
processes which, as yet, iire little developed. such iis glow discharge3 and surface 
photopolymerisatid. I t  may also be found applicable to certain other radiation- 
induced polymerisation procedures sucli as electron beam polymerisation 
i l l  vrrcblro. With the not:ible exception of linseed oil and its near relatives, now 
little used alone, the materials applied as wet films are already more or less 
polymeric. and the curing reaction may be either n continuation of that used 
in their formation or some further reaction imposed ;it the conversion stage. 
11 is necessary, therefore, to give some consideration to the fornution of open- 
chitin polyniers before the synthesis of network structures can be discussed 
sensibly. 

Modern views of polynier formation originated in the concept of functionality, 
~ a r i o ~ ~ s l y  attributed to Kienle nnd Cnrotliers. A discussion of these early ideas 
and an elementary introduction to functionality theory have been given recently 
by the present writer5. The greater part of current theory is based on Flory's 
statistical approach to molecular weight distribution, developed for linear 
polycondensates" and extended to branching systems7. Valuable reviews which 
treat the subject in depth are those of FloryH. Howard!' and Dusek and Prinslo. 
A most ~ ~ s e f i ~ l  discussion of recent work. of particular relevance to coatings, 
is that of Funke". In view of the ready availability of information on basic 
polymerisation theory. the present discussion will merely highlight certain 
features which, in the author's experience. have tended to cause difficulty and 
to lend to misconceptions. 

It is important to realise that Flory. like Kienle and Carothers before him, 
made certain simplifying assumptions which lead to idealised relationships, 
seldom if ever strictly applicable to real systems. Even today. theories which 
:)void these assumptions and seek to describe real systems are incompletely 
developed. 

Foremost among the simplifying assumptions is that of equal reactivity of 
all functional groups of :L given kind present in the system, and the corollary 
that reaction rate constants are independent of degree of polymerisation. This, 
with the further assumption that intramolecular reaction (ring formation) 
does not occur, leads to the fiimiliar picture of random intermolecular reaction 
which gives rise to n "most probable" distribution of species. 
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It is tempting to suppose that the erstwhile tendency to treat a polymer 
matrix as a contin~luni arose through this treatment of polymer formation as 
a random process. Thus, it is argued that, if the whole macromolecular 
assemblage has a random structure, no finite volume element can be expected 
to differ appreciably from any other. The argument is plnusibly extended to 
cross-linked structures, when there emerges the convenient picture of the 
Gaussian network having a random distribution of chain lengths between 
cross-links. Now a Ga~lssian distribution is defined by two parameters, tlie 
mean and the standard deviation, so it is not nii~ch more diflicult to treat 
theoretically than is a single species. It has formed the basis of extensive theore- 
tical work on the physical properties of gels. and on elasticity in particular. 
Hence, there is considerable temptation to over-simplify and to forget about 
inherent assumptions which may be invalid. In reality, of course. departures 
from Flory's most probable distribution :ire common even among linear 
polymers, whilst the ideal Gaussian network is seldo~ii if ever realised. 

Linear polymerisation statistics 
Even when the basic assumptions are borne in mind, there are other factors 
which may cause deviations from what may be termed ideal behnviour. I t  will 
be recalled that Flory's original distribution funclions were derived for linear 
polycondensates and that, given his assumptions, it was a simple matter to show 
that the distribution of species, the most probable distribution, depends only 
on the proportions of ultimate structural units present and on the degree of 
reaction. Typically, a system comprising equimolnr proportions of adipic iicid 
and ethylene glycol at degree of reaction p, has 11 number distribution function 
n, = per-' ( I - p). a number average degree of polymerisation .\-, = I ( I p). 
and a weight average degree of polymerisation .\-,,. ( I  : p)  ( I  p), whether 
prepared by condensation of adipic acid with ethylene glycol, by hydrolysis 
of a polymer of more advanced degree of reaction, or by ester interchange 
between a higher and a lower polymer. These results, relating to the most 
probable distribution, will only be valid, however, if the system at degree of 
reaction p is in equilibrium. This is most clearly apparent if' one considers the 
polymer formed by ester interchange. Here the only process occurring is one 
of redistribution: p and .TI, remain constant, but the value of .T,, exceeds 
(1 + p) ( I  - p) at all stages prior to the attainment of equilibrium. and only 
at equilibrium is n, given by p.y-' ( 1  - p). 

It is intuitively obvious that such an argument will be extensible to branching 
systems and that many varnish cooking procedures of limited duration will 
be liable to give non-equilibrium products. The futility of the old arguments 
concerning tlie identity or otherwise of a monoglyceridc processed alkyd with 
its fatty acid processed analogue is readily appreciated. The theory predicts 
that they will be identical only if interchange processes occur with sufficient 
readiness for the thermodynamic eqllilibrium state to be attained before the 
reaction is quenched. It may also be noted that systems which have not reached 
equilibrium will be thermodynamically unstable. They may remain metastable 
for years in the absence of a reaction which can proceed under the conditions of 
storage, but will inevitably go towards the eqililibrium state if such a reaction 
is facilitated, for example, by heat or catalysis. Such matters are more readily 
appreciated if one considers the alternative approach to distribution functions, 



based on reaction kinetics and developed by Stockinayerl< Here, account is 
taken of both polycondensation and hydrolysis rate constants and the treatment 
leads to the same relationships :IS Flory's i4nrk.r c~rluilil~rium contlitions. 

Although derived in tlie first place for polycondensation, certain of Flory's 
basic rel;itionships can be extended in certain circumstances to addition 
polymersx. I t  is necessary to recognise, however, the filndamental distinctions 
between the two meclianisms. At its simplest, addition polymerisation comprises 
the three reactions of initiation, propagation and termination. Terniination 
may occur by combination or by dispropor.tiol~ation. Ratc of reaction depends 
on tlie concentrations of initiating species and monomer. If chain transfer 
occurs. solvent concentration also becomes important. Making tlie usual 
iissumption that n steady concentration of free radicals is rapidly attained, one 
can derive a distribution function for the polynier being formed within an 
infinitesim:~Ily sninll interval during wliicli conditions, such as monomer 
concentration, can be delined and considered constilnt. But monomer concentra- 
tion is changing tlirougliout conversion, so over a wide conversion range the 
product will comprise tlie suni~iiation of all silch increments, each having a 
most probable distribution about an average which changes with conversion. 
FloryX has shown that, when nearly all molecules are terminated by chain 
transfer, the instantaneous expression for .\'-,,. takes the same form as in linear 
polycondensi~tion. i.c. 1 ' ( I  p): when termlnation occurs by combination the 
instantaneous value for .V,, is given by 2,(1 - - p) .  I n  the more common situation 
in which both termination processes occur, even the instantaneous value results 
from the superiniposition of two expressions and the difEcitlty of predicting 
distributions in tlie still more coniplex situation where steady state conditions 
cannot be assumed, in electron beam ci~ritig for example. can well be imagined. 

Mention may finally be made of tlie linear polymer produced by simultaneous 
growth of all chains under conditions affording equal opportunities for all, 
and where tliere is no spontaneous termination step. An example is tlie 
polynierisation of ethylene oxide in presence of an alcohol. Here the polymer 
can be shownH+ '" to liave a very narrow distribution of molecular weights-the 
Poisson distribution-quite difTerent from the most probable distribution for 
polycondensates. 

It is tempting to conclude tliat, largely as a result of tlie prominence of 
polycondensates as components of coatings systems until coniparatively recently, 
too much attention has been paid by coatings technologists to polycondensation 
theory at the expense of other mechanisnis which require different, or at least 
modified, treatment. There arc ample indications in the literature, moreover, 
tliat there has been insuflicient awareness of the deviations from ideality which 
are liable to occur in real systems. 

Formation of polymer networks 
The theory in branching and gelation in polyfi~nctional condensation as 

originally developed by Flory. again assumes cqilal reactivity of functions 
and absence of ring formation. A branching coefficient x is defined as the 
probability that it given branch point is joined directly or via u linear chain to 
another branch point. Gelation is considered to occur when cr exceeds a critical 
, alue given by Y., I ( f '  - I ). where J'is the filnctionality of the branch point. 
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A probabilistic argument leads to an expression relating p and a for the system 
under consideration, and either can be used to express the size distribution of 
species present up to the gel point, the degree of reaction at which gelation 
occurs, the fraction of gel present at any higher degree of reaction, the distribu- 
tion of species in the sol fraction coexistent with the gel, the cross-link density 
of the gel, and the fraction of unreacted functions attached to the gel. It is 
shown that as p and a increase, the degree of branching increases and the 
molecular weight distribution broadens until 3, becomes infinite at a, and 
gel suddenly appears while 2, is still finite. After the gel point, the gel fraction 
increases rapidly while the distribution of the coexistent gel fraction undergoes 
retroversion as larger species are progressively incorporated in the gel. Plots 
of the weight fraction of x-mers are always asymptotic to zero at large values of 
x, i.e. very large, almost infinite species never account for more than an extremely 
small fraction of the total. 

The theory can be readily extended to the formation of gel networks by the 
cross-linking of pre-formed polymer chains. Provided all chain segments have 
equal probability of being cross-linked, the picture is much the same; the 
polyfunctional polymer merely takes the place of the branch unit of the poly- 
functional monomer system and has a functionality equal to the number of 
segments; f = degree of polymerisation of the polymer (x) and cr, - 1 /(.u - I) r 
llx for large x. This leads to the well-known principle that, the greater the degree 
of polymerisation of the reactive polymer, the smaller the extent of the cross- 
linking reaction needed to produce an infinite network. When all chain segments 
are not cross-linkable, the simple theory can still be retained by introducing a 
factor expressing the fraction that are, provided equal reactivity can still be 
presumed. 

It seems likely that the condition of equal reactivity of all functional groups 
may be fulfilled in many homopolymers and many random copolymers, of the 
kind encountered in thermosetting acrylics for example. It is clear, however, 
that this will not always be the case: the fraction of chain units which are cross- 
linkable may well vary with the molecular weight of the original macromolecules 
and their distribution may not be random over those molecules. When the 
parent, open-chain, polymer is produced by copolymerisation, the situation 
will clearly depend on the proportions in which the monomers are employed 
and on their reactivity ratios. An obvious case of non-random distribution of 
functional groups occurs in the styrene-maleic copolymers, where there is a 
strong tendency for styrene and maleic units to alternate and where, moreover, 
the carboxyl groups occur in pairs. 

Unequal reactivity and ring formation 
Deviations from the cross-linking patterns predicted by the basic Flory theory 
and the generalised treatment of Stockmaye,rl:' must be expected if, as is usual. 
the system deviates from the assumed conditions of equal reactivity of functions 
and absence of ring formation. The simple alkyd based on phthalic anhydride 
and glycerol is an obvious case in point. The primary and secondary hydroxyls 
of glycerol are known to exhibit unequal reactivity, and evidence has been 
adduced that each behaves differently towards the carboxyl groups of fatty 
and phthalic acids. Whatever may be said about the situation of high degrees 
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of reaction, the use of phthalic anhydride means that the initial formation of 
the phthalic half-ester will occur at a much higher rate than the esterification 
of the second phthalic carboxyl, and by a different mechanism. There is also 
evidence for the occurrence of ring formation in this system: gelation occurs 
less readily than when isophthalic acid is used, pointing to an apparent difference 
in functionality reconcilable with the greater ease of ring closure in the 
orthophthalic system. 

Extension of branching coefficient theory to systems containing groups of 
unequal reactivity is not difficult in principle. It is only necessary to introduce 
a factor expressing the lower reactivity of one group which can be identified 
with its lower probability of reaction. This, however, requires a knowledge of 
the relevant reaction rate constants, which are not always readily accessible. Tt 
is not always appreciated how different such rate constants can be. For example, 
the ratios of the esterification rate constants of methanol and ethanol with a 
variety of aliphatic acids are in the region of 4-8; for methanol and isobutanol 
they are in the region of 50-90. The ratio of reactivities of the primary and 
secondary hydroxyls of glycerol appears to lie somewhere between 2 and 5. 

The general theoretical solution has been given by Caselo whose paper makes 
it clear that the main problem is that of deducing sc, when a variety of reactants 
is present, together with the labour of solving the resultant equations when 
computer facilities are not available. The subsequent treatment of Jonason17, 
which has received a certain adulation among alkyd chemists, really adds little 
to Case's solution and has in fact been severely criticised by LilleyIH. The general 
result of using an unsymmetrical reactant is to increase the degree of reaction 
needed to cause gelation; the higher the degree of asymmetry, the higher the 
degree of reaction at gelation. The only significant departure from this conclusion 
occurs with an anhydride, the second (liberated) carboxyl of which reacts more 
than half as fast as the anhydride. 

Application of these ideas to the gelation of addition polymers requires an 
awareness of, and careful attention to, reaction mechanism and the changes 
in the reactivity in one double bond which can result from the reaction of another 
present in the molecule. Two extreme cases can be identified in dienes, (a) 
when the two double bonds are substantially independent as in 2,l I -dodecadiene, 
and (b) when the reaction of one greatly affects the behaviour of the other as in 
conjugated systems. Each of these systems can be further classified according 
to whether or not the two double bonds initially have equal reactivity. Except 
for the rare cases in which polymerisation of the first double bond leaves the 
other substantially unreactive, monomers of all these types can lead to branching 
and cross-linking, but the course of the reaction and the degree of reaction 
needed for gelation can vary widely. On the one hand, is a monomer like glycol 
dimethacrylate with a pair of initially identical double bonds which behave 
independently. Such a monomer may be expected to polymerise in a random 
manner. On the other hand, is a monomer like chloroprene with unsymmetrical 
double bonds which are strongly interdependent. Here polymerisation can 
readily be made to occur in two stages: an isolable and stable linear polymer 
results from polymerisation through one double bond leaving a second available 
for a subsequent cross-linking reaction. Intermediate examples are provided 
by divinyl benzene (symmetrical) and isopropenyl styrene (unsymmetrical), 
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in neither of which do the double bonds behave with complete independence. 
Sequential reactions difier from random reactions in the degree of reaction 
needed to yield cross-linked structures, and it is easy to see that, in such situa- 
tions, markedly different distributions of cross-links may occur. An indication 
of the level of sophistication needed to treat s ~ ~ c h  systems theoretically 
is provided by linseed oil which is composed of mixed triglyceride molecules 
comprising saturated, monoene, diene and triene fatty acids, not necessarily 
distributed at random. The behaviour of the double bonds in one fatty chain 
may be independent of the behaviour of those in another, but where more than 
one double bond is present in a given chain, there is ample evidence of mutual 
influence, as witness the great difkrencc in rates of oxygen uptake per double 
bond by oleic, linoleic and linolenic acids. Added to this, is the profusion of 
chain transfer and other reactions brlieved to occur during the polymerisation or 
autoxidation of oils. Such complicntions and such multiplicity of i~nknowns 
make it unlikely that the cross-link pattern of an air-dried oil or alkyd will be 
predictable in the forseeable future. If one is trying to design a particular 
network structure, the use of drying oil systems is clearly to be avoided, but 
this is not to say that means may not be found for characterising the ~~~~~~~~~~e 
once it  has been formed. 

Intramolecular reaction or ring formation is a probletn which, like unequal 
reactivity, can be treated theoretically, though the approach is somewhat less 
simple and the mathematics mucli more abstruse. Long before the theory was 
developed, it  had been realised that ring formation would be favoured by dilution 
of the system during reaction since internioleci~lnr reaction becomes less probable 
as concentration falls whereas intramolecular reaction does not. It was also 
realised that intramolecular reaction would increase the degree of reaction 
needed for gelation, since each ring formed would consume two functional 
groups without any increase in niolecular weight. Stockmayer and Weil'". in  
1945, demonstrated the efrect experimentally in the polyesterification of adipic 
acid with pentaeryttiritol and showed that a series of results extrapolated to 
infinite concentration gave a gel point which agreed to three significant figures 
with Flory's prediction for no ring formation. It is interesting to note that the 
concentration referred to here is the concentration of functional groups. non- 
reactive parts of the molecules being considered as diluent. 

The theoretical solution for the case of a bifunctional reaction was propounded 
by Jacobson and Stockmayer"' and a brief disc~~ssion of this and its extension 
to polyfunctional systems by Harris" and Kilb" has been given elsewhere by 
the author? I t  will suffice here to observe that, whilst theory accords with 
experiment in many cases, some puzzling discrepancies still remain. The most 
recent and apparently satisfactory approach is that of Gordon" who uses 
Good's theory of cascade processes to plot the course of a polyfunctional 
reaction. This is a powerful method which seems to take satisfrtctory account 
of ring formation and ~~nequal  reactivity of functions. I t  also deals adequately 
with the cross-linking of existing chains and can be extended to polyaddition 
reactions. Substantial agreement between theory and experiment has been 
observed for such diverse reactions as those between phosphorus oxychloride 
and the phosphoroi~s pentoxide lattice, urea and formaldehyde, adipic acid 
and trimethylol propane, and adipic acid and pentaerythritol. 



Polymer network structures 
I t  has already been stated that the Gaussian network has proved to be a 
convenient model for the development of theories relating cross-link density 
to physical propcrtics. The approach here is complementary to that so far 
considered: instead of trying to predict formation of a particular network 
structure froni the nature of the building blocks and their reactions. the 
behaviour of an ideoliscd network is first deduced theoretically and an attempt 
is made to reconcile deviations froni that behaviour with deviations from tlie 
ideal structure. In this prcsentation. crystalline structures will not be considered, 
since it is non-crystalline materials which fijrni the main basis of present-day 
coatings technology. I t  is to be noted that the tern1 "non-crystalline" is preferable 
to "amorphous" bccausc one should not overlook the possibility, already 
indicated, that non-crystalline polymers may contain more local ordering or 
heterogeneity than is suggested by the f:~milinr felt-like pattern of randomly 
disposed. randomly coiled and randonily cross-linked chains. 

More than one basic type of nctwork stri~cturc can readily be envisaged. 
depending in tlie first placc on thc functionality of thc branch unit; but how 
many more depends on what onc chooses to define as the branch unit. Unless 

b 
Fig. 1 a) End-linked network h) Cross-linked network 
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branch units of fi~nctionality at least three are present, no network will be 
formed at all. Tri- and tetra-functional branch units lead to networks of the types 
represented by Figs. la and I b respectively. The former is sometimes called 
an end-linked structure to distinguish it from the latter, termed cross-linked. 

Now consider the structure resulting from reaction of a hexafunctional 
compound like mannitol or dipentaerythritol (assuming all functions to be 
equally reactive in intermolecular reaction). Considering the polyol molecule 
to be the branch unit, one may depict the structure as in Fig. 2a. Looking 
further into the structure, however, the mannitol and dipentaerythritol based 
polymers are seen to differ. The mannitol molecule may itself be represented 
as a series of trifunctional units (Fig. 2b) which would lead to an end-linked 
network, whilst dipentaerythritol is seen to comprise a union of two tetrafunc- 
tional units (Fig. 2c) from which the cross-linked network of Fig. Ib would 

C 
Fig. 2 Theoretical structures of: a) hexamethylene molecule, b) Mannitol molecule, 

c) Pentaerythritol molecule 
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result. Thus, unless elements of greater valency than four are present, all net- 
works can be represented as being of type l a  or type I b or a combination of 
the two. I t  may be noted that this necessitates a revision of one's ideas about 
what constitutes the chains between branch points and hence a modified concept 
of chain length distribution. 

Most of the theoretical work on relating network properties to structures has 
been done by workers interested in  rubbery elasticity who have adopted the 
type Ib cross-linked structure as iin idealised model of vulcanised rubber. 
Such a model, infinite in extent (i.e. having no free chain ends), and composed 
of freely orienting chains of random length distribution, js the ideal Gaussian 
network from which the theoretical approach starts. Since the purpose of this 
paper is to present concepts rather than detail. the reader is referred to the 
standard ~ o r k s ~ , ~ ~ ~ "  for an account of such theories. Attention will, instead, 
be focussed on the ways in which real systems deviate from the idealised picture; 
it is in this direction that further work is needed if r e s~~l t s  of value in coatings 
technology are to be obtained. 

Dcpart urc~.r ,from I l o /  ~ t o r k  i~kvuli~j~ 
Following Dusek and Prinsl", three types of dry network may be depicted. in 
which the disposition of cross-links may be more or less ordered. In the first, 
the polymer chains are unstrained and exhibit what may be called their natural 
degree of coiling. In the second, the chains are more highly coiled ("supercoiled) 
and the network is compressed. One may imagine such n structure being formed 
if cross-linking occurred in presence of a diluent and the diluent were sub- 
sequently evaporated causing the network to contract. The third type of network 
would be composed of chains less highly coiled than "normal." Such an 
expanded network could arise if a normal network were swollen with a liquid 
monomer which was later polymerised to fix the expanded network in a 
composite structure. 

Deviation from random disposition of cross-links in any of these types of 
network may arise either tliroi~gh deviations from randomness in the system 
prior to cross-linking (pre-existing order) being carried forward into the network, 
or through the occurrence of a cross-linking process which is not itself random. 
Either may lend to inhomogeneous cross-link distribution in a single phase 
3ystem or to actual phase separation in the polymer. 

A n  indication has already been given of some ways in which pre-existing 
order 11i:ty arise through the non-random formation of open-chain polymers. 
Whether or not the chain lengths and functional groups of the open-chain 
polymers are randomly distributed. the disposition in space of the polymer 
molecules and their segments at the moment of cross-linking may be more 
or less ordered as n result of secondary forces. Such ordering. which is known 
to occur both in solution and in bulk, can clearly affect the disposition of the 
functional groups active in cross-linking and hence the distribution of cross- 
links. 

Extreme examples of ordering through secondary forces occur in solutions 
of block copolymers. Such a block copolymer would be one of polystyrene 
and polyoxyethylene in wliich n long sequence of styrene units is joined to a long 
series of oxycthylene units. Each half of the block tends to behave like the 
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corresponding homopolymer. Thus. in a good solvent for polystyrene, the 
polystyrene chains are extended from micelles having polyoxyethylene cores. 
whilst the reverse occurs in a good solvent for polyoxyethylene. Clearly, different 
network structures would result if cross-linking could be induced in the two 
solutions, by gamma irradiation for example. By building functional groups 
into one or both chains, capable of reaction under more conventional conditions. 
an obvious route to a structured film is revealed. 

Turning to network defects which can arise in the cross-linking process itself. 
intramolecular loops or rings of the kind already discussed are illustrated in 
Fig. 3a. Chain entanglements are shown in Fig. 3b. Such entanglements will 
act as permanent cross-links if they cannot be dispersed in the time span of a 
deformation process. Separation of an entanglement is clearly impossible if it 
is tied into the system by permanent cross-links. The other type of network 

\ 

Fig. 3. Network 

\ 
COOH 

defects: (a) intramolecular loops, (b) chain entanglements, 
chain ends 



defect. so called only because its cxistencc is contrary to the idenlised Cn~~ssian 
picture. is the ~~nrenctcd chain cnd, examples of which arc illustrated in Fig. 
3c. These are important in elasticity theory because they imply the existc~ice of 
dangling chains which are not part of tlic elastically cfTective network. 

The cffect of these three types of network defect is cxtre~iiely difficult to 
predict when. as is L I S U ~ I .  110 clcar picture of the arrangement of chains is to 
hand. I n  general, i t  is to be expected that the number of such defects and their 
effect on elastic properties will be mi~iimised by cross-linking primary chains 
which are long, by carrying the reiiclion to n high degree in bulk or in 
concentrated solution. and by creating high cross-link densities. It is at this point 
that caution is needed in interpreting the results of the theoreticians. The term 
network defect itself suggests some sort of inferiority in the structure. In fact 
it merely implies a departure from an idcalised structure which has predictable 
elastic behaviour. I t  does not necessarily follow that such "defects" afTcct the 
properties of coatings adversely; whether they do or not is us yet i~nknown. and 
clearly what holds for one property may not hold for another. Ring formation, 
for example, has been turned to advantage in producing from the alkyd kettle 
products believed to have high chain length, limited branching. and narrow 
moleculrlr weight distribution at high degrees of reaction. which dry appreciably 
faster than conventional alkyds. 

Itihorno~qc~t~cou.~ n c t ~ ~ o r k s  
The cross-linking process can clearly lead to aggregation of network elements 

and hence to significant variation in the density of cross-links or inter-link 
segments. A typical inhomogeneous network is shown in Fig. 4. 

It has already been seen that cross-linking leads to u size distribution of chains 
between the cross-links which is broadened when there are great differences 
in reactivity between the participating filnctional groups. The more reactive 
functional group may be expected to be exhausted more rapidly and, if this 
group is attached to the polyfunctionnl unit. short chains are formed early in 
the reaction and long chains later. This leads to an assemblage of densely cross- 
linked zones separated by areas of low cross-link density. In such a situation 
free energies of mixing between the zones niay become such that phase separation 
occurs and the gel becomes physically heterogeneous. Such phase separation 
is generally considered undesirable in coatings because of its association with 
poor gloss. but it is worth thinking about the great advances now being made 
in the study of polynier composites. In the niodificution of rubbers with plastics 
or of plastics with rubbers, considerable and often valuable changes in properties 
can be achieved by introducing a second polymeric phase. There seems to be no 
n prior; reason why advantage should not be taken of the idea in coatings 
formulation1 I .  

Inhomogeneous cross-linking may be particularly readily induced by dilution 
of the system though. of course. this freq~~ently has technological and economic 
disadvantages. In the dilute solution. the concentri~tion of polymer segments 
within an individual polymer coil may be many times greater than the average 
for the whole system. This leads to a relatively high probability of reaction 
within the coil leading to regions of high cross-link density. Since polymer- 
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Fig. 4. Inhomogeneous polymer network 

solvent interaction affects coil expansion, the nature of the solvent as well as 
the concentration can ufTect the cross-lin k density pattern. 

