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Transactions and CommunicaCions 

Water transport through paint films 
Part IV: Correlation of data 
obtained by differences in water 
vapour pressure and in osmotic 
pressure 
By D. Y. Perera and P. M. Heertjes* 

Paint Research Institute TNO, Delft, Holland 

The mean water diffusion coefficients calculated froni tlie water vapour pcrmcation nicasure- 
nients in  Part I o f  this series are compared with the mean watcr diffusion coefficients calciilated 
from the osmotic experiments in  Part I l l .  
The dependence o f  diffusion on tlie concentration (D-f(c)) and on the conccntration profiles 
(c-f(.u)), i n  the steady state have been determined. According to  tlie natitrc o f  the material, 
D may be constant, or may increi~se or  dccrease with the increase o f  the water concentration. 
Consequently. the concentration/distance curve niay be linear, concave or convex towards 
tlie distance axis. 
For the epoxy resin, tlie very high water transport rates found in  a few osniotic measurenicnts 
have been explained in  ternis o f  D-f(c), and c -  f(.r). 
The osmotic measurements can be considered for all the materials investigated as an extension 
o f  the permeation incasurenients to the experimental conditions o f  high watcr concentration 
on both sides o f  the films. 

Keywords 
Propc,rlie~. clrc~r.rrct~ri.vtic.v utrtl cotrtlitiotls pri t trrrr i l~~ 
rt.vsociutilrl ~v i th  rlr.ir,r/ or. crrri*r/filrtr.s 

osmosis 
water pernieation 
water vapour transmission 

Transport de I'eau travers des feuils de peintures 
IV Partie: La corr6lation des donn6es d6riv6es des diff6rences 
de la pression de vapeur d'eau et de la pression osmotique 

Les coCfficients nioyens dc diffusion d'eau, calculi.~ B partir des niesurcs de la pCnCtration 
d'eau nientionnCes dans la Ere. Partic de cettc skrie. sont conipares avec Ics coi.fficicnts 
moyens de la diffusion d'eau calculi.~ h partir des ex*riences osmatiques citi.cs dans la 
I11 eme. Partie. 
On a determine, sous le rkgiine stable, le rapport entre la diffusion et la conccntration, 
D = f(c), et les profiles de concentration, c - f(x). Selon la nature de la niatikrc, D peut 

- 

*University o f  Technology, Delft. 
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@tre constant ou  peut s'augmenter ou  se diminuer en fonction de I'augmentation de la 
concentration d'eau. Par consequent, la courbc dc conccntration/distancc peut Ctre lintiairc, 
concave, ou convexc par reftirencc I'axe de distance. 
A I'cgard dc la resine tipoxydc, les taux dc transport d'eau trcs ti1evi.s mis cn tividencc par 
des niesilrcs osmotiqucs pel1 nombreuses ont tit6 expliques sous tcrmes de D - f(c) et 
c = f(x). 
En ce q i ~ i  concernc toils Ics niatkriai~x exaniinCs, on  pcut considtircr les mcsures osmotiques 
en tant qu'une extension dcs mcsurcs de penetration i ~ u x  conditions cxptirinicnti~lcs o i l  
existe unc conccntration d'eau t5lcvi.c toils les deux ccittis dcs li.i~ils. 

Wassertransport durch Lackfilme 
Teil I V :  Korrelation von Konstanten, aus den Unterschieden im 
Wasser-Dampfdruck und osmotischen Druck 

Die aus dcn Wasserdarnpfciurclidringungsmcssi~~ige~i i m  Tci l  I dicser Serie hcrcclineten 
durchsclinittliclien Dit~i~sionskoeliizic~itcn wcrdcn ni i t  dcm ails osmotischen Ezpcrinicnten 
in i  Tci l  Ill bcrechncten durclischnittliclien WasserdilY~~sionskocIlizicntcn vcrgliclien. 

Die Abliiingigkeit der Diffusion von der Konxnt rn t ion  ( D  - f(c)) i ~ n d  den Konzentration- 
sprofilen (c f(x)) i m  Dai~erzustandc wilrdc hestimmt. Jc nach der N a ~ i l r  dcs M;~terials 
kiinntc D konstant scin oder sich mi t  griisscrcr Wasscrkonzcntration vergriisscrn oder 
vcrkleinern. Infolgcdcsscn kann dic Konzcntrationswegstrcckcnkurvc Iinci~r, konkav oder 
konvex gcgen die Entkrnungsniittcll inic sein. 
Fur  Epoxiliarze wilrdcn die holien i n  cinigen osniotisclicn Mcssungen gcfundcncn Wasser- 
transportgcscliwindigkeitcn, ausgcdriickt als D f (c) i lnd c f (x), crkliirt. 

Die osmolischen Messilngen kann man fur  alle i~ntersi~cl i ten Materialien als cine Erwcitcrung 
dcr Durclidringi~ngs~iicss~~ngen i lntcr dcn experinicntellcn t3cdingi1ngen liohcr Wasscrko~entra- 
t ion auf hciden Scitcn dcs Filnis ansclien. 

O I l p ~ n c ~ l R e ~ c f l  3aBMCMMOCTb LIM@(~)Y?MM OT KOHUeHTPaUMM (D=f(C)) M OT III)U$MJIC~~ KOHUCH- 
TpauuM (c=f(x)) B YCT~HOBMBILI~MCH COCTORHMM. C o r ~ l a c ~ ~ o  c n p ~ p o r l o i i  Miirepuana. D 
MOXL'T 6 b l ~ b  IlOCTORHHblM MJIM MOXCT YBCJIMYMBilTbCR MJlM YMeHbLULITbCR C YBCJIMYCHMehl 
KlJtlUeHTpauMM BOUbI. ~ O ' ~ T O M Y  KPMBBfl KOtlUt2Hl'PaUMM MOXCT 6 ~ 1 1  b JIMIIC'UHO~~. BOI'HYTO~~ M J l t i  

~ b l n y ~ n ~ f i  no OTHOIIICHMIO K OCM. 

Anfl 7nOKCMflHblX CMOJI, ' i r)~3BblY~ii110 BblCOKMC CKOPOClM nCPL'IIOCil BOabl 06~;1py~ell t lb1c npl l  
HeKOTOPblX OCMOTMSCCKMX AaBnellMflX, O~~SICIISIIOTCR Hi1 OCIIOBL' D=~(c)  M c = ~ ( x ) .  

Introduction 
In the preceding papers, the transport of water tl~rough fo i~r  binders, deter- 
mined by means of ditrerences in vapour pressure' anti o~mot ic  pressure"as 
been reported. Tl~ermodynamic considerations indicate that the transport of 
a penetrant through a membrane is dependent only on the driving forces 
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acting on the film. and not on the way in which they were attained. This 
principle remains valid so long as the film characteristics are not changed by 
the environmental conditions producing the driving forces. 

As has already been shown for all the materials investigated, such changes 
do not occur. It follows therefore that it might be possible to correlate the 
results obtained by means of vapour pressure differences with those obtained 
by means of osnlotic pressure differences. 

The results expressed in terms of the mean diffusion coefficients ( D )  and 
plotted as a fi~nction of the mean water concentration ((.), are summarised in 
Figs. 1 ,  4 and 7, for epoxy resin, alkyd resin. and chlorinated r ~ ~ b b e r  with 
plasticiser. respectively. 

At first sight i t  woi~ld appear that in some of the osniotic measurements 
unexpectedly high D-values (D,,,,,,, and D,,,,,,) were obtained for epoxy 
resin. 

These are the cases in which the experimental conditions were such that a 
very high water concentration was present on both sides of the films, but there 
was only a small driving force. 

Similar results were reported in the literature for the permeation of organic 
solvents through a number of different polymer membranes under analogous 
experimental conditions:', J. To the authors' knowledge, only a few workers 
hwe investigated the permeation of water through paint films under com- 
parable experimental conditionss. 

These authors limited the interpretation of the results to qualitative con- 
siderations, on the basis of theories already advanced in the literature:$. 

The aim of the present paper is to elucidate, as quantitatively as possible. 
the factors which might determine the very high diffusion coefficients of water 
through epoxy resin films under certain experimental conditions. For the other 
materials investigated, results obtained with the two methods mentioned above 
will also be compared and discussed. 

Theoretical 
As previously shown1, % .an amended form of Fick's relation describing the 
transport process of n penetrant through ;I membrane was deduced on 
thermodynamical grounds. viz.: 

( I "  - Dc dln N c da 
- D -  . . . . . . . . . . . . . . . . . . . . . .  

d s a dx 

The diffusion coefficient, D. is dependent on the temperature, and may also 
he dependent on the concentration, c. and therefore on position, .u. 

For the sake of simplicity, the treatment has been restricted to the isothermal 
and steady state conditions, for which the flux, q, is the same through each 
section of the membrane. Then q is independent of the temperature, position 
and time. and equation ( I )  can be transformed to: 

d . \ - -qL- D - da . . . . . . . . . . . . . . . . . . . . . . . .  (2) I " ' :  . (1, 
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If  D is concentration-independent, the dityusion coefficient can be calculated 
from the rearranged equation (2): 

For materials where ditr~~sion is dependent on concentration, equation (3) 
gives a mean diRi~sion coellicient, known in the literature as the "integral 
diffusion coefficientv7. 

Equation (3) may then be written: 

- 
In the preceding papers1+ ? //)-values of the materii~ls investigated at difrerent 
mean concentrations have been calculated. 

I t  was concluded that, for the hydrophilic materials, the mean difrusion 
coefficient depends markedly on the concentration. It follows that. for a better 
evaluation of equation (I) ,  the concentration dependence of diffusion has to 
be taken into consideration. 

Derivntion qf'conc.enfru tion tkpcnt/~~nc~c~ q/ thc r11''irlr.sion cboqf/icicwt 
Using a procedure ana logo~~s  to that of Crank", the dependence of the diffusion 
coefficient on the concentration could be obtained as follows: 

Equation (2) may be written 

Introducing for the sake of simplicity 

equation (5) can be rewritten as follows: 

Now, D can be determined by two difrerent sets of experiments, as shown 
below. 

By a series of experiments in which the lower activity u, (at the downstream 
boundary ot the film) is maintained constant, while the higher activity (1, (at 
the upstream boundary of the film) is varied. By differentiation of equation (6) 
with respect to (1,. i t  follows that: 
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d (DM) - I . d  1 M d D  
Dn 1 . . . . . . . . . . . . . .  

do1 I I I  171 da, 
By a siniilar series of experiments, in which the activity at  the upstream 

boundary a, is maintained constant. and the activity at the downstream 
boundary a, is varied. 

The same mathematical treatment may then be applied, resulting in 
equation (9): 

.- - M d D  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D n 2  D M -  . - 

m da, 

As has already been shown1, m and M can be calculated from the sorption 
measurements. By graphical differentiation of the curve 5 versus a, or 
Dversus a, with respect to a, and a, respectively, the tangents d i d a ,  or dads, 
can be obtained. Introduction of these values in equations (8) or (9) gives the 
values of the differential diffusion coefficient, D. The calculated D-values can 
be represented either as a function of the activity or of the concentration, since 
the dependence of the concentration on activity is known from the sorption 
measurements. 

The two methods must, of course, give the same results. However, some 
small differences can be expected as a result of the errors introduced in the 
calculations by the inaccuracy of the graphical differentiation and integration 
in the determination of dB/dn and M respectively. 

The conditions of the experiments described in Part I for system I 
(viz. a, - variable, a, = 0) and system I1 (viz. a, = 1, a, = variable) are in 
agreement with the boundary limits required respectively by equations (8) 
and (9) above. Consequently, the values of 6 already reported (see Part I) 
could be used in the calculations of D. 

Coilcentration projkcs 
If the concentration dependence of diffusion is known, the concentration 
distribution through a film can be determined graphically or  analytically. 

The graphical method may be by trial and error, and is laborious because 
it  necessitates the examination of a large number of curves, until the tangent 
on the curve.describing a -: f(x) corresponds with daldx as calculated from 
equation (I). 

Analytically, the concentration profiles can be obtained from equation (2) 
if mathematical expressions for D - f (a) and c -- f (a) are known. By keeping 
one limit of the integrals (i.e. a, and L, respectively) constant, and then intro- 
ducing various values of a, into the resulting relationship from the integration, 
the distance x in the film corresponding with a, is obtained. As a result, 
a = f (x) is determined. Because c = f (a) is known, c = f (x) can also be 
obtained. 



The equation describing the curve D versus (1, as obtnincd by "curve-fittins". 
for both the alkyd resin and the epoxy resin takes the form of: 

Unfortunately this relationship, when multiplied by (-,'(I f ( r i ) .  gives mathe- 
matical expressions that are difficult to integrate. Consequently, in the present 
paper the concentration profiles were determined by the graphical method 
only. 

Results and discussion 
Since the materials investigated show dilyercnt behnviour with respect to 
water, each will be discussed separately. 

Eposq' resit? 
The mean water diffi~sion coeliicicnts of the epoxy resin havc been culculatc'd 
from water vapour (8.) iind osmotic permeation measilrements (D.,,,,,) b! 
applying the equation (4). They are shown in Fig. I as a function of nieun 
water concentration F).  The results - derived from the two permeation method, 
agree satisfactorily for moderate c*-values. However, as mentioned before. 
very high mean diffusion coeficients have been obtained for two cases 01' the - .- 
osmotic m~asurements ( D  ,,,,,,, and D ,,,,,,, ). 

The two cases correspond to sit~lations in which very high water concc'n- 
trations on both sides of the film are present. 

It can be seen from Fig. 2, in which the ditrusion coefficient calculated I'roni 
equations (8) and (9) is plotted as a function of the concentration, that, at 
very high water concentrations. D incrcascs very rapidly with the concentration. 

Such a dependence predicts very high mean ditri~sion coeflicients for sit11 ;I t '  I O I I ~  

in which, on both sides of the lilm. very high water concentrations are prescnt. 
. - 

This is confirmed by the very high -D ,,,,,, values (D, ,,,,,, and D ,,,,,,,) obtained 
for the cases of the two osmotic measurenients described above, for which the 
water concentration is high but the difyerence in concentration is small. 