Alkyds processed conventionally to :I point just short of gelation appear 
o contain a dispersed microgel phase. A gelation mechanism comprising formn- 
ion of such niicrogel particles and n gradual increase in their number followed 

by phase inversion has been proposed by Bobalek c.t (11"". This idea has been 
pursued by Solomon and Hopwood3hwho have demonstrated the presence of 
microgel by means of electron microscopy and have related film-forming 
properties to microgel content. 

Finally, it  may be noted that cross-linking in presence of a solvent can so 
affect polymer-solvent interaction that the activity of the solvent within the 
network may become equal to that of the pure solvent. In this event, syneresis 
occurs; pure solvent separates and the gel contracts. Should this take place 
progressively during the cross-linking process, a highly complex network must 
be expected as cross-links will be introduced at difercnt degrees of swelling. 
This phenomenon is not ilncomrnon in coatings systems in which. incidentally. 
unreactive polymer species can play the role of solvent, and continued cross- 
linking beyond incipient phase separation leads to shrinkage of the network 
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phase. The work of Funke"," is of the greatest interest in this connection. 
It has led him to postulate the formation of "networks of networks" which 
may be porous in the dry or swollen state or in both states, depending on their 
structure. 

[Receiec~(/ 18 July 1969 
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Coatings systems utilising non- 
equimolar styrene-maleic 
anhydride copolymers of uniform 
composition* 
By K. S. Dennis, E. R. Moore and R. L. Zimmerman 
T h e  Dow Chemical Company, Midland, Michigan 

S~immary 
Styrene and maleic anhydride exhibit such a strong tendency to form a 1:1 alternating 
copolymer by free radical copolymerisation, that in the literature polynier chemists 
and technologists have discussed this interpolymer as  if it were the only product that can 
be obtained. However, techniques arc known for synthesising copolyniers of any combination 
of these monomers having less than 50 mole per cent maleic anhydride. In addition. 
the molecular weight can be varied from very low to very high. Analytical data are presented 
t o  show how these materials are characterised as  to  composition. nlolecular weight, function- 
ality, solubility, compatibility and chernical reactivity. Fractionation studies reveal the degree 
of composition and niolecular weight homogeneity obtained by a given polymerisation method. 

Specific low molecular weight resins were investigated for application in solvent borne 
thermosetting and air-drying coatings. Baked films cured with epoxy resins, amine resins, 
polyols, etc were tested in the development of a stain resistant, gloss appliance enamel. Among 
possible air drying vehicles, particular attention was given to invert styrenated alkyds derived 
from cooking the polymeric polyanliydride copolymer with a polyol and unsaturated oil o r  
fatty acids. Sonie water thinnable coatings were also synthesised. Thermosetting laniinates 
and styrene-polyester-type curable systems were additional applications studied. 

Key words 
Types i~r~tl  clrsses of coatirt~ 

gloss finish 
thermosetting finish 

Solvents 
acetone 
butanol 
methyl isobutyl ketone 
toluene 
xylene 

Birlrlers (resit~s etc) 
aminc resin 
copolynier resin 
epoxy resin 
maleic resin 
styrellc resin 

~ y s t & m e s  de revstements base des copolymi5res de s tyrhe  et 
de I'anhydride malhique en proportions non-6quimolaires et de 
composition uniforme 
R6sumP 
Stryrene et  I'anhydride nialeique dkniontrent une tendance si forte A former, par copoly- 
merisation aux radicaux libres, un I : I  copolyniCrc alternant, que dans la litterature les 
chimistes et technologistes qui s'occupent des polymeres, ont discutes cet interpolymere 
comme s'il est le seul compose qu'on peut produire par cette reaction. Cependant, des 
techniques existent egalement pour synthesiser des copolymeres de  n'iniporte quoi combinaison 
de ces monomeres B moins de  50 pour cent niolaire d'anhydride maleique. En outre on  peut 
faire varier le poids moleculaire de tres bas jusqu'a tres haut. On presente des donnees analy- 

*Presented at  the Eastbourne Conference, 18 June 1969 
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tiques qui tkmoigncnt les caractcristiques a I'kgard de composition, poids molCculaire, 
fonctionnalitc, solubilitk, coriipatabilite. ct rkactivitc cliiniique. Des Ctudes de fractionnement 
revelent le dcgre de I'honiogcneit@ dc coniposition ct de poids niolCculaire du  produit obtenu 
par une methode particulicrc de polyriikrisation. 
On a investige certaincs rdsines dc bas poids moli-culaire au point de vue de leur utilisation, 
en solvants organiqucs, en tant quc revetenients tliermo-durcissables ou sechant A I'air. Au 
cours de la niise au  point d'une pcinturc-kmail brillant et anti-taclie pour appareils mknagers, 
on a epreuve dcs feuils scchcs au four ct durcis par des resines Cpoxydes, des resines aminkes 
et des polyols, etc. Parmis lcs liants possibles skchant h I'air, on avait des attentions partieulikres 
pour des rc~ ines  alkydes styrenbcs inverties prkparkes par la c ~ ~ i s s o n  du  polyanhydride 
copolyn~ere avcc du polyol et de I'liuile ou d c  I'acidc gras non-saturC. On a kgalement synthdsise 
des rev6tenicnts diluablc a I'cau. En plus on a ctirdie dcs systt.n~cs dc stratifiks plastiques 
thcrmodurcissables ct des systkn~es durcissables du type styritne-polyester. 

Anstrichsysteme enthaltend Ungleichmolare Styrol- 
Maleinsaureanhydrid Mischpolymere Gleichartiger 
Zusammensetzung 

Z~~.~ar?~~,~erlfn.s.sl~~~g 
Die Neigung von Styrol und MalcinsBi~rc~nIiydrid I : 1 alternicrende Mischpolymere durcli 
freic Radikall-Mischpolynierisation zu bilden ist sostark,dass Polymercliemikcr undTechnologen 
dieses lnterpolymcr in dcr Literatur so  besprochen habcn, als o b  nur dies allein erhalten 
tverden konnc. lndcssen sind Methodcn bckannt, Mischpolymercn. die weniger als 50 Malein- 
saurcanhydrid enthaltcn. aus cincr beliebigen Kombination diescr Monorncren herzustellen. 
Ausserdcm kann das Molckulargcwicht von selir niedrig zu selir hoch variiert werden. 
Analytische Werte wcrden vorgelcgt, um aufzuzcigen, was fur  dicse Produkte hinsicl~tlich 
Zusamniensetzung, Molekulargewicht, Funktion, Liislichkcit, Vertriiglichkcit und chemischen 
Reaktionsverniiigens charaktcristiscli ist. Fraktionicrungssti~dien bringen die Proportionen 
und die Homogenitiit des Molekulargcwiclits fur  einc feststchende Polymerisieri~ngsmethod~ 
zu Tage. 
Harze nlit spezifiscli niedrigcn Molekulargewichtcn wurdcn auf ihre Eignung als warme- 
hartbare und lufttrocknendc Anstrichstoffc auf Losungrmittelbasis untersucht. 
Ofentrocknende, mit Epoxidliarzcn, Aminoharzen. Polyalkoholen usw. vernetzte Filme 
werden auf ihre Eignung als flcckenfcste Glanzeniaillen fur Haushaltgeriite gepruft. Unter 
den nliiglichcn lufttrockneridcn Bindcniitteln wurdc besondere Beaclitung den invers styro- 
lisicrten Alkydharzcn, die durch..Kochen dcs polymcrcn Polyanhydrid-Mischpolymers mit 
Polyalkohol und ungcsiittigtcni 01 oder Fcttsaurcn crhaltcn wurdcn, gcsclienkt. Ebenfalls 
wurden einige mit Wasscr verdunnhare Anstrichmittel synthetisch dargestellt. Zusatzlich 
wurden Anwendungsnioglichkeitc~~ fur  wiirmehiirtbare Lamellengefiige und vernetzbare 
Styrol-Polycstertyp-Systenic gcpruft. 

Pe 31o.rfe 
C~l4peHoBble M MancMtlOBblC aHrMnPMnhl nPoRBnRloT HaCTonbKo CMnbHYK) TCHneHUUm 
K O ~ P ~ P O B B H M I O  n e p e ~ e ~ ~ o r o  cononunlcpa B O T H ~ U I C H M M  I : I nyTeM c ~ o 6 o n ~ o f i  p a n ~ ~ a n b ~ o f i  
conon14~epw7auMM. YTO B JlMTepaTYPC nonMMCpHble XMMMKM M TCXHOnOrU PaccMaTpMBanu 
3TOT COnOnHMep TOYHO OH RBnRCTCR CnMHCTBCHHblM B07MOXHblM nponyKTOM. O n ~ a ~ o  
I13BCCTHbl TeXtIMYeCKMe nPMCMbl DnR CUHTC7MPOBaHMR COnOnMMCPOB COCTORUMX M 3  n ~ 6 o f i  
K O M ~ I I H B U M M  ?TUX MOHOMePOB, BKJIIOYatOIIlMX MeHeC 50-TU M O ~ ~ U  npOUelfTOB ManeuHoeoro 
atiruupuna. K p o ~ e  Tor0 ~0JeKynRp~blR BCC MOXCT 6 b l ~ b  M3MetleH OT BeChMa HHJKMX no 
BeCbMa B ~ I C ~ K M X  3 ~ i l ~ e ~ u f i .  n p u n a r a m ~ c ~  aHanuTurecKue naHHbre n a m q u e  xapaKTepu- 
3aUllK) 3TUX MaTepMaJlOB C TOSKU 3PCHMR COCTaBB, MOneKYJRPHOrO BeCa, ( ~ ) Y H K ~ H o H ~ ~ ~ H ~ ~ T M ,  

PaCTBOpMMOCTM. COBMCCTMMOCTM M X M M M Y ~ C K O ~ ~  PeaKTMBHOCTH. Mccnenoeatr~e @ p a ~ u ~ o -  
HllpoBaHLlR 06HapyXCMBae~ CTeneHb onHoPOAHoCTM COCTaBa M MOneKyJlRpHoro Beca nonyqeH- 
H O ~  AaHHblM MeTOnOM nOJIMMePM?ilUMM. 
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Introduction 
In 1965 the authors, together with several colleagues, p~~blished three papers in 
the Oficial D i g e . ~ t ' ~ " ~  detailing the use of homogeneous non-equimolar styrene- 
maleic anhydride copolymers in tlierniosetting coatings, invert styrenated 
alkyds (formed by alkyd forniation on a polystyrene backbone) and electrical 
laminates. The present contribution is offered as a partial review of this earlier 
work, but will include a more extensive elucidation of the nature of the 
copolymers and their properties, with some further develop~iients in coatings 
applications. 

Copolymerisation 
Most polymer chemists are familiar with the strong tendency for styrene (S) 
and nialeic anhydride (MA) to form an alternating copolymer. so ~iiuch SO 

that this interpolymer has often been reported in the literature to be the only 
obtainable product. From published reactivity ratios summarised in Table 1 it 
is evident that the nialeic free radical on the end of a growing chain never reacts 
with maleic monomers (I., - O), and a chain with a styrene radical on the end 
will seldom react with styrene monomer unless a very high concentration of 
styrene is present. This is illustrated in Fig. I, which is a plot of instantaneous 
monomer-polymer coniposition for high styrene-nialeic anhydride ratios" The 
plotted points are based upon analysis of monomer and copolymer present in 

Malcic anhydride 

Malcic anhydride 

Malcic anhydride 

Maleic anhydride 

Maleic anhydride 

Maleic anhydride 

Ethyl acid fi~~narate 

0.13110.01 . . . . . . 1 Ethyl acid nialeatc / 0.035.1-0.01 60 
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0 100 2 @ 0  3 0 0  4 0 0  5 0 0  6 0 0  7 0 0  
X(RATI0 STYIMA IN REACTION MIXTURE) 

Fig. 1. Instantaneous monomer-polymer ratios for different reaction mixtures 

a coil or single loop reactor with a pump to circulate the contents, operated 
with continuous monomer feed and monomer-polymer displacement until 
steady state conditions were achievedk2". The slope of the line should be a 
measure of r,  which was determined to be 0.052 for the reaction temperature 
175-185°C. The higher value of r, is due primarily to the high temperature. 
Fig. 2 shows the eflect of temperature on r,  for maleic copolymers with styrene. 

In order to produce a copolymer containing. say, 15 mole per cent MA, 
the ratio, 11, of polymerised S to M A  is 8511 5 or 5.67 and n - I = 4.67. Using 
the curve in Fig. 1 the corresponding value of s, the ratio of S to M A  monomer, 
is 90, which means that the mononier coniposition must be maintained at 
1.1 mole per cent M A  during the polymerisation in order to produce the 15 per 
cent copolymer. Obviously, any deviation in the monomer composition will 
produce a proportionate change in copolymer composition. 

Various techniques have been describedH1+."' for making non-equimolar 
styrene-maleic anhydride copolymers. but not all of the methods can be relied 
upon consistently to produce homogeneous copolymers having a narrow 
composition distribution. Gross inhoniogeneity can be detected by cloudiness 
or haze in a cast or pressed film. Solubility tests can also reveal poor composition 
homogeneity. More elegant techniques are fractionation, gel permeation, 
chromatography, light scattering and ~ltracentrifugation'~. 



Fig. 2. Relation between r, and temperature 

Fractionation by composition and molecular weight 
Before discussing the topic of polymer distribution, the technique used for 

determining composition in styrene-maleic copolymers should be reviewed. 
The most accurate way to analyse for maleic anhydride content of a copoly~ner 
is by simple base titration in pyridine, which will dissolve the entire range of 
copolymer compositions and gives a sharp endpoint with thymol blue (pyridine 
solution). For best results, the pyridine should be dried (for example, with 
Drierite). The standard reagent is 0.1 N KOH in  anhydrous methanol. With 
this reagent the stoichio~netry is 1 : I ,  

that is, one KOH titrates one anhydride group. I f  a q i ~ e o ~ ~ s  KOH is used the 
reaction requires two moles of KOH to titrnte one anhydride group. 

0 

I 
0 

i I II 
- C -  OK 1: :>o - KOH (HOH) -- -> 
- C--OK 

I / I  I I 
J 0 J 0 
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By titrating a sample of polymer with methanolic KOH and then with 
aqueous KOH, it is possible to differentiate between maleic anhydride and 
maleic acid in a sample. 

Half-esters can be titrated with either reagent, but the titration must be done 
quickly since the end point fades due to hydrolysis. The double titration above 
also permits analysis of a sample for both half-ester and anhydride content. 

Fractionation is probably the most fundamental way to investigate a polymer 
and, in the case of a copolymer, fractionation will generally involve both 
molecular weight and coniposition separation. Litmanovich and Topchiev13 
have shown that, in fractionation, a polymer of length r and composition cr is 
distributed according to the equation 

v'r, d v r ,  a = exP [ r ( c  + Ka)I (1) 
where v' and r are the volume fractions in the concentrated and dilute phases. 
Fractionation by composition is dependent on the size of ti, which they give as 

K = (v' - v) (XA-XB) (2) 
where and 'J,B are the interaction parameters of the solvent with links A 
and B. Then the larger the value of K, the more sensitive is the fractionation to 
the composition cr. 

The solubility parameter, 8, of the solvent relative to the 8 of the individual 
links is a gross measure of the interaction parameters ZA and XB. In most 
fractionations where there is a solvent and a non-solvent (as distinct from those 
fractionations made by cooling a solvent), the solubility parameter, and hence 
K, changes during the fractionation. 

Litmanovich and Topchiev':' calculate the effect of K on the distribution 
curves of copolyniers. but maintain a corlstant ti in any given fractionation. 
This is quite different from the situation where ti changes during the fractiona- 
tion. This latter corresponds to the fractionation of S/MMA by Kudryavtseva, 
Litmanovich. et al.ll .  They fractionated this copolymer in two solvent/non- 
solvent systerns and obtained two strikingly different distributions. 

In one of our earlier publicationsVhe fractionation of a 12.0 per cent MA 
copolymer having a solution viscosity (10 per cent i n  nietliyl ethyl ketone 
( M E K ) )  of 0.820cps at 25°C was described. The saniple (30g) was dissolved 
i n  toluene ( 2 7 0 ~ )  and precipitated with Skellysolve, bp 96-99°C. Table 2 
sunimarises the results along with similar data for a 10.25 per cent M A  sample 
of 1.42cps and a 5.89 per cent M A  copolymer having 1.27cps solution viscosity. 
These copolymers were all made by a continuous polymerisation process as 
described in ref. (6). Inspection of tlie nialeic anhydride content and the solu- 
tion viscosity of tlie fractions indicates that the copolymers were fractionated 
by both composition and molecular weight. 

Since the solubility paranieter, 8, of the solvent pair decreased as fractiona- 
tion proceeded, the higher maleic copolyniers came down first. These copo- 
ly~iier saniples were relatively uniform in composition, the rnaleic anhydride 
per cent falling in a range of less than about 5 per cent for roughly 90 per cent 
of the saniple. 

By contrast, n cloudy copolynier sample obtained under non-steady-state 
conditions in a continuous coil copolymerisation was fractionated and, in this 
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T(rb1~ 2 
Fracfionatiotz of copolymer cli.ssolvc~d itr tolrrrrre ~rsirrg "Skrl(v.solvr" 

Sample 1 12.0% MA; 0.820cps 30g Sample; 0.5% Volatiles 270g Toluene 

Fraction 

1 

6 MA; 1.42cps 50g 

"Skellysolve," ml 

Fraction 

1 

2 

3 

4 

5 

6 

7 

175 

25 

50 

150 

500 

Residue 

"Skellysolve," rnl 

330 

390 

450 

510 

690 

1100 

Residue 

Sample; 2.1 % Volatiles 250g Toluene 
I I I 

Visc, cps 
- 

1.09 

0.95 1 

0.858 

- 

0.778 

0.564 

Weight, g 1 :! MA 

/ Weight. g 1 % MA I Visc, cps 
I I I 

6.25 

7.62 

2.26 

1.73 

2.78 

1.22 

6.44 
- 
28.30 

Sample I l l  5.89% M A ;  1.27cps 50g Sample; 0.6% Volatl~es 250g Toluene 

Fraction I bbSkellysolve," rnl I Weight, g I MA 1 Viw, cps 

13.4 

12.3 

11.6 

11.3 

11.0 

10.6 

11.2 

275 

25 

50 

150 

500 

Residue 

I 

14.56 

14.57 

9.82 

3.61 

2.32 

2.37 

47.25 
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instance (Table 2A), a considerably wider range of maleic anhydride composi- 
tions was obtained in the fractions. 

Tuble 2A 

Sample IV 10.01 % MA; 1.48 cps 50 g Sample 300g Toluene 

Fraction 
--. - ~ 

"Skellysolve," n ~ l  

150 

50 

50 

100 

200 

600 

Residue 

Weight, g Visc, cps 

For copolymers of higher maleic anhydride content, methyl isobutyl ketone 
(MIBK) was used for the solvent. Fig. 3 shows the results of fractionating two 
copolymer samples prepared by different polymerisation methods. Sample V 
was made by the continuous technique6 and Sample VI by the batch method of 
reference 9. In this instance the batch method did not produce as homogeneous 
a product as the continuous method. 

r 
CONTINUOUS A POLYMERISED 
32.9 % MA 

WEIGHT PERCENT MA 

Fig. 3. Fractionation of two samples prepared by different polymerisation methods 

Fig. 4 shows the cumulative composition distributions of three S/MA copo- 
lymers prepared by different procedures. All three were made starting with 
methyl acid maleate (MAM), which was converted to MA during or after 
polymerisation. 

(1)  In this case, the styrene and catalyst were fed to a solution of MAM. 
The average per cent MA was 12.5, but there was a sizeable amount of 
high-maleic copolymer as well as polystyrene in the sample. 

(2) Catalyst, styrene, and MAM were fed slowly to heated solvent. The 
polymer contained 15.0 per cent MA with a very narrow range of com- 
position. 
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(3) Catalyst, styrene, MAM, and MA were fed together to heated solvent. 
The average per cent MA was 14.8, but the composition distribution is 
broader than case 2. 

Fig. 4. Cumulative composition distributions of  three S/MA copolymers 

I n  another fractionittion experinlent, a polymer (made by the continuous 
polymerisation process") containing about 10 per cent MA of moderate molecular 
weight was chosen. It was hydrolysed to the nialeic acid (MA,) form since it 
was felt that this would produce a cleaner fractionation. The polymer was 
dissolved i n  tetrahydrofuran (THF) and an equivalent aniount of aqueous 
NaOH was added. The polynier salt was precipitated in water containing HC1 
and dried. It was then redissolved in THF, centrifuged to remove NaCI, 
reprecipitated in water containing a sniall amount of HCI, and dried. 

This san~ple was fractionated in the lirst three different solvent systems 
shown in  Table 3. Notice that in each system the solvent is more volatile than 
the non-solvent. The solvent was pumped off slowly (while holding the solution 
at constant temperature) until the solution was sutliciently turbid. The fraction 
was then allowed to  settle and was withdrawn. 

The fractions were dried at 40°C to preserve the MA, intact for titration. 
Then each fraction was heated for one hour at 180°C i~nder vacuum to regenerate 
MA and cooled under vacuum. Intrinsic viscosities were determined in MEK at 



8 = 9.32 1 8 - 23.47 1 4000g THF 
I 

C O A T I N G  SYSTEMS 

Table 3 

Solvent svstemns for fractionating S/ MA 

TH F 1 a-pinene 1 -1OOg polynler 

Solvent 

6 = 9.32 1 S < 8.5 1 2000g THF 

I 2800g a-pinene 

Non-solvent 

acetone 1 t-butanol I -100g polymer 
I 

Initial Conditions 

S = 9.76 av. / S :; 10.47 av. 1 43OOml acetone 

1 I 1350ml t-butanol 

THF I HOH lOOg polymer 

S = 9.32 1 S = 23.47 1 4260g THF 

I I 950g HOH 

25.IcC in dilution viscometers. Some .@, were measured in MEK using a 
Mechrolab automatic membrane osmometer; others were determined in toluene 
using a Hallikainen automatic membrane osmometer. 

A surprising result emerged from the fractionation in acetonelt-BLIOH. 
Ordinarily it is difficult to force t-BuOH to react with maleic anhydride in a 
copolymer, so it was felt there would be little reaction with maleic acid. How- 
ever, the long exposure of the polymer to the solvent apparently did produce 
reaction which caused poor titration results. Therefore, this series was titrated 
for M A  after heat in vacuo to convert MA, to M A ,  however the results were 
then reconverted to MA,. It should be borne in mind that the other fractions 
were titrated while in the MA, form, but that [q] and M, were determined only 
on samples that had been heated and were in the M A  form. 

Fig. 5 shows the cumulative weight average per cent vs. per cent MA, for 
the three fractionations. Fig. 6 shows the differential curves. The following 
conclusions can be drawn. 
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PERCENT M A 2  IN FRACTION 

Fig. 5. Fractionation of S/MA copolymer with three solvent/non-solvent mixtures 

(I) In the fractionation in THF/HOH, 6 increases as fractionation proceeds 
(THF is removed) so fractions with higher MA, should come down last. 
This was the case. The distribution curve indicates that there may be a 
sizeable high MA, portion in the sample. 

(2) In the fractionation in THF/a-pinene. 8 decreases as fractionation pro- 
ceeds (THF is removed), so fractions with higher MA, should come down 
jrst .  This also was the case. The peak in the distribution curve comes 
between 9 and 10 per cent MA,, but the curve shows sizeable low and 
high MA,  tails. 

(3) In the fractionation in acetone/!-BuOH, 8 increases slightly during 
fractionation (acetone is removed), so samples higher in MA, should come 
down last. It was hoped that all fractions would have nearly the same 
composition. The change in 8 is enhanced in part by the greater H-bonding 
capacity of the t-BuOH, otherwise there might have been even less spread in 
the composition. Nevertheless the bulk of the polymer falls between 9 and 
10 per cent MA, with very little high or low tail. 
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6 7 8 9 10 I I  12 13 14 
PERCENT M A 2  IN FRACTION 

Fig. 6. Differential curves for fractionation of S/MA copolymer with three solvent/non-solvent 
mixtures 

Considering all three distribution curves, most of the copolymer sample 
seems to fall within about a 2 per cent conlposition range: 8.5 to 10.5 per cent 
MA,. 

A low molecular weight sample having the same M A  composition as the 
higher molecular weight sample was also fractionated. The procedure was the 
same, except that only one solvent system was used (foot of table 3). 

Fig. 7 shows the molecular weight vs intrinsic viscosity for all fractions from 
both polymer samples. They produce one line covering [q] from 0.07 to 0.7 
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dlg-l although the M A  compositions ranged from 7 to 13 per cent M A .  Hence 
it seems safe to conclude that the intrinsic viscosity of S/MA in MEK is not 
materially affected by the per cent M A  in the range of about 5-15 per cent. 
This is quite usefi~l from a practical standpoint. 

I N T R I N S I C  V I S C O S I T Y  (dl/cl) 
Fig. 7. Molecular weight vs intrinsic viscosity for all fractions 

A  least squares fit of these points gives the equations: 
In Mn = 12.781 + 1.534 1n [71] (3) 

[q] = 2.42 x (Un)0-652 (4) 
Equation (4) shows that in this range of MA the chains are not too uncoiled 
MEK. 
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lo3 I . l l L ~ L . 1 . 1  1 1 1 1 I 
I I I I  

0 1 1.0 10.0 
10% VMEK 

Fig. 8. M" vs 10 per cent solution viscosity in MEK 

As a comparison, Fig. 8 is a plot of M, vs 10 per cent solution viscosity in 
MEK for some of the fractions. 

lob 

10" 

C 
I> 

I 0" 

determinations 

- 
- 

Sonie of the os~notic pressure data from niolecular weight 
were used to estiniate the Flory interaction parameter, 1. 

Tc1111~~ 4 
F1ov.v itrtrrcrctiorz porcrr,ietclr in MEK 

Fraction M n  I - 
--I 

3 

9 

12 

111 

XI V 

$-1 

0.00046 

0.00150 

0.00144 

0.00157 

0.00227 

155,000 

132,000 

104,000 

175,000 

64,400 

Slope of % MA, 
xjc tls. c 

0.0028 

0.0092 

0.0088 

0.0096 

0.0139 

-- 

9.06 

9.67 

10.19 

10.08 

7.36 
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Table 4 shows that since (112 - 1) is very small there is little interaction 
between MEK and the polyniers in this range of rnaleic anhydride composition. 

Properties of whole copolymers 
Since it is not usually convenient to fractionate san~ples, it was desirable to 

determine the relation between molecular weight and intrinsic or solution 
viscosity for unfractionated samples. 

Ten samples of S/MA were chosen containing between 8 and I I per cent 
MA and having a range of 10 per cent solution viscosity in MEK. These were 
carefully ground and then devolatilised for one hour under vacuum at 180'C. 
This renioved all volatiles and converted any maleic acid to MA. The intrinsic 
and 10 per cent solution viscosities i n  MEK were then deternlined. M, in 
toluene was n~easured using a Hallikainen automatic membrane osmometer. 
Gel permeation chromatography (GPC) curves were run on each sa~nple in 
THF, and M, and M ,  were calculated using the os~notic M, as a calibration. 
The M, from GPC are plotted in Fig. 9. 

I I 
0.1 1.0 1 0  

V ISCOSITY 

Fig. 9. Mw vs viscosity from gel permeation chromatographic determinations 

Since viscosity is more a nieasure of - M ,  than M,, one woi~ld expect the 
M ,  of all the samples to correlate with kc]. The least squares equation is : 

- 4.98 >< ]0",.Jl.'l'L(i 
a - ( 5 )  

or 

[Ti] = 2.01 y ]0-~(~,)0.702 (6) 
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The comb test proves 
the superior flow you 

get with 'Aromasol' H 
The use of 'Aromasol' H solvent from ICI 
smooths out these enemies of a fine paint 
finish: drag, sag, runs and cobwebbing. 

These disfigurements are caused by paint 
drying too quickly before it's had time to flow 
evenly into a smooth finish; or drying too slowly 
so that the paint flows too much. Rut 'Aromasol' 
H gives you an ideal evaporation rate. 

Although 'Aromasol' H is a C g  99",, aromatic 
hydrocarbon solvent, it contains just enough Clo 
and higher to give that extra 'tailing-off' in evap- 
oration rates that you need for a flawless surface. 
Good colour, very little sulphur content 
With two other important qualities-good colour 
and very low sulphur content-this vital 'tail' 
has won 'Aromasol' H an established place in 

HE4 I 

aromatic solvent formulations for air-drying 
finishes, stoving finishes, and chlorinated rubber 
finishes with extra gloss. 

Fill in this coupon for full technical literature 
and a free trial sample. 
II-I-IIII-II- 

r T o :  ICI, Heavy Organic Chemicals Division, 
Billingham, Teesside, England. 

1 
I i31ease sold me detailed information a t ~ d  a free trio! 
I sample of 'Aromasol' H a s  a paint solvent. 

I 
I 

I Name I 
I Company 
( Address 

I Country 1ocI g /  
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Since the 10 per cent solution viscosity is so easy to measure, the curves for 
10 per cent T~MEK I:F lnolecillar weight are also plotted in Fig. 9. Because the 
diqtribution of samples may vary, it  is better to use 7, as a measure of M,. 

Fig. 10 shows the intrinsic viscosities of unfractionated, equiniolar S / M A  
copolyniers (48 per cent M A )  17.r M, by light scattering. The range of -M,+, is 
20.000 to 5 . 10". The equation of the line is 

- 
Mu 473,000 [7,]'.:i"" ( 7 )  

[T,] 0.7704 ., 10 ' ( M,)"-i'~' (8) 

Equation (8) compared with equation (6) shows that the equi~iiolar copolynlers 
are somewhat more expanded in M E K .  as could be expected. 

lo4 I 1 1 1 1 1 1 1 1  I 1 1 1 1  1 1 1 1  I I I 1  

0.1 1.0 1 0  50 

INTRINSIC VISCOSITY 

Fig. 10. Mw vs intrinsic viscosity from light scattering determinations 

Another series of saniples was chosen containing from 0 to 33 per cent nialeic 
anhydride and with a constant solution viscosity of about 4cps. These samples 
were analysed for molecular weight by both osmometry and GPC as shown in 
Table 5. Additional data on thermal gravimetric analysis, solubility parameter. 
glass transition temperature by torsion pendulum and a differential thermal 
analysis maximum endotherm are given in Tables 6 and 7. 
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Tuhl(~ 5 
Mol~~ctrl~ir weiglir of'  n~liol(~ po1~~1,ier. scrtltplec. 

"L M A  0 5 18 25 3 3 
I 

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

M, (High Speed Osmometry) x 10 . 87.5 82.0 75.4 79.6 ' 75.2 

Mn(GPC)x 10 ' . .  . . . . 90.4 82.0 84.0 79.6 65.1 

M w  (GPC) x 10 ' . . . . . . . .  195.1 1175.2 184.3 177.6 146.4 

Mw/M, (GPC) . . . . . . . . 2. l 6 2.14 2.20 2.26 2.25 

~ ( 1 0 %  in MEK, cps) . . . . . . 4.06 3.92 4.07 3.96 4.19 

I 
I 

0/0 M A  i 0 5 18 25 3 3 

Direct solubility tests (see Table 8) show that the S/MA copolymers have 
higher solubility parameter (8) values than polystyrene. The S/MA copolymers 
are less soluble than polystyrene in non-hydrogen-bonded low S solvents. 

- - __ , .. - -. _ .- - - -. - 

Table 7 
Sol~rbility parameter, glass trunsition, DTA rrmx. c~r~~lotht~rttr 

% MA 0 1 25 I 33 48 

Sol. Parameter (6)  . . . . 

The relationship is less clear with moderately hydrogen-bonded solvents, 
and acetone, pyridine and dimethyl formamide were the only highly hydrogen- 
bonded solvents that dissolved the polymers to any degree. Polystyrene and a 

i 
- 

Glass Temp. C (Torsion Pendulun~) 

DTA Max. Endotherm, ' C  . . . . 
O/, Volatile . . . . . . . . 

% Weight Loss 1 ~ 
i I 

95 

0.20 

106 

111 

0.45 

155 

153 160 

0.82 

131 133 

0.65 



styrene-acrylonitrile ( V C N )  copolymer were used as guides because their 8 
values were available. 

Intrinsic viscosity was employed to accurately determine the 8 for an S / M A  
copolyliier having tlie following analysis: 15.1 weight per cent M A ,  10 per cent 
holution viscosity in M E K  at 25 C equal to 5.16 cps. The maximuni intrinsic 
viscosity, as shown in Fig. 1 1 ,  occurs at a S = 9.7. 

0 .750  - 

S/hlA COPOIY H 

15.1 \'/EISIIT PCRCENT MA 
5 G  cp5 (MEK) 

u 0 6 5 0  - L f Gf /do 
In 11 CtiLOR@E~LN%CNt 
N 0 I ,I, 2 -  TRIC~~LOROET~IANL 
> 
t A 1, I,?,? - TETRACHLOROETHANF 
ul 
0 

ETHYLCNC DICFILORIDE 
u 0-DICFILOROBENZENE 
'i? 
> A NITROPROPANE 

u 
ul z 
L+ + 
?? 0 5 5 0  

SOLUHIL I T Y  F'ARAMf T f R  

Fig. 11. Determination of solubility parameter by means of intrinsic viscosity 

Turbidity titration shows tlie differences in S of S / M A  copolymers and 
cotlipares them to the known 8 for polystyrene and a styrene/VCN copolymer. 
Molecular weight differences between the polymers probably cause some error, 
and a non-hydrogen-bonded solvent would be preferred over MEK. From 
Table 9. the tolerance for low-S 11-pentane or 11-heptane decreases as the M A  
content increases. High-8 non-solvents such as methanol and ethanol have the 
reverse effect with increasing M A  content resulting in increased alcohol tolerance. 

The literature value for tlie c? of polystyrene is 9.1 in agreement with tlie 
cloud point data in Table 9 for polystyrene. As the M A  content of a S / M A  
copolymer increases so does the 8. For the 15 per cent M A  copolymer the 8 
observed froin the intrinsic viscosity method also agrees with the cloud point 
method. However, the literature value for styrenelVCN is in very poor agree- 
ment with the cloud point data. 



Solvents 
6 Class Composition 

- - -- - 

7.1 1 11-pcntanc . . . . 
7.4 1 n-lieptane . . . .  
7.6 1 VM & P . . 
7.8 1 methylcycloliexane 
8.2 I cyclohexane . . 
8.5 1 SCISO . .  . . 
8.9 1 toluene . . . . 
9.3 1 styrene . . . . 
9.5 1 chlorobenzcnc . . 
9.5 1 "Tetralin" . . 

10.0 1 o-diclilorobenrenc 
10.4 1 I, 2-dibromoetliane 
10.6 1 r-bron~onaplitlialcne 
10.7 1 nitropropane . . 
1 1 . 1  1 nitroethane . . 
12.7 1 nitrotnetliane . . 

Poly- 
styrene 5.37 10.5 
- -- -- - 

. . 

. . I I I ; I  1 

. . I I 1 

. . sls vsls I i s I SIS I I 

. S , S sls 

. . S S S 
S S  S " I  . . s S S 

. . S S S 

. . S S S 

. . S S '  S 

. . S S S 

. . S S  S 

. . vsls i S S 

. . I vsls vsls 

I I 
I .  I 

sls ' I 
S sls 
S S 
S S 
S sls 
S S 
S S 

S 1  I 
S S 
S /  S 

vsls sls 

32.0 
-. 

I 
I 
I 
I 
I 
I 
I 
I 

sls 
I 

vsls 
S 
I 
S 
S 
S 

Styrene 
VCN 

- ~ -. 

I 

(cloud! ) 

7.4 2 diethylether . . . . sls sls 1 sls 1 I vsls 
7.8 2 diisobutyl ketone . . 51s SIS , 51s I I vsls 
8.4 2 methyl isobutyl ketone . . S S S S S S S 
8.5 2 butyl acetate . . . . S S  S S S S S 
8.9 2 butyl carbitol . . . . I vsls sls 1 s; sls sls I vsls 
9.1 2 ethyl acetate . . . . S , S S S S 
9.3 2 methyl ethyl ketone . . S S S S S S 
9.3 2 dibutyl plithalate sls sls I I \fl2sIs 
9.9 2 dioxane . . . . . . I  S S S S S S 
9.9 2 cyclohexanc . . . .  S I  S S S S S S 

10.4 2 cyclopentanonc . . . . S S S S S S S 
10.7 2 dimethyl plithalatc . . S S S S s l s  I S 
10.8 2 methyl "Cellosolve" . . I I sls S S S S 
13.3 2 I .  2-propylene carbonate I I vsls S S S S 
13.3 2 propiolactone . . . . , I rsls cbody S S S S 
14.7 2 ethylene carbonate . . I I I I sls S 51s 
15.5 2 4-butyrolactone . . S S S S S S S 

9.5 3 2-ethyl-liexanol . . . . I I 
10.0 3 4-methyl-2-pentanol . . I I I 
10.0 3 acetone . . . . . . sls S S S 
10.5 3 2-ethyl-I-butanol.. . .  1 I I I 
10.7 3 pyridine . . . . . . S S  
10.8 3 set-butanol . . . . I I I I I 
11.4 3 11-butanol . . . . . . I 1 1  I 1 ,  I I I 
I 1.9 3 11-propanol . . I 1 1  1 1 1  I I 
12.1 3 N. N-dimethylfor;i;amide S S S S  S S S 
12.7 3 ethanol . . . . . . I 1 I I 1 I I 
14.5 3 methanol . . . .  . . I I I I 1  vsls I 
- .. -. . .  -- - - - -  - . . . . . . .  - - . . . .  - . . .  - - - 
C1ct.s.v I-poorly hydrogen-bonded 2-nioderately hydrogen-bonded 3-highly hydrogen-bonded 

So/rthili/.r 
vsls - very slightly soluble- sl fusing of granules and granules tiirncd sl opaque. 
sls . - slightly solublcfused granules but not dissolving. 

S soluble-clear solution. 
Alniost S almost soluble cloudy solution. 

I insolu ble-granules not fused. 
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Chemical reaction with alcohols 
An outstanding characteristic of S/MA copolymers is that their properties 
can be n~oditied so readily by chemical reaction of tlie M A .  One of the most 
important of these reactions is with alcohols to generate half esters: 

or symbolically. 
M A  I ROH ;-. MHE 

Polvnicr Pro~ertieh Vol (ml)-Cloud Point (8)-(calculated) 
- - - 

- - - i ~ .ower c loud-  1 upper  cloud I 
IO",, Vi\c Point Point 

MEK Known 1 - -- MeOH & 
u t " ,  MA cp5 (8) n-Pent 1 n - H e p l j  E~OH / MeOH 1 n-Pent 

MeOH & 
n-Hept 

5.37 (3.93 ~ I 57.5 / 62.7 IXO 1 15.5 1 9.28 9.34 

I 

Styrene- 12.6 1 1 .O I 33.5 1 32.5 1 1 4 7 . 7  1 0 . 0 4  i 10.11 
VCN I 1 
"Solubility parameter determined on a siniilar S!MA copolynier by the intrinsic viscosity 
method. See Fig. 7. 

The product and reactants exist in eq~~ilibrium. and tlie reaction readily reverses 
because: 

( a )  it is pure addi t ion no small molecule is eliminated. 

( b )  one of the reactants is the easily regenerated anhydride riny. 
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The stoichiometry of the reaction is 
k 

M A +  ROH + M H E  
k' 

n = initial concentration of anhydride 
h = initial concentration of alcohol 
s = concentration of half ester at time I 

(. = concentration of some added acid catalyst 

The con~plete differential rate equation is 

k ,  = rate constant for the externally catalysed reaction 

kl = rate constant for the reaction catalysed by the acid product 

k, = rate constant for the uncatalysed reaction 

kit = corresponding rate constants for the reverse reaction 

K,, = equilibrium constant = ki/kil 

The rates of reaction of S/MA with several model alcohols have been investi- 
gated, and the results show that all three forward and reverse mechanisms must 
be considered, even when catalysts are used. As might be expected, the order 
of reactivity of alcohols is : primary > benzylic > polyglycol 5 -  secondary. 
The equilibrium constants are in the order primary > benzylic -- polyglycol - 
secondary. 

Thermosetting coatings 
Styrene-maleic anhydride copolylners containing less than 20 mole per cent 
MA are soluble in aromatic solvents as are copolyn~ers containing up to 50 
~nole per cent maleic half ester. Xylene-based thermosetting coatings, wherein 
the anhydride or acid copolymers are cured with various epoxy resins, anline 
resins, and glycols have been discussed1. R* '" 16- ". Table 10 gives a formulation 
developed for a gloss appliance enamel and the physical properties of the 
cured coating. The resin employed was a styrene/octyl acid nlaleate copolymer 
having a solution viscosity of 1.5 cps (10 per cent in MEK). A lower molecular 
weight resin "styrene-maleic half ester copolymer" designated S/MA 3840A 
has recently been introduced cornmer~ially'~ in the United States. 

Although the above-mentioned systems have satisfactory one-package shelf 
life for most industrial coatings applications, it is desirable to find means for 
achieving greater stability. One way of acconiplisliing this end result has been 
discovered for carboxyl-epoxy reactions, and that is chemically to block the 
carboxyl group. 
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. . . .  Styrene-Octyl Acid Maleate (75125) . . . . . . . ~ 
DER 8337 Epoxy  resin:^ . . . . . . . . . . . . . . 
Titanox8 RANC TiO$ . . . . . . . . . . . . . . 
Ethylene Glycol Methyl Ether . . . . . . . . . . . .  1 
Cellosolve@ Acetatec . . . . . . . . . . . . . . . . 
Butanol . . . . . . . . . . . . . . . . . . 
PenolaB 15(k1 . . . . . . . . . . . . . . . . ' .  ~ . 8 

Xylene . . . . . . . . . . . . . . . .  1 
Resirnene@ 882 '~~ltyla;cd Melaminec . . . . . . . . . . 
Viscosity ( KU) . . . . . . . .  8 

Baked on Bonderite l(X)b for ji) minilies at 350 F ii77 C) 
Front impact (in-lh) . . . . . . . . . . . . . . . . 
Conical mandrel . . . . . . . . . . . . . . . I 

(Apex 0) 
Knoop hardness . . . . . . . . . . . . . . . . 
Gloss, 60 C . . . . . . . . . . . . . . . . 
Tide. 1 "", 160 F . . . . . . . . . . . . . . . 1 

200hr. ASTM 
Salt Spray. 5',, . . . . . . . . . . . . . . 

' .  I 
I . .  ' 

100 F, 10 days 
Common Stains . . . . . . . . . . . . . . . .  1 

(a)  The Dow Clieniical Conipnny 
( b )  Titanium Pigments Corp. 
(c)  Union Carbide Chemicals Co. 
td) Hunible Oil and Refining Co. 
Ic) Monsanto Company . 

Weight ',I,: 

- - 

21.6 
5.4 

25.0 
4.9 
7.2 
5.8 
2.2 

24.8 
30 

65-70 

24 
Fail 0-1.511 

This can be done by forming a thermally i~nstable ester1!', for example, 

r 
I 0  0 

block 
I ----COH 1 CH, - CHOR 7 ,  

' :  
I ---C 0 CH CH,, 

J i~nblock J 1 
0 

r r 
I 0 I 0  
I block 1 il 

I - -  COH ; CH, - C'HR . . 
I ilnblock I --C O CH I CH:t 

J J R 
by reacting the polymeric carboxylic acid with a vinyl ether or a vinylidene 
hydrocarbon such as isobutylene. A styrene-octyl acid nialeate copolytner was 
esterified at 60°C in 48 hours separately with two moles per carboxyl of either 
ethyl vinyl ether or isobutylene, using a trace of acid catalyst. In a wet enamel 
such as in Table 10, the stability on ageing at 60°C was increased by a factor 
of three with the vinyl ether and by a factor of at least two with isobutylene. 
Neverthelcss. films wcrc curablc when subjected to tlic thermosetting reaction 
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conditions. Freshly applied lilms showed less sagging and solvent bleeding than 
the unniodified resin. 

Another route to shelf stab~lity is possible by niodilication of the epox! 
resin. Reaction with an alkanolamine such ils diethanolamine 

produces a reactive polyol that will give a stable enamel but which will co-react 
with the carboxylic resin at baking ten~peratures'~. This system is useful for 
solvent-borne coatings. but is particularly suited to aqueous systems because 
the alkanola~nine adduct of a liquid epoxy resin is water soluble. For example, a 
5 1 weight per cent 2-[2-(2-butoxyethoxy)ethoxy] ethyl nialeate-styrene copolymer 
was dissolved in aqueous ammonia at 31 per cent solids, and to lOOg of this 
solution was added 38g of a 60 per cent aqueous solution of the adduct of 
DERm332 liquid epoxy resin with diethanolamine. 

The adduct was prepared by heating IXg of diethanolamine and IOg of 
DER 332 to an exotherm reaction at about 150°C and following with two more 
log portions of DER 332 after about 15min intervals. 

A primer formulation was made by adding a pigment paste to the copolymer- 
epoxy adduct mixture. The resulting blend was found to have indefinite shelf 
stability: and. L I ~ O I I  curing at 175'C for 30min and topcoating with a melamine 
alkyd. the primer exhibited equally satisfactory performance as compared with 
an unmodified DER 332 prinier which required emulsification of the epoxy 
resin with a surfactant and which set up in 4 weeks at 75°F. 

Invert styrenated alkyds 
The reaction of a low molecular weight resinous styrene-maleic anhydride 
copolymer with a polyol and fatty acid is the inverse of the normal styrenation 
procedure. Details of preparation and comparison with the conventional 
procedure were published earlier! As previously noted, there is a basic difference 
in formulation coniposition between the two methods which results in greater 
styrene content for equivalent oil length (Fig. 12). In the invert system, all of 
the styrene is bound at the start, resulting in better mineral spirits compatibility 
and final film solvent resistance. Alkali resistance was also found to be superior. 

By maleinising the fatty acid before esterification and diluting with a co- 
solvent, a functional water-reducible binder could be synthesised. This vehicle 
has been tested in an air-dry gloss enamel formulation. The resin used was a 
styrenela-methyl styreneimaleic nnhydride terpolymcr of 50'35'15 weight per 



OIL LENGTH 

Fig. 12. Styrene content related to oil length for various polymers 

cent compositiol~ having a viscosity of 0 . 6 7 7 ~ ~ ~  and a number average mole- 
c~llar weight of 1420. At the start. 129g of DCO fatty acids was nialeinised with 
15. Ig of nialeic anhydride using O.2g of iodine as catalyst and 3g of toluene. 
Then I OOg of the resin and 28.68 of glycerol were added and cooked to an acid 
number of 44.5. The cook was dissolved in 119g of Dowanol @EB. ethylene 
_glycol nionobi~tyl ether. neutralised with concentrated animonia and diluted 
with water to 43.6 per cent solids. 

As shown in Table I I the invert alkyd was compared with a maleinised 
ester of RJ-100 (Monsanto Company) in a low PVC gloss enaniel formulation. 
Paint f i ln i  properties are also listed in Table I I. The invert alkyd was very fast 
drying and quickly developed good water, alkali and scrub resistance. Gloss 
and coloi~r were about equivalent to the RJ-100 ester but the film was less 
flexible. 
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T ~ ~ h l c  I I 
Air t l ~ v  gk>.ss pui~rt 

Pigment grind 
Invert alkyd (43.6;:) 
RJ-100 ester (35 %)(a) 
Ti0,-R-900 . . 
~ o w a n o l @ ~ ~ i b j  . . 
Water . . . . 
POIY~IYCOI P- I i i o  . . 

Let Down 
Resin . . . . . . 

I 

Invert alkyd 1 RJ-100 ester 
- - - - -- - . - - -- - - 

Water . . . .  . . . . . . . . 
Cobalt Cyclodex (6"; , ) ( c )  . . . . . . . I . . 

Viscosity (KU)  . . . .  . . . . . . 
Drying 20hr 

Tack-free . . . . . . . . . . 
. .  ~ 
. . 

Print-free . . . . . . . . . . 
Hand Scrub (cyCies) I 

24hr . . . . . . . . . . . . . . 
7 day . . . . . . . . . . . . 

21 day . . . . . . . . . . 
Flexibility bend tkst  

21 day . . . . . . . . . . . . 
60" Gloss 

20hr . . . . . . . . . . . . . . 
21 day . . . . . . . . . . . .  I 

Yellowness index 
5 day . . . . . . . . . . 

65 day exposed . . . . . . . . . . 
65 day dark . . . . . . . . . . 

Spot tests 
Water . . . . . . . . . . . . . . 

0.5;; NaOH . . . . . . . . . . . I 
Washability-100 cycles on Gardner 

7 day 
~ppeal-ance . . . . . . . . . . 
"A Gloss retained . . . . . . . . 
Stain removal . . . . . . . . . . 

21 day 
Appearance . . . . . . . . . . 
":, Gloss retained . . . . . . . . 
Stain removal . . . . . . . . . . 

yes (751nin) 
yes 

vsl 
spotting 

sl 
discolor 

. - 

2.2 
very high 

vsl 
I spotting 

sI 
discolor 

Lipstick 

(a) Monsanto Company 
(b) The Dow Chemical Company 
(c) Nuodex Products Co., Division of Heyden 

Newport Chemical Co. 

Thermosetting laminates 
The cure chemistry of styrene-nialeic anhydride copolyniers can be employed 
for preparing pre-impregnated laminates of paper or glass as used in electrical 
applications. Epoxy resins were found-to give the strongest glass-reinforced 
laminates, but some polyols also produced strong and hard products. The 



choice of an aromatic polyol"' .\fi the curing agent has the advantage of 
better compatibility with the styrene-maleic resin. Table 12 lists some pro- 
perties of glass laminates prepared by i~iipregnating style I SI glass cloth having 
a Volan A finish with a 60 per cent acetone solution of a styrenell0.2 per cent 
MA copolymer and the indicated amount of an aromatic polyol curing agent 
plus a srnall amount of DMP-30 tri-(dimethyl amino methyl) phenol curing 
agent. After air-drying to remove acetone, the cloth contained 42-45 per cent 
resin. Twelve plies were stacked and cured in a compression press at 350'F 
for 30 minutes and then tested. 

S~~-rer~e- ( l i lutct I  100 1x.r cac>nt solitls ~hern~osc. ~ t i r ~ g  sj-stena 
It has been found possible to formulate liquid systems based on S/MA resins2:' 
which cure to form products that are similar to thermoset polyester resins. By 
dissolving the S/MA resin in a liiixture of styrene and maleic anhydride monomer 
and adding a crosslinking agent, a lieat-cured product can be obtained which 
resenibles the thermoset product resulting from the simple addition reaction of 

Aromatic Polyol Weight ",, 'lo I Tensile str (psi)/ 
gain (2h! Modulus r I 0  (psi) I Polyol I water boll) 1 

Dihydroxy methyl diphenyl oxide . . 16.46 1 0.14 S5,000/2.24 

Oy-his-benzyl alcohol . . . . . . 16.42 0.181 , 56.000/2.06 

StyrcneiZO",, ally1 alcohol copolymer 1 
(RJ-100) . . . . . . . . 23.0 1 1 64,900 

crosslinking agent and copolymer. For example. a laminate was prepared from 
63.4 weight per cent styrene monomer, 2.9 per cent maleic anhydride monomer 
and 34.7 per cent of a styrene110 per cent maleic anhydride copolymer having a 
10 per cent solution viscosity in MEK of about I.5cps at  25°C. On the basis of 
100 parts of this solution, 3.76 parts propylene glycol were added followed by 
1.0 part benzoyl peroxide arid 0.2 part cobalt naphthenate. A 12-ply glass 
laminate was made by impregnating glass cloth with the resin solution and 
allowing the laminate to set for 24 hours at  room temperature followed by 
heating at 130 C for one hour. A pressure of 40 pounds per square inch was 
then applied and the product held at 130°C for an additional 24 hours. The 
resulting laminate was :in thick, had a good appearance and excellent physical 
properties. The flexural strenzth was 54.000psi at roo111 temperature and 
49,000psi at 160 F. 