Because the dependence of thc Jiffi~sion cocfTkicnt on the concentration 
directly affects the concentration profile through th? film, the above result\ 
can also be interpreted in terms of the conce~tration distribution across the 
film, as suggested by Long:'. For this purpose, the concentration profile through 
the film for one case has been calculated, viz. when at the upstream boundary 
of the film c - 17.8 '. 10 "g cm :' (u  - I ) .  and at the downstream boundary 
of the film c 0 (a - 0) (see Fig. 3). As expected, the conccntration does nct 
change linearly with the distance (s). From the upstream side, it derreapes 
slowly over rcarly the whole distance .r, and falls sharply when i t  approaches 
the downstream boundary. The main resistance to diffusion occurs in the 
vicinity of the downstream boundary of the film. This effect was called by 
Long:', the "effect at downstream concentration". 



Fig. 1. Epoxy resin. Meal 
osmotic ( ) ) me: 

diffusion coefticients (0) determined from watcr vagour (X) and 
iurernents, as a fi~nction of the mean water concentration 



Fig. 2. Epoxy resin. Diffusion coefficient as a function of concentration 
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8 16 24 32 
Fig. 3. Epoxy resin. Concentration distribution across the film, when a t  the upstream boundary 

c ,  = 17.8 2. 10 (g cm 7 and at  the downstream boundary c2 - 0 

The mean diffusion coefficients as calculated from the osmotic and the  water 
vapour permeation experiments are summarised in Fig. 4. 

Fig. 4. .41kyd resin. Mean diffusion coefficients determined from water vapour (X) and osmotic 
( )  ) measurements a s  a function of the mean water concentration: 
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For tlic hydrophilic alkyd resin, a behaviour similar to that of tlie epoxy 
resin is to be expected. However, in contrast with the epoxy resin (see Fig. I ). 
no jump in diffusion coefficient at very high water concentrations was found. 
This res~llt seems to be a direct consequence of t:ie formation of clusters of 
water in the alkyd resin films at higher concentrations (sec also the result5 
obtained with the plasticised chlorinated rubber). 

The presence of the clusters of water in tlic alkyd resin film. as alread~ 
shown in a previous paperH. may strongly decrease the mobility of the water 
niolecules. As a result, the diffusion process is slowed down and lower diffusion 
coefficients than expected at higher concentration arc obtained. In the 
literature? similar cases of competitive processes of spccific site and cluster 
interactions affecting tlie diffusion process havc alrcady been reported. 

The dependence on concentration of tlie diffusion coefficient (Fig. 5 )  us 
well as the concentration profiles (one cxample is shown in Fig. 6). reflect this 
situation. The increase of D with c is moderate, and consequently the con- 
centration profile is less concave towards the abscissa. when compared with 
that of the epoxy resin. 

Fig. 5. Alkyd resin. Diffusion coefficient as a function of concentration 

C'l~k,rirtutctl ruhhc~r 
The results obtained with I~ydropliohic cl:lorinated rubber have previousl> 
been described1* " The experiments with water vapour under v;lrious con- 
ditions have led to the conclusion that the diffusion cocfficicnt is independent 
of concentration ( D  - D - { 1 10 - 1  10). >: 10 "cm2 I1 I). For water permeation 
under the osmotic conditions used, n somewlia~ higher difrusion coefficient 
value was obtained (D,,,,,, ( 120 1 101 ., 10 "). 
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8 16 24 
Fig. 6. Alkyd resin. Concentration distribution across the film, when at the upstream boundary 

c, = 42.4 \ 10-Vg crn :') and a t  the downstream boundary c2 = 0 

I t  is probable that the inaccuracy of the sorption method at very low water 
uptake1 is the cause of this difference. A constant D means that the concen- 
tration profile is linear. 

Clrlorinated rul?hcr ~ l ~ i t l i  chlorinated para[fit~ - 
Comparing the rcsults obtained from the osmotic measi!rements (D,,,,,) with 
those of water vapour measurements (c,), it can be concluded that a good 
agreement exists (see Fig. 7). As has already been reportedR, the strong 
decrease of 5 with 2: is a direct result of the immobilisation of the water 
molecules by the formation of clusters of water in the film. 
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Fig. 7. Chlorinated rubber with chlorinated paraffin. Mean diffusion coefficients determined from 
water vapour (X) and osmotic ( @ ) measurements a s  a function of the mean water concentration c 

A concentration profile, from the calci~lated dependence of D on c (see 
Fig. 8) was determined. Such a concentration profile (see Fig. 9) shows that. 
in this case, the resistance lies on the side of the high water concentration. 

Conclusions 
The mean water diffusion coefficients (D) calculated from the osmotic anct 
water vapour permeation measurements under steady state conditions, can 
be interpreted very satisfactorily in terms of the dependence of the diffusion 
coefficient, (D) ,  on the concentration. 

The good agreement between the results obtained from the two permeation 
methods shows that the osmotic measurements can be considered as an 
extension of the water vapour measurements, for the experimental condition 
of high water concentration on both sides of film. 

For the hydrophilic materials, the diffusion coefficient increases with 
increasing concentration. Consequently, the concentration profiles are concave 
towards the distance axis. For the epoxy resin at very high water concen- 
tration, D increases almost asymptotically with the water concentration. I t  
follows that, for cases in which very high water concentrations arc present on 
both sides of the film, very high D-values are found, because they approach 
the values of D. For the alkyd resin, the presence of clusters of water at high 
water concentrations decreases the mobility of the molecules of water. As a 
result, the diffusion coefficient increases only moderately with concentration. 
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Fig. 8. Chlorinated rubber with chlorinated paraffin. Diffusion coefficient as  function of concentra- 
tion 
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Fig. 9. Chlorinated rubber with chlorinated paraffin. Schematic description of the concentration 
distribution across the film, when at the upstream boundary C, 29.7 . 10 V(g c m  :') and at 

the downstream boundary C, 0 

The diff'usion coefficient of the hydrophobic chlorinated rubber is independent 
of concentration. Consequently, the curve describing the concentration profile 
is linear. 

For the plasticised chlorinated rubber, the diffusion coefficient decreases 
steeply with the watcr concentration. As a consequence the concentration 
distance curves are convex towards the distance axis. This behaviour is 
attributed to the strong tendency of thc water molecules to form clusters. 

[ Rc)c*citlcd 30 ,7"ot*ctnhc.r 1970 



1071 (7 )  WAI'I:II TRANSI'OIIT T I I R O U G I I  I'AINT F I I , M S  

References 
1. Perera, D. Y., and Heertjes, P. M., JOC'CA, 1971, 54, 313. 
2. Perera, D. Y., and Heertjes, P. M., JOCCA, 1971, 51, 546. 
3. Long, R.  B., Inti. rrrld EII ,~ .  CIICI~I .  1965, 4, 445. 
4. Binning, R. C . ,  Lee, R. J., Jennings, J. E., and Martin, E. C.,  Irrrl. crtrcl Gig. Clretli. 1961, 

53, 54. 
5 .  Funke, W. A., Zorll, V., and Murthy, B. G. K., J. Pt .  Tech. 1969,41,210. 
6. Crank, J., "The Math. of dilTusion." 1967 Oxford: Clarendon Press. 
7. Fujita. H., Forlschr. Hochpolvnl. Porsch. 1961, (3) 1-47. 
8. Perera, D. Y., and HecrGes, P. M., JOCCA, 1971, 54, 395. 
9. Schneider, N. S., Du~ablon,  L. V., Spano, L. A.. Hopfenberg. H.  R., and Voltn, F.. J .  

.4ppl. PoIvr77. Sci 1968, 12, 527. 



I .  Oil Col. Chcnt. Assoc. 1971. 54, 604-615 

The relationship between the ion 
exchange capacity and the 
corrosion protection efficiency of 
alkyd based anti-corrosive paints 
By U. Ulfvarson and M. Khullar 

Statens Provningsanstalt, Stockholm, Sweden 

The ion exchange capacity of a number of lacquers consisting of pigmented alkyds has txcn 
measured and compared with the anti-corrosive efficiency of the lacquers. The ant i -corros~~c 
properties were tested by applying the lacquers in thin films on cold-rolled steel panels and 
exposing the panels in outdoor exposure or  in a salt fog chamber. It was found that the ion 
exchange capacity is a modifying factor in the corrosion protective property of pigmented 
alkyds. This applies to  lacquers pigmented both with so-called active pigments such as red 
lead or  zinc chromate and inactive pigments such as titanium dioxide. Measurement of the 
Ion exchange capacity is suggested as a method of cliaractcrising anti-corrosive paints of thi4 
kind. Measurement of the ion exchange capacity a t  certain intervals during exposure of anti- 
corrosive paints or anti-corrosive paint systems inay be developed to be a useful tool for 
following the progressive deterioration. 

Kcjwords 
Tvpes arrcl clrsses r$ cocrti~lg 

alkyd coating 
Proce.rs arlrl n1etlror1.s prin~arily 
as.sociatc.rl with scrvicc~ or rrtility 

ion exchange 

I'roperties,  characteristic.^ and con~lirio~~s prirtinrilj, 
mssociaterl with rlried or crrred filnis 

corrosion resistance 

Le rapport entre les caractgristiques des peintures alkydes anti- 
corrosives en tant qu'6changeur.s d'ions et leur rendernent de 
protection contre la corrosion 

On a dCterminC les caractCristiqucs d'Cchange d'ions pour ~ ~ n e  gammc de ri'sincs alkydc4 
pigmentees et I'on les a comparees avec le rendement anti-corrosif des vcrnis. Les proprii.th 
anti-corrosives ont CtC appri'ciees en appliquant des feuils minces dcs vernis aux panncailu 
d'acier lamine A froid. et ensuite en les exposant aux intemperies ou A iln brouillard salin. 
On a trouvC que la caractcristique de I'echange exerce iln effet niodificateur sur la proprii'tc 
anti-corrosive des alkydes pignientkes. Cela s'applique aux vernis pigmcntkes soit par des 
pigments soi-disant reactifs, tels que minii~ni ou c!ironiate de zinc, soit par les pigments 
inertes tels que dioxyde de titane. On propose le dosage de !a caractcristique de I'cchangc 
en tant qu'une mCthode pour caracteriser les peintures anti-corrosives de cette sortc. Lc 
dosage de la caracteristique de I'echange aprks de diverses pericdes d'exposition des pcinturc\ 
anti-corrosives oil des systkmes de pcintures anti-corrosives peut devenir un outil avxntagcuu 
pour suivre leur dkterioration progressive. 
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weeks at room temperature. The quick change was dependent upon the water 
uptake of the film and the ionisation of ionogenic groups of the film, such as 
carboxyl groups in the case of alkyd films, caused by the presence of water. 

Mayne and co-workers have continued their investigations of the change in 
the electrical conductivities of paint films immersed in electrolytes. The res~~l t s  
of their studies have been summarised in a recent p~~blication by Maynel. 
The slow change was attributed by Cherry and Mayile:{ to u c o n t i n ~ ~ o ~ ~ s  ion 
exchange process. For example, in the cnse of alkyd films the more tirmly 
attached hydrogen ions of thc carboxyl groups are exchanged with' the niore 
mobile metallic ions of the surrounding electrolyte solution. Khi~llar, Ulfvarson 
and W5hlin4 found that the acid groups that take part in the ion exchungc 
process are to a large extent formed during the drying of the alkyd films. Indicn- 
tions have also been found that the bivalent ions such as Cat and Mg. . 
take part in this ion exchange process as monovalent ions. On the other hand, 
it has been impossible to decide whether the acid groups formed have dilrercnt 
dissociation constants (pK, ) ,  or whether all the groups have approximately 
the same dissociation constants, as there were indications for both postulates. 

As has been pointed out by Maitland and Mayneqhe ability of the paint 
film to protect the substrate is dependent upon the electrical resistance of' 
the film in the absence of inhibitive pigments. Khullar and IJlfvarson6 have 
investigated the ion exchange capacities of free films of 26 different binders 
at pH 5.6-6.0. The same binders were also applied on cleaned cold-rolled steel 
panels at  a controlled film thickness of 40 pm and these panels were expc)sed to 
corrosive environments according to three different methods: o ~ ~ t d o o r  exposure 
tests for  one year, immersion tests, and salt spray chamber tests according to 
a modification of the SIS method 18, 41. 90. The results of these tests showed 
that there was rt negative correlation between the ion exchange capacity and the 
corrosion protection efliciency of a paint film at :1 high level of significance. 
Hence, the higher the ion exchange capacity. the lesser the corrosion protection 
efficiency of the unpigmented paint film. I t  was further show~i that, in the case 
of films with high ion exchange capacity, the conductivity increased more 

Test 
-- 

Salt spray . . . . 

Outd~or exposure . . 

Ion exchange capacity . . I - -  

, 
Salt spray 

*99.9 % level of significance. P98.0 '%, level or significance. 

Immersion 
Outdoor ion cxchangc 
exposure I capacity 
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rapidly compared with films of low ion exchange capacity. The results of the 
above investigations are summariscd in Table I and Fig. 1 .  These investigations 
have been extended to stildy what rcile the ion exchangc capacity of a pigmented 
alkyd paint film plays in the corrosion protection of the steel substrate, even 
thouyh other variables also influence this property of the pigmented paint film. 

>- 
V z 
W 2 5  
L! 1 -  
L L  

E = EPOXY 
Lo=LINOLEIC ACID 

S= SOYA OIL 

--- 
V=VlNOFLEX 

ION EXCHANGE CAPACITY. mol /kg BINDER 

Fig. 1. Relationship between the ion exchange capacity of various binders and the degree of 
paint protection efficiency (according to §I§ 18 51 11) of these hi~ders when applied to steel 
panels and exposed for 500 hours in salt spray chamber according to SIS 18 41 90, but with 

intermittent spray 3 minutes every hour. The figures refer to Table 7 in reference 6. 

Experimental 
1017 csrltmigc csupuc.itic~.s c?/'pi,~rncrrlccl pcrirlt ,fil~vu 
Three oil modified alkyds, A, B, C with high, n~ediunl and low ion exchangc 
capacities respectively, were selected for pigmentation. The alkyds A and C 
were previously investigated by the authors, numbers 26 and 7 respectively in 
Fig. I. (Khullar and Ulfvarson". The pigments used in this study included 
red lead. zinc chromate, Oncor M 50 (basic lead silico-chromate), zinc oxide 
(all active pigments), iron oxide and titanium dioxide. Three levels of pigment 
volume concentration (PVC), 9. 18 and 35 per cent, were selected. The weights 
used in tlie various paint formi~lations were calculated from the pigment 
densities and the densities of the binders based upon the total solids in the 
binders. the values used being obtained from the raw material manufacturers. 
All pigments used were of commercial grade and no extenders were added to 
the systems. Pigments were dispersed in the binders by ball milling, and grinding 
was continued till the largest particles were 10 pm in size (Hegman scale 7). 
Driers (0.05 per cent Co. 0.3 per cent Pb and 0.1 per cent Ca in the form of 
naphthenates) were added to the paint just before application, as recommended 
by the manufacturer of the alkyd resins. The method of preparing the free 
films and the procedure for measuring the ion exchange capacities have been 
described in a previous publication by Ulfvarson, Khullar and Wahlini. 
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Electrolytic resistance of paint Jilms 
The measurements of DC resistances of detached paint films were made accord- 
ing to the method of Cherry and Mayne3 as described by Khullar and 
Ulfvarson6. The measurements were continued until there was no noticeable 
change in the conductance for several successive readings. 

Conductivity measurements of the water extracts of the pigments were made 
according to the method of Wallgren7, using a conductivity meter (Philoscope). 
A 150 mg portion of each type of pigment was placed in a 250 ml beaker and 
lOOml distilled water was added to each. The solutions were stirred periodically 
and kept a t  a controlled temperature of 50°C. The conductivity of the clear 
solutions was measured daily at room temperature. The data were recorded 
for the first 26 days. 

Corrosion tests 
Application of paints: Cold-rolled steel panels, 15 j< 7cm and lrnm thick. 
were degreased by washing with xylene and further cleaned by soaking for 
about five minutes in I :I hydrochloric acid containing 0.1 per cent thiourea 
;is inhibitor, and finally washing with cold running water till the wash water 
was neutral to litmus paper. After drying the panels, coatings were applied by 
the use of a mechanical applicator. Only one side of the panel was coated with 
the test paint, the other side being given a thick coat of an aluminium pigmented 
cpoxy paint. Film thickness was controlled to 18 t2pm,  which required a wet 
film thickness of about 40 pm. Thc panels were kept in a wire net cabinet and 
dried at controlled conditions of 20°C/65 per cent RH for three weeks. 

Salf spray tests: The test procedure according to SIS 18, 41, 90 was followed, 
using a 5 per cent sodium chloride solution, but with the exception that a 
spraying period of 3 minutes per hour was used. After 500 hours of exposure 
in the salt spray chamber, the panels were removed and their degree of corrosion 
protection efficiency according to SIS 18 51 1 1 was noted. 

Atmospheric exposure rests: The coated panels were mounted on a test rack 
at 45" facing south. The rack was placed on the top of one of the buildings 
of Statens Provningsanstalt, Stockholm (industrial climate). The panels were 
inspected periodically. 

Results 
lon exchange capacities of the pigmented paint films at pH 6.15-6.25, calculated 
as mol kg-I of the binder, are given in Table 2. It appears from this table that 
zinc chromate and zinc oxide pigments decrease the ion exchange capacities 
of pigmented films considerably, as can be seen by comparison with the ion 
exchange capacities of the unpigmented films of the three binders used in this 
study. Red lead has a moderate effect, whereas iron oxide and titanium 
dioxide have least effect on the ion exchange capacities. One explanation of 
the reduction in the ion exchange capacities is that all the pigments are water 
soluble to  some extent or contain water soluble salts, which possibly dissolve 
in the water taken up in the swollen film and thus neutralise the acid groups 
of the alkyd concerned. Furthermore, pigment particles, being basic, can react 
with the acid groups of the alkyd film. The ability of the various pigments to 
change the conductivity of distilled water when suspended in it is shown in 
Table 3. By comparing the results in Table 2 with the results in Table 3, it 
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can bc seen that the pigments that produce the highest change in conductivity 
when suspended in water, zinc chromate and zinc oxide, also influence the ion 
exchange capacities of the three alkyd binders to the highest degree, which would 
be expected if the basic components of the pigments neutralise the acid groups 
in the film. 

Tuhlr 2 
Ion exchalt.rr cripacity of detachecl pigrtrcvrted point ji!rtis 

('onclitions: 0.1 M NaCl solution, 50°C temperature, initial pH 6.15-6.25. dry film 
thickness 25-30pm 

I I 
I Ion cxchangc capacity, 11101 kg-' of binder, double 

determinations, PVC %* 
Alkyd Pigmen t 

0 
- - - --A- - - - - -- - - - 

Table 3 
Con(/l~ctri~ic.c rrtc'cr.surrrlicrrls of tr'oter. c.~tr.c~cl.s ofdiffclrettt pigrttrnts 

Conditions: 150nig of pigment addcd to lO0nil of distilled water, stirred and the 
\elution kcpt at 50 C tcmperature. All rc~dings were takcn at room temperature 

! 
..I T i O ,  -. - 

I 
0.88 

: ZnCrO, - 
I 
I - 

ZnO 0.03 0.03 - 
Fe203 - 

Red lead - . 
' Fe,03-t ZnCrO,tj 0.01 0.05 -- -- -- 

I% , TiO, 0.26 0.26 j 0 . 2 7  0.32 0.43 
ZnCrO, 1 0.00 0.00 , 0.02 0.00 
ZnO 1 0.00 0.00 j 0.00 - 

Fe,O, i 0.53 0.58 ! 0.61 0.62 
I Red lead 0.10 0.10 0.25 0.25 
, Oncor M 50 ' 0.08 0.10 0.20 0.28 

Fe,O:, I ~ n ~ r ~ . t /  0.04 0.04 1 - 
- 

TiOa j 0.15 0 . 2 0 1  0.18 0.20 
, ZnCrO, , 0.0 0.00 ( 0.00 0.00 

I'igmcnt 

'I'igmcnt conccntratio~i pcr cent by volumc. 1-60';,; Fc,O:, 1 .  40% ZnCrO,. 

0.13 0.20 I - 
0.02 0.02 1 - 

I 0.72 0.74 I - 
0.26 0.26 / - 
0.28 0.32 I - 

; ZnO , 0.02 0.02 
Fe203 0.25 0.35 

j Red lead / 0.00 0.00 
; Oncor M 50 0.26 0.26 
I I 

Conductancc rcadings in [ I S  cni-I (days) 
-~ -. -- -. 

Initial / I 1 3 1-71 14 / 26 

Distilled H,O 3.2 
Red lead . . 1 7.1 
TiO,. . . . . . 4.4 
Fe,O,, . . . . 3.0 

-- - 

0.21 0.21 
- - 
- - 
-.  - 

- -- 

- .. - 

-. - 

0.23 0.27 
- - 

- 
0.31 
- 
- 
- 
- 

3.6 
7.1 
9.1 
4.6 

- - -  I - 

ZnO.. . .  13 17 26 
ZnCrO, . . . . 

4.8 
9.1 

14 
6.7 

42 42 

5.6 
10 
16 
10 

42 
1,700 

6.7 
10 
25 
10 

6.7 
13 
27 
10 
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It  is worth mentioning here that ion exchange capacities change propor- 
tionately more at  the lower than at the higher PVC values, for instance in 
the case of titanium dioxide pigments in tlie ditrerent binders. In alkyd A, the 
ion exchange capacity per kg of binder in the film containing TiO, decreases 
compared with the ion excliange of unpigmented film, to 47 per cent at 18 
per cent PVC and to 40 per cent at  35 per cent PVC. TIILIS, i t  is seen that by 
doubling the PVC only a small change in the ion exchangc capacity took 
place. In the case of alkyd B at PVC values of 9, 18 and 35 per cent, the ion 
exchange capacity decreased to 72, 47.6 and 42 per cent respectively, and in 
the case of alkyd C at the same PVC va!ues, the ion cxcliange capacities dc- 
creased to 68, 61 and 57 per cent respectively, which may indicate that therc 
are different types of acid groups in thc binder which possess different dissocia- 
tion constants. 

In a few cases, ion excliange capacities increased with the increase of the PVC. 
for example in the case of lilms pigmented with iron oxide pigments. In thc 
case of alkyd A, the ion excliange capacity increased to I I I and 120 per ccnt 
of the ion exchange capacity of unpigmented film at PVC va111es of 18 and 
35 per cent respectively. Similarly. with alkyd B these figures are 1 18, 100 mid 
90 per cent at PVC values of 9, I X  ilnd 35 per ccnt respcctivcly and for alkyd 
C at 35 per cent PVC the ion exchange capacity is X I  pcr ccnt of the value for 
unpigmented film. Obviously, different bindcrs rcact differently with tlic samc 
pigment. This situation is also well illustrated by the diffcrent PVC values of 
red lead. For alkyd A, the ion exchange capacity dccreascd to 26 and 15 per cent 
of tlie value for unpigmented film at 18 and 35 per cent PVC of red Icnd. For 
alkyd B these figures are 4.2, 40 and 16 per cent at 9, l X  and 35 per cent PVC 
values and for alkyd C tl?c figures arc X I  and 100 per cent for 18 and 35 per cent 
PVC. Factors which incrcasc or decrcnsc thc ion exchangc capacity of tlic lilm 
are tlie concentration and typc of water solublc components of the pigmentb. 
The pigments no doubt also influence the drying proccss of the film and ,  a \  
pointed out carlier, most of tlic acid groups tliat take part in the ion exchanfc 
are formed during the drying proccss of the paint lilm. Tliils i t  appeiirs tliat t lic 
pigments and tlie bindcr react together in n corn~licatcd manner. 

Results of the resistance measurements of the dct~~clicd tilms nrc zi\.cn 111 

Tablc 4. It appears from this table tliat tlie initial resistance valucs of difTercnt 
films vary fro~ii Mohms cnl ' to hundreds of Mohms cm '. Tliesc \*alucs 
decreased to tcntlis of Molims cni "~tring the first wccl<. Films cont;tining 
red lead pigmcnts arc the only ones with high initirll resistance value that 
remained unchanged during tlie first wcck. Thcsc fi11iis cIi;~~~ged only slightly 
during a sixty day period. Films of alkyd C ,  which guvc small ion exchangc 
capacities, as scen in Tablc 4, have n rcsistancc valuc thal rcmaincd unchanged 
during the first weck and required a long timc before i L  noticc:lblc change 
occi~rred in the resistancc. Films of alkyd A, which possess the highest ion 
exchange capacities, correspondingly gave ii lower initial rcsistancc, a locvcr 
resistance after a wzek and a. shortcr time until fi~rther ch:lngcs in rcsistancc 
ceased. There are, however, exceptions to this behaviour. 

Titanium dioxide with alkyd A gives relatively high initial resistancc iuid 
with alkyd C low initial resistance, but after onc week the relations mentioned 
are again found hcre. The film with titanium dioxide in alkyd A was unusunlly 





and Oncor M 50 give good results in combination with alkyd B, but in this case 
red lead performed surprisingly poorly, whilst the results of iron oxide are as 
good as the results of zinc chromate at 18 per cent PVC. Oncor M 50 performed 
poorly aeain with alkyd C ,  which was in accordance with the results of the salt 
spray tests. It appears that the atmospheric corrosion test results with a!kyd C 
are best without any pigment, the next best being red lead and titanium dioxide. 
Zinc chromate was not tested with this binder. 

612 U.  C I L . F V A R S O N  LIT A I . .  JO(.C..\ 

TuhIc~ 5 

Rcsrrlts of corrosion tests 

Conditions: Salt spray test. 50°C temperature, NaCl concentration 5 j',,, pH 6.8-7.0. 
spray cycle 3 minutes/hour, duration of test 500 hours. Outdoor exposure tcht 
(Stockholn~). Test duration 1 year. 

These results are to some extent unexpected and may need further confirma- 
tion, which has not yet been possible. In practice, better results should be 
obtained than shown by these tests because the film thickness was only about 
18 pm, and no top coat was used. Generally, it can be said that the interaction 
between the binder and the pigment has been found to be of great importance 
for the final corrosion protection. 

I 

Bindcr I : Pigment 
I 
I 

- - ! 

PVC 
% 

Degrec of paint I Ion exchange capacity 

protection efiiciency 

A 

; Oncor M 50 
i FepOS 
; Red lead / Clear 

------- 
Salt 

spray 

- 

35 
3 5 
3 5 
35 
3 5 
35 
0 

10 
2 
a 
4 
4 
7 
2 

10 
3 
6 
8 
I 
7 
9 
9 
5 
3 
4 

4 
4 
5 
4 
8 
7 

I3 . ZnCrO, 35 
TiO, 
ZnO 

) Oncor M 50 35 
, Fe,03 
I Red lead 

Fe,03+ZnCr04 1 z n ~ r o ,  
ZnCrO, 9 

1 Fe,O, 18 
Fe,O:, 9 

I 
C TiO, 35 

j ZnO 
I Oncor M 50 

Fe,03 35 
, Red lead 1 35 

Outdoor 
exposure 

7 

. - - 

n~ol  kg-' i mol kg ' 
dry binder I dry paint 
(Tablc 2) 1 

- -  -- - -  . 

! 