Conclusions 
Advances in polynierisation technology have made practical the production of 
styrene-maleic anhydride copolymers containing from nearly zero MA up to 



tlie well-known cqui~iiolar composition. Copolymerisation of styrene with MA 
requires precise process control to yield non-eqi~imolar conipositions of i~niforni 
composition. The polar character of tlie anhydride groups produces sizeable 
et'fects on copolymer properties such as solubility parameter. Differences in 
composition distribution which can result from soliie methods of synthesis 
should be avoided in order to achieve consistent behaviour in  coatings applica- 
tions when solubility and reactivity are important. 

Fractionation has been shown to separate this type of copolymer by both 
composition and niolecular weight. Tlie fractions as well as whole polymers 
have been characterised by molecular weight. viscosity. solubility arid some 
additional properties. 

The reversible reaction of copolynieric anhydride groups with alcohols has 
been described as a reversible reaction and an order of reactivity by alcohol 
type has been set down. 

In thermosetting coatings employing mnleic half ester copolymers. the 
acidic groups can be blocked by a vinyl addition reaction to improve shelf life 
of one-pack systems. Alternatively, an epoxy curing resin can be modified with 
an etlianolamine to produce an adduct that is shelf stable as well as water 
soluble. 

Maleinised alkyd-type resins have heen prepared and tested fix use in  air- 
drying water-based gloss paint. 

The anhydride copolyniers have been cured with :ironlatic polyols in thermoset 
electrical laminates and have been e~nployed i n  100 per cent reactive liquid 
casting or coatings systems by dissolution in styrene monomer tosether with a 
polyol atid additional maleic anhydride. 

Greater understanding of the preparation and properties of non-equimolar 
styrene-nialeic anhydride resins sho~lld open the way to iltilisation of these 
versatile copolymers in n number of coatings npplications. 
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Discussion at the Eastbourne Conference 
DR L. A. O ' N ~ I L L  said that the paper had described materials called invert styrenated 
alkyds, but with the same products one could also make invert unsaturated polyesters, 
\\hich were nornlally polyglycol malcates copolynierised with styrene. Had the products 
been considered in the field of the ~lnsaturated polyesters, perhaps for wood finishing? 

Also, mention had been made of some water soluble fatty acid products which could 
be developed. Had these been examined for use in electro-coating? 

He congratulated Mr Zimnicrnian on the gel-permeation chronlatography. The 
results and agreements were excellent, bearing in mind the difficulties in dealing with 
copolymers of heterogeneous composition. 
MR R.  L. Z I M M ~ R M A N  said, in answer to the first question, that. in order to have a 
fluid coating for application, styrene monomer had been used as a diluent with these 
copolymers and with a polyol. In this case it was not an  unsaturated polyester; it 
was a siniple polyol s ~ ~ c l i  a s  1 :4 butane diol, and the system with maleic anhydride 
mononier in it would form a 100 per cent solid type coating. In order to  get an  applica- 
tion by other than powder coating o r  similar types of application, one would have 
to use styrene monomer, and then the styrene monomer must be co-reacted with the 
system. He and his co-workers had niadc no attempt to prepare an unsaturated 
nialeic type polyester a s  a hydroxy polyester and to use that a s  a cross-linking agent. 
In answer to the second question. they had not investigated electro-coating application 
of these water dilutable systems. However, he would predict that the system would 
perform similarly to the njaleinised R.1-100 ester nientioned in the paper. 
DR O 'NEILL remarked that the paper suggested that one could titrate the two carboxyls 
of maleic anhydride under aqueous conditions. Could that be done readily? It was 
not nornially easy to titrate two carboxyls of maleic acid. 

MR ZIMMERMAN replied that there was a considerable difference in the pK values 
for maleic acid. The first acid was a strong acid, with a pK value of about 3. The 
second one was much weaker and should be distinguishable in a titration. With 
maleic anhydride and maleic acid itself one could actually see the inflection point in a 
conductiometric titration. 

DR O'NEILL agreed that i t  was usually distinguishable, but not that it allowed for 
accurate measurement. 
M R  ZIMMEKMAN felt that this was probably correct, and that the effect would be even 
less accurate for the polymeric form. The polymeric diacids were titrated in the sense 
of titrating for the coniposition, not by a pH type titration, but working to a specific 



858 K .  S .  I I E N N I S  1 T  A l . .  JOCCA 

end-point of thyniol blue, which was simply an analysis of one carboxyl group of 
all the carboxyl groups that were titratable, rather than distinguishing between the two. 
It was possible to distinguish between the anhydride and acid fc>rnis by a double 
titration. First one titrated in pyridine with niethanolic (<OH, and then one titrated 
again in the presence of water. Froni this titration the composition could be calculated 
in terms of anhydride and diacid related to copolyn~er composition. 

MR R. W. HALL congratulated Mr Zimnicrnian and his colleagues on the vcry 
elegant polymerisation technique for manufacturing thcse copolymers. This was one 
of the few techniques which, on a larger scale of production, c o ~ ~ l d  be used to determine 
fairly basic copolymerisation parameters which related to copolymer composition. 

He asked what the present status of thcse materinls in the coating field was, and if 
the policy of the Dow Company was to makc the copolymers available to industry 
for subsequent modification, or to nianufactitrc the hall-esters and other modifications 
t hemselves. 

On the GPC work, could Mr Zimmerman indicate what tlie colunin packing was 
in the fractionation of the acid copolyn~ers? 

His third point related to the structure of the half esters which were prepared. 
Had any comparison been niade of nlaterials by three ditkrent groups: first, the half 
esters made by the continuous polynierisat ion technique, secondly, half esters made 
by directly copolymerising styrene with a half maleate, and thirdly, copolynierisation 
of styrene with the diester, and then partial hydrolysis back to half ester again. These 
should give three quite different types of copolymer backbone structure. 

MR ZIMMERMAN. replying to the first question, said that the potential was there in 
terms of commercial production only if a business developed in terms of volume. 
and styrene maleic anhydride polyn~ers were not at this stage a significant world-wide 
business in terms of chemical companies producing such copolymers. I t  would be 
the broad field of coating chemists who would determine ~~ltiniately whether there 
was tryly a market. 

In answer to the second question, the column packing was identical to the columns 
used in gel permeation chron~atography with polystyrene, and tetrahydrofuran was 
the solvent. Some care, of course, had to be exercised in taking a polynier of this type 
and running it in a gel permeation separation. 

The third question was well put and would make an interesting study. Thestyrene and 
maleic anhydride, copolymerised and then reacted with the alcohol to the half ester form, 
had been compared that with a polymer prepared by polynierising styrene and the maleic 
half ester. On a coatings basis roughly the same result was obtained. A specific gloss 
appliance enamel had been used, containing the half ester copolymer, and then on 
another occasion containing tlie co~olymer niade by continuous polymerisation of 
styrene maleic anhydride and esterification. The result in tcrnis of the coating per- 
formance was to all intents identical. 

He pointed out that the half ester formation of these copolynlers was an equilibrium 
reaction, and when one prepared a copolynler of tlie half ester. introducing the alcohol 
at elevated temperature in the system, the half ester w o ~ ~ l d  revert partially back to 
the anhydride in the equilibrium, depending upon the teniperature and the equilibrium 
constant of the particitlar alcohol. So i t  was not possible to maintain an absolutely 
clean reaction of the half ester in copolymerisation. 
MR C .  BARKER asked whether there was any data on the thermal stability of the 
backbone change stability of these copolymers. 

Solomon, in Australia, had done some interesting work on making methacrylic 
acid copolymers and then cooking then1 into alkyd resins or polyesters rather like 
the invert alkyds Mr Zimnierman had described. One of the problems was the depoly- 



merisation of tlie polymethacrylate, but this was known to be a system which did 
depolynierise relatively easily at temperatures used in alkyd cooking. Methacrylates 
clearly depolymcrised and evaporated. He wondered how stable the styrene/maleic 
anhydride was at these sort of ratios and therefore what tlie implication was 
of cooking at tcmperatures of the ordcr of 220 C minimum in bulk, where the time 
cycles might bc quite long. This would be iniportant if the products were developed 
commercially. 
MR Z I M M ~ R M A N  stated that Dr Dennis and Dr Moore had recently done a study by 
differential thermal analysis and weight analysis of the elevated temperature stability 
of some of the copolymers, and in tlie rangc of the low maleic content, the range of 
the 10-20 per cent maleic anhydride that was being discussed, they were relatively 
stable at temperatures LIP to 250 C and possibly approaching 300'C for the order of 
a few hours. At the same time this might explain the low functionality in cooking 
to as high an extent as had b x n  achieved. The maleic anhydride in the copolymer did 
decarboxylate. Whether or not that led to chain degradation was not certain. 
However. i t  was an open question whether the polymer in the final alkyd after cooking 
was strictly the same con~position as it was initially, because at those temperatures 
some decarboxylation could be expectcd to take place. 

MR B A R K ~ R  said he had found that i t  didn't niattcr from the practical point of view 
\{\.ether the polymer had degraded if there was a useful end result, but it might lead to 
an equilibriuni concentration of methyl niethacrylatc monomer. In Mr Zimmerman's 
work it might produce styrene. leading to instability problems. 

MR Z I M M ~ R M A N  replied that specifically these copolymers would not depolymerise; 
they degraded by evolution of CO,, as far as could be seen from thermal analysis of 
the copolyniers. 
MI< A. F. WILSON asked wlicther the halr ester formation was a catalysed or un- 
catalysed reaction. 
MR ZIMMERMAN said that in most of thc work a catalyst had been used. As the reaction 
rate constants were not good, especially in the copolyn~ers, a weak phosphoric acid 
ester had been used. 

MR F. ARMITAGF. brought up two points. The first was about the invert alkyd resin. 
He presumed that i t  was almost impossible to reproduce by Mr Zininiernian's method 
an existing styrenated alkyd resin, even though tlic copolynierisation of the styrene 
uith the alkyd resin would be through a nialeic anhydride incorporated into the 
alkyd. This didn't niean to say that a new type of alkyd resin niight not have its own 
special uses. 

The second point was that over the past live or ten years styrenated alkyds had been 
conipleniented by vinyl toluenated alkyds and by monomer modified alkyds containing 
acrylonitrile and nlethyl methacrylate as well as styrene. Had Mr Zimmerman studied 
the reaction of mixed niononiers with maleic anhydride? 

MR ZIMMERMAN pointed out that there was n plot in the data, attempting to compare 
the styrenated alkyd and an invert styrenated alkyd, and the difficulty was the difference 
of formulation, as, in thc system uscd, phthalic anhydride was replaced with styrene. 
I t  was difficult to know whether to compare them at the same oil length, at the same 
styrene content, at the same air dried tenipcrature, or to decide what should be the 
basis for coniparison. Hc felt one could syntliesise a comparable coating or composition 
if phtlialic anhydride as well as the polyanhydride was introduced in the invert system. 
Mu ARMI.TAGE thought that this niight be a niattcr for dispute, because of the way 
that polynierisation took place. 
MR ZIMMERMAN replied that if i t  was wished to compare the two systems with the same 
coniposition, and thus prepared one one way and the other the other way, i t  was 



quite possible that one could design such a system. The design o f  a specitic system niight 
take a coating clieniist in quite dill'erent directions. I t  would be dependent upon uhat 
his design characteristics were in the alkyd or  coating required. And therefore the 
comparison would probably end up being rather theoretical, at lcast in the end result. 

As regards the question o f  usingother monomers, some copolymers had been prepared. 
f rom mixtures o f  styrene, butylacrylate, maleic anhydride, and various acrylates. 
However these copolyniers did not have the resistance properties in terms of' a 
thermosetting appliance enamel. So the simple halfester fc>rnis had heen retained from 
both an economic and a performance argument. 

The alkyd systems described in the paper wcrc tripolymers; they included ?-methyl 
styrene with styrene and maleic anhydride, which was out o f  thc simple expedient o f  
getting lower molecular weight in a rather convenient way. 



Functional groups in butylated 
melamine-formaldehyde resins 
and their influence on the curing 
behaviour of these resins in 
combination with alkyd resins* 
By J. van Zuylen 
Verfinstituut TNO, Delft, Netherlands 

s l l l ~ l l l l ~ / l ~ ~ ~  

Coniniercially available butylnted ~iielaminc-lbr~iialdehydc (MFbresins o f  different "re- 
activity" were analysed for nitrogen content and formaldehyde content. The content o f  
nietliylol groups was determined by a new method. using dimedone as a reagent. The amount 
of - N H  g r o ~ ~ p s  was estimated spectroscopically hy measuring the absorption at 1480nm. 
On the basis o f  these analytical data. information co i~ ld  he gained about the amounts present 
of tlie following groups: 

(a) the sum o f  -OCH,OH ("free formaldeliydc") and NCH20H.  
Ib )  -NH.  
(c )  N C H 2 0 R .  

I t  was now post~~lated that "reactivity" incl-eases witli decreasing amount o f  N C H , O R  
groups present. 
Four alkyd resins were prepared from isoplithalic acid, lauric acid and triniethylolpropane 
in such a way that variations in liydroxyl value and average niolecular weight were obtained. 
Mixtures o f  these alkyd resins witli selected butylated MF-resins were applied to aluminium 
plates o f  120cni length. Tlie coated plates were baked in a "gradient cure block", maintaining 
a temperature gradient o f  20-200 C along tlie length o f  each plate. Tlie Ki jnig pendulum hard- 
ness o f  the baked coatings was determined, and graphs o f  pendulum hardness versus baking 
temperature were obtained. By solvent extraction experiments and by coniparing stress-strain 
curves o f  pre-swollen films. additional infc>rmation was obtained. 
Tlie curing behaviour o f  the butylated MF-resins o f  dimerent "reactivitv" could be related to 
the number o f  - .NCH,OR groups PI-csent. 

Key words 
Bit~(/ot..s ( t.c>.sii~.s el/c. ) Pt~oc~c.s.vc~.s trtrtl rlre/lroc/s pr.i~rrtrr.ib. rr.s.socicrte~l ~sith: 

alkyd resin (rti(r/j~.sis, ~ ) ~ c ~ c r . s ~ ~ t . c ~ i ~ r c ~ t i /  ( I I I ( /  t(,.stit~g 
rnelaniine formaldehyde resin colorimetry ttrunr~uctlrrc~ or. sjwthesis 

functional group analysis condensation 
hardness test poly~nerisation 
i nfra-red spect roscopy 
Kjeldahl method 

Groupements fonctionnels d'ethers butyliques des m6Iamine- 
formol et leur influence sur la durcissabilit6 de ces &sines en 
combinaison aux resines alkydes 

On a dose la teneur en azote et en formaldchyde des ethers butyliques de milamine-forniol, 
ayant dcs "reactivites" diverses. q i ~ i  se trouvent en cornnierce. La teneur en groupements 
nietliylols etait dosCc au nioycns d'une noi~velle nicthode. en utilisant dimedone en tant que 

*Presented at the Eastbourne Conference. I 8  .lulic 1969 
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reactif. La quantite de groupcments ---NH etait dosec spCctro~copiquement par I'absorption a 
1,480nni. Gr ice A ces donnees analytiqires on pcut obtcnir unc connaissancc de la quantitc 
des groupements suivants qui se prescntent: 

(a) La somnie totale de -OCCi,OH ("fornialdkhydc libre") et dc NCH,OH. 
(b) -NH. 
(c) -NCH,OR. 

Dans la suite on a suggere qile la "rcactivitc" s'augt~icntc selon la diniinution de la qilantitk 
de groupements -NCH,OR. 
On a prepare quatre resines alkydes partir dcs acidcs isophtaliquc, laurique. ct du trinicthylol- 
propane dans une tclle maniere que des variations en I'indice d'hydroxyle ct le rnoyen poids 
nioleculaire htaient obtenues. 
Des nihlanges de ccs rcsine alkydes avec certaines resines M F  sous forme d'ethers butyriques 
Ctaient appliques aux plaques d'aluminiuni :I 120cni dc longueur. Les plaques si-rcvetues 
etaient cuites dans un bloc de Maqi~cnne oi l  I'on mainticnt i ln gradient dc tenipkrature a 
20 de 200 C le long de chaque plaque. La dureti. des rcvPtemcnts cuits a kt6 determinee et 
I'on a obtenue des courbes dc durcte contre tcnipkrature dc cuisson. On a obtenu des donnces 
supplementales au tnoyens des experiences A extraction par solvant et par la determination 
de la resistance a la traction de feuils prC-gonflks. 
La durcissabilite des ethers butyriqites de resincs M F  ayant de diverse "rtiactivite" peut ktre 
niise en rapport au nonibre de groupcments NCH,OR. 

Funktionelle Gruppen in Butanolveratherten Melamin- 
Formaldehydharzen und ihr Einfluss auf das Hartungsverhalten 
dieser Harze in Kombination mit Alkydharzen 
Zusammen fassung 
l m  Handel erhaltliche butanolverathcrte Melamin-Formaldehyd ( M F )  Harze verschiedencr 
"Reaktivitiit" wurden auf i l~ ren Stickstoff- und Fornialdchydgchalt hin analysiert, Der Gehalt 
an Methylolgruppen wurde tnit Hilfe einer ncuen Mcthode untcr Henutzung von Diniedon 
als Reagenz bestimmt. Der Cehalt an - N H  Gruppen wurde spektroskopisch durcli Messung 
der Absorption bei 1180nni fcstgestellt. Auf  dicsc analytischcn Resirltatc gestiitzt, konntc 
Information iiber die in den folgendcn Cruppen anwesenden Mcngcn gewonnen werden: 

(a) Die Sunime von -OCH,OH ("freies For~iialdehyd") ilnd - .NCH,OH. 
(b) -NH. 
(c) -NCH,OR. 

Es wurde nunniehr behauptet. dass sich "Reaktivitiit" niit abnehniendcn Mcngen von 
vorhandenen -NCH,OR Gruppen erhiiht. 
Vier Alkydharze wurden aus Isoplithalsr'iure, Laurinsiii~re und Triniethylolpropan in  der 
Weise liergestellt, dass Varianten in  der Hydroxylzahl irnd im Molekul:!rgewicht erhalten 
wurden. 
Mischungen dieser Alkydharze mi l  ausgewiihlten butanolvcriithertcn MF-Hnrzen wurden auf 
120crn lange Aluminiirn~bleche aufgetragcn. Die lackierten Tafeln wi~rden in eineni "graduierten 
Gel Block" unter Aufrecliterl~alti~ng liings jedcr Tafcl cines Tempcraturgradients von 20 his 
200°C ofengetrocknct. Die Hiirtc dcr ofcngetrocknctcn Anstriche wurdc gemessen. und 
cs wurdcn Diagranime fiir Hartc hei vcrschiedcncn Trocknt~ngstemperat~~ren erhalten. 
Zusiitzliche Information konnte durcli Extraktionsversuchc mit Liis~tngsniittcln ttnd Messung 
der Zerrcissfestigkeit vorgeqi~ollener Filnle gewonnen wcrden. 
Das Verhalten der butanolveriitherten M F -  Harzc vcrschiedcncr "Reaktivitiit" konnte niit 
der Anzahl der anwesendcn --NCH,OR Gruppcn in Rczichung gcbracht wcrdcn. 

<by~~qao~anaaa~e  r p y n r r a l  B ~YTWJIOBMX ~ e n a ~ w ~ o - @ o p ~ a n a n e r w n ~ a ~ x  c M o n a x  

W UX BJIWRHUe H a  CyIUKv 3TWX CMOJI B COenWHeHWU C aJlKl1,'lllblMH CMOJlaMA 

K O M M ~ ~ ~ ~ C K M  nOCTynHbte 6y~unosble ~ e n a ~ M ~ ~ - @ O p ~ a n b A c r ~ A ~ b l e  CMOnbl pa3nM11~0ii 
((PeaKTuBHocTuo a ~ a n u 3 ~ p o a a n ~ c b  Ha conepmaHue a3OTil M cf~op~anbneruna. Conepma~~le  
MeTMJlOJlbHblX rpynn OnpeLlCJlflJlOCb HOBblM MCTOIIOM, nPMML'HRII nUMCnOH B KaVeCTBe 



( a )  C y t l M a  - OCH, OH (((CBO~OIIIIO~O ( ~ ) ~ p ~ i l J l b l l ~ r M ~ ~ a , ) )  M - NCH, OH. 
( 6 )  NH. 
( 6 )  NCH,OR. 

Ha  OCHOBaHl lM  ,)TOTO 6bl~10 IIOCTYJIM~OB;LHO ' I T 0  ( ( P C ~ L K l H B H O C T b ) ~  YBCf lM' iMBaeTCR C Y M e H b U I e -  

wiexr K o n M ' i e c T s a  t l a n M t l l i n  rpynn - NCH,OR. 

n p ~ r ( 3 ~ 0 B n R J l ~ C b  VCTb lpC  a J l K M 1 l t l l ~ l C  C M O J l b l  M.1 M ~ ~ I ~ T ~ J I L ' B O ~ ~  KMCJIOTbl. J l i l ~ ~ ~ t l O ~ ~ f i  K M C n O T b l  
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3Ha'iCHMR M C p C U t l C r O  M O J l C K y J l H p l l O r O  RCCa. 

C\I~CM 3TMX aJ lKMUH b l X  CMOJ l  C ~ 3 6 ~ ; l t I l l b l ~ ~  6 ~ 1  MJlORbIMM M C J I ~ M H H O - $ O ~ M ~ ~ ~ ~ A C ~ U A H ~ I M U  
C ~ I O J I ~ M M ,  H a l l a r a J l M C b  H a  aJ l tOMMIIMCBblL '  11JI;lCTMHKM n ~ l M t 1 0 f i  B 120 C M .  n ~ ~ p b l ~ b l e  l l n a C T M H K M  

n p O C y l l M B a J l M C b  B < ( r p ~ n ~ M p O ~ t l l i O M  rCJ lCBOM ~ J I O K ~ ) ) .  C O X p n H n R  T e ~ l l C p a T y p ~ b l #  r p a U M C H T  
B 20-200 C BflOflb f l n M H b l  ~arnnoR I l J l aCTMHKM.  T B c p n O c T b  B b l C Y l l l e H t l b l X  l l ~ ~ ~ b l ~ ~ f i  M 7 M e p R n a C b  

Li 6b1nu n O J l y V C H b l  T ~ ~ $ M K M  3;lBMCMMOCTM M C X n y  T R C p U O C T b K l  M ~ ~ M I l e l ) d T y ~ ~ f i  CYWKM: 

~ 0 6 a B O ' i ~ b l c  CBCACHMR 6b1~1l.1 nOSly ' ie l lb l  n y T C M  CCJICKTMB~IOU .)KCTp;IKUMI.I pBCTBOPMTCJ lRMM M 
n y T e M  M 3 M e p C H M n  p a 3 p b l B ~ o f i  l l p O t l l l O C I M  I l p C J l B a p M T e J l b l l O  ~ a 6 y x u r ~ x  n n C H O K .  

~ O B ~ A C H U C  n p M  C y l l l K C  GY~M~ORI, IX M C J I ~ I M M I I O - ~ O ~ M ~ ~ ~ ~ ~ C ~ M ~ H ~ ~ X  CMOJ l  ~ ~ ~ ~ M V H O R  

(<peaKTL iBHOCTMN M O r J l O  6 b l T b  OTt ICCCHO K 'iMCJIY H;IJIMSllhlX rpynll - NCH20R. 

Introduction 
Two-component alkyd-melamine resin systems have now been in use for 
surface coatings for almost 30 years. During this period, the chemistry of these 
systems has been the subject of a vast amount of literature. The thermal degrada- 
tion and curing of butylated melamine resins has been investigated by means 
of infra-red spectroscopy'. Y .  "ind thermogravimetric analysis? The curing 
of alkyd-butylated melamine resin systems has been dealt with by Wohnsiedler4 
and by Seidler and Graetz5. From the experiments of these authors it became 
evident that the alkyd resin not only exerted n plasticising action but was also 
incorporated into the network by reaction of hydroxyl groups present. A 
similar view hitd been expressed in 1951 by Parker? Further work on this 
subject was carried out by Fry,' by Vogelznng and Oosterhof8, and by 
Augustsson!' who was mainly interested in  the possible use of several acids as 
curing catalysts. Both self-condensation of the melamine resin, and condensa- 
tion of the melamine resin with the hydroxyl groups of the alkyd resin, appeared 
to be catalysed by acid groups, e.g. those present in the alkyd resin. Vogelzang 
and Oosterhof concluded that under similar conditions "low reactive" melamine 
resins show a lower extent of self-condensation than "high reactive" resins, at 
about the same extent of co-condensation with the alkyd resin. 

Much work lias been done on the curing reactions of hexakis(methoxymethyl)- 
melamine (HMMM) which can be regarded as a completely etherified monomeric 
melamine resin. Saxon and Daniel"' studied the reactions of HMMM with 
acrylic acid-acrylic ester copolymers. whilst Saxon and Lestienne" assessed 
cure of HMMM alone and in blends with acrylic polymers, containing either 
carboxylic acid groups or liydroxyl groups. Self-condensation of HMMM 
appears to occur in the presence of strong acid catalysts only, whereas in the 
presence of weilk acid catalysts such as phtlialic anhydride. only reaction with 
hydroxyl and carboxylic acid groups occurs. 



8 64 J. V A N  %UYI . I !N  J0C'C.A 

When H M M M-acrylic resin blends are cured, self-condensatton of H M M M 
proceeds at a much slower rate than reaction of HMMM with functional groups 
of the acrylic resin. Further work on the curing of HMMM with acrylic resin5 
as well as with alkyd resins was carried out by Brettl%and by Koral'". 1 4 .  They 
concluded that, in  the absence of a strong acid catalyst, co-condensation of 
HMMM with polymers containing carboxylic acid groups proceeds at a faster 
rate than phthalic acid catalysed co-condensation with polymers containing 
hydroxyl groups. In the presence of a strong acid catalyst the co-condensation 
with liydroxyl groups is many times faster than self-condensation. 