0 -- 

5 0.35 j 0.12 
2 I 0.03 0.01 
5 1 0.33 0.11 
8 
8 
I 

9 
4 
5 

1.03 / 0.33 
0.10 0.03 
0.88 1 0.03 

0.0 I 0 
0.26 0.1 
0 

' 9 1 0.09 I :.035 
5 0.55 1 0.19 
6 1 0.10 0.02 
9 1 0.04 0.02 

, 7 1 0.02 I 0.01 
h 0.16 0.1 
7 0.62 1 0.37 
6 0.74 ! 0.50 

7 
- ... 0.02 1 0.01 

5 j 0.26 0.13 
0.25 , 0.1 3 
0 
0 3 0  , 0 

- 
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Discussion 
The only reliable method of testing an  anti-corrosive paint is to perform an 
outdoor exposure test of the complete paint system at realistic film thicknesses 
on n realistic substrate. Such tests can be carried out by following the procedure 
in Bulletin No. 26 from the Swedish Corrosion Institute. Paints which are 
worth consideration take several years to test. Many attempts have been made 
to find methods of reducing the test duration by using accelerated test methods 
or by means of clectro-chemical tests. e.g. potentiostatic or galvanostatic 
investigations of painted steel panels as carried out by ClayR and of water 
extracts of inhibitive pigments as performed by Rufg. Tliese methods do not 
take into consideration, however, all factors that influence the rust proofing 
efficiency of anti-corrosive paints. One important contribution towards this 
end is the ~iieasuremcnt of the change in conductance of the paint film 
soaked in solutions of electrolyte with time. One indirect indication of this 
is tlie ion cxcliange capacity of the paint filni. As has been already shown, 
there exists a clear relationship between the ion exchange capacity of tlie film 
and tlie corrosion protection efficiency of tlie clear varnish film. The investiga- 
tions described in this paper were aimed at determining whether such a relation- 
ship existed in the case of pigmented alkyd paint films. In order to obtain 
il rough picture of the relationship described above, a rank correlation analysis 
has been made as suggested by Kendal"'. and tlic results are shown in Table 6. 
Fro111 the results in this table. it appears that there is a certain correlation 
between tlic results of the salt spray tests and the ion excllange capacities, 
:is can also be seen from Fig. 2. but there is an ilnccrtainty about a correlation 
with the res~11ts of the outdoor exposurc tests. It is likely that by performing a 
larger eupcriment. such a correlation would also exist for an outdoor test. 

Salt Outdoor 
Tcst 

I 

Salt spray . . . . 

Outdoor cxposurc . . 
Ion exchangc capacity 

(based on bindcr) 
Ion exchange capacity 

(based on total wcight 
of film) 

Final resistance . . . . 
Days to failurc by rcsist- 

ance mcasurenlcnts 

Ion exchange capacity 

Based on Based on 
bindcr total film 

wcight 

I 
Final Days to 
resist- IaiIure by 
ancc I resistance 

mcasure- 
, lllcnts 

I 

*99.9:; level of significance. t98.0j':, levcl of significance. 



QRED LEAD + ZnO 

0 NO PIGMENTS 

ION EXCHANCE CAPACITY, mol/kq BINDER 

Fig. 2. Relationship between tlie ion exchange capacity of the binders in various paint forn~u- 
ktions and the degree of paint protection clficicnsy (accoadinl: to SIS 18 51 11)  of paint films 
after exposure oh panels for 500 hours it1 salt spray chamher ilcco~dinq to SIS  18 41 90, but wi th  
intermittent spray 3 minutes every hour. The Irtters refer to Ihe lypcs of alkyd sho~vn in the text 

This view is supported by tlie fact tliat tlierc alrcady exists a signilicnnt correla- 
tion between tlic results of tlic salt spray tcsts and t l~c  outdoor exposurc tcsts. 
I t  may be mentioned, however, that tlie corrosion protcclion cfliciency in tlie 
casc of a pigmented paint is nffccted by several otlicr factors. For example, a 
paint containing a zinc chroniate pig1iic1it is II good ;~nti-corrosive paint not 
because tlie ion exchange capacity in this case is neutraliscd by tlic basic pigment, 
but because of a mechanism involving anodic protection. I f  this were not so. 
zinc oxide would give good protection, because i t  rcduccs tlzc ion cxchange 
capacity of the binder, but the resulls are poor in this casc, both in tlie salt 
spray and outdoor expcpsurc tcsts. The ion exchange capacity is not the doniinat- 
ing factor, but a secondary one. It can bc said, however, that, for paints contain- 
ing the same types of pigmcrits at the same PVC values, tlic ion exchange 
capacity is the determining factor for tllc rank order of the corrosion protection 
efficiency. If tlie results shown in Table 5 are studied for each individual pigment, 
it is observed that, with tlie exception of iron oxide (which somctimes increased 
the ion excliange capacities) there exists a clcar relationship between tlie ion 
exchange capacities and their corrosion protection efficiencies in both corrosion 
tests. In Fig. 2, the experiments with iron oxidc pigments have been omitted. 
but in the other cases the relationship is good and, as described earlier, the 
lines of regression differ in their slopes. It can be concluded tliat ion exchange 
capacity may be used as a supplementary test for determining the anti-corrosive 
qualities of the paint system. High residual ion cxchange capacity after the 
pigment Iias been added to the binder is to be considered bad. A comparison 
between the original and the residual ion exchange capacities after the pigment 
and the binder have been combined shows that a film which has a high original 
ion exchange capacity also has a high residual ion exchange capacity. This 
gives a clue to product development. Alkyds which produce a large number 
of acid groups or a large concent~ztion of acid groups during the drying process 
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should be avoidcd. Tlic ion cxchangc capacity cannot be used alone as an 
indication of thc anti-corrosive vnluc of a pilint, but together with other measure- 
ments and tests tliis propcrty is rclcvant. In a series of tcsts to determine the 
anti-corrosive cfficicncy of paint systems, it is worth taking into consideration 
how tlic pigliicnt :uid the binder function togcthcr to produce an anti-corrosive 
efict. Such mer~suremcnt:i can bc m:tde by means of potentiostatic techniques, 
2:nd investigations using these tccliniqucs in the casc of pigmented mint systems 
arc in progrcss in the Statcr'ls Prov~~ingsanstalt. 

A dil'fcrcrit way of using mcasurerncnt of tlic ion cxchangc capacity is to 
cspose panels painted with tlic anti-corrosive paints undcr test in the environ- 
riient for wl?icli thcy are intcnded, and tlicn t o  follow thcir progressive detcriora- 
tion by sampling picccs of dctaclied lilms and mcnsuring the residual 
ion cxchnngc capacity. This possibility has not yct bccn invcstigntcd. 

A succcssivc testing and recording of tlic conductivity through the film to 
its substrate could possibly rcplacc tliis somewhat laborious measurement, 
but on the o:Iicr hand pilrcly local dcfccts i n  tlic lilm woi~ld be a distirrbing 
influence in this mcthod. 

Tl?c authors takc tlic opportunity to cxprcss tlicir. gr;~tili~de to the Swcdisl~ 
Coul?cil for Technical Dcvclopn~cnts for thcir lin;~~icinl s~rpport of tliis sti~dy. 
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The characterisation of carbon 
black surfaces* 
By D. Dollimore 

Department of Chemistry and Applied Chemistry, University of Salford, Salford, Lancs. 

T o  understand the relevance of tlie surface propet-ties of carbon black, i t  is necessary to apprc- 
ciate the various uses for which it is intcnded and the manner in wliich it differs from other 
carbons manufactured coti~mercially, e.g. graphite, charcoal, active carbons, etc. I t  is also 
profitable to niatcli tlie surface characteristics of tlie carbon black against the surfacc properties 
of other materials. 

In this review the particle size, surfrlce area and associated properties of carbon hlach, 
as derived from such techniques as electron niicroscopy and nitrogen adsorption, arc outlined 
and details of its structure are obtained as the result of X-ray dilfraction technique\. 

Tlle effect of heat treatment on the carbon blacks and the properties of oxidised carbon 
blacks are discussed. The adsorption upon these various carbon blacks of other gases and 
vapours and the manner in which such results are interpreted are discussed. Correlation of 
the data obtained by varioits tecliniqites is an important aspect which is considcrc:! in 4onic 
detail. 

Keywords 
Prime pignlcnts and dyes 

carbon black 
particle size 

Process arlrl nletho(1.s pritrlcrrilj~ cts.vocirrtc,rl surface area 
W"h arta1y.si.r. measurem~t~t otld leslirrg 

nitrogen adsorption Mi.scellaneous terms 
BET equation 

La caractgrisation des surface du noir de carbone 

Afin de cotnprendre I'importancc des caracttristiques superficielles du noir dc car bonc. 1 1  
est necessaire de tenir conipte des applications prevues, et de la tiianiere en laqitcllc i l  c,t 
different d'autres fornies de carbone qui existent en commerce, e.g. graphite, char-hon dc 
bois, et des carbones activks. I I  est d'ailleurs avantageux de comparet- Ics cnractCri,tiqile, 
des surfaces du noir de cnrbonc avcc celles d'autres tliatdriaux. 
Dans cet expose on mentionnc la grandcur particulaire. I'aire superficiellc, ct dcb caractbr- 
istiques alliees, du noir de carbone quc I'on peut doser par des techniques tclleh que micro- 
scopie electronique et adsorption d'azote, et egalenient la structitre dont les dttails sont 
obtenus par la technique de diffraction des rayons X. 
On discute I'effet du traitement a cliaud des noirs dc carbolic, ainsi que les caracttkistiqucs 
des noirs de carbone oxydCs. On discute I'adsorption des gaz et des vapeurs par ces diver\ 
types du noir de earbonc et d'ailleurs la facon d'intcrprkter ces rksultats. La corrklation des 
donnkes obtenues par de diverses techniques est un aspect important que I'on considere 
en quelque detail. 

-- -- 
*Presented at a Joint Symposiitni of the London Section and the Colloid and Surface 

Chemistry Group of the SCI on 25 Noveniber 1970. 
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Die Charakterisierung von Carbon Black Oberflachen 
Z~rsai~lr~rorfi-~.s.s~~r~g 
Unl die Bedcutung dcr Obel-fl2chc1ieigenscI1aftc11 von Carbon Black verstelien LII kiinncn, 
muss man die verschiedenen Anwendi~r~gsgebiete, fiir welche es bestimmt ist, und die Alt 
und Weise, in welclicr es sic11 von andcren, fiir den Handel hergestellten Kohlenstofen, z.W. 
Graphit, Holzkohle, Aktivkohle usw. untcrscheidet, in Betracht ziehen. Es lohnt sich ausscr- 
dem, dis Oberfllcliencharakteristika von Carbon Black mit denen anderer Stoffe zu \~crgIciclic~i. 
In dieser Bctrachtung werden die Grosse dcr Oberfliiche von Carbon Black und damit 
verbundene, mit Hilfc von Tcclinikcn wie der Elektroncnniikroskopie und Sticltstofradsorption. 
feststellbare Eigenschaften sowie Einzelheiten ihrer Struktur, die man mit Hilfc v o n  
Rontgenstrahlen-Diffraktionstechniken austindig macht, skizziert. 
Die Auswirkung von Wiirniebehandlung auf Carbon Blacks, i ~ n d  die Eigenschaftcn ouidicrtcr 
Carbon Blacks werden besprochcn. Erortert wird auch die Adsorption andercr Gase und 
Dampfe durch diese verschiedenen Carbon Blacks und die Art und Weise, mit welclicr solche 
Resultate intcrpretiert werden. 
Ein wiclitiger Gcsichtspunkt ist die Korrclation dcr bei Anwendung verscliicdencr 'I'c.clinil\cn 
erlialtenen Daten, Dies wird ziemlich cingchcnd in Betracht gezogen. 

B HaCTORlllCM 06301~ PaCCMilTPMBatOTCR BeJlMqMHa YaCTMU, IIOBCPXtIOCTHaR nSIOlll;\flL. CI 

CMeXHble C B O ~ ~ C T B ~  CaXM. nOnyqCHtlblC nyTeM ~ S ~ C K T P O H H O ~ ~  MMKPOCKOnMM I I  L I L I C O P ~ U L I I I  
a30Ta Li ~OJlyqctlbl ~ ( > ~ ~ O ~ H O C T M  CC CTPYKTYPb1, B pC3ynbTaTC nIl@pa~uMM pCtlTr~HOBCKII\ 
nyreii. 
0 6 c y m n a e ~ c ~  ~ @ @ C K T  ~ e p ~ o o 6 p a 6 0 ~ ~ ~  Ha CaXM M t1a C B O ~ ~ C T B ~  OKMCSICtlIibIX cam. 06cyxnato- 
TCR TaKxe a n c o p 6 u ~ ~  npyrux r a m e  M napos Ha p a ~ n ~ r ~ b ~ x  camax M MeToa n o  K O T O ~ O M ~  
MHTepnpeTMpYtOTCR 3TM pC3yJlbTaTbl. C O O T H O U ~ ~ H M R  Memil)' AaHHblMM IlOJ lYVCHHblMI I  
pa3nM'IHblMM TeXtIMYCCKMMM MCTOaaMM RBSI5llOTC)7 RaXHblM (I)~~KTOPOM, ~OT~pblf i  p;lCCM;\TpM- 
BaeTCR HeCKOSIbKO nonpo6t1o. 

Introduction 
To appreciate the surfiice properties of carbon blacks that are of relevance. 
it is necessary to indicate the various uses for which it is intended and to briefly 
indicate its form and structure. The amorphous carbons occur in thc various 
forms listed in Fig. 1 ,  as well as in crystalline forms. The only crystalline forni 
which has any bearing on the topic of carbon blacks is graphite. The carbon 
blacks differ from the bulk amorphous carbons such as cokes and charcoals 
by their particulate nature, being composed of spherical particles of colloidal 
dimensions. The arrangement of carbon atonis in graphite layer planes is 
masked by the colloidal dimensions of the carbon black particles. The structure 
of the carbon black particles is largely determined by X-ray diffraction stud~es 
supplemented by electron microscopy. and the subject has been reviewed in 
detail by Heckmanl. The carbon atoms are chemically bonded together to 
form plane hexagonal networks called layer planes, which are identical to the 
layer planes in graphite. In normal carbon blacks, the dimensions of the layer 
planes are much smaller than those in graphite, and it is therefore more likely 



I ilnacfivatcd cokes and charcoals 

I 
- (a)  Charcoals / low porosity charcoals 

I 
I ' high porosity charcoal.; 

lamp black I 

(b) Carbon blacks I 

i furnace black 

1 I - acctylcnc black 

I_- (c) i';lrti;llly graphitisctl s:l~nl,!cs 
of charcoals and c:lrbon bl~:cl< 

Fig. 1. Classification of an~orplloos carbons 

tllat therc will bc :I 11igl:cr- proportion of 11:;drogcn attachcd to tlic "cdgc" of 
tlicsc planes. The st11 race of  tlic carbon blnclt ni;~y be covered with oxygen 
cornplcxcs which can he removcd by Ileal treatment in an inert atmosphere. 
Heat treatment in the region 2,700-3,000'C causes grapliitisntion to take place. 
but this may bc only partial. 

\Vhereas thc cli;~rcoals and derivccl products arc prepared from solid ra\v 
niaterials, the carbon blacks are obtained frorii thc partial combustion or 
thermal decomposition c-rf licli~id or gascous hydrocarbons (see Fig. 2). The most 
rcceiit figures show that the majoriry of tile carbon bl:~cks are produced by the 
furnace process." 

I_ - 
Lai~il~hltrcl, .s produced by burning oil in open pans 

Liquid or  
gaseous - 

hydrocarbon 

-- Clrmrrrc~l 1)ltrc~X.s- - produced by i~irpi~rgc,irrc,irt of unclcrvcntilntcd natural 
gas flames o n  chnnncls or  rollers that collcct t!ie carbon- tllc it~ipirr~c- 
~rrerrt pi"c'c'.s.s 

1- F rrrrrrrcc. c~oriih~r.stiorr l11trcA.s produced by partial combustion of c~itl~er. 
nati~ral gas or liqi~ld hydrocarbon in insulated retorts or furnaces- 
the jill-lltl(.e pI.0cCS.V 

,- I Tl~c~r~~lu l  A/LIcX.S- in this process the hydrocarbon gases arc deconlposed 
into carbon and hydrogen in refractory fui-n~~ccs-the therrtltrl process 

Fig. 2. The preparation of carbon blacks 

The uses of the colloidal carbon black depend upon its small particle size, 
on  its adsorption and absorption properties, on its colour, on its capacity to 
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absorb radiiition, on its clcctrical conductivity, :u~d on its chemical reactivity. 
Thus, its use in thc grinding of Portland cement is due prilnarily to its small 
particle size, its property of decolourising is due to its adsorption capacity, its 
use in dry cell batteries is due to its abil~ty to absorb thc electrolyte solution, 
and its use as a printing ink is due to its colour. Uses bascd on its radiation 
absorption capacity include its use in soil treatment to spccd ger~ni~*~ation of 
seeds by increasing thc tcmpcraturc of thc soil, and its use in polyethylene and 
poljstyrene wire and cablc jackcts is due to its ability to prcvcnt t l ~ c  breakdown 
of the resin by cxpos~lrc to sunl i~ht .  

Typical properti?\ of ll?c various classes of c:;rbon black arc lislcd in Table I 
and include many that arc S L I ~ ~ ~ L C C  dependent. It can be sccii t11;tt these pro- 
perties tnkcn togctlicr are often suliicicnt to charactcrisc a particular type of 
carbon black. To npprccialc tlic truc signilicance of tlic 21,vcragc particle 
dianietcr, it is, of course, necessary to know the tecl~niqi~c i~scd for its measurc- 
mcnt. Tlic c:xlculntion of n s~trracc arca from nitrogcn ;:dsorptioii data is 
ob~iously ;L propcrty dcpcndcnt up011 a single tcc!?niclue with :t. dclii~itc nielhod 
of calculation. The clcctron niicroscope cxatiiin:itio~~ of carbon blacks revcnls 
:he cui5tence of chain-like nctworl\s formcd by the c;lrbon black particles. In 
tlie soft-ball oil :tbsorption test, ehc ~iiinimuni arno~int of oil rcciuircd to mnl\c 
1s nf carbon black colicrc into a soft ball i5 observed, and is q ~ ~ o t e d  in Titblc 1 
as crn7 g-I. This quantity is relatcd to the chain-likc slructurc which cnablcs 
tlic c,trbon mass to hold thcsc I:II-gc q ~ ~ a ~ ~ t i t i c s  o f  oil. The pH of n carbon black 
uater slurry is a dircci result of oxygcn complcxcs at the carbon surf;~ce, and 
IS t h u \  I-elated to the pcrccnt volatilc contcnt. It is now ncccssary to exarninc 
tlie\c propertics in niorc dctail and to study tllc rclaiionships bctv:cen tlicni. 

Si t ro~en adsorption data 
The adsorption of nitrogcn at licluid nitrogen tcmj~craturc and tlic calculation 
of tlic surl>cc arcit. fron? 11:c data so ohtailled by Ihc application of the BET 
theory is a widely practiscd tcchl~ique:~. In this method, thc thcory results in 
the following relationships bctwccn tlic amount ndsorbcd and the cquilibriitm 
prc5surc above tlzc solid, 

iiherc .I- is tlie amount of gas adsorbcd at prcssurc 1) 

s,,, is the monolayer coverage, and 

p, is tlie saturated vapour pressure. 

I t  can be seen that tlie equation contains two values to be determined, 
namely x,, and the constant C. A plot of p/x(p, ,  -p) against 1)/po shoi~ld, in 
the region of p/p, -: 0.05-0.35, bc a linear plot of slope C - Ils, C and 
with an intercept of I/s,,,C. 

This allows the calculation of A*,,,;,, and hence the surfitce area, and also of the 
constant C, which is a function of the heat of adsorption. However, the main 
use of the equation is in the cn1culation of the surface area. 
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Typical adsorption isotherms for nitrogen on four carbon blacks are shown 
in Fig. 3.4  Hysteresis loops were not observed, but the loss of adsorption 
capacity on degassing is apparent for two of the carbons. The data on the Mogul 
carbon black indicates porosity, and Anderson and Emmett4 found evidence 
for porosity in other carbon blacks. They point out that, in each case, the 
porous carbon blacks had been given an air or steam treatment that would 
lend to tlie development of pores. 

BLACK 

W 
C 

I- 

2 lo- 
0 0.2 0.4 0.6 0.8 1.0 

U PIPo 

PIP" 

% 700 
a 

k 600 - 

I;ig. 3.  ?'ypical nitrogen adsorption isotherms on various carbon blacks (from data of 
Anderson and EmmettP) 

1-ull lincs indicatc adsorption bcforc and dotted lincs after degassing at 950'..-1 , O W  ,C. 
' fhc lint -:-'- .-L. for Mogul carbon black represents the decrease in volunic 

resulting from high tcmperatirre evacuation. 

- 
BLACK PEARLS 1 

- 

The si~rface areas of some of these carbolt blacks, and the values of C, arc 
g i~en  in Table 2. The value of (pl~j,), ,~ i.e. the relative pressure at  the mono- 
layer. can be calculated, since substitut~on of this value into the BET equation 
giies: 

40 
LAMPBLACK T 

C 

" loo- m u o 
3 0 0.2 0.4 0.6 0.8 1.0 
U 0 I  I l l 1  

PiPo 

0 0.2 0.4 0.6 0.8 1.0 



- - 

Sphcron 6 original . . . . . . . . . . 
Spheron 6 degassed at 950-1000 C . . . . . . 
Black Pearls 1 original . . . . . . . . . . 
Black Pearls ; degassed :it 950- 1000 C . . . .  I . . I 
Mogul degasscd at 950-1000 C . . . . . . . . 
Lampblack T original . . . . . . . . . . 
Lampblack T degassed a t  950-1000 C . . . . 
Spheron 4 original . . . . . . . . . . .  . 1 

BET 
s~l- racc  

;1 rc;t 
m 2 g  

Value of ( p 'IJ~~' , , ,  
C I 

Data taken from Anderson :il?tl Emmett' 

xnd so the v ~ ~ l u c  of C dcter~uines tlic point o n  tlic isotliel-n~ wlierc liic 
\tatistic:ll monolayer is to be found. In the rcgion considered here, tlic \aluc 
of C i s  chnnging rapidly with ( p  pi,),,,, and Tnblc 3 lists a computer print-out 
of the vario:~s values of C for difkrcnt values ol' ( / ~ / p , , ) , , , .  T~ILIS,  : ~ l  t l i o ~ ~  gli in 
Table 2 the values of C cnvcr tlic range 80-370, the valuc of (p,p,,) varic\ ()1i1\. 

betweeri 0.05 and 0.10. Lippcns ct ~IQcnlculate the funct~on 3.54 ( V V,, ,)  I .  

Ttrhlc. 3 
C' ~-tr/iic~.s f i r  /.t///,<*c> c!f'plpo J i . o / ~ i  0-0.5 rr t  V j  V,,, I 
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the statistical tliickness (A), against prcssure for a1 series of supposedly non- 
porous matcrials. On tlie mastcr plot drawn on thesc plots o f t  (A) against pipi, 
the monolayer lies on :L pip, valuc of 0.085, with a scatter of points at this 
thickness from 0.04 - 0.1. This corresponds to C values of 80 to ~tbout  1,000, 
with averagc values around 120. Tlie plot of f A against p/p, for the alumina 
selected in the studies of Lippcns c#f a/ agrced with similar data for many other 
materials up to ;L relativc prcssurc of 0.75. but deviations could be seen for 
graphitised carbon blacks and a fine particulate silica (Aerosil)". In the carbon 
blacks and many oxidcs the valucs of C arc relatively high and so: 

then, 

To makc a further approxiniation and ignorc l / C  rcndcl-s thc rclatlonship 
independent of C, but it only opcr:ltcs beyond tlic monolayer, viz., 

Neverthcless, it has bccn shown that with this restriction in mind, this equation 
can describe many rclatcd systcms7. Thc plot of'this cquation as s/s,,,  g gain st 
p p,. oftcn incorrectly called a plot of thc BET isotlicrm, givcs r e s~~ l t s  wl~icli 
lie abovc thc master r plot of dc BocrH (Fig. 4). Howevcl-, tile insertiori of 
valuc of C (say 100-350) in cc~untions ( I )  or (3) still produces a curve lyiny 
abo\.e thc master f plot. In tlic rniigc of rclativc pr-essurc up t o  nbo~lt p.'p,, 
0.4, the curvcs arc practically identical. 7'ilis I:clps to cxplain why tlic f plots 
are so succcssfi~l in llicir applic:itic.rn. Tlierc arc carbon blacks which, i f ?  firct. 
give I;,-r plots which p;r.ss through tl?c origin (Fig. 5). Others where sub- 
microporosity is suspcctcd do  not. and again whcre tlac carbon hlnck is partially 
gr~phitised tlicre arc deviations from cxpcctcd bchaviour", l o .  TIE explanation 
for tl:c f plots not passing t l i r ~ ~ ~ g l i  the origin is that porcs arc present with 
diniensions so small [hilt the I C L I ~ V C  is not iipp!icablc. T l ~ c  bcsl dcsci-iption 01' 
porcs i i i  thcsc systcms is that they arc slit-shaped%wlrc~-i thc monolayer carinor 
be rxhicvcd in tlie rcgion below t /  - ?I,,,. whcrc r i  is tlic thicl<ncss of thc slit 
and t,,, tlic thickness of onc laycr of adsorbcd nitrogcn (3.5A). The fact that 
this sub-microporosity orten disappears oil I l~ ; : t - t r~ i l t l l l~~ l~  is ilidic;liivc of the 
small changcs in d i~ i icns io~?~ ncccssary to mal<e thcsc pores co~nplctely in- 
~iccessi ble to nitrogen. 

Tl~c partial grapllitisation of crsrllon Arlacks 
The application of hc.;t treatment i n  abscncc of air in tlie raltgc 1000 to 3100 
causes varying dcgrees of grapliitisaiion. This is indicated by X-ray diffraction 
studies1. Tlie elcctron microgrnplis indicate a1 transition from approximately 
spherical particles to irrcgular polylicdl-a for t lic graphitised samplesll. Adsorp- 
tlon studies on many carbon black surfirces demonstrated that tlicre was a 
considerable dcgree of lietcrogcncity il t  tlic surface1? 011 such surfaces nitrogen 



Fig. 4. The master curve for nitrogen at  78 K (curve A) compared with the simplified 
BET equation made independent of the value of C 

:idsorption isothertiis were the sigmoid types discussed in the previous sections. 
In 1948, Halseyl3 suggested that tlie sigmoid adsorption isotherm is really the 
super-imposition of a number of stepwise adsorptions on a Iieterogeneous surfzce. 
I t  is considered that the process of graphitisation of carbon blacks is a process 
\vhcreby tlie surface is made homogeneous. Carbon blacks heated to 3,000 C 
actually possess extremely uniform surfaces consisting chicfly of basal graphite 
planes. It should also be pointed out that the presence of oxygen complexes at 
rile surfrtce must be eliminated in this treatment. Theories relating to multilayer 
adsorption proposed by Fowler and Gi~ggenheim'~ and later by Halseyl" 15. 

; ~ n d  HilllVor adsorption on a homogeneous surface, predict that these condi- 
 ions should give rise to an isotherm composed of a single series of steps. 



MAU 4 
"A' 

Fig. 5. Vn - t plots on carbon blacks from data by de Boer et al" 
(a) Example of V, - t plot which passes through the origin. 
(b) Example of Vo - t plot which does not pass through the origin. 

These stepwise adsorption isotherms have bccn observed on homogeneous 
surfaces of carbons (i.e. partially grapllitised) using argon, oxygen, nitrogen 
and krypton at -195°C. (Fig. 6).  It has also been shown that the steps in the 
adsorption become more pronounced as the heat treatment is increased and 
graphitisation increased. The existence of stepped adsorption isotherms for 
methane on natural graphite has also been reported1'. Stepped adsorption 
isotherms also occur for krypton on polyvinylidene chloride carbon. heat 
treated at 2,500" and on polyvinyl chloride carbon also prepared at 2,500°1H. 
These carbons, although graphitic, were not sufficiently so to show the presence 
at the surface of extensive graphitic basal planes. 