From this work, a rather clear picture of the reactions of the NCH,OR 
group was obtained, but it  is well-known that butylated melamine resins also 
contain N C H , O H  groi~psI" iind'or NH groups. It is also well-known that 
"reactivity" of butylated melamine resins increases wit I1 decreasing formal- 
dehyde to melamine ratio and with decreasing degree of etlieritication". I t ' ,  ly. 
Generally a high "reactivity" of the melamine resin has the following effect\: 

(a) high viscosity, 
(b) rapid cure, 
(c) low white spirit rolerance. 

"Rapid cure" means: 
(a) higher hardness at equal stoving tenipernturc, 
(b) lower stoving temperature necessary for obtaining equal hardness. 
(c) less melamine resin necessary for obtaining equal hardness. 

This qualitative picture does not sulfice to explain and predict the curing 
behaviour of an arbitrarily chosen alkyd-melamine resin combination. 

I n  order to make a study of this problem, it  is in the first place necessary to 
relate "reactivity" to the relative amounts of different functional groups present. 

In this paper. the analysis of a series of commercial butylated melamine- 
formaldehyde resins (henceforward referred to as "MF-resins") is described. 

MF-resins, differing in content of functional groiIps, were selected and their 
cure with alkyd resins of difyerent hydroxyl value and average molecular weight 
was investigated. 

Analysis of MF-resins 
Evaporation of the organic solvent fro111 a co~nmercial MF-resin, as well as 
any analysis carried out in an acid medium, leads to changes in the nature and 
content of functional groups. For this reason, it  was thought most convenient 
to relate analytical data to the melamine content and not to the "solids content" 
of the resin, and to use analytical methods which did not involve removal of 
solvent or the use of acid reagents. for the determination of functional _groups. 

Melamine content was calculated from w nitrogen determination according 
to Kjeldahl. A method, described by Knappe and P e t ~ r i ' ~ ,  for the determination 
of melamine by direct titration with perchloric acid in anhydrous acetic acid 
appeared to be unreliable, since i t  could be shown that the results were dependent 
on titration speed. Good results were obtained only for melamine itself. 



Formaldehyde content was determined by hydrolysis of the resin with 
phosphoric acid at elevated teniperntures. followed by reaction of the evolved 
f,niinldeliyde witli aqueous hydroxylammonii~~n chloride and colorimetric 
titration 01' hydrocliloric acid formed with sodium hydroxide. 

This nictliod, evaluated by "Nederlandse Stantsmijnen DSM". proved to be 
at least as accurate but much less tiresome than the "chromotropic acid method", 
recommended by Moratli and Woods'!'. Functional group analysis comprised 
itnalysis for content of CH,OH groups and of N H  groups. No suitable 
niethod for the deter~iiinatio~i of NCH,OR groups which did not involve 
removal of solvent could be devised. Tlie methods used for CH,OH and 
-NH _ P ~ O L I ~ S  will now be described in niore detail. 

Determination of methylol groups 
Many methods have been described for tlie deter~iiination of metliylol groups 
in  nclueous media. Tlie methods for determining methylol groups in organic 
solvents are not so numerous. One method, described in the literature'!', involves 
methylation witli HCI-containing methanol, followed by determination of 
water formed by the standard Karl Fischer method. It is also necessary to 
determine the water content of the original sample. This method is very liable 
to give erroneous results. According to Miyauchi"'. i t  is possible to conduct the 
iodi~netric titration of methylol groups in dioxnn as a solvent. The present 
author was not, however, able to obtain good solubility in this manner. and 
based his determination of methyl01 groups on the well-known reaction of 
formaldehyde with dinledone (5.5-dimethyldihydroresorcinol)". 

Two moles of this compound condense witli one mole of formaldehyde to form 
methylenebismethone. Dimedone. as well as methylenebismethone. is a mono- 
\.alent acid. So. for each mole of formaldehyde reacted. one equivalent of 
alkali is formed. 

When applying this method to solutions of fornialdehyde in 11-butanol, 
it appeared necessary to heat tlie solution to temperatures in excess of 60'C in 
order to obtain reaction of formaldehyde at n measurable rate. At XOC, 
coniplete reaction was obtained within 20 minutes. The reagent was added as a 
neutrnlised solution and the alkali formed was back-titrated continuously 
with a solution of HCI in methanol. Reproducible results were obtained on 
solutions of known formaldehyde content. It may be concluded from these 
experiments that formaldehyde is much more tenaciously held by butanol 
than by water. Tlie same procedure wits now applied to solutions or dispersions 
in butanol of compounds containing formaldehyde in the form of -NCH,OH, 
--OCH,OH or N C H , O R  groups. 

Tlie following compounds were tested: dimethylolurea (DMU). liexa- 
~ncthylolmelamine (H M M). liexitkis(methoxymethyl)melnmine ( HMM M). 
Iiexakis(butoxymet hyI)melamine (H BM M), (prepared from H M M M by 
trunsetherilication at IOU C in the presence of phthalic ncid as 21 catalyst. 
using 11-heptane for azeotropic removal of methanol formed), tris(ethoxymethy1)- 
melamine (TEMM)".and dibutylformal. Results are sumniarised in Table I. 
lodimetrically determined C H , O H  contents and CH,O contents. determined 
by pliosplioric ncid hydrolysis, are also given. For comparison, results for n 
rolution of CH,O in b~~ti tnol  itnd for CH,O-free butanol are added. 
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From the results of Table 1 we may conclude that at 80°C -NCH,OR 
groups and -OCH,OR groups remain unattacked, whereas formaldehyde is 
split off from -NCH,OH groups as well as from -OCH,OH groups. 

It is very probable that. under these circumstances. no decomposition will 
occur of butylated methylol groups, methylene bridges (-NCH,N-), and 
dimethylolether bridges (-NCH,OCH,N-), which may be present in the 
MF-resin. So it  is in this way possible to determine the amount of formaldehyde 
present as aminomethylol groups (-NCH,OH) and as "free formaldehyde" 
(mainly C,H90CM,0H). It will be very difficult to distinguish between these 
two kinds of methylol groups. I t  will depend on the relative reactivities and 
amounts present of butanol and N H- groups available for reaction which 
kind of methylol group prevails. In order to impede condensation reactions 
in NH-containing MF-resins during analysis, all analyses are carried out in 
dilute solution (Ig resin/100ml butanol). 

Estimatioti of' NH-groups 
It was found that substances containing the entity 

0 N- 

NH- NH- 

within their structure showed near infra-red absorption at a wavelength of 
1480nm. When no N-H bonds were present, no absorption occurred at this 
wavelength. The OH absorption in this spectral region shows a maximum 
at 1420nm. The measured extinction values at 1480nm for a number of MF-resins 
were directly proportional to resin concentration within a suitable concentration 
range. Attempts, however, to use bis(butoxymet hyl)urea (BBM U)23 as a reference 
material failed because of serious deviations from Beer's law at low concentra- 
tions in choloroform. Therefore, solutions of TEMMZ" a substance which 
is not easily purified and characterised, had to be used for calibration. 

This substance was characterised by determination of nitrogen content, 
formaldehyde content, methylol content (see Table I) and ethoxyl content. 
No evidence was found for the presence of N H, groups in commercial M F-resins. 

Rcsults 
Twelve commercially available MF-resins were analysed for nitrogen content, 
CH,O content, content of CH,OH groups and content of NH groups. The 
resins are coded A,, A,, A,, A,, B,, B,, B,, B,, C, D, E and F. Resins designated 
by the same letter were obtained from the same manufacturer. Series A and B 
are arranged in order of increasing reactivity as stated by the respective manu- 
facturers. Resins C, D, E and F were said to be extremely highly reactive. 

In Fig. I an example is given of the relation between concentration and near- 
infra-red extinction at 1480nm for solutions in chloroform of resin D and 
reference material TEMM. The extinction of the other resins was measured 
at one concentration only. 
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The r e s ~ ~ l t s  are sumniarised in Table 3. 

Fig. 1. Extinction of solutions in chloroform of TEMM and Hesin D. at wavelength 14HOnm 
cell thickness Icm 

Weight percentages of nitrogen. formaldehyde. and forninldehyde present 
in the form of -CH,OH groups, calculated on weight of butanol-containing 
resin. as obtained from the mnnuf:~cturer, are summnrised in Table 3. 

Furthermore, this table contains the percentage "solids content," as deter- 
mined by determination of weight loss after 4Xhr drying ill ~ ~ ( ~ c - u o .  The methylol 
content of the material remaining after drying was also determined. This 
methylol content, calculated as wcight percentage CH,O on the weight of the 
original solvent-containing resin, is also given in Table 3. 

From the results. sumninrised in Table 3, the molar ratio of formaldehyde 
to melamine ( F , ' M )  for each MF-resin wits calcul;~ted. In the sanie way the 
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TN/>/ (~  2 

I~.vtitrctiotr.s rrt 148011tir o f  .volrttiotr.s itr c11lorofi)rrii of 
MF-rc~.sirr.s. ('c.11 t/iic/\ nc,.s,s Ictir 

M F;-resin Concentration ' Extinction 
(g/lOml) 

~ - -  - - -  - ~. 

A I 4.738 0.103 
A, 3.239 0.076 
A:, 3. I52 0.2 1 7 
At 2.990 0.335 
14 I 3.472 0.082 
H, 3.43 1 0.125 
[<:I 3.530 0. I60 
1s I I 3.712 0.160 
C 3.03 1 0.467 
D I .66 I 0.373 
F. 3.625 0.359 
F 3.455 0.182 

ratio CH,OH,'M was calculated. The number of -NH groups per mole of 
melamine (NH 'M) was calculated from the results of Tables 2 and 3. If we 
assume that no solvent butanol is left after drying in vacuo, the remaining 
methylol content must be present either as CH,O, tenaciously held by the M F -  
resin, and 'or as -NCH,OH groups. 

.Vitrogrri-coritc~~i/, ,fi)rtirrrlclr~li~~cI(~ c.otitrrrt, "so/ic/.s c.otr/err/." ut~rl corrtrtrt of r~rethsbl grollps, 
h(:fi)rc, crtrrl rrftcv (trying in vacuo 

As a simplification. this methylol content may be regarded as being entirely 
due to the presence of -NCH,OH groups in tlie original resin and may be 
enumerated -NCH,OH 'M. 

MF-resin Nitrogen Forli~aldeliyde Methylol 

The calculated values of F'M. CH,OH'M, NCH,OHiM. NHIM and F/M 
-CH,OH/ M. the latter representing the number of moles of formaldehyde 

Solids Methylol content of 
solids 

ow ow ( ) i , ~ C H 2 0  ",w 
- - - - - 

AI 14.7 34.9 1 12.6 
AL 12.7 30.0 13.0 

79.6 ~ 8.7 
69.4 9.6 

15.8 A:, 29.8 I 10.3 73.6 , 8.6 
A4 16.8 26.2 5.7 1 75.9 4.5 
I3 I 15.5 32.4 4.2 84.0 2.0 
H, 13.2 26. l 3.5 
B :I 17.2 35.6 7.0 
t3, 17.2 1 30.3 14.7 78.0 12.6 
C‘ 17.4 18.4 2.1 62.7 1 .? 
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per mole of melamine, present as butylated methylol groups plus bridges 
-NCH,l'*I- and/or -NCH,OCH,N-, are si~mmarised in Table 4. 

An attempt may be made to c:ilci~late the relative amounts of -NCH,OR 
groups, -NCH,OCH,N- bridges and -NCH,N- bridges present per mole 
of melamine from the data in Table 3. 

If: number of -NCH,OCH,N- bridges per mole of melamine s 
number of - N C H , N  bridges per mole of melamine . . j- 
weight percentage solids . . . . . . . . . .  - S 
weight percentage nitrogen . . . . . . . . . .  - -  N 
weight percentage formi~ldehyde . . . . . . . .  . .  - F 
weight percentage loss of methylol-formaldehyde on drying - F' 

we find the following relations: 
(I)  130.r = 56(F M-CH,OHrM)-X4(SP3N 2- F $ F') N-I 
in case only -NCH,OCH,N- bridges are present and 
(2) 7 4 ~  = 56(FJM -CH,OH M) - 84 ( S  - 3N/2 - F ! F')N-', 
in case only -NCH,N- bridges are present. 
For the cases ( I )  and (2) the amount of -NCH,OR groups per mole of melamine 
may then be calculated according to 
-NCH,ORIM F/M - CH,OH/M - 2.v. or 
--NCH,OR/M F M - CH,OH 'M - y, respectively. 

The resi~lts of this calculation are shown in Table 5. 

The data in Table 5 are rather arbitrary. since ninny assumptions were 
involved in deriving them. Nevertheless these data may provide a suitable 
basis for some qualitative considerations. So, it will be clear that values exceeding 
one for the number of bridges present are very improbable. This implies that 
in resins of the type A,, A,. H,. R - and B,, NCH,OCH,N- bridges must be 
present. 
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Tuhli, 5 

N~rr~iher.~ r$ NCH,OR grorlps, NCH,OCH,N- bridges rrtrrl - NCH,N-hrir1ge.s per mole 
of nrc,kumi~ri~ 

NCH.,OCH,N only 
--- 

- NCH,OCH,N / M  I NCH,OR/M 

- NCH,N - only 

- NCH,N / M  I - NCH,OR/M 

Resins of the types C and D, apparently prepared at very low F/M ratios 
(see Table 4), may contain -NCH,N- bridges only. We now consider the 
figures, given in Table 5 in the third column from the left, as reasonably 
approximative values for -NCH,OR/M. The least reliable figures in Table 4 
are those given for the value of -NCH,OH/M. The values of F/M -CH,OH/M 
and, to a smaller extent, those of NHIM, are more reliable. For this reason, 
it is probably better to calculate -NCH,OHIM, according to: 

Values of -NCH,OR,/M, -NCH,OHIM, and -NH/M, based on these 
considerations, are summarised in Table 6. 

N~it?rhi~r.~ of gro~rps - NCI-120 R, - NCH,O H rrnrl - N H  per 
rtroIi> rftt~c~krmitri~ 
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From the data show11 in Table 6. the conclusion may be drawn that "reactivity" 
shows a tendency to increase with a decrease in -NCH,OR M. This implies 
invariably that, provided tlie M F-resins have comparable degrees of condensa- 
tion, "reactivity" tends to increase with increasing amounts present of -NH 
groups or -NCH,OH groups or both. I t  must be borne in mind that the 
presence of N C H , O H  groups has not been proven, but this does not ntrect 
the above conclusion. I f  only -NH groups were present. curing of alkyd- 
M F combinations below temperatures of 150°C w o ~ ~ l d  proceed mainly through 
self-condensation of the M F-resin, since reactions of the - NCH,OR group 
with hydroxyl groups of tlie alkyd resin are not to be expected under these 
conditions1! If, however. mainly N C H , O H  groups were present. co-condensa- 
tion as well as self-condensation might occur. Co-condensation in this case 
would be favoured by a high hydroxyl v a l ~ ~ e  of the alkyd resin and a low content 
of -NH groups of the MF-resin. Thus. resins C and D will probably cure 
mainly by self-condensation, whereas F in addition has an opportilnity for 
co-condensation. Resin Bl will probably show the lowest overall degree of cure. 

Alkyd resins 
Degree of cure will be influenced by hydroxyl value us well as by lnoleci~lar 
weight of the alkyd resins used. Four alkyd resins were prepared from isophthalic 
acid (IPA), trimethylolpropane (TMP), and lailric acid (LA). The resins are 
coded: H 170, L170, H 100. L100. The designation H means that the resin was 
formulated close to its gel point at acid value 10. The designation L means 
that the resin was fi~rther removed from its gel point than an H-resin at the 
same acid value. The numbers 170 and 100 stand for the hydroxyl values. 
All resins were cooked to acid value 10. In Table 7. the amounts of starting 
materials used in the preparation of each resin are given ( i n  nig g resin), together 
with the calculated pA gel" for each resin. 

a lkyd  resin ' isophthalic acicl ' lauric acid , ~ r imct l iy lo lpropane p A  gel 
mg/g resin j mg/g resin nigi'g resin 

- - - - - -- - - - - 
~ 

H I 7 0  477.2 1 202.3 439.0 0.9 16 
L170 439.4 246.6 428.3 0.943 
H I 0 0  405.3 337.8 372.0 0.9 1 5 
LlOO 372.5 376.2 362.8 0.943 

Molecular weight distributions of the alkyd resins were determined by gel 
permeation chromatography on polystyrene gel, using tetrahydrofuran as 
eluting agent, and polyglycols for calibration. Results are shown in Figs. 2 and 3. 
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Cure of MF-resins and of alkyd-MF-resin combinations 
Various methods have been devised for assessment of cure. Well-known methods 
include thermogravimetry, differential thermal analysis, infra-red spectroscopy, 
solvent-extraction, swelling by a solvent, and determination of modulus of 
elasticity or rigidity of swollen films. Swelling of supported films has been 
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measured by Lewis" with an indentation tester. Cure of liquid materials has 
been followed by studying rigidity changes by means of torsional braid analysis". 
Rigidity changes of thin supported films have been studied by Zorll by means 
of a torsional pendulum method. Results, obtained with a Kiinig pendulum 
hardness tester, were in good agreement with those obtained by the torsional 



pendulun~ method5. Japanese workers used the temperature dependence 
of damping of pendulum oscillations for assessing cure of acrylic resin- 
modified H M MM combinations". Tlie author decided to measure Konig 
pendulum hardness us a function of stoving temperature in order to compare 
curing performance of ditTerent alkyd-M F-resin systems. 

Kbnig pendulum hardness is recorded as the period of time elapsed between 
t ~ v o  fixed boundary conditions for the an~plitude of the pendulum. 

The logarithmic decren~ent. defined as: 

A I, A amplitude, 
\ I n  , where 

A,, , I 11 amplitude number, 

is inversely proportional to the number of oscillations which occur between 
these boundary conditions. 

Cross-linking leads to a decrease in 12. so the influence of stoving temperature 
on curing can be estimated by measuring Konig pendulum hardness as a function 
of stoving temperature. Tlie limiti~tions of this method are appreciated, but in 
this way it is possible to  compare the infli~ence of stoving temperature on curing 
of a large number of resin niixti~rcs within n relatively short time. 

E.~prr. inic~ti t~~I ntc>tho(ls 

The MF-resin or alkyd-MF-resin mixture to be investigated is applied by means 
of a wire coater to an aluminiuni sheet of O.lcm thickness, having a surface 
area of 120 . 9cm2. 

If necessary. the resin (mixture) is first diluted to the desired viscosity with 
:I mixture of equal volumes of xylene and butanol. After u preliminary drying 
period of one hour at roo111 temperature, the coated sheet is placed into a 
"gradient cure block." Tlie essential part of this equipment is an aluminium 
block. having n surf~ice area of about 120 . 9cm" which is maintained a t  a 
temperature gradient of 20-200 C along its length. The sheet is brought into 
direct contact with this block, removed after the desired stoving period and 
~ to red  at 20 C and 65 per cent relative humidity. 

The temperature gradient of the block is not exactly linear. The temperature 
is measured at IOcm intervals alongside the block. The corresponding points 
are marked on each sheet and film thickness. and Kanig pendulum hardnesses 
are determined after storage for periods of 24hr. 4Xhr and 72hr respectively. 
Kbnig pendulum hardness is recorded as the time (in seconds) elapsed between 
amplitudes of 6" and 3". For each sheet. plots of pendulum hardness versus 
stoving temperature are prepared. 

Rcnrlts 
In Fig. 4 the influence of stoving te~iiperati~re on Konig pendulum hardness 
of MF-resins A,.  A , ,  B,. €3,. B , ,  D, E. F is illustrated. Stoving time was 15 
minutes. 
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Fig. 4. Konig pendulum hardness v. stoving temperature. MF-resins, stoving time 15min 

In  Fig. 5 results are shown for the same MF-resins, to which 3 per cent by 
weight of monobutyl phthalate had been added as a catalyst. This amount of 
catalyst corresponds to the amount of carboxylic acid group present in the 
alkyd-MF-resin mixtures to be described in this section. 

In Figs. 6. 7, 8 and 9 results are shown for mixtiires of MF-resins B,, B,, B,, 
D, F and H M M M with alkyd resins L 100, H 100, L 170 and H 1 70, respectively. 
The mixtures were prepared in such a way that the weight ratio of alkyd resin 
solids to melamine present in MF-resin amounted to 9:l for each mixture. 
The resulting weight percentages of MF-resin in the mixture varied from 
22 per cent (for resin D) to 30 per cent by weight (for resin A,) calculated as 
solids. Stoving time was 30 minutes. Experiments at stoving periods of 15 minutes 
and 60 minutes were also carried out, but there were no important differences 
in the results, shown in Figs. 6, 7. 8 and 9. Experiments with the addition of 1.5 
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Fig. 

per cent by weight monobutyl phosphate (calculated on alkyd resin solids) 
as a catalyst were also performed. The main result was that pendulum hardness 
started to increase at temperat~~res about 10°C lower for all alkyd-MF-resin 
combinations. except in the case of H M M M ,  where a sharp increase was noted 
at a temperature of about 90°C which is about 80°C lower than in the absence 
of a catalyst. 

180 

The measured film thickness varied from 25 pm to 40 pm. The largest 
difference between measured film thicknesses on one sheet was about 10 pm. 
A relation between stoving temperature and film thickness could not be 
ascertained. 

. 

Discussion o f  rcsults 
Pendulum hardness will be dependent on the following main factors: 

170 . 

I60 . 
150 A 1 

cn 
V 

130 . 
V) 
U) im 
W 

a 

20, 

10 

M LO SO 60 70 80 SO 100 110 120 130 140 150 160 170 180 190 2W 
STOVING TEMPERATURE (OC) 

5. Konig pendulum hardness v. stoving temperature. MF-resins, catalysed with monobutyl 
phthalate. Stoving time 15min 

1. hardness of the solvent-free resin, 
2. amount of plasticiser present, 
3. degree of curing. 



Fig. 6. Konig pendulum hardness v. stoving temperature. MF-resin-alkyd LlOO combinations. 
Stoving time 3Omin 

Fig. 
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Fig. 8. Konig pendulum hardness v. stoving temperature. MF-resin-alkyd L170 combinations. 
Stoving time 30min 

It is now assumed that the first two factors will have their main influence on 
the overall level of pendulum hardness, whilst a steep rise in pendulum hardness 
at a given temperature will be largely due to the third factor. This temperature, 
at which a maximum change in pendulum hardness is observed, is here 
designated the "curing temperature." 

On comparing the results shown in Figs. 4 and 5, the catalytic effect of 
monobutyl phthalate is clearly demonstrated. The curing temperature is consi- 
derably lowered by the addition of monobutyl phthalate, especially in the case 
of resin D which should be particularly prone to self-condensation (see Table 
6). The smallest effect is noted for resin B , ,  which apparently does not contain 
sufficient -NH and,'or -CH,OH groups for rapid self-condensation. In  
Table 8. curing temperatures of monobutyl phthalate catalysed MF-resin are 
compared with the values of -NCH,ORIM. The MF-resins are arranged in 
decreasing order of -NCH,OR,'M values. In the case of equal -NCH,OR/M 
values, the resin with the lowest value of -NH!M 4- -CH,OH/M is mentioned 
first. 
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30 40 50 60 7080901CO 1 1 0 l X ) 1 ~ ~ 1 ~ 1 ~ 1 X ) 1 ~ 1 ~ ~  
STOVING TEMPERATURE ( "C)  

Fig. 9. Kiinig pendulum hardness v. stoving temperature. MF-resin-alkyd HI70 combinations. 
Stovinp. time 30n1in 

Values of curing temperature. as sumn~arised in Table 8 ,  are meant to be 
used only for establishing relative differences in tendency towards self- 
condensation of MF-resins. One may then concludc that the tendency of 

T(rh/i, N 
Crrritrg ti1~rrpi1ru/rrri> of  111otroI>rr/.1~1 p / r t / i ~ r / ( r t i ~ - c ~ ~ t ~ ~ l y . v ~ ~ ~ /  Mk--t.c.sitr.~ 

and tirrttrhi~r of  ~ r o r t p s  - NCH,OR priB.sctr/ 

N C H , O R / M  MF-resin Curing tcniperaturc 
( C )  
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MF-resins, catalysed by monobutyl phthalate, towards self-condensation is 
inversely proportional to the number of groups -NCH,OR present. So, it 
may be stated that the MF-resins in Table 8 are arranged in order of increasing 
"reactivity." 

The occurrence of a slight plasticising effect of monobutyl phthalate may be 
deduced from the absolute values of pendulum hardness obtained at high stoving 
temperature (see Figs. 5 and 6). This same plasticising effect was observed on 
using monobutyl phosphate in curing alkyd-MF-resin combinations. 

The higher values of pendulum hardness of "more highly reactive" MF- 
resins are not necessarily due to increased curing, but may also be caused by the 
presence of only a small amount of plasticising -NCH,OR groups. 

Tt is to be expected that self-condensation of MF-resins plays an important 
part in the curing of alkyd-M F-resin combinations. The results shown in Figs. 
6, 7, 8 and 9 confirm this point of view. There is no large influence of alkyd 
resin type on the relative order of c ~ ~ r i n g  temperatures of MF-resins. 