PI Po 

ARGON ON P-33 CARBON AT VARIOUS TEMPERATURES 

Fig. 6. Examples of stepwise adsorption isotherms on graphitised carbon blacks, from 
data by Polley et al . l l  

(a) Argon on P-33 (b) Oxygen on P-33 
carbon a t  - 195°C carbon a t  195 C 

626 11. 11 o 1.1. I M o K I: 

(a) a a 
I- t- 

(c) Nitrogen on P-33 
carbon at 1 9 5 ° C  

NR--P-33 carbon had been 
partially graphitised a t  2,700 C 
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A further effect of a honiogeneous surface on adsorption is reported by 
Pierce and Ewinglg. In the stepped isotherms, the monolayer V,n is computed 
by the V/n ratio in the multilayer region, where V is the amount adsorbed at 
a given relative pressure by the number of statistical layers n. For nitrogen 
isotherms, this may conveniently be calculated by dividing V at 0.5 Po by 1.70. 
a procedure established from many observationsm. The monolayer capacity 
so determined for nitrogen adsorption isotherms is 1.2-1.25 times larger 
than the BET or point B value for V,,. Pierce and Ewing have therefore 
suggested that the conventional nitrogen areas of uniform surface graphites are 
too low. Area measurements by benzene, n-hexane and ethyl chloride agree 
with nitrogen areas if.,the cross-section is taken as 20A2 instead of 16 .2A.~  A 
proposed explanation is that nitrogen molecules are localised at graphite 
lattice sites so that each one fills four of the unit hexagons, an area of 21A'. 
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OXYGEN ON P-33 CARBON AT -195" NITROGEN ON P-33 CARBON AT -195" 
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Isotherms of similar size molecules, oxygen and carbon monoxide, are in 
agreement with this model. 

This picture of localised adsorption for nitrogen with an increased area is 
quite different from the situation with heterogeneous carbon black surfaces 
to be discussed later. 

This point is also demonstrated if the data is given in the form of the t plot 
of de Boer. In Fig. 7, Pierce and Ewing's data is treated in this way against a 
standard isotherm determined on a heterogeneous non-porous graphite 
s ~ r f a c e ~ l * ~ ~ .  This shows the effect of homogeneity on the t plots. It should be 
observed that the data deviates from the master plot and then returns to i t  at 
higher  pressure^.^" 

O? 
I I 
5 8 

FILM THICKNESS 
Fig. 7. Plot of amount of nitrogen adsorbed against the film thickness for a homogeneous 

graphitised carbon black 

( I )  t plot obtained from a non-porous heterogeneous graphitcZ2 
(2) Homogeneous graphitised carbon black nitrogen adsorption data reported by 

Pierce and Ewing.'" 

The oxidation of carbon blacks 
The oxidation of carbon blacks can be considered by thinking in ternls of three 
groups of carbon blacks, namely: 

I .  the oxidation of carbon blacks containing oxygen complexes at  the surface, 
2. the oxidation of carbon blacks that have been treated at around 1,000" 

and so have had the complexes removed, 
3. the oxidation of graphitised carbon blacks. 
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Although divergence of behaviour may initially be present in the first two 
cases it is unlikely to persist, as oxidation is a gasification process and after 
the initial few per cent gasification. cases 1 and 2 become identical. Donnet 
and Boulandz4 summarise the results of gas-phase oxidation of thermal blacks. 
It appears that many thermal blacks display two reaction rates during oxidation. 
It is also possible to distinguish different degrees of texture or surface porosity 
among the various oxidised carbon blacks. Many display a surface of dis- 
organised carbon l00A thick. Electron micrographs indicate that many of the 
particles show two or more growth centres. Typical surface area,data for a 
carbon black are given in Table 4. Similar results obtained in the author's 

Table 4 
Tlre osirlatior~ of Stcv-lirr~ FT crri-horr 1~lrrc.X 

taken froni data by Donnet and B o i ~ I a n d ~ ~  

Loss ill Wt 
0 / 
,o 

Surface area 
froni clectron 
liiicroscopy 

nlz g-L 
- 

16.0 
19.0 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 

N2 BET 
Surf~i'acc 

A rca 

laboratories on Spheron 9 show an increase in surf;ice 2re:t upon cxidation 
(Table 5). Tn another set of experiments, Dollimore and Martin" have demons- 
trated that the t plot for the nitrogen adsorption isotherm on Spheron 9 passed 
through the origin. (Fig. 8). At 6 per cent burn off, the t plot did not pass 
through the origin, indicating sub-microporosity, whilst at 30 per cent burn 
off and beyond, the t plot consisted of two straight lines, one passing through 
the origin, indicating the existence of pores in the micropore region. The data 
on the rate of oxidation in Table 5 suggests the development during oxidation 
of an accessible area that is not identical with the nitrogen surfacc area. The 
development of a sub-micropore structure as a prelude to the microporous 
structure during oxidation suggests also that these areas may not coincide. 
It is, of course, possible that closed pores are opened up during the oxidation 
process and that this is the reason why the areas are different. 

It is, in fact, possible for oxidation in air or oxygen in the tempcrature region 
300-656°C to cause a sixfold increase in surface area of a carbon black as 
measured by nitrogen adsorption, whilst the electron microscope particle size 
does not alter appre~iably,~~.  27 as indicated in Table 4. This porosity is inter- 
preted as arising from preferential attack of the oxygen at high energy sites 
on the carbon surface. These sites may be associated with the edge atoms of 
the graphitic parallel layer groups composing the particle. These edge atoms 
are more susceptible to chemical attack than are tlie atoms in the centre of the 
basal plane. 



- 52% BURN OFF / A-28% BURN OFF 

- 2 2 0  

A;20o[ ,/ 77FF 0-0% BURN 

n 
1 8 0  

W 
r n l R O  

0 2 4 6 8 10 12 14 16 18 20 22 
t l i  

Fig. 8. Nitrogen t plots for oxidised Spheron 9 
From data in Ph.D. thesis, D. Martin, Salford, 1971. 

TuBle 5 
Oxi(/rrtiorr of Spherotz 9 ut 486°C itr ~ i r  

Data from Ph.D. Thesis, D. Martin, Salford, 197 1.  

OFF 

I 
Loss in wcight. 7,; 1 N, I3ET surf:~cc arca, , 

IIIQ- I i 

Rate of oxidation 
da  - 
dt 

arbitrary units 
(a-fr;~ction) 
dcco~nposcd 
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Graphitisation in the region 2,700-3,00O0C destroys these high energy sites. 
and thus the preferred sites for oxygen attack are either removed or greatly 
diminished in numberm. The oxygen attack should therefore occur uniformly 
over the surface of a graphitised carbon black, the area increase on oxidation 
should be proportional to the decrease in particle diameter, and there should 
be no development of porosity. The data demonstrating this are given in Table 
(,:lo 

Tcihlc. 6 

From data by Smith and Polley30 

I I 

Electron n~icroscopc 1 Nitrogen adsorption 
Material surface arca I3ET surface arca, 

m 2 g  ' m 2 g  
- - -  -- 

Stirling FT carbon black . . 15.4 14.5 
I 

Stirling FT graphitised 
2,700 C . . . . 16.4 i 12.5 

The adsorption of other gases and vapours on carbon blacks 
It is fairly obvious that, in a porous carbon, the surfrtce area available to onc 
adsorbate might not be available to another. It appears, however, that on the 
non-porous carbons there is a tendency for the surface area calculated from 
some vapour adsorption data on the basis of a cross-sectional area (A,,) 
obtained from liquid-density measurements to be smaller than the specific 
area derived from nitrogen adsorptiona'. :I1. It seems that, on heterogeneous 
carbon black surfaces, the niolecules are not close-packed or that A,,, values 
calculated from liquid density measurements arc too small (Table 7). This 
table also indicates that reverse effects are to bc found for krypton, and this 
should be remembered when converting adsorption data into accessible or 
apparent surface areas. There is also evidence to suggest that the same thing 
happens with the adsorption of acetylene (at - 78°C). ammonia (at -46'C). 
water (at 25°C) n-butane, n-C,M,,, (at 0°C) and methylamine, CH,NH,, (at 
O"C)3. The possibility exists that these gases will adsorb on oxygen or other 
surface conlplexes so the removal of thesc complexes by the degassing procedure 
s h o ~ ~ l d  alter the adsorption characteristics. In niost cases, the si~rface area 
calculated on the basis of liquid densities (e.g. cross-sectional area, N,, 16.2A2: 
H,O, 10.5A" C,,H,,, 32.1 A" CH,NH2, 19.1 A2, and C,H,, 1 8.2A2) was smaller 
than that calculated from the nitrogen adsorption data, (e.g. Spheron 6 degassed. 
106.6 m2 g-I based on N, adsorption; 60.0 m" based on NH, adsorption). 
The chemical nature of this series of adsorbates makes it easier to appreciate 
why in this case the adsorbate molecules are apparently occupying a larger 
area than that required by the concept of close packing. The removal of the 
surface complex lowers the adsorption of ammonia (e.g. Black Pearls carbon 
black, before degassing 858.0 m2 g-I from NH, adsorption at -46'; after 

Graphitised Stirling FT 
77 :'" oxidised . . . . 27.9 20.2 
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Table 7 
Cross-sectional area Am for t~ariorw vapolirs and guses o r r  non-pororrs carbons 

I I I 

Adsorbate 

- - -- - - . - 

Carbon 

- - 

degassing at 1,00O0C; 61 7.0 m"-l from NH, adsorption a t  -46"). It  is possible 
to show that the surface coverage for water increases with surface complexes 
present4 (Table 8). The water adsorption isotherms were type I11 or LV and 
were shifted in the direction of higher relative pressure for given water adsorption 
as the complex was removed from the surface. The ammonia or  amine adsorp- 
tion data may not be immediately indicative of oxygen complexes, as it is 
probable that the measured isotherm is a combination of adsorption a t  fixed 

Ref. 
An, (A2) 

Carbon dioxide at 78'C . . 1 Various carbon 1 16.3 ( 21.8 
blacks 

-- -- 
From liquid 

density 

-. - 

Calculated fro111 
nitrogen 

adsorption 

-- - - -  pp 

Krypton at -78 C . . 
- .  I Various carbon 

blacks 
--  - 
Xenon at - 78 C . . . . 
- - -- - - - - 

- -  

A 

-- - 

A 

- 

- - - - -- - 

18.4 

-- 21.0 -- I - 
Various carbon 

blacks 
-- - 

19.5 

-- -- 

Methyl alcohol at 25 C . . 
-- - - 

Tsopropyl alcoliol at 25'C . . 
- - 
n-Propyl alcohol at 25 C . . 
- - - - 

Benzene at 25 C . . . . 

-- - - - - - 
Tolueneat25C . .  . . 
-- - - 

Carbon . . 
Tetrachloride gt 25 c ' . . 
- -- - - - -- - 

A. Van der Plas, T. H., "Physical and chemical aspects of adsorbents and catalysts", 
Ed. B. G. Linsen, 1970, New York: Academic Press, p. 425-469. 

B. Broadbent, K. A., Dollimore, D., and Dollimore, J., Carbon, 1966, 4,  281. 
C. Chessick, J. J., Zettlcmoyer, A. C., and Yung-Fang Yu, J.  Phys. Chem., 1960, 64, 530. 
D. Craig, R. G., Van Voorhis, J. J., and Bartell, F. E., J. Phys. Chern., 1956, 60, 1225. 
E. Reebe, R. A'., Pnlley, M. H., Smith, W. R.. and Wendell, C. B., J.  Anter. Chent. Sac., 

1947, 69, 2294. 

30.0 

24.25 

33.66 1; 

n-Heptane . . . . . . Graphite 1 42.7 
- .--. --- - 1- - - - - - - - - 

Cyclohexane . . . . . . Graphite 34.6 
- - -- - - 

n-Butane . . . . . . /%T~eron at O'C 32.1 

37.0 
- 

43.57 

Graphite 1 17.7 
- - - 

Graphite 1 27.6 

C,  D 
- -- - 

B 

Graphite 
-- - - - 
Graphite 
Various carbon 

blacks 

27.3 
- 

30.5 

- 39-43 I A 
- - 

53.04 -17 
47.0 
- 

47.0 1 
Graphite 3 1.3 I - -  - - -  

41 -49 

6 I 
- 

52 

45.1 

Graphite 
Various carbon 

blacks A 
- 

C, D 
-- 

C, D 
- 

E 

32.3 

- 

- - 
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sites involving oxygen complexes and that physical adsorption also takes place 
elsewhere. The amine adsorbed by interaction at oxygen surface complexes 
is probably irreversibly adsorbed and so lost only under more severe conditions 
than that physically adsorbed. This is certainly the case with acid sites on 
aluminas, silicas and minerals investigated in the author's laboratories. 