Combinations of alkyd resins with HMMM, which can cure only by reaction 
of OH groups of the alkyd resin with -NCH,OR groups of HMMM show 
much higher curing temperatures than combinations of alkyd resins with other 
MF-resins. The curing temperature of alkyd-HMMM combinations is more 
dependent on OH value than on molecular weight of the alkyd. This difference 
may also be caused by the large influence of alkyd resin type on the absolute 
values of pendulum hardness, due to differences in the isophthalic acidllauric 
acid weight ratio. Generally, alkyd resin type has a much greater influence on 
pendulum hardness than MF-resin type, but this does not prove that faster 
cure is obtained with alkyds of higher OH value and/or molecular weight. An 
important contribution of co-condensation to pendulum hardness is to be 
expected for those MF-resins which have a relatively high ratio of 
-NCH,OHi'M to -NHIM (see Table 6). This effect should be most conspicuous 
for M F-resins having little opportunity for self-condensation. These views 
are verified by the results in Figs. 6 ,  7, 8 and 9, in comparison with those of 
Fig. 5, but, again, this effect may also be due to differences in plasticising 
character of the alkyd resins for the different MF-resins. 

The results obtained at temperatures in the vicinity of 200°C indicate a general 
plasticising effect of the alkyd resin, especially in the case of highly reactive 
MF-resins. For low reactivity MF-resins however, pendulum hardness continues 
to rise with an increase in temperature, and values in excess of those reached 
in the absence of an alkyd resin are possible with alkyd resins of high OH value, 
exactly as is the case with HMMM. 

This difference between MF-resins of high reactivity and of low reactivity 
can be explained by their different rates of self-condensation, self-condensation 
of highly reactive MF-resins being too fast to allow for sufficient co-condensation 
with the alkyd resin. 

Additional experiments 
An attempt was made to find confirmation for some of the opinions expressed 
in the preceding section by determination of percentage acetone-extractable 
material, modulus of elasticity of acetone-swollen films, and dependence of 
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The results of Table 9 show that a t  llO0C more cure is obtained with the 
high reactive resin, whereas a t  150°C the low reactive MF-resin has the higher 
degree of cure. For the high reactive MF-resin these differences are not reflected 
in the pendulum hardness values. Apparently co-condensation has a greater 
influence on pendulum hardness than self-condensation. 

the logarithmic decrement A on temperature by means of a torsional pendulum 
method, for some selected alkyd-MF-resin combinations. 

For this purpose, coatings on steel panels as well as free films were prepared. 
First, the percentage extractable material of L170-D combinations (see 

Fig. 8), baked a t  105"C, 130°C and 200°C respectively, was determined, in 
order to check the apparently small differences in curing of highly reactive 
MF-resins a t  temperatures between 100°C and 200°C. The acetone-extractable 
material a t  these temperatures appeared to have values of 15 per cent by weight, 
15 per cent by weight and 20 per cent by weight (based on film weight) 
respectively. Pendulum hardness values were 127, 127 and 123 sec, respectively. 

Next, percentages of extractable material in combinations of H 170 with 
MF-resins B, (low reactivity) and F (high reactivity, high content of -NCH20H) 
were determined. Alkyd,'MF weight ratios of 80i20 and 70130, and baking 
temperatures of l 10°C and 150nC, were chosen. Results are summarised in 
Table 9. 

T~rOlc. Y 
Percentugc extrrrctrrhle rrrrrtc,ricr/ ~ r n d  ~ J C W ~ / ~ ~ / ~ I I I I  ~ ( I I  ( /ITC(.\  o f  (.otlihi11~li~111~ of  HI70 with B,  

I clt I I0 C ~ t r t l  I50 C' 

Some further experiments were carried out to estimate the relative influences 
of several factors on pendulum hardness. Alkyd/MF combinations used, baking 
temperatures, and results, are sulnmarised in Table 10. Pendulum hardness. 
percentage extractable material, modulus of elasticity of acetone-swollen films 
a t  20°C, and the dependence of the logarithmic decrement A on temperature 
were determined. The modulus of elasticity in acetone E,,,. is a measure for the 
mean molecular weight M,. of chains between cross-links. Changes in E,, of 
one and the same material are thus indicative of changes in degree of cross- 
linking of this material. Plots of A versus temperature were used by Ohe et a].?" 
to estimate relative degrees of cross-linking of similar materials. A maximum 
value of A occurs a t  the glass transition temperature T,. 

Pcndulum 1,;irdness 

(sec) 
-- 

86 
148 
9 I 

152 
- - 

164 
159 
172 
167 

Baking tcn~pcruturc 

( C )  
- - - - - - - 

I I0 
150 
l I0 
1 50 

- - - - -- 

MF-resio 

- - 

BI 

- - 

Extractable 
material 

( '%,w) 

23 
4 

15 
1 

15 
8 

10 
3 

AlkydIMF 

(wlw) 
- - - 

80120 
80120 
70130 
70130 

-- - - 

F 

80/2C, l I0 
80120 I50 
70130 l I0 
70130 ~ I SO 
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Toblc 10 
Vnkras of K P ,  E.Y, E,,. T,, er~rcl A ,t,r,.r, of cilk)~c/-MF-r-r>.sirr cortlhit~otio~l.c., crir-r~l utrekcr c/iffi,r.elrt 

conelitions 

Values of K6nig pendulum hardness. K P .  percentage extractable material, 
Ex. modulus of elasticity in acetone, Er,,. glass transition temperature, T,, 
and maximum value of A ,  i? ,,,.,,, are summarised in Table 10. Baking time 
was 15 minutes. 

The results in Table 10 illustrate the risks involved in comparing degrees 
of curing of widely differing resin combinations on the basis of one parameter 
only. According to values of E.r, high degrees of cure are obtained with H IOO/B, 
and H I70 'H  M M M. However the presence or absence of a strong acid in H 1701 
HM M M leads to large ditkrcnces in K P .  Ert, and T,. The high values of E,, 
and T, observed in the presence of strong acid apparently are caused by self- 
condensation of HMMM. This same effect of self-condensation on E,,. and 
T, may be noted for H IOO'B, and L170 D. c~lred at high temperatures, although 
in the latter case overall degree of cure, as indicated by Ex, is low, due to 
insufficient co-condensation. 

The large difference between K P  of H 170 B, and LI 70, D is probably partly 
due to the high K P  of the solvent free MF-resin D (see Fig. 5). The low K P  
\ due  of H 170,'H M M M, catalysed by monobutyl phosphate, compared to 
that of the uncatalysed combination. may be the result of a plasticising effect 
of monobutyl phosphate. Generally K P  values of monobutyl phosphate- 
catalysed combinations were abnormally low, but no silch effect was observed 
for penetration hardness as measured with a Wallace indentation tester. 

i 
Alkyd resin MI--resin Haking ~~il:tlysl 

tc~npcratilrc ~ ( C )  
~ 

Conclusions 
On the basis of the foregoing results, discussions and observations, the following 
conclusions are drawn. 

1. The relative amounts of filnctional groups present in butylated MF-resins 
can be determined by analytical methods. 

I 

3. Relative rates of cure of butylated MF-resins are inversely proportional 
to the number of butylated aminomethylol groups present. 

3. Butylated MF-resins, containing a high proportion of butylated 
aminomethylol groups, are more capable of co-condensation with alkyd 
resins than those containing a low proportion of butylated aminomethylol 
groups. 

K P  CS 611 T,c s51nax 

- 

1.0 
0.6 
0.9 
0.8 
I.? 

1.1 

- - - - - - - - 

HI70 1 B, 130 ) none 1 93 15 ! 1.2 40 
114 1 5 , 18.5 55 
152 22 , 2.6 : 45 
132 18 i 24.3 1 50 
I 3 l  I 3 ; 24.5 : 80 

191 7 2.1 1 4) 

H I 00 R ,  
L170 D 
L170 D nonc 
HI70 HMMM 130 monobutyl 

I 

HI70 l H M M M 1  200 

phosphale 
none 
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4. Co-condensation o f  completely etherified MF-resins wi th  a lkyd  resins 
takes  place at a measurable  rate at temperatures  in excess o f  150°C. N o  
self-condensation occurs. 

The conclusions on cur ing a r e  valid only  f o r  resin combinat ions  which do 
not conta in  a s t rong  acid  catalyst, such as phosphor ic  acid. 
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Discussion at the Eastbourne Conference 
MR R.  A. BRETT expressed interest in Dr van Zuylen's work, since it was largely 
complementary t o  work that had been carried out a t  the Paint Research Station on 
the reaction mechanism of alkyd melamines, both in solvent and water based systems. 
He agreed with Dr van Zuylen that true co-condensation of the components such 
as  the alkyd with the melamine should be encouraged. 

H e  asked if there was any information on the effect of the size and  shape of the 
alkyl modifying group used to  etherify the melamine resin on the reactivity of the 
resin. 
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DR J. V A N  ZUYLEN replied that the resins investigated were all of the butylated type. 
Some experiments comparing hexamethoxymethyl melamine with hexamethoxybuty l 
melamine had been carried out, but only be comparing the temperatures at which 
volatile reaction products were evolved. Conibinations of the two compounds with 
trimethylolpropane were cured and the temperature at which methanol or butanol was 
set free recorded. The main result of this had been that no difference in reactivity 
between etherified methylol groups owing to the nature of the alcohol group was noted. 
MR .I. WEAVER asked if i t  was intended to publish further data on the precision of 
the dimedone analytical determination itself, and if Dr van Zuylen thought it was 
~vorthy of co-operative testing between various laboratories. 
DR V A N  Z ~ Y L E N  was not sure about the publication of further data on the analytical 
method. This would depend on the interest of other industries for the method. 

In answer to the second part of the question, there was some testing going on at 
Dutch State Mines. They were very interested because they were producers of melamine, 
and they gave a lot of information about the production of melamine resins. It  was 
intended to compare the methylol determination by the dimedone method with the 
results f ron~  the butoxyl determination by the Ziesel method on the solvent-free 
resin, removing the solvent in vacuo at low temperature. 

He added that he had used the dimedone method only as a semi-quantitative method, 
and did not think it was a very good quantitative method. 
THE CHAIRMAN, DR S. H. BELI., suggested that Dr. Bult might have some comment 
on a co-operative testing scheme. 
DR R. BOLT said that the Verfinstituut TNO would have no objections to co-operative 
testing, and he would be very willing to discuss any proposal for inter-laboratory 
investigation. 
DR L. A. O'NEILL remarked that Dr van Zuylen had quoted in the paper a gel permea- 
tion chromatograni of the alkyds used. Had he looked at any of the melamines 
by gel permeation chromatography, because the technique was quite useful for study- 
ing lorn, molecular weight components, and might have shown differences between 
some of the main types. 

Secondly, some comniercial melamine/formaldehyde resins contained stabilisers 
such as aniines. Had any of the products Dr van Zuylen examined contained such 
stabilisers and would they have aflected the reactivity which he had studied? 
DR \.'A\ ZC~YLEN said that gel permeation chromatography of nielamines and ureas 
had been investigated at the Dutch Paint Research Institute, but no good interpretation 
of the results had yet been achieved. 

As to the second question, he didn't know if amine stabilisers were present, but 
thought it possible. 
MR A. R. H. TAWN complimented Dr van Zuylen on an excellent piece of work. It was 
particularly refreshing to find several dimerent methods being applied comparatively 
in the assessment of cross-link density which, as had been seen, was not necessarily 
closely related to pendulum hardness. 

Dr van Zuylen did not explicitly state that his niodulus of elasticity was a measure 
of cross-link density, but it seenied that this was implied. He himself would utter a word 
of warning about interpreting modulus of elasticity too strictly in this way, because 
such interpretation depended on an assumption which, to his knowledge, had never 
been proved. The theoretical relationship between tensile stress and extension ratio 
assumed an equilibrium process of affine deformation of an incompressible Gaussian 
network conlposed of freely orienting chains. Under the usual non-equilibrium condi- 
tions of measurement, the empirical Mooney-Rivlin equation was commonly employed. 
and the assuniption was made that the first Mooney-Rivlin constant was identifiable 
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with the theoretical expression in terms of the number of chains per unit volume. Such 
comparing of coefficients between a theoretical and an enipirical equation was always 
tempting but could be challenged in logic. Although experience had shown it  to be 
safe to assunie a monotonic relationship between cross-link density and modulus of 
elasticity, there was less than adequate justification for the actual calculation of cross- 
link density values from elasticity moduli as usually measured, particularly as cross-link 
density reached high values and tlie system could n o  longer be regarded as freely 
orienting. One was thus led to question wliethcr this method s h o ~ ~ l d  be regarded, as 
the author seemed to regard it, as the ultimate standard against which others might 
be judged. 

Criticism could also be levelled at the use of percentage of sol, i.v. extractable matter. 
as an inverse measure of cross-link density. Again the relationship invariably appeared 
to be monotonic. but the actual calculation of the one from the other assunled that 
Flory cross-linking statistics applied. These too were idealiscd and seldom described 
closely the behaviour of real systems. 
DR VAN Z ~ J Y I - ~ N  said that he had thought that the modulus of elasticity measured in 
acetone solution gave some idea about the nican length of chains between cross- 
links, and intended to use i t  in this sense only. He had only tried to correlate it with 
the relative degree of self-condensation. When there was a large dimerence between 
the results of pendulum hardness and modulus of elasticity, as in the work he had 
described, the unexpected high values of niodulus of elasticity niight be ascribed to 
a very high degree of cross-linking, but inhoniogeneous cross-linking. Hence cross- 
linking might be high, but the percentage of extractable material would still also be 
high. 
MR P. DE CARPEN.~IER asked if Dr van Zuylen had any additional information on 
how tlie ratio of self-condensation and co-condensation would be amected uhcn 
secondary hydroxyl containing alkyds, as opposed to tlie primary hydroxyl containing 
ones, were used. 
DR V A N  ZUYLEN replied that no work had been done on this as yet. However, there 
was some interest in investigation of alkyds with secondary hydroxyl groups, so it niight 
be useful to do this in the future. 
MR C .  BARKER congratulated Dr. van Zuylen on the detail into which he had gone 
in this problem. 

His question was about the HMMM type of product. The manufacturers of the 
conimercial types of hexakisniethoxyniethylnielaniine resins had made great play 
of the long weight usage that was required of these, in ratio of alkyd to melamine. 
so that one niight use weight ratios of 85:15. His experience had been that this was 
optimistic. 

The point was, what proportion of the available reactivity of HMMM was involved 
in cross-linking, because i t  was a sniall, compact niolecule, and, when cross-linking 
a long-medium molecular weight alkyd, a reasonable proportion could be expected 
to react. When used in conjunction with high molecular weight alkyds, or perhaps even 
with acrylic polvniers, with which it was compatible, however, the chances of realising 
the very high functionality must be rather low, owing to steric considerations. 
DR V A N  ZUYLEN agreed that it was dangerous to make calculations on the basis of 
functionalities, but, in normal practice, in cross-linking reactions of HMMM 
a functionality in the order of 2-3 could be expected depending on the circumstances. 
The higher the degree of cross-linking owing to the other components, the lower the 
functionality of H M MM. However. i t  was almost impossible to get a value of 3. 

A point to be kept in mind was that in niost commercial systems using HMMM. 
there was a strong acid catalyst present, and in this investigation no catalyst had 
been used, except in one experiment mentioned in Table 10. So i t  was difficult to say 



anything about commercial practice in this respect, because when a strong acid catalyst 
was pre;ent there was a lot of self-condensation of the HMMM, although the reaction 
with the hydroxyl groups of another component was much faster. 
MR N. MACLEOI) referred to Table 9 of the paper. Regarding resin F, it would appear 
that at the lower curing temperature the resin was co-condensing, and that a certain 
amount of alkyd must therefore be acting as a plasticiser. Had Dr van Zuylen examined 
the extractable material to see whether i t  was alkyd or nielamine or mixture? 
DR V A N  ZUYL.FN replied that this had not been done. 
MR TAWN, comnienting on Mr Macleod's question, felt that one should effectively 
ignore the very low figures for extractables in this case, as he didn't believe that they 
gave any index at all of the extent of reaction between the melamine and the alkyd 
resin, because there would always be sollie species present in the alkyd which contained 
no hydroxyl groups, as could be shown statistically. If there were species in the alkyd 
which contained no hydroxyl groups, then, on the current mechanism being presunied, 
those species would not react with the melamine, and would remain pernianently 
in the soluble form. Hence there would always be a certain small percentage of perma- 
nently extractable material and what was eff'ectively 100 per cent reaction between 
the melamine and the alkyd would still give up to about 4 per cent of extractable 
material. 
DR V A N  Z C J Y L ~ N  agreed, saying that the deterniination of nitrogen contents of the ex- 
tractable~ had not been carried out because it had been expected that little information 
about relative amounts of self-condensation or co-condensation would be obtained. 
MR P. W. MUNN reniarked that nionobutyl phosphate and monobutyl phthalate 
had been used as catalysts. What influenced the selection of these two particular 
catalysts? Was it governed by the pH value, or was there some need for the use of the 
butyl radical'? 
DR VAN ZUYLFN said that the choice of monobutyl phthalate was based on several 
considerations. An acid catalyst conta~ning acid groups of about the same nature as 
the alkyd resin should be ~ a e d .  The butyl radical gave an acid catalyst that was as 
compatible as possible with the nielaminc resins used. Attempts had been nude to 
use the half ester of isophtlialic acid, but it was inipossible because they were not 
compatible with the resins investigated. 

Monobutyl phosphate had been used in order to see the dilrerence when self- 
condensation of HMMM occurred. Monobutyl phosphate was a catalyst of a 
completely different nature, being a very much stronger acid than rnonobutyl phthalate. 
When a catalyst of this type was present the etherified methanol groups took part 
in the reaction by the splitting otT of the etherifying radical. This was not the case 
uhen acid catalysts of the phthnlic acid type, or weaker, were used. In some cases 
when a weaker catalyst was used it was difficult to catalyse a reaction between 
the hydroxyl groups of the alkyd and the etlierified methanol groups. 

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

" Curing reactions in isocyanate-based surface coatings," by C. Barkc~r nflcl A .  Lowr 
" Electron and ultra-violet curing of coatings," by W. Dc~~i i l i g~r  slid M. Putlici,gcr 
"Process characteristics of electron beam curing," /?y W. H. T. Davison 



Correspondence 
SIR,-Very little attention has been paid to tlie permanent influence of various 
solvents used in film formation, the paper by Katz and Munk in JOCCA 
May 1969 has indicated that final film properties can be niodified surprisingly 
by the choice of solvent. 

Nitrocellulose lacquers are commonly formulated on combinations of 
esters, ketones, alcohols and hydrocarbons; the balance is ~~sual ly  subject to 
considerations of cost, viscosity control, evaporation rate and progressive 
dilution ratio. It is co~nrnonly assumed that, if these requirements are met. 
then the resultant film will be adequate. Indeed, the protagonists of ketones 
and of ester solvents have often regarded these groups as being fairly inter- 
changeable. 

The ~neasurement of such properties as water vapour per~neability and tensile 
strength are rarely carried out and it is most interesting to note the authors' 
arguments concerning film orientation. 

The matter of solvent retention by resins has been commented on from time 
to time but, in practice, there has been little to guide the lacquer formulator. 
apart from a few vague guesses. The reasoning put forward in this paper will 
greatly stimulate deeper thought on the physical formation of films and 1 hope 
that further research will lead to a closer theoretical and practical control over 
this process. 

May I ask Messrs. Katz and Munk how they assess the "goodness" of 
solvent mixtures, such as ethertethanol? Do they mean that a lower viscosity 
solution indicates a "better" solvent? 

With many resins a "better" solvent (~neasured by a more con~plete solution 
of lower viscosity) may be unduly retained by the drying film. This detracts 
from its "goodness" but I would expect orientation to proceed further here 
than where a liiore easily released solvent is used--because of the lower viscosity 
of the film at that stage. There may even be a case for using a weaker solvent 
mixture, which results in a fill11 that is slightly less continuous. Alcohol is an 
imperfect solvent for ethyl cellulose, while toluene is Inore effective. Does the 
former lead to a three-dimensional structure at n lower concentration because 
tlie solute is not so completely in solution to start with? Can this, perhaps. 
be compared with the "seeding" of  crystals froni an aqueous electrolyte'? 

Yours faithfully, 
W. F. Daggett. 

3 Burn Closc-, 
LiltIcl~crnipto17, 
S~~.s.ses. 

SIR,-There are in our opinion three properties which together w o ~ ~ l d  characterise 
tlie quality of a solvent mixture with respect to a given polymer resin. 
( I )  The reduction in viscosity, if e q ~ ~ a l  parts of solvent and resin mixture are 

compared. 

888 
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(2) The homogenity of the solution and its freedom from any opalescence. 

(3)  The homogenity of the mechanical properties of a fill11 cast from this solution. 

For instance, the pure ethanol solution of ethyl cellulose has a lower viscosity 
than the pure toluene solution, but the first solution is cloudy and leads to a 
brittle film while the second solutio~i is clear and gives strong films. 

The best solvent mixture is in this case ethano1:toluene at 30:70 volume 
per cent; this mixture gives clear solutions of lowest viscosity and the mechanical 
strength of the film cast from this solution is at its maxiniun~. Thus, we should 
call that the "best" solvent mixture for ethyl cellulose. 

We quite agree to Mr Daggett's ren~ark that slower drying of the resin 
solution may help in obtaining more colnpact and structurally organised films. 

Yours faithfully, 
R. Katz, B. F. Munk. 

Paiitt Research Assoc.iation, 
Technion Canilxu. 
Haifn, I.sr.ucl. 



Reviews 
REVIEWS I N  MACROMOLECULAR CI~EMISTRY. VOL. 3 

EDITED BY G. B. BUTLER AND K. F. O'DRISCOLL. New York: Marcel Dekker 
Inc., 1968. pp. vii+449. Price 316.50. 

This Journal was not privileged to review Volurnes I and 2 of this series. 
though the present writer does have them in his possession. Readers who have 
hitherto only encountered Volume I, tiiay like to know that the series has now 
become the hard-cover edition of the Journal of Macromolecular Science, 
Part C2. 

In saying tliat this is yet another review series in polymer science. it is to be 
understood that nothing derogatory is implied. The writer has on his book- 
shelves no less than six such series with titles comprising various permutations 
of "Advances." "Reviews." and "Progress" with "Macromolecular chemistry." 
"Polymer science" and "High polymers." Add to these the symposium volumes 
of Jolrrnal qf 'PoI j~~nc~r  Scieticr, the symposium reports of the Plastics & Polymer 
Group of the S.C.I.. and the bound volumes of IIJPAC plenary lectures. all 
of which abound with review papers, then the numerous chapters in the annual 
reviews of both the S.C.I. and the Cliemical Society, in Cl~rn~iccrl  Rel1ic~11.s and 
Quarter-ly RelSie~1.s, arid one appreciates the diliiculty today of keeping up with 
the review literature alone. The term "plethora" springs readily to tnind but is 
perhaps an unfair one since, according to the O.E.D.. it means "unhealthy 
repletion," and it is not suggested that the repletion is unhealthy-yet. But 
already it is becoming indigestible. 

In reviewing this review. tlie writer considers tliat there is nothing wrong 
with its being one of a number, even one of a large number, provided its sponsors 
try not to overlap with their competitors. For the hard-pressed reader who has 
reached a certain level of competence, the rcview series i~ndoubredly provide 
the most economical rneans of keeping abreast of this rapidly advancing field. 
So Mr Marcel Dekker. more power to your elbow. but please try to get together 
with your competitors and share out the field in  a scnsible manner, otherwise 
we will have more reviews of tlie sub.ject than we already have text books. 
and to no better purpose. 

The reviews contained in this volume set a high standard though they do 
vary somewhat in breadth of topic and depth of treatment. As is essential in 
any such production. numerous references are provided, in general up to the 
year before publication. 

The topics covered comprise phosphorus-cotitaiIiing resins, inorganic 
phosphorus polyniers. phosphorylation of polymers. sulphirr-containing 
polymers, polymer tnolecular weight distributions, Iieteroatocn ring-containing 
polymers. molecirlar theories of rubber-like elasticity and polymer viscoelasticity, 
end-group studies using dye techniques, and free-radical spin labels for niacro- 
molecules. Few of these have been reviewed at all con~prehensively elsewhere, 
and all are tin~ely. The short paper on n~olecular weight distributions is concerned 
mainly with the kinetic formulation of tlie problen~ but, since nearly one-third 
of its six and a half pages is devoted to tellirig one so, it is hardly surprising 
that it does not get very far. A. R. H. TAWN 
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A new journal edited by A. A. LAMOLA and published by Marcel Dekker Inc. 
New York: Subscription price: Vol. 1 (4 numbers): 335.00. Vol. I. No. 1. 
January 1969. pp. 155. 

Learned societies, bedevilled by the rising cost of publication, should take 
heart with the appearance of yet another journal devoted essentially to original 
papers and published by a commercial house which has not been deterred by 
the highly specialised nature of the subject matter. There must be money in it. 
The publishers are careful to point out that contributions are published free 
of charge-decent of them. 

The purpose of Mokecular Pl~otochc~t?listry is "to foster discourse between 
photochemists and spectroscopists so that the symbiotic relationship which 
has grown up between their respective fields may be broadened." I n  order that 
this laudable aim niay be achieved, it is stated that papers considered for publica- 
tion will be concerned with photochemical reactions and mechanisms, structure- 
spectra-reactivity relationships, radiationless processes, electronic energy 
transfer. and ~iiolecular orbital calculations. the emphasis throughout being 
on the excited state. Short notes, letters and literature highlights are also to 
be published. 

Looking through the first issue there is little which strikes one as being of 
direct interest to the coatings scientist. even taking the broadest view of his 
field. Papers on the photosensitised cis-trans isonierisation of dienes and the 
photoisomerism of beta-styryl naphthalene ring a faint bell, as do references 
t o  the photochemical behaviour of quinone methides and benzophenone. 
Many readers of JQCCA are likely to lind Mol~clrlar Photochemistry, rightly 
or wrongly, on the extre~ne fringe of their interests; others will consider it 
way beyond them. These will undoubtedly elect to rely on the abstract services 
for any items of special relevance rather than invest money and reading time 
in the original. It may be recalled, nevertheless, that we have referred previously 
to the growing importance of photochemistry in the polymer and coatings 
fields. Those giving special attention to photochemical aspects, whether of 
polynierisation, f l~ i i  formation. degradation or reprography may feel that this 
journal should be read regularly, if only because no abstract can compete with 
the original in providing stiniulus and inspiration. 