Tuhle 8 
Artsorptiotz rf wnlcr vripour rrs  u functiorz of srrrfuce covered l ~ y  osygetr conlpI~.r 

From data by Anderson and Emmett' 
I I 

Adsorbent 
'%, Volatile content "/, Surface coveretl 

per unit area 1 for H,O adsorption at a I relative pressure o f  0.4 I 
4.2 Spheron 6 . . . . . .  I I 67 

Spheron 3 . . . . 2.7 I i 62 

If adsorption isotherms are available at  a series of temperatures for an> 
vapour, then the use of the Clausius-Clapeyron equation enables the isosteric 
heat of adsorption (q,,) to be cnlculated. The equation is used in the form : 

Mogul . . . . . . 2.2 49 . i 
Black Pearls 1 . . . . . .  I 1.7 I 36 

Spheron 6 degassed . . I 0.9 4.8 
" I 

Mogul degassed . . I 0 0.7 

d l n p  q.~t 
- . . - - . -. 

d T l / ~ )  - . R 

Black Pearls 1 degassed . . 0 

where p is the pressure, and q.,, refers to the isosteric heat of adsorption at it 

fixed amount adsorbed (T the temperature "K, and R the gas constant). This 
is a differential quantity and is plotted against the degree of surface covered 
or the amount adsorbed. In many cases, the region of special interest is the ion 
pressure region of the adsorption isotherm. To get information in this region. 
a chromatographic method of measuring the adsorption is advantageous. The 
measurement of adsorption isotherms of various vapours on Spheron by the 
elution chromatographic technique is found to be very convenientm. Typical 
results for a series of vapours on Spheron are given in Fig. 9. Previous results 
using this technique of elution chromatography have given anomalously Ion 
values of the isosteric heat of adsorption at low coverage. The method used 
to calculate the data in Fig. 9 involved a calculation of the adsorption isotherm 
starting from the top of the chromatographic peak and this overcame thc 
difficulties previously encountered. The adsorption isotherms for these vapours 
were collected in the temperature region 345-480°K. In all the examples cited 
in Fig. 9, except for cyclohexane and hexane. there is an initial fall in the isosteric 
heat of adsorption followed by a horizontal or slightly decreasing value towards 

2.8 
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JOCCA 

introduction 
to 
paint 
technology 

second edition 
with additional chapter 

The sales of this Association publication now exceed 13,000, and because of continuing 
high sales of the second edition, and the need for a work of reference to be constantly abreast of 
the latest developments in its field, the Council of the Oil and Colour Chemists' Association 
has authorised the addition of an eleventh chapter to the "lntroduction 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 "lntroduction 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 into 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, film thickness, weathero- 
meters, and use of computers. 

The book contains 204 pages including 11 line diagrams, 8 photographs of common paint 
defects, and comprehensive index. Copies can be obtained from the Oil and Colour Chemists' 
Association, Wax Chandlers' Hall, Gresham Street, London E.C.2, price E l  (post free). 
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Fig. 9. The isosteric heat of adsorption of various vapours on Spheron 9 
From data by Dollimorc, Heal and Martin3' 

the monolayer region. This is also found for the variation of c/,, for nitrogen 
on a relatively heterogeneous surface of a carbon blackm. 

The high values of q,, at very low coverages are probably associated with 
oxygen complexes at the surface. In the cases of hexane and cyclohexane, there 
is a small peak in the plot of the isosteric heat of adsorption against coverage 
at low values of coverage. Hockey and Pethica" :also found a small peak in 
q,, at a coverage much less than that of a monolayer in certain silicas for 
benzene adsorption. They ascribe this effect to micropores in the silica 
and to co-operative adsorption taking place in the pores. In the resi~lts on 
Spheron, apart from cyclohexane and hexane, the absence of peaks indicates 
the absence of micropores large enough for co-operative adsorption in these 
samples. The peaks for cyclohexaiie and hexanc occur at even lower coverage:, 
than in the case quoted by Hockey and Pethica. It is possible thal 
the spherical nature of cyclohexane makes it more amenable to co-operative 
adsorption which might occur herc at the points of contact of the small Spheron 
particles. It is then dificult to show why hexane also behaves in this manner. 
I t  is more uscfi~l to point o ~ ~ t  that cyclohexane and hexane are both saturated 
hydrocarbons and non-polar, whilst the rest are aromatic and polar, and this 
could be the basis for the occurrence of co-operative adsorption in the one group 
but not in tlic other. 

Heats of wetting on carbon blacks 
There are several reasonably obvioi~s niethods of studying the adsorption on to 
carbon blacks from a solution. 111 this case there are two components that can 
be adsorbed on the surface and although the resultant adsorption isotherm may 
only be an apparent adsorption isotherm. there is enough evidence to suggest 
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certain materials may be preferentially adsorbed, so that the resultant isotherm 
can be regarded as sufficiently correct36. If, however, the carbon is immersed 
in a single liquid component, e.g. water, then the water will be adsorbed at 
the surface, but the methods employed for the determination of adsorption 
from solution do not apply. However, adsorption is an exothermic process 
and so, when an outgassed solid is immersed in a liquid, heat is evolved, and 
this can form the basis for surface area determinations. 

The free energy of immersion of a finely divided solid material by a liquid 
is given by3'; 

where 
(pso/.,I 

term A term B 

free surface energy lowering when unit area of solid/vacuuni 
interface is replaced by solid-liquid interface. 

=- free surface energy, the subscripts referring to the phases on 
either side of the surface considered so that 

- free surface energy of il liquid in equilibrium with its saturated 
vapour (usually taken as the surface tension of the liquid) 

= contact angle - terms refer to the relative pressures of the adsorbate vapour 
above the solid at the temperature T' K 

- weight adsorbed per g of adsorbent 
- gas constant 
= molecular weight of the adsorbate 
-- surface area per g of the adsorbent. 

On the basis of experimental data, the heat of wetting of comparable liquid3 
on carbons is often held to be of the same order as the free energy of immersion 
(9. cold )21* 3 8 9  399 4 0 9  41. The term A represents the Gibbs adsorption equation 
for the diminution of surface energy (q~,,~,,,) produced by exposure to saturated 
vapour. The term B is often used with cosO -- I by making the assumption 
that complete wetting takes place. In this context the integrated expression 
may be used only over the complete range from p/pO - 0 to p/p, = 1 .  In 
this form equation (6) can be applied only to non-porous carbons, because in 
porous materials the effective area upon which further adsorption takes place 
is also altering with increasing pressure. With the presence of wider pores than 
are considered here, the onset of capillary condensation therefore limits the 
use of this equation. The microporosity that occurs in carbon b1:lcks must 
illso affect the application of the equation. 

The term A may be evaluated by fitting a Freundlich type equation to fit 
the isotherm as nearby as possible". Alternatively, a. graphical method may 
be employed, from the first recorded experimental observation of adsorption to 
tlic value at saturated vapour pressure, the initial amount being calculated 



analytically on the assumption that the adsorption varies linearly with pressure. 
This technique is superior to  the use of the Freundlich isotherm, which was 
difficult to fit to experimental data at  relative pressures beyond 0.75. The values 
of term A for a non-porous carbon black have not been calculated by the 
author directly, but the reduced isotherm for the adsorption of nitrogen on  an  
Acheson colloid graphite has been shown to be identical with a non-porous 
carbon blackz2. Accordingly, in Table 9, the values of term A (the lowering of 
free surface energy in adsorption) and the terms y ~ y o  and y s o , ~ ~  are set 
out from the results of Broadbent et aI2l for various vapours on the graphite 
and also from other sources, and compared with the heat of immersion (h 1 csLl). 

Mdterials- A and B. Acheson colloid graphite, but different surface areas to N, adsorption. 
C. Graphon. 

Table 9 
Heat of n~rtting, net heat of adsorption, surface free errergies and associated data for variorw organic 

liquick on ~raphi tr  at 25 C (values in erg ~ m - ~ )  

It is an approximation to write an equality between h 1 (SL) and qs,,,,.&,. 
but for the purposes of comparison, it might be permissible. 

If cos 0 has a value of unity, then equation (6) becomes 
yso / . y~  --- 'pso/.vr -1- Y L V  . . . . . . . . . . . . . . . . . . . . . - . . . . . . . . . . . . . . . . (7) 

References-A. Broadbent, K. A., Doll~more, D., and Dollimore, J. Carbon, 1966, 4 ,  281. 
B. Bartell, F. E., and Suggitt, R. M., J. Phys. Chem., 1954, 58, 36. 
C. Healey, F. H., Chenick, J. J., Zettlemoyer, A. C., and Young, G. J., J. Phvv. 

Chern., 1954, 58, 887. 

Tddso/s  v 
dt  

30.12 
- 
- 

39.1 

43.28 

64.02 

- 

-- 
- 

- 
- 

L~qu~d 

- - - 

Methyl 
alcohol 

Heat of 
immersion 

h 1 ( S L )  
-- 

143 
119 
102 

- -- 

~ ~ L O I Y  v 
dt  

-- 

0.101 
- 
- 

0.131 
--A 

0.145 
- 

- -  
0.215 

- 

- 

- - 
- - 

- - 

- - 

Ref. 

-- - 

A 
E 
C 
- 

11 1 . v  

- 

45 
- 
- 

- 

Isopropj I 
alcohol 1 A 1 133 - - -- -- 

Benzenc I A 161 

-- 
I B 1 114 

Toluene 17 171 

45.1 
- 
67.6 
- 

60.73 
- - 

- 

-- 
-- 

- -- 

-- 
-- 

48 
- 

Net heat 
of 

adsorption 
q A ( S  V ) - q L  
- 

98 
74 
57 
-- 

- - 

115 

112 
- - 

101 
-- - 

118 
103 

-- - 

Carbon 
tetrachloride 

n-Heptane 

Cyclohexane 
- - 
Hexane 

87.9 
-- 

93.4 
46 

110.3 
- 

50 

- 

-- - 

44 
- - . 

70 
55 

- --- 

B 
- 

C 
-- - 

B 
- - 

B 
C 

+ s o / s ~  

90.1 
- 

- 

+sols v 
Term A 

67.9 
- 
- - 

70.1 

78.5 
- 

74.2 
- 

-- 
- - - 

- 

- 
- 
- 
- 

48.8 

50.1 
- 

46.25 

- 

- 

- 
- 



The true relationship between rpyo/.7~ and h I c.s~., is given by the Gibbs- 
Helmholtz equation: 

7-d cPsol.7~ h I ( S L )  - PsolSI. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
d T  

( X )  

Combination of these equations produces; 

The terms in cp,,~,~, represent the net heat of adsorption which is the total 
heat evolved ( q ~  (,,,) when the bare surface comes into equilibrium with tlic 
saturated vapour, less the heat required for the vaporisation of this saturating 
vapour ( q ~ ) .  The terms in YLV represent the heat generated when a saturated 
surface, assumed to  be liquid like, is immersed in the liquid (hlAV). I t  is therefore 
possible to write: 

I1 ~(s,., - A(,,.)') - (1,. f hl.lP . . . . . . . . . . . . . . .  . ( l o )  
Rearrangement gives 

qA (.$I*) - (IL -- / I  I (SL) - /?1.1. . . . . . . . . . . . . . . . . .  . ( I  1 )  

Net heats of adsorption for various vapours on non-porous carbons calculated 
using this equation are given in Table 9. It  is also possible to calculate the term.; 

equal to y ~ v  - -  TdyLv) in equation 9. The difference h ,,,., - 

d T  

Td'.yOrsl' term from which the magnitude of (I?.,,, ,, , , , , . y l  - ItL 11 represents the - -  d T  d T  
in this temperature region may be evaluated. This has been done for the various 
vapours in Table 9. 

These relationships demonstrate the connection between the heat of immcr- 
sion per unit area and the net heat of adsorption ( q ~  involved in adsorp- 
tion from the vapour phase. From the practical point of view, when working 
with a non-porous carbon it is tempting to use a value of 11 I (,I., determined 
on a standard carbon for a particular vapour as  a means of establishing the 
surface area on an unknown carbon. However, it must be pointed out that tlie 
non-porous nature of the carbon must be established and also the influence 
of various factors which can alter the established conversion factor. These 
factors include the degree of homogeneity of tlie carbon surface, the extent of 
graphitisation and the presence of surface oxygen complexes. 

Correlation between various surface dependent properties 
The data discussed so far indicates a variety of techniques used to churacterise 
the surfaces of carbon blacks, which are either porous or  non-porous as n 
result of their method of preparation, which may or may not possess su~*facc 
complexes, which may be heterogeneoils in character, or which may have 
this heterogeneity removed by graphitisation at a very high temperature. Thi4 
all tends to make correlations between tlie vnrious techniques dificult. 

Taking electron micrographs as an example. and comparing data from thih 
rcclinique with the nitrogen adsorption BET surfrice areas, there should 
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obviously be a relationship between particle size calculated from the nitrogen 
adsorption surface areas and the electron micrographs if the sample is considered 
to be non-porous. 

Now, in normal electron micrographs the estimate of area is based on a two 
dimensional photograph from which an estimate of particle diameter may be 
reasonably made on the assumption that the particles are spherical. The same 
procedure can be applied to the polyhedral particles of graphitised carbon 
blacks, noting that the departure from spherical form does not ~naterially 
aiTect the calculation. However. in the calculation of particle size from the 
nitrogen adsorption data, an average diameter is calci~lated so that in the 
electron micrograph data the same calci~lation must be made. The distribution 
of particle size varies from samplc to srimple. and a typical example is given in 
Fig. 10, from work by Anderson and Emmett.42 If the calculation of surface 
area is based on an average particle size, then a figure of 25.9m g-' is computed, 
but if the distribution is taken into account then the area can be shown to be 
21.Xm g-I. In this case, the nitrogen BET surface area is ~iearly the same value. 
The ratio of the nitrogen BET area to the electron micrograph area serves as an 
indication of the surface texture. This is termed the "roughness factor." By 
constructing simple models without introducing any real porosity, a roughness 
factor of 2.5 or higher is possible. Thus, a two- or three-fold difference in surface 

PARTICLE DIAMETER A 
Fig. 10. Particle size distribution of a carbon black from electron micrographs 

From data on carbon black P-33 reported by Anderson and Emmett4a. 
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area between the two methods does not necessarily indicate the development 
of porosity, and it is necessary t o  investigate the adsorption isotherm in more 
detail to  establish this fact. 

The adsorption of materials from solution can lead to values different from 
those determined by nitrogen adsorption and also produce data which 
vary with different forms of carbon. Kipling and Wilson43 quote a value for 
the area covered by one methylene blue molecule on Spheron 6 surface at 20 
as 102 A2 mol-l, which is at  variance with the values they calculate from ;\ 

model orientated in probable directions and with various p~~blislied data. 
The adsorption of iodine from an aqueous iodine/potassium iodide solutic>n 

is a widely used method used to determine the surface area of carbon blacks."'. '" 
Fig. I I shows two relationships with the nitrogen adsorption BET area. 

depending on the acidic or basic nature of the surface complexes. Various 
methods of iodine adsorption have been examined by Puri and B:1nsaliti. 
who give details of a variation in the method which produces agreement with 
the nitrogen adsorption BET surface area whether the carbon is acidic or basic. 