A. R. H. TAWN 
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The opening of a British sales company. U-E Chemicals (UK) Limited, has recently 
been announced by Unilever-Emery NV. The new company, which forms an integral 
part of Unilever-Emery's Industrial Chemicals Division, will handle sales of all 
oleochemical derivatives in the UK. 

Fishhurn Printing Ink Company has recently introduced a new non-hcatset web 
offset newspaper printing ink. The ink. Nc>~'.~/iitl.<~, is said to be a dense blue-black. 
with smooth lay on the print, good marking resistance, fast setting, and excellent 
lithographic properties. 

Other colours are available including the three process colours matched to  offset 
equivalents of BS 41 60. 

It has recently been announced that a new company, Tanaka Matthey KK, has been 
formed as a joint venture between Johnson, Matthey and Co. Limited and Tanaka 
Kikinzoku Kogyo KK, the leading Japanese precious metals company. 

The Japanese authorities have approved the forniation of the company, which is to 
commence operating in Tokyo. 

Farbwerke Hoechst AG has recently introduced a new range of metal complex 
pigments, claimed to  have good light fastness, and weather and solvent resistance, 
under the trade name P(ilioto1. Prrliotol Yr.110~1 4G'. a green-yellow pigment with very 
high colour strength, said to be suitable for hammer-efrect and polychromatic finishes, 
Paliotol Y~llow 3R, a reddish-yellow pigment for medium and pale shades, and Prrliotol 
Rrd 3G, a full shade red suitable for combination with inorganic pigments, are now 
available. 

Hoechst have also added H~lio~c.t? Crc>c.n CF, a flocculation resistant pht halocyanine 
green, to the He/iogc.ti range, and introduced Fluorcscc~rit Rctl GG, an organic fluorescent 
dye for use in polystyrene, polymethacrylates, and rigid pvc. 

Speedwell Research Ltd. have announced that agreement has been reached with 
Le Carbone (Great Britain) Ltd. for Speedwell to  have marketing rights in the United 
Kingdom and Eire for centrifugal pumps produced in graphite or carbon by Societe 
Le Carbone Lorraine. 

The Le Carbone graphite pumps, which arc said to  have a world-wide reputation 
for excellence of design, quality of materials, and reliability, will be additional to 
Speedwell's Arrlrrcr range, and will have full technical support from Speedwel I, backed 
by comprehensive co-operation from Le Carbone. 

Ministry approval has been received for the range of Scric~.~ 51 Jrrf~ction Bo.urs. 
announce Barton Conduits Limited. In all. 4 patterns of one-way box, 14 patterns of 
two-way box, 17 patterns of three-way box, and 14 patterns of four-way box are 
available in this range. 

A new booklet on the use of Beckrrrml~ MI21  and Rcc~lirrremc M330LS polyurethanes 
for seamless flooring applications has recently been issued by Beck Koller and Co. 
(England) Ltd. The booklet, entitled "Flooring with BK Beckuranes" is available 
from Beck Koller on request. 
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The third in the series of brochures issued by Perkin-Elmer Limited on the use of the 

PE Moclcl 700 Irlfrcrr~d Grtr/irlg Spcc/ro/)ho/ot~~[>/[>r deals with applications in paint 
and coatings. 

It has recently been announced that Price's Chemicals Limited has taken over from 
its associate company, The British Oil and Cake Mills Limited, the responsibility for 
markct ing hardened castor oil, both in t he U K and overseas. I'ricc's have for some timc 
manufactured t hesc products on behalf of BOCM. 

Storeys of Lancaster have introciitced a training schemc by which young entrants 
to the company may obtain an honours degree in polymer science and technology. 

Young men of 16 or 17 years of age, who have reached a satisfactory standard at 
GCE '0' level, will be employcd by Storey; as student technologists for iivo years, 
during which time they will study for GCE 'A' levels, or ONC, on a day release basis. 

Successful candidates will then enter university or a polytechnic on a four-year 
sandwich course, the vacations and the third ycar of which would be spent with Storeys. 
During the part of the course spent in thc university students' grants would be supple- 
mented by ex-gratia paynicnts. 

A new plant for production of Krutro.~ titanium dioxidc pigments has recently been 
brought into operation by Titangesellschaft MBH. The plant, at Nordenham, at 
the mouth of the river Weser in West Gcrniany, has a capacity of 36.000 metric tons 
per year, supplementing the 104,000 metric tons per year produced at Leverkusen. 

Veba-Chemie AG is the new name of the German company which was called 
Scholven-Chemie AG, it has recently been announced. 

Thc new company's main office and plant will be at Gelsenkirchen-Buer. and the 
fornicr Scholven-Chemie plant at Ruhrol will be operating at Bottrop. Also included 
in the group will be Veba-Chemie West GmbH, at Gelsenkirchen-Buer (previously 
Hibernia Chemie GmbH) with plants in Herne and Wanne-Eickel, and Veba-Chemie 
Nord GmbH, at Hannover (previously Nord-Cliemie GmbH) with plants at Embsen, 
Langclsheini, and Oer-Erkenschwick. 

These changes are said to  havc been carried out in an attempt to anyalgamate the 
chemical and technical developnicnt of the company. 

Pinchin Johnson Paints has rccently produced a loose-leaf brochure giving details 
of the properties, uses and application methods of its range of structural polyester 
resins. The brochure is divided into three sections, covering basic polyester resins, 
ready-mixed polyester resins, and the finishing of resin/glass laminates. 

Copies arc available from Pinchin Johnson Paints on request. 

Ir;ytrli/[> Yi4lo1t~ BGW, an improved nietaxylidide bis-arylamide yellow pigment, 
has recently been introduccd by Geigy (UK) Limited. The new pigment is intended 
for use in letterpress and lithographic inks, and is claimed to  have excellent dispersi- 
bility for these applications, and appreciably better gloss and transparency than 
conventional products of the samc chemical type. 

"Technical Publicat ion No. 3 1 ," reccntly issued by Joseph Crosfield and Sons 
Limited, gives full details of the use of Gr~.sil micronised silica gels as antiblocking 
agents in polyolefin films. 
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Honeywill and Stein Limited, a wholly-owned subsidiary of BP Chemicals (UK) 
Limited, has recently announced that it has been appointed sole U K  agents for the 
distribution of glycols, glycol ethers, and other ethylene oxide derivatives manufactured 
by BP's French associates, Naphtachimie SA. 

This follows the termination by mutual agreement of the arrangement by which 
Honeywill & Stein acted as UK distributors for ethylene oxide derivatives manu- 
factured by Union Carbide Ltd. 

BP Plastics has recently published a booklet giving a suniniary of the plastics 
materials marketed overseas by the company. 

A new personnel selection service, specialising in technical and scientific staff for 
industry, has been announced by Arnold Services, of Warrington. 

As the principal, Mr M. H. M. Arnold, and his associates are all qualified scientists 
and technologists, it is felt that the organisation is well equipped to provide such a 
service. 



Notes nnd Ncms 

Technical 
Exhibition 

Choice of Olympia proves to be very popular 

As announced in the August issue of thc 
Jourtral, the Twenty-second Technical 
Exhibition will be held in the Enipire 
Hall, Olympia from 27-30 April 1970. 

Many con~panies, both from the U K  
and overseas, have already applied for 
space, thus clearly approving of the 
move to Olympia. Any company, there- 
fore, wishing to exhibit is urged to apply 
to the Director and Secretary i~nniediately 
at the address shown on the front covcr. 

The return to a Central London venue 
will, of course, be of benefit particularly 
to overseas visitors in that Olynipia is 
easily accessible froni hotels in the West 
End. The special extension underground 
service from Earls Court to Olympia will 
be operating at 10-15 minute intervals 
throughout the period of the Exhibition. 
The hours when the Exhibition will be 
open are given below: 

Monday 27 April 15.30-1 8.30 

Tuesday 28 April 09.30- 18.30 

Wednesday 29 April 09.30-1 8.30 

Thursday 30 April 09.30-18.30 

As usual, information leaflets in six 
languages are available free of charge 
and these will be distributed to paint 
companies overseas well before the 
Exhibition. Any company or individual 
requiring copies to send to colleagues 
overseas should apply to the Association's 
office. 

Interpreters for French, German, 
Italian and Spanish visitors will be in 
attendance throughout the period of 
the Exhibition, and all overseas visitors 
are asked to sign the Visitors' Book at 
the Information Centre. 

The Association has again made 
arrangements with Grand Metropolitan 
Hotels Limited for hotel accommodation 
for visitors to the Exhibition. A copy of 
the booking form will be enclosed in 
each copy of the Official Guide> being 
sent overseas in the New Year but any 
person wishing to take advantage of this 
service should write to the Association's 
office. 
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Meeting of Council 
The first Council meeting under the 
chairmanship of the newly-elected 
President, Mr A. S. Fraser, took place 
on Thursday 3 July at Wax Chandlers'. 
Hall, 24 members being present. A 
welcome was extended to the three new 
elective members, whose election had 
been reported at the AGM and to 
those others who were attending a 
Council meeting for the first time. 

I t  was reported that, following the 
invitation of Council at its previous 
meeting in April, Dr W.W. Hughes had 
aggreed to present his paper as being on 
behalf of the Association at a plenary 
session of the next FATIPEC Congress 
at Montreux in 1970. 

Agreement was reached on the capita- 
tion fee for the Journal which should 
be paid by the members of the Oil & 
Colour Chemists' Association Australia 
to OCCA for the three years 1970/1/2. 

Council appointed its Committees for 
the session 1969170. A list of these 
appeared in the August issue of the 
Jorrrt~al. Details regarding OCCA repre- 
sentation on other organisations were also 
confirmed and the dates for the Council 
meetings for the forthcoming session 
agreed. 

It was reported that, following the 
Extraordinary General Meeting held at 
Eastbourne on 20 June, at which the 
necessary amendments to the Menior- 
andum to allow the registration of the 
Association as a charity had been 
approved, formal application had been 
made to the Charity Commission. 

After discussion on the 1969 Conferencc, 
which was held at Eastbourne in June, 
it was generally agreed that the facilities 

at the Grand Hotel had been excellent 
and the Conference very successful. I t  
was felt that the theme of the Conference, 
"Film formation and curing," had been 
well chosen, and that the quality of 
papers had maintained the standard set 
by previous Conferences. The Workshop 
Sessions had been well arranged, resulting 
in some stimulating discussion. 

I t  was reported that arrangements 
were in hand for the Past presidents' 
Dinner to be held on 1 October, after 
the Council Meeting on that day, in the 
Court Room at Wax Chandlers' Hall. 

Members were informed that the 
Exhibition Committee had decided to go 
ahead with the arrangements for the 
Twenty-Second Technical Exhibition and 
the Invitation to Exhibit had been 
despatched to potential exhibitors at the 
end of June. The Exhibition would be 
held in the Empire Hall, Olympia, from 
27-30 A ~ r i l  1970. and it was felt bv the 
~ommi t i ee  that 'exhibitors and visitors 
would welcome the return to a Central 
London venue. 

It was reported that the autumn issues 
of the Jour~lal would contain the Confer- 
ence papers and discussions thereon. 
All Sections were urged to forward papers 
which they had for publication, and short 
articles or information for inclusion in 
the Student Review Section. 

Reports were circulated to Council on 
the activities of the Sections since the 
last meeting. Members were parti- 
cularly pleased to learn that the Auckland 
Section was hoping to arrange to transfer 
to the Association's account in the U K  
the accrued surplus for two or three 
years which, for reasons of control on 
foreign currency in New Zealand. could 
not previously be transferred. 

An international flow cup 
The question of an international flow (ISO) Committee TC/35 set up a sub- 
cup to measure the consistency of paint committee, SC9, for general methods 
and paint-like materials has been under of test and sampling of paints and 
consideration for some time. When the varnishes, the inaugural meeting in 
International Standards Organization Wiesbaden in October 1965 proposed 
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an IS0  Standard for measurement of 
consistency by flow cup early in the 
agenda. Some progress towards preparing 
the ground had already been acconiplished 
by the Harmonisation sub-committee of 
the European Paint and Printing Ink 
Manufacturers Association, who were 
considering a series of common paint 
test methods for Europe. However, the 
IS0  sub-committee SC9, while it reached 
agreenxent on the procedures for thc use 
of flow cups, was divided on a 
recommendation for a universal cup, 
the choice being between the Afnor, 
ASTM 1200. British Standard B and 
DIN type flow cups. The British delegation 
broke this ilnpnssc at the Paris meeting 
of sub-committee SC9 in October 1967 
by s~lggesting the possibility of an 
improved design of flow cup, which 
would lead to a better apparatus for 
use in the particular range of consistencies 
where flow measurements were most 
useful to manufacturers and users alike. 
They were asked to undertake a study 
at the Paint Research Station at Tedding- 
ton. The theoretical study, confirmed by 
practical experiments, has resulted in an 
improved design of flow cup. 

The Paris meeting of I S 0  sub-coni- 
niittee SC9 also set up a task group under 
UK leadership to keep in touch with 
this study and, if pron~ising, to institute 
co-operative trials and report to the 
Dublin meeting of SC9 in June 1969. 
The task group, which con~prised rep- 
resentatives from Denmark, France, 
Germany, India, Italy, Netherlands, South 
Africa, Sweden, Switzerland, UK and 
USA, was able to review the theoretical 
aspects of cup design undertaken at 
the Paint Research Station. and to 
consider correspondence from Switzerland 
in support of the Oesterle cup and from 
the USA in support of a series of Sherwin 
Williarns cups. The members of the task 
group were also able to  carry out co- 
operative trials using ten identical cups 
made to a design suggested by the UK 
theoretical studies. 

The results obtained from seven 
countries were reviewed by task group E 
of sub-committee SC9 meeting in Dublin 
in June 1969. Their study was made 

easier by the fact that task group M of 
sub-committee SC9 under the leadership 
of Denmark was studying measurement 
of viscosity of paint and paint-like 
materials at high rates of shear. This 
task group has made good progress in 
formulating an IS0  proposal which will 
be available for assessing the consistency 
characteristics of the more viscous range 
of paints and paint-like materials, where 
their anomalous flow characteristics nxakc 
it necessary to measure the effect of high 
rates of shear on flow properties in order 
to assess properly their application 
~ r o ~ e r t i e s  and control manufacture. 

In view of this developn~ent, the task 
group on flow cups considered it a 
wise policy for IS0  to recognise the 
use of flow cups oldy for paints of near 
Newtonian behaviour. This effectively 
limits their use to paints thinned for 
spraying, dipping and the like and of 
viscosity not greater than 1-1.5 poises. 
I t  has been most unfortunate that flow 
cups have assumed the role of viscometers, 
and it is hoped that this attempt to limit 
their use will help to prevent the mis~~se  
of these instruments. Not only is the 
flow property of one type of paint likely 
to be different from another, but the 
present trend in paint formulation is 
more and more toward built-in anomalous 
flow properties in order to enhance 
application characteristics and obtain 
thicker coatings. Such anomalous flow 
characteristics can only be properly 
assessed by nieasurenxent at controlled, 
and usually high, shear rates. 

The IS0  committee TC/35, at its 
plenary session in Dublin in June 1969, 
adopted the recommendation of its 
sub-committee SC9 and task group for 
flow cups, that a specification for one 
IS0  flow cup based on the suggested 
design should be issued as a draft 
proposal, in the hope that such a cup 
will serve as an international referee 
standard, that it will gradually replace 
the existing national flow cups, and that 
its increasing use will help to eliminate 
the present misuse of flow cups. They 
fully appreciate that such a cup could 
not immediately and automatically re- 
place existing national cups, but they 
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are confident that over a short number of 
years the change-over could be elrected 
and will lead ultimately to a better 
appreciation of the role and proper usc 
of flow cups. The change-over can only 
be efTected if propcr pitblicity is given to 
the I S 0  proposal in all countries con- 
cerned. T o  encourage this publicity, it is 
intended that thc work of the task group 
leading to  the I S 0  reconimendatiot~, 
together with the tlicorctical considcra- 
tions of the Paint Rescar-ch Station on thc 
optimum dimensions for the I S 0  cup, 
shall be published as  a scientific paper. 

A nuniber of flow cups conforming to  
this specification will be available for 
distribution a s  widely a s  possible s o  that 
nx~nufacturers and users of paint can 
familiarise tlicn~selves with the use of this 
cup. I I  is likely that s~li table cups can bc 
obtained from both French and U K  
sources. 

A.  N. MCK.  

Newcastle Section 

The pllotograph sllows sonlc of the golkrs who took par1 in Iile compctitioll. (Ideft to 
right) I<. Kohillson, .I. Bell, N. Ruchan;ln, G. <'arr, I\. 11 ilsoll, A. Stocklcy, I). Anshro, 
'1'. K. I'eacork, H. Fuller, A. Wright, I). V. Sniith, 'I'. Xlcir, I(. Iiodgson, H. I*arnb, 

I,. I'ainc. M. Harvey 

The British Titan Cup b:~ll, bcttcr ball, against bogey, was won 
~h~ eiglltl l  for ,iointly by Messrs. D. V. Smith and T. R. 

Peacock-one down. British Titan Cup  was played for over h i cnd lv  matc,les were played during 
Rrancepeth Golf Course on Sat i~rday the afternoon to round a very enjoy- 
21 June 1969. The competition, a four ablcday.  

Scottish Section 
Symposium 1970 Ci lasgow. 
"Dispersion in theory and practice" will be The following speakers have agreed 
the theme of the Syniposiuni to be hcld to  contribute papers in their special 
by the Scottish Section on 21-23 May 1970 fields of  study: 
in the new town of East Kilbride, ncar W. M. Hess and M. D. Garret 
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(Columbian Carbon Co.) on "Some 
aspects of pigment dispersion with 
particular emphasis on carbon black." 

Dr W. Carr (Geigy (UK) Ltd.) on 
"Dispersion in aqueous media." 

K. Pond (Lorilleux & Bolton Ltd.) 
on "The influence of non-aqueous 
media on dispersions." 

Dr R. Aniberg (Kronos Titanium 
Pigments) on "Some aspects of disper- 
sion in relation to titanium dioxide." 

Dr W. Funke (Forschungsinstitut 
fur Pigniente und Lacke EV) on 
"The influence of interfacial activity 
in paint films on their properties." 

Dr J. B. Slinger (ICI Paints) on 
"Dispersion n~achinery." 
In addition to a discussion period 

after each lecture, Dr S .  H. Bell, of the 
Paint Research Station, will sumrnarise 
the papers as a whole and lead a morc 
general discussion on the Friday after- 
noon. As well as tlie lccture programme, 
there will be a small exhibition by firms 
i r i  tlie industry of the latest developments 
in dispersion technology. A social pro- 
gramme is also planned and will include 
functions for lady visitors. 

I t  is proposed that the Annual General 
Meeting of the Association will be held 
on the evening of 21 May, followed by a 

News of Members 
Mr V. A. Moore, an Ordinary Menibcr 
attached to  the Thanies Valley Section, 
has been appointed Sales Manager, 
Special Products, of Pinchin Johnson 
Paints. He was previously Group 
Technical Development Manager at 
Coventry. 

Mr C. H. Morris. an Ordinary Member 
attached to  the Midlands Section, and 
Chairman of tlie Section from 1966-68, 
has recently been appointed Marketing 
Manager of Resinous Chemicals Ltd. 
Mr Morris, who was previously Technical 
Service Manager of BIP Chemicals Ltd., 
will be responsible for the entire marketing 
group of Resinous Chemicals. 

dinner at the Bruce Hotel, East Kilbride. 
The Symposium will be held in the 

Ballerup Hall-so called after East 
Kilbride's "twin town" in Denmark-a 
striking new building opened by Princess 
Margaret only last year. East Kilbride 
has a number of hotels graded up to 
international standard and accommoda- 
tion will be reserved within a range of 
prices and standards. 

The Symposium Secretary will be 
Mr I. R. McCalluni, P. W. Hall Ltd., 
Woodilee Industrial Estate, Kirkintilloch, 
Glasgow. 

Annual Golf Outing 
The annual golf outing of the Scottish 
Section was held on Saturday 31 May, 
at the usual venue, Aberdour. A record 
turn-out of 44 menibers and friends- 
34 players and 10 non-cornbatants- 
had a niost enjoyable day, the weather, 
catering and club-house facilities all 
being extremely good. 

Prizes, both merit and "special," 
were presented and the Student Section 
members figured prominently in tlie 
former. Winner of the Whitaker Cup 
for returning the lowest nett score-55 
( 19 handicap)-was Gordon Watt, the 
runner-up being Alex Smith with a nett 60. 

Mr G .  Scott, an Ordinary Member 
attached to  the Scottish Section, has 
been elected the first honorary member 
of the Scottish Association of Painting 
Craft Teachers. Already a Fellow of the 
Royal Society of Arts, and an Honorary 
Fellow of the Institute of British Decora- 
tors and Interior Designers, Mr Scott 
was awarded this honour in recognition 
of his work in stimulating interest in 
painting craft education. 

Mr L. Moss, an Ordinary Member 
attached to  the London Section, has been 
appointed to head U-E Chemicals (UK) 
Limited, the newly formed British sub- 
sidiary of Unilever-Emery NV. 
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Obituary 
William Victor Lee 1902-1969 

Members will be saddened to learn of 
the death, earlier this year, of Mr W. V. 
Lee, an Ordinary Member attached to 
the London Section for many years. 

Mr Lee was educated at Thomas 
Street Central School, Limehouse, and 
the Borough Polytechnic, and was 
elected to Fellowship of the RIC in 1952. 
He achieved the unusual distinction of 
serving 50 years with the same company. 
joined BOCM Ltd. in 1917 as a laboratory 
assistant, and remaining with the 
company until his retirement in 1967, 
when he was group chief chemist and 
refinery adviser to the UK Oil Mills 
Administration of Unilever Ltd.. of 

Programme Liaison Committee 
This committee comprises represent* 'I t '  ~ves 
of each of the following societies: 

Institution of the Rubber Industry 
Oil and Colour Chemists' Association 
Plastics Institute 
Plastics and Polymer G ~ O L I P ,  Society 

of Chemical l ndustry 
Society of Dyers and Colourists 
Royal Institute of Chemistry 

Major meetings or conferences on 
polymer or related suljects, and other 
functions planned by these societies, are 
given below and will be in London 
except where otherwise stated. 

1969 
10- 12 September. Conference "Coloration 

of polynieric materials" at York 
(SDC) 

15 September. Foundation lecture at 
Loughborough (I RI) 

16-1 7 September. Conference "Advances 
in polymer blends and reinforce- 
ment" at Loughborough ( I  R l )  

16-1 7 September. Symposium "Emulsion 
polymers" at Manchester (SCI) 

which group BOCM had become a part. 
During his career. he was primarily 

responsible for the dzvelopment of the 
phosphoric acid test as a standard niethod 
for determining the quality of raw linseed 
oil with respect to dissolved and visible 
impurities, and also siniplified the niethod 
of detertilining aflatoxin in  groundnut 
meals, effecting a great saving in tinic. 

Mr Lcc represented the Association 
tin BSI Camniiiiccs CSCI 2 dnci OSC2$. 
and served on various conin~ittees of the 
SCI, IUPAC, the PRS, and the Inter- 
national Association of Secdcr~uherb. 

He is survived by his wife, son and 
daughter, to whom the sympathy of 
Members is extended. 

24-25 September. Symposi~im "Recent 
advances in water-borne surfiicc 
coatings" at Manchester (OCCA) 

26 September. Conference "Help-sources 
of information and advice for the 
plastics industry" (PI ) 

33 October. Syniposiunl " Management 
and training in the Mldlnnds" 
(OCCA) 

5 December. Conference " Diagnoc!ic 
testing tcchniqucs" (PI) 

1970 
35 February. Conference "Sterilisable 

packages for fc)odstuffs" (SCI ) 
24 March. Conference "Product per- 

formance testing" at Bath ( I  RI ) 

3 1 March-3 April Conference "Physical 
and stri~ctural lines of the yield. 
deformation and fracture of 
polymers" at Cambridge (IRI, 
PI, etc.) 

5-IlApril .  AGM and associated 
sytnposia at Edinburgh (RIC) 

8 April. AGM and dinner at Birmingham 
(IRl) 

17 April. AGM and dinner at Nottingham 
(SDC) 
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27-30 April. Technical Exhibition 
(OCCA) 

29-30 April and I May. PINTEC Plastics 
Institute national tcclinical 
conference at Rrighton (PI) 

Easter. Syniposium "Newcr polynicrs" 
(SCI 

1970 
21-23 hlay. AGM and syniposium 

"Dispersion" in Scotland (OCCA) 
29 May. Biennial dinner dance (OCCA) 
29-30 September and 1 October. 

Conference "Advances iri polymer 
science and technology" No. 3. 
Chemistry of liquid and thernio- 
plastic copolynicrs (IRI PI/SCI/ 
OCCA/SODAC) 

1971 
33-23 April. Industrial conferencc"Tyrcs" 

at Leanlington Spa (IRI) 

Thc City & Guilds Paint Technicians 
Certificate Parts I & 11. 

The Higher National Cert ificate 
Endorsenlent subject, " Chemical Tech- 
nology with special reference to 
I'olymers arid Surface Coatings." 

The Associateship of the Society of 
Dyers and Colourists (subject to 
sufficient enrolments). 

Enrolment dates are as follows: 
15, 16, 17 September during the periods 
10-12 a.m., 2-4 p.m., and 6-8 p.m. 

(Members of staff will be available 
for any discussion with potential students.) 

Tlie college lecture term commences 
22 September 1969. 

1972 
15-18 hlay. International Ruhber 

Conference at Rrightori ( I  RI ) 

CIA Statistics 
The Chemical rndustries Association 
Limited has recently issued the "UK 
Chemical Industry: Statistics Handbook." 
This publication, which gives conlplete 
information on all aspects of the UK 
chemical industry, and compares these 
statistics with those from other U K  
industries. and also those from chemical 
industries of other countries, is available 
from the CIA. Alembic House, 93 Albert 
Embankment, London SEI, at a cost of 
f l Is pcr copy, including postage. 

Courses in surface coatings technology 
The following courses in surface coatings 
technology will be held at the John 
Dalton Collcge, Mancliester, during the 
session 1969j70. 

Decimalisation 
Tlie Chemical and Allied Products 
1 ndustry Training Board has recently 
issued "Information Paper No. 3," 
entitled "Planning for decimalisat ion," 
giving full details of suggested prepara- 
tions for the change-over in 197 1 .  Copies 
are available from the ITB. 

Seminar on zinc dust paints 
The Zinc Development Association is to  
organise a seminar on the protection 
of steel with zinc dust paints at the Cafe 
Royal, London. from 25-26 September. 
The seminar is designed for engineers 
in the steel-using industries and others 
directly concerned with the prevention 
of corrosion, and delegates may register 
frce of charge. 

Programmes and full information are 
available from the ZDA, 34 Berkeley 
Square, London W I X 6AJ. 
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Register of Members 
The following elections to  membzrship have been approved by Council. The Section 
to  which the new members are attached arc given in italics. 

Ordinary Members 
CAWSTON, JOHN. LRIC. "Redenham," Bacons Mead, Denham. Uxbridge, Middlesex. 

(Tlrrrmc~s Vcrllcj*) 

CROSRY, ATHOL GRAHAM. BSc, ANZIM. U.E.B. Research & Developnient Depart- 
ment, PO Box 1 1  132, Auckland 5.  New Zealand. (Alrcklcmr/) 

LAWSON. ALLAN STUART, DipChemEng, DiplndChem. 13 Bayview Road, Napier. 
Wellington. New Zealand. ( Wcllin,yton ) 

MILLER. LOUIS, 10 Tizard Road, Auckland 10, Ncw Zealand. (Ar~ckl~rtrd ) 

NAPPER. ROGER, BSc, GradRIC, Hardye's. 5 The Orchard. Chapman Lane, Flackwell 
Heath. Bucks. ( T11(1mrs V(~ l lc~ j - )  

RORLEI>O, SANTIAGO, MSc, ICO Pinturas SA, Apartado Acreo No. 2301, Barranquilla. 
Colombia S.A. ( 0 ~,c~r.scrr.s) 

SIMPSON, WALLACE HARLEY. BSc, 48 Bcechdalc Crcsccnt. Pakuranga, Auckland. 
New Zealand. ( Arrck llrt~d ) 

TANNAHILL. JOHN, LRIC, 37 Troubridge Avenue, Kilbarchan, Renfrewshire, Scotland. 
(Scot/i.sl~) 

TAYLOR. MAURICE DAVII). C/O Pinchin Johnson & Co. (NZ) Limited, PO Box 14-064. 
Kilbirnie. Wellington. New Zealand. ( W ~ l l i t ~ ~ ~ t o t r  ) 

WEINRERG, GARY RI(.HARI), RSC, BOX 1996, Wellington. Ncw Zealand. (Wollitrgtotr) 

WINDRII)GE, MARTIN. 38 Lyndhurst Avenuc. Hazel Grovc, Stockport, Cheshire. 
( Mtuic*l~c~.stc~r ) 

Associate Members 
B~ll>c;r:.woor>, ALAN. 12 Templar Gardens. Wethcrby, Yorks. ( W(>.st Ri(/iti,y ) 

Student Members 
ANI)REWS, RICHARI) OWEN, 182 Moorgate Road, Rotherham, Yorkshire. 

( We.st Riding ) 

HEYWOOII. GEOFFREY PHILIP. Passnionds House. Rochdalc. ( West Ritlitrg ) 

JANES, ANTHONY, 5 Plantation Way, Baildon. Nr. Shipley, Yorkshire. 
( Wesf Ri(/in,y ) 

REED, KEITH EVAN, 16 Moorland Road, Cinila, Neath, Glamorgan. ( Bristol) 

YATE, M. J , Griffiths Bros. & Co.. Well Lane, Wednesfield, Wolverhampton. 
( Mi(I1~1nrl.v) 
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Forthcoming Events 
Details are given of meetings it1 the United Kingdon1 up to the end of the month following 
publication, and in Sonth Africa and the Commonwealth up to the etlrl of the second month 
where available. 

Tuesday 9 September 
West Riding Section. "Industrial 
Training" by Mr H. DeLooze, Senior. 
Training Officer, and Mr L. Judson, 
Training Adviser for Yorkshire and 
Humberside, both from the Chemical 
and Allied Products Industrial Training 
Board, to be held at the Griffin Hotel, 
Boar Lane, Leeds 1 ,  at 7.30 p.m. 

Friday 12 September 
Midlands Section. Ladies' Evening 
(2 1 st Anniversary of the formation of 
the Midlands Sect ion). 

Saturday 13 September 
Scottish Section, Stu(1ent Grorlp. "A nt i- 
fouling Paints," by Mr I. R. McCallum 
of P. W. Hall Ltd. to be held at the 
St. Enoch Hotel, St. Enoch Square, 
Glasgow, at 10.00 a.m. 

Wednesday 17 September 
M a n c l ~ ~ s t ~ r  S ~ c t i o ~ i ,  Stll(1~11t G I . O I I ~ .  
"Emulsion Polyn~erisation and Water 
Soluble Resins," by Mr B. C. Holdstock 
of the Paint Research Station, to be 
held at the Manchester Literary and 
Philosophical Society at 4.30 p.m. 
Lotidon Section. Chairman's Evening, 
"Management, Men and Money," 
by J. E. Pooley, to  be held at the 
New Engineering Block, University 
College, London WCI, at 6.30 p.m. 

Friday 19 September 
Micllund Section. "Non-St ick and Anti- 
Corrosive Coatings," by Mr S. Wharrard 
of Loyne Ltd.. to  be held at thechamber 
of Commerce House, 75 Harborne Rd., 
Birmingham 15, at 6.30 p.m. 

Wednesday 24 & Thursday 25 September 
Manclrester S w /  ion. Symposium 
entitled "Recent Advances in Water- 
borne Coatings," at the University of 
Manchester Institute of Science and 
Technology. 

Thursday 25 September 
Trm/ Valley Branch. "The Determina- 
tion of Particle Size and its Significance 
to  the Paint Industry," by Dr  R. 
J. Akers, to be held at the Lough- 
borough University of Technology, 
Edward Herbert Building, at 6.30 p.m. 
Tl~amrs  V r ~ l l ~ y  Section. "Application 
of Silicas and Silicates in the Paint and 
Printing Ink Industry," by Mr L. 
Muller-Fokken and Mr B. Stett of 
Degussa, to be held at The Manor 
Hotel, Datchet, Bucks, at 7.00 p.m. 

Friday 26 September 
Bristol Section. "Some Factors Affecting 
the Performance of Surface Coatings 
on Plastic Substrates." New Chairman's 
Address, by Mr J. R. Taylor, to be 
held at the Royal Hotel, at 7.15 p.m. 
Iris11 Section. "Paint Formulation and 
Pcrformance," by Mr Alan Hipwood of 
the Chemical Inspectorate, Woolwich, 
to be held in the Imperial Hotel, Cork, 
at 8.00 p.m., preceded by a Works 
Visit to  Henry Ford & Sons Ltd., at  
2.30 p.m. 

Thursday 2 October 
BristolS~~ction. "A Paint Manufacturer's 
view of lndustrialised Building," by 
Mr T. Jones of John Hall & Sons 
(Bristol & London) Limited. Joint 
meeting with Birmingham Paint Varnish 
and Lacquer Club, to be held at the 
Imperial Hotel, Birmingham. 
N~wcnstlr. Spction. "Statistical Tech- 
niques in the Optimisation of Paint 
Formulation by Computer," by D. 
W. Brooker of Shell Research Limited, 
to  be held at the Royal Turks Head 
Hotel, Grey Street, Newcastle on Tyne, 
at 6.30 p.m. 

Monday 6 October 
Hrlll Section. "Reactivity of Titanium 
Dioxide in Pigmented Vinyl Chloride1 
Vinyl Acetate Copolymer Surface 
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Coatings," by Mr F. D. Robinson of 
Laporte Industries Limited, to be 
held at the Bullock Lecture Theatre, 
Hull University, at 7.00 p.m. 

Thursday 9 October 
Scotti.~h Section. "Problems of 
Pigmentation of Thermosetting Acrylic 
Finishes," by Mr G. Willison of British 
Titan Products Limited, to  be held in 
the St. Enoch Hotel, Glasgow, at 
6.00 p.m. 

Friday 10 October 
Hull Sectiort. Annual Dinner Dance 
at the Hotel Eden, Willerby. 
Manchrster Section. "Dispersymers," 
by Mr C .  D. Cook of JCI Limited, 
to be held at the Manchester Literary 
and Philosophical Society at 6.30 p.m. 

Limited, to  be held at the Pendragon 
Hotel, Clarence Parade, Sout hsea, at 
7.00 p.m. 

Wednesday 22 October 
Sco f tish Srctioti- Errsf ern Brrlncnlr. 
"Colour Measurements and Specifica- 
tions," by Dr Latowski of Edinburgh 
University, to be held at the Carlton 
Hotel, Northbridge, Edinburgh I ,  
at 7.30 p.m. 

Thursday 23 October 
Lontlon Secetion. European Liaison 
Lecture. "Some Aspects of the Pro- 
tection of Exterior Joinery," by R. 
Dooper of Verfinstituut TNO, to be 
held at the New Engineering Block. 
University College, London W I ,  at 
6.30 p.m. 
Miclltrtid Section. One-dav Svm~osium 

Saturday 11 October "Management and ~ r a i n i &  in the 

Scotfi.slt Secfion-Strrrlent Grorrp. Surface Coating Industry." 

Student Paint Project by Mr J. ~ e v i n e   id^^ 24 oCtober 
of Craig Hubbock Limited. to  be held Socfi ...Driers,.. by Mr J .  H. at the "Wee Windaes Restaurant ," 
142 High Street, Edinburgh, at W. Turner of Hardman & Holden 

Limited, to be held at the Clarence 10.30 a.m. followed by lunch and a Hotel, Wellington Dublih at skittles match. 8.00 p.m. 
Monday 13 October 

Loncion Section. Joint meeting with 
Society of Chemical Industry (Colloid 
and Surface Chemistry Group). "A 
Theory of Polymeric Dispersant 
Action," by E. J. Claytjeld, to  be held 
at 14 Belgrave Square, London SW I, at 
6.00 p.m. 

Tuesday 14 October 
West Riclitrg Sectiotr. "Future Develop- 
ments in Paint," by Dr L. A. O'Neil of 
the Paint Research Station, to be held 
at the Griffin Hotel, Boar Lane, Leeds 1, 
at 7.30 p.m. 

Saturday 18 October 
Scottish Section-Sfrirlent Grorrp. 
Colour Systems. 

Tuesday 21 October 
Lonrlon Section-So~rthern Rranclr . 
"Chemical Solvents for Paints," by 
Mr D. P. Sephon of Shell Research 

Mcrnchc~.st(~r Section. Annual Dinner 
Dance at Piccadilly Hotel, Piccadilly 
Plaza, Manchester I. 

Wednesday 29 October 
Tl1anic~s Vr~lkey Section. "G lossy 
Emulsion Paints," by Mr J. Bax of 
Scott Bader & Co. Limited, to  be 
held at the Manor Hotel, Datchet, 
Bucks, at 7.00 p.m. 

Thursday 30 October 
Midlrmrl Section-Trmt Vulley Brunclr . 
"The Influence of British Rail 
Modernisation on Paints and Painting," 
by F. D.  Timmins, to  be held at the 
British Rail School of Transport, 
London Road, Derby, at 6.30 p.m. 

Friday 31 October 
Bristol S~.ction. "Packaging," by Mr F. 
P. Bull of E. S. & A .  Robinson Limited, 
to  be held at the Royal Hotel, Bristol, 
at  7.15 p.m. 



R R  Coated rutile pigments meeting 
RR2 highest quality standards. 
RD R R 2  and RD2 specifically 
RD2 developed for high speed 

dispersion and sand milling. 

RRS New developments from RR and 
RDS RD. for further improved opacity. 
RDE gloss and gloss retention. 

VUORlKEMlA OY 
RDE2 Helsinki - Finland 
RDI 

Agent in the U.K.: CORNELIUS CHEMICAL CO., Minories. London. E.C.3. 



Tlie tie is blue terylene, wlt11 the 
Association's insignia woven in red and 
gold silk. 

The blazer badge has f11e ir~signia 
ernbroidered in  silver and gold wire on a 
red and blue ground. 

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

Tlie car badge has the insignia 
enibossed in  red and gold on a blue 
ground, the whole being covered in  
transparent polypropylene, wit11 a thick 
chrome surrocind. Bar and grille fitt ings 
are available. 

In  order to commemorate the Fiftieth 
Anniversary of 0 C C A, Council has 
authorised the production of a tie, 
blazer badge, wall plaque and car badge 
bearing the Association's insignia. These Lancaster Place, Strand, 
items are available only from :- London, W.C.2. 
........................................................................................................................ 
i To : Thresher & Glenny Ltd., Lancaster Place, Strand, London, W.C.2. i 
I A s  a member of the Association, please accept my order for the following : i 
i OCCA tie (u) 201- ' Name 
i OCCA blazer badge (0) 631- 
i OCCA wall plaque (u) 3316 
i OCCA car badge (0) 3616 

(state bor or g r ~ l l e )  

i (Al l  prices include postage 
and packing) 

i If tie is required airmail add 
6s. 6d. 

Section/No. 

Address 

Total Remitted 1 - 
........................................................................................................................ 
The ties will be supplied from stock; all other items are made to order. Only the tie can be supplied 

by airmail at an extra cost of 6s. 6d. 
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The slou~est-leach in^ 
o w .  mercurial fungznde 

available today - - '  - -5 lT J AV- '  

OUTDOOR EXPOSURE 
A Phenylmercuric Aceta te  0.02",, Hg E PHELAM 0.02"(, Hg 
B Di (Phenylmercuric) Dodecenylsuccinafe 0.02",, ~g FHELAM 

-- . . - - - - - - - 0.2 %, Hg 
C Phenylmercuric Aceta te  0.2 ";, Hg n.b. Extremely severe weather conditions, including thunderstorms -- -- - -- 

0 0 1  (~heny lmercur ic )Oodeceny lsucc inate  0.2 ";, Hg were experienced up to Day 30 o f  the  test. 

The graph, showing results of tests carried out in collaboration with a laboratory specialising 
in radioactive techniques, proves that Phelam resists leaching* from emulsion paints 
significantly better than other mercurials on the market. Berk makes it so easy for you to add 
Phelam, t o o  Water-soluble Solupack (contents IOOg) simply slides from its sleeve into your 
mix and dissolves completely-improved handling, less danger, precision dosing. For full 
details and prices, get in touch with Berk at the address below. 

*This property also makes Phelam a highly effective anti-fouling paint toxicant. 

Berk Limited Berk Limited, Berk House, 8 Baker Street. London W l .  Tel: 01-486 6688 



DEDIGATED 
WORKERS 

These mlrllutc lawae of the  la^ lnwc t w~ l l  
devote their SIX-month lLfc cycle to 
playing thclr pnrt in the production of 
lac-the vital natural base material for 
SWANLAC BLEACHED LACS (trans- 
parent. waxy or nzod~fied) SHELLACS 
LAC ESTERS & HYDROLYSED LAC 

You will find us cquallv dcrdicwted to t h e  
task of meeting your lac requiremeills 
likewise those for n a t u ~ a l  VARNISH 
RESINS. WAXES & WATER GUMS 

t I I I1 IN ( 1  1901, 

ANGEL0 BROTHERS SHELLACS 

~ TROPICAL \\, i 
TESTING 'j i I 
PAINTS 
COATINGS 
PLASTICS ETC. 

A reliable and economical 
service tailored to 

individual requirements 

ANALYTICAL 
LABORATORIES LTD. 

I 17 Jalan Lembah Kallang 
I SINGAPORE 12 

I Cables - ANALABS 



MORRIS ASHBY 
LIMITED 

Want your paint to be better. 
But we need your co-operation. 
Allow us to present you with 

the inside story on . . . 

superfine zinc dusts and zinc oxides 
- m 

Ashby dispersions 

TiTaFRANCE TiOl 

Plastorit 

SYNTHETIC IRON OXIDES 
& RED LEAD 

MORRIS ASHBY LIMITED 
10 PHILPOT LANE 

LONDON EC3 
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With a Chrispro microniser 
l<sicptionally cflicic~it grinding chamber geometry gives a product having 

a narrow distribution ofparticlc sizcs in the range 20:). t o  0.2;1.. I , 'l'hroughput 
rates l'rom gram? 111- to tonncs, hr ivith minimum loss. ' Inherent coating, 
misins and classifj.ing functions. ' I Extra-hard rcplaccablc abrasion resistant 
linings. ' (:omprcsscd air or supcrhcatcd stcam operated. ; I No moving 
part4 - no  contamination. ' llismantlcci in seconds fix cleaning or stcrilis- 
ing. 1:ull ~.cscarch, design, r n a ~ ~ ~ a c ~ ~ r i i  and installation facilities. 
.\licroniscr only or complete prc-assembled prc-tested plant supplied. 
(:ustomcrs in many industries have cntrustcd us with their fine grinding 
projects - colltact us noiv and \ve think you'll begin to see why. 

chrispro Ltd 
C:IS'l'EKHVIIY . KEN71' . liNGI,ANI) . TEI,: CAN'I'EIIBURY 01369 

Specialists in overseas commissions. 



. . . I n  a different way, o f  course, so do the advertisers 
i n  this Journal, for  they know that it has an unrivalled A.B.C. 
circulation (5,568 copies per month) among the technical 
personnel in the paint, pr int ing ink, and allied industries. 

I n  such a work o f  reference, which is constantly consulted, 
the advertisements are naturally widely read by the very 
persons t o  whom companies wish t o  appeal. 

Full information on advertising in  this 
important medium can be obtained from: 

011 & COLOUR CHEMISTS' ASSOCIATION 
W A X  CHANDLERS' HALL,  GRESHAM STREET, L O N D O N ,  E.C.2. 



Cdour - it can make quite a difference to a lacquer. I f  it's unpleasant, i t  AUSTRALIA 
cculd be losing you sales. Sydney Melbourne Adelaide Gr~sban 

lacquers made from Ester Solvents help overcome this problem. They have 
the odour that painters prefer - mild and non-toxic. Spray easily, too, giving 
better flow-out, freedom from blushing and just the right evaporation prop- 
'nies to assist film-forming. 

What more can we add? Only that you shouldn't overlook odour - perhaps 
the answer to increased lacquer sales. Phone. Our man will c;~ll with details 
MI Ester Solvents. 
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all requirements 

M I T C H A M ,  SURREY 
Telephone: 01-648 4684-7 

AIR DRIVEN 
LABORATORY 
MIXERS 

Specialists in high 
efficiency mixing 
machinery 

Joshua Greaves & Sons 1td.-Dept JOCCA 
Ramsbottom, Bury, Lancashire 
Telephone: RAMSBOTTOM 3159 
Telegrams: GREAVES Ramsbottom 

for hazardous 
conditions 

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

The machine i s  capable of 
emulsifying, homogenising, 
dispersing and preparing 
Heavy Pastes. The adjustable 
deflector prevents admission 
of air and reduces the vortex 
t o  a minimum. 

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



MlCRONlSED OR -/ STANDARD GRINDING 

Write for samples, prices and technical information to 

~ Q M - ? > ' = ~ ~ & ~ ~  3 ( q  -., ' - - f L " l  fly q * * - *  ,I-- 
J /  '\ .- - : -.-* - &  * " 4  ." , - "  

WICK, BRISTOL BS15 5RF ENGLAND. 
Telephone: Abson 481 -Telex: Micronspun 44301 



Facts 
that mean I 
business! 

Banner's technical manual is an invaluable 
guide t o  the range of products we have 
available for sale. Listed below are some 
of our standard products. 
VEGETABLE OILS. Refined, boiled, 

blown o r  stand oils. 
BANNERS AROMATIC ALIPHATIC 

SOLVENTS. 
DEGREASANTS & DETERGENTS, 

W H I T E  SPIRIT for decorating paint 
and industrial uses. 

The facts your Company needs about all 
these products are now available in new 
technical data sheet form. Delivery in 
bulk o r  drums is made by our own fleet 
of tankers and lorries from our bases at 
Liverpool. London and Glasgow. If you 
cannot find the product that suits your 
exact requirements we would be only 
too pleased t o  t r y  and supply one. 

GET THE FACTS FROM 

34 Castle Street. L I V E R P O O L  2. 
Tel :  051-236 0223 
N e w t o n  Road. Stratford. L O N D O N  EIS. 
Tel :  01-534 4321 
289 Castle Street. G L A S G O W  C4. 
Tel :  041 BELL 0723 I 

print 

practice 

Metchim's have been printers for 

over 100 years. 

Today, in the heart of Westminster, 

under the shadow of Big Ben, 

our modern automatic presses 

produce vast quantities of 

high-class printed 

matter, day and night, in our 

12,000 square feet factory. 

METCHIM & SON LTD 
GENERAL, COLOUR AND PERIODICAL PRINTERS 

8 S T O R E Y ' S  G A T E ,  
W E S T M  I N S T E  R ,  S . W . l  

T e l e p h o n e :  01-839 2125 



svsiii 

A few 
more foam 

truths 
about effective, efficient 
Nopco paint defoamers 

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

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

Nopco* N D W ,  probably the best all round 
defoamer in  the world today. 

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

N o w  here are some more big guns in  the 
Nopco anti-foam arsenal: 

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

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

requiring low levels o f  addition for opt imum 
effectiveness. 

Nopco* D N H - I  - provides excellent anti- 
and defoaming properties t o  all major latex paint 
systems. 

Nopco* 1419-A - A n  economical, 100% 
actlve liquid defoamer, l ight i n  colour, efficient 
for most systems. FDA approved. 

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

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

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

II~P~IIIIIIPI~( N o  A1 5 
141 h~rks la l l  Road, LEEOS 3. 



Whatever the brand name 
this paint will sell 

Put your name to this tin. Put your paint-to the Tirnonox formulation- 
inside it and you've got a winner. Because now it will be a flame-retardant paint 

that's bound to increase your share of the paint market. There's a growing demand 
for decorative paints which are thorough~yflame-retardant, so why not give 

your paint this powerful advantage. Get in touch with Associated Lead. They'll give 
you further details of their formulations of Timonox Antimony Oxide based paints. 

And tell you about other A.L.M. products which include Recl Lcad, White Lead, 
Calcium Plumbate, Basic Lead Sulphate, Zinc Phosphate and Litharge. 

ASSOCIATED LEAD MANUFACTURERS LIMITED 
Clements House. 14 Gresham St.. London E.C.2 
Crescent House, Newcastle-upon-Tyne. NE991GE 

Lead Works Lane. Chester. CHI 313s 



introduction 

paint 
technology 

second edition 
with additional chapter 

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

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

new chapter 
The new chapter is subdivided to three sections 

resins and media 

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

application techniques 

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

instrumental testing and control methods 

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

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



C L A S S I F I E D  A D V E K T I S E M E N ' I ' S  
-- 

Classified Advertisemen,ts are charged at the rate of 9s. per line. Advertisements for 
Situations Wanted are charged at  2s. 6d. per line. A box number is charged at  Is. Od. 
They should be sent to the Director & Secretary, Oil & Colour Chemists' Association, 

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

SITUATION VACANT 

RESlN CHEMlST required to assumc a 
responsible position with a well established 
Chemical Plant Manufacturer. This vacancy 
arises from the planned expansion of the use of 
plastics in the fabrication of plant and ancilliary 
equipment and the need to meet a demand for 
greater sophistication in the resin system 
employed. 

Applicants should be aged 25-35, possess ;I 
degree or equivalent qualification in chemistry 
and have experience in the formulation of 
condensation resins sucl~ as phenolics, iin- 

SILVEKSON High Speed Mixer Elni~lsifier 
5 lip flame-proof motor. fitted with High Shear 
Screen. Downthrust Propeller. Pumphead with 
bafllc, IOft hose and tilling gun. A11 on mobilc 
hydraulic stand. Also two mild steel vessels with 
dished bottom and drain socket on tubular legs 
with castors. First class condition. hardly used. 
f 5 0 0  o.n.0. Box No. 300 .  

INTRODUCTION TO 
saturated polyesters. etc. 

A general appreciation of the engineering 
properties of a wide range of plastics would also 
he of advantage. 

An attractive salary will he paid and there is 
a pension scheme. 

Applications stating age, qualifications and 

paint 
TECHNOLOGY 

ex~erience should in the first instance he 
addressed to:- 

Edwin G. Fisher, 
4, Palace Court, 
Bayswater Road, 
London W2. 

Price 20s. 

OIL & COLOUR CHEMISTS' ASSOCIATION 

BOOKS 

Know-how is a sound Investment 

(-;>b&, $9 "Embracing practically everything important in the world or Paint Technology 

. . . will be well thumbed not only by sti~dents but by all directly or in- 

directly concerned with paint . . . well worth foiir guineas"-Points I'rom 

the critical review (July issue) of Dr W. M. Morgan's OUTLINES OF PAINT TECHNO- 

LOGY. Put these 420 pages of authority behind your own experience; f 4  4s; or post pait! 

£4 9s from your technical bookseller or the publishers. 

CHAS GRIFFIN & CO. LTD. 42 DRURY LANE, LONDON WC2 



Sample on request from JAMES BEADEL & C O .  LTD. 

HEAD OFFICE: Frodsham House. Edwards Lane. Liverpool L24/9HW. Tel: Hunts Cross 139516. Grams: Rodatz, Liverpool 
L O N D O N  OFFICE: Hillgate House. 26 Old Bailey. London. E.C.4. Tel: and Grams: City 240517. 

Printed in England by Metchim & Son Ltd.. 8 Storey's Gatc. Westminster. London, S.W.I. 
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