There are other tests used industrially for the specification of carbon blacks. 
They also are often found to be correlated in a similar fashion. The fact. however. 

Fig. 11. Plot of iodine adsorption surface area against nitrogen adsorption area 
for carbon blacks 

Data recorded b y  S t ~ d e b a k e r ~ ~ .  



that the correlation most often expressed is the data from the test under consi- 
deration against either the electron micrograph data or the nitrogen adsorption 
BET surface area indicates the importance felt by many investigators of these 
two techniques applizd to carbon blacks. 

Another frequently used test has a direct relationship to an important property 
of carbon blacks. This is the measure of oil absorption quoted in Table 1 and 
mentioned earlier. The variant of this test most commonly used is the "soft 
ball oil absorption test." This is the determination of the minimum amount of 
oil required to make Ig of carbon black cohere into a soft ball when carefully 
worked with a spatula. Linseed oil and mineral oils give similar values41. 
The result of' this oil, or more generally liquid, absorption is that the quantity 
absorbed would require a larger surface than that predicted by other methods. 
This is due to the carbon particles forming the chain structure which has been 
observed on electron  micrograph^.^^^ 4H This has the effect of reducing the total 
exposed surface by a small amount. In the absorption of liquids, these chain 
structures can hold large volumes of liquid. Similar chain structures are seen 
in some forms of non-porous silicas. This oil absorption is only reversible 
with difficulty, a fact which can be demonstrated using the Microscal flow 
microcalorimeter. Fig 12 shows a trace for linseed oil adsorption on to a carbon 

E NDO 

Fig. 12. Microscal flow microcalorimeter trace for linseed oil on carbon black 

Carrier fluid n-Heptane 
A. 40 pl 10% cetyl alcohol solution 
B. 40 PI 10% linseed oil 
C. 40 ul I % cctyl alcohol solution 

Data supplied by C. E. Templer, Microscal Ltd. 
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black. It can be seen that the desorption of the linseed oil is only partial and 
this results in a diminished capacity for adsorption of cetyl alcohol, which is 
used in this test as an indicator of adsorption capacity. 

[Recc>ived 12 January 1971 
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Discussion at the Joint Symposium 
PROFESSOR G. D. PARFITT said that Dr  Dollimore had spoken briefly about "acidity" 
of carbon blacks. Could he define this term in relation to the nature and number of 
surface groups? How were these surface groups characterised? 

DR D. DOLLIMORE replied that various titration methods were used; a more accurate 
method was to study the adsorption of particular species in detail, including the 
desorption isotherms. The description of the surface sites was a matter for conjecture; 
they were presumably different types of oxygen/carbon complexes. 

MR F. S. BAKER asked whether Dr  Dollimore would elaborate on the uncertainties 
in the measurement of hysteresis with the conventional design of BET apparatus, 
compared with the Lippens and de Boer design? 

DR DOLLIMORE said that with the modified design it was easier to avoid overshooting 
the desired pressure settings, which lead to  "scanning" the isotherm. 

MR M. J. KENNEDY asked what mathematical techniques were used to  obtain 
values of the rate constants, and hence activation energies, from the plots of percentage 
reaction against time for the oxidation of carbon black. What theoretical expression 
\\.as chosen to fit the experimental result? 

DR D~LLIILIORE said that the time for the half-way stage of the reaction to be reached. 
t0.s. was inserted in the equations relating a to f ,  SO removing the rate constant, 
K, from them; this allowed the determination of whether the runs were isokinet~c. 
As the resulting expressions did not contain K, all the theoretical expressions could be 
superimposed on the experimental data, and the best fit chosen. 

PROFESSOR K. S. W. SING commented that the Lippens and de Boer apparatus was 
satisfactory if one was not interested in low specific surface areas; it had a large dead 
space and so it was difficult to  calibrate exactly. He considered that the qst versus p 
curve could not be interpreted by Dr Dollimore's hypothesis. There was evidence in 
the literature that any highly energetic micropore would be filled first, as  adsorption 
began. An increase in the value of A H was usually interpreted as an interaction between 
adsorbed molecules. 

Professor Sing also pointed out that a versus t plots were not an alternative to log 
(I,'o/Vn) versus t plots, but they were useful with type 11 or  type 111 isotherms. 

DR DOLLIMORE said that he had been very careful to  select the best master plot; 
he would not compare a graphitised with an ungrapliitised carbon black, or  blacks 
kvith and without oxygen removed from them, but would use a separate standard for 
each series. 

PROFESSOR S ~ N G  said that it was better to use argon, so as to separate specific froni 
non-specific factors. 

DR F. A. P. MAGGS said that the rate of oxidation data which had been presented 
exhibited a maximum with respect to  the amount of burn-off. He had found that the 
increased surface area available for reaction was roughly compensated for by the loss 
in weight of the solid. Did the rates quoted refer to the original weight of carbon? 
If so, this would explain the occurrence of the maximum. 

DR DOLLIMORE replied that this was often rather obscure in the literature; if the 
original weight was used as  the basis for weight loss, he would expect to see a maximum. 
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The preservation of wood with 
reactive fungicides 
By P. M. Heertjes and J. de Jong 

Department of Chemical Engineering, University of Technology, Delft, Netherlands 

S~nlrnary 
The use of pentachlorophenol and other fungicides for the preservation of wood shos\y 
rnany disadvantages. It was felt that many of these dificulties could be overcome if the 
fungicides were bound chemically to the wood. Therefore the use of so-called reactkc 
fungicides has been investigated. 
Bifunctional or trifunctional agents such as trichloro-s-triazine, a diepoxide and liexa- 
~nethylene-diisocyanate have been used as coupling agents for organotin fungicides. In all 
cases satisfactory coupling of the fungicide to the wood could be achieved, resulting in n 
protection comparable with. and sometimes even better than, the protection offered b! 
pentachlorophenol. The stability of the systems against leaching out was good, and no 
evaporation occurred. 

Keywords 
Types uric1 clnssev c$.srrrj?ifirc.r 

beech 
wood 

fungicide 
organotin 
pentachlorophenol 

coupling agent 
hexamethylene diisocyanatc 
trichloro-s-triazine 

La prgservation du bois par des fongicides riiactifs 

L'utilisation du pentachlorph~nol ct d'autres fongicides pour la prkservation du bo~y 
dtmontre plusiers inconvCnients. On estimait que beaucoup de ccs difficultcs pourraient 
ttre surmonter dans le cas oh Ies fongicides etaient lies chimiquement au bois. Ainsi on a 
examine I'emploi des fongicides soi-disant reactifs. Les composes bi ou tri-fonctionnel tel\ 
que trichloro-s-triazine, hexanicthyl~nc diisocyanate et diepoxyde ont Ctd utilisCs en tant 
qu'agents de pontage pour des fongicides organo-stanniques. Dans tous les cas on peut 
achever un liaison acceptable entre le fongicide et le bois, qui assurait un niveau de protection 
comparable A celui offert par pentachlorphcnol et merne quelquefois supcrieur. La rcsistancc 
3u lessivage des systemes Ctail bonne, et aucune separation n'ktait produite. 

Die Erhaltung von Holz mit hilfe von reaktiven Fungiziden 

Der Einsatz von Pcntachlorphenol urid anderer Fungizide zum Holzschutz weist viele Nachter le 
auf. Man iiberlegte, ob diese nicht besser nicht da durch iiberwunden werden konnten, dass 
die Fungizide chemisch mit dem Holz vcrbunden wiirden. Daher wurde Priifung sogenannter 
reaktiver Fungizide unternommen. 
Zweifunktionelle oder dreifunktionelle Agenzien z.B. Trichlor-s-Triazin, ein Diepoxyd und 
ein Hexamethylen-Diisozyanat wurden als Kupplungsvcrnlittler fiir ails organischen Zinnver- 
bindungen bestehende Fungizide verwandt. 
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In allen Fallen konnte Kupplung dcs Fungizids erfolgreich durchgefuhrt wcrden, und die 
erzielte Schutzwirkung war die gleiche. wenn nicht mitunter sogar eine bessere, als die niit 
Pentachlorphenol erzielte. Die Bestiindigkeit des Systems gegen Auslaugen war grrr, und cs 
fand kein Verdampfen statt. 

n p e n o x p a ~ e ~ ~ e  nepesa npn noiwoqu peamnsnb1x @ y ~ r s c n ~ o s  
Pe3mrc 
I l p m e ~ e ~ u e  ne~~axnopo+etlona M Apyrux +YHTCICUAOB Ann n p e ~ o x p a t ~ e ~ ~ n  ncpcna, 
0 6 ~ a p y ~ U ~ a e T  p5ln HenOCTaTKOB. C'lUTaeTc5l q T 0  MHOrUe U 3  3TUX TPY~HOCTC# MOryT 6blTb 
npeOAOneHb1 eCnU @yHrU~Unbl XUMU'ieCKU CBIl3aHbl C AePeBOM. ~ O ~ T O M ~  UCCnC.'lOBaJlOCb 
npUMeHeHUe TaK Ha3blBaeMblX PeaKTUBHblX (~YHTMCMAOB. 

Introduction 
Wood that is to be used as a construction material has to be protected against 
attack by fungi. When the wood has to be painted after such a treatment, 
techniques such as creosoting and treatment with carbolineum cannot be used. 
In such cases fungicides such as pentachlorophenol, tributyltinoxide or triphenyl- 
tinoxide, are often used. In applying formulations containing these fungic~des, 
the fungicide may be leached out with water or evaporate during the application 
process, causing loss in protection. Other difficulties also exist. These are 
due to the fact that the fungicide is at best only adsorbed on to the wood. 

For pentachlorophenol the most serious difficulties are as follows1. 
Pentachlorophenol shows a tendency to crystallise either during storage of thc 
impregnation solution, or on the surface of the wood. Because of the rathcr 
high toxicity of this compound for animals and human beings, this last 
phenomenon is a serious drawback. 
Because both the solubility in water (0.5 mg/100 g at 0°C2) and the vapour 
pressure (17x 10-0 tor at 0°C)" of pentachlorophenol are rather high, it will 
tend to be leached out or to evaporate. 
When wood treated with pentachlorophenol is painted, reaction of the fungi- 
cide with the paint system may occur, resulting in discoloration. 
The corrosion of metals is accelerated by pentachlorophenol. 

To minimise these drawbacks as far as possible, in practice resinous or oily 
products are added to pentachlorophenol solutions to be used for the conserva- 
tion of wood. However, this then results in difficulties with overpainting. There 
is still the possibility of chemical reaction with the paint system. A loss of 
adhesion occurs due to the presence of the orly or resinous products on the wood 
surface. The wood surface changes its character from hydrophylic to hydro- 
phobic with reduced adhesion to a hydrophylic paint resin. 

The addition of resinous or oily products is not necessary with organotin 
fiingicides because the solubility in water and the vapour pressure of these 



products are much lower than those of pcntachlorophenol. The use of organotin 
based wood preservatives causes less trouble in this respect. Further, the 
organotin fungicides are more specific as compared with pcntaclilorophenol: 
their toxicity towards the fungi is higher, whilst their toxicity towards mammals. 
is lower1.:'. 

However, the depth to which the organotin conlpounds can penetrate into 
wood is not very large, and therefore the protection is not very good, despite 
their low solubility. 

The dificulties mentioned above stem from thc fact that the fungicide5 
are only adsorbed on to the substrate, that is, boi~nd by relatively weak forces. 
Many of these difficulties would be solved if the fungicides could be attached 
by a chemical bond to wood. A possible way of achieving this could be the use of 
reactive compounds, such as used in the textile industry, where the formation 
of a cliemical bond between the material to be dyed and the dyestuff results 
in an extremely good fastness to washing. Recent ly, a paper has been published 
by Paulus and Pauli4, who hnvc dcvcloped reactivc fungicides for cotton. 
based on this principle. 

The work to be published in this paper describes the use of rcacti\.c funficide, 
for the preservation of wood. 

Experiments with reactive fungicides 
The synthesis of the compounds studied will be discussed later on in this paper. 

A first series of experiments was carried out with rnonosubstiti~ted 4. 6 
dichloro-s-triazine derivatives. Compounds of this type are able to form a 
chemical bond with a hydroxyl or amino group at room temperature in a weak 
alkaline solution. With cellulose this reaction results in the formation of an 
ether bridge between the polymer and the rc:tctivc fungicide. 

Ccll O H  CI C N - Ccll 0 C h 
H C I  

N C N C 

The yield of this reaction can be determined by analysing the amount of 
nitrogen in the carefully washed ofT reaction product. The cellulose used was 
pure and nitrogen free. Some of the yields of the reaction are given in Table 1. 

It can be concluded that the possibility of coupling reactive fungicides to 
cellulose with a good yield does exist. It is of essential importance to know if a 
fungicide coupled in this way will retain its toxic properties towards fungi. 
Therefore, pieces of beechwood were impregnated witli the fungicides and. 
after reaction witli the wood had taken pl:lce, exposed to attack by fun_gi that 
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Tuhlc 1 
Thr jpirld of rencfiorr procl11c1.s of sorr~c. 4.6 clichlor-o-.s-fr~icrzit~~~ c/c.rivulive.s ,vilh ccllrrk)sc~ 

Structi~re Nanie 1 Yield 
-- - - - -- 

N I 
1 

H H 
N C- - C  

H 
CI- C C--N- C C--CI 

N 
I 

N C=C 
H tl 

C 
I 

CI 

H H 
N . C-C 

H 
CI --C C-N-C CH 

I / 
N N C=C 

H NO, 

, 2 ~nethoxy 4.6 91 7,) 
dichloro-s- 

; triazine 

1 2 phenylamino ' 23 '%, 
I 4.6 dichloro-s- 
I triazine 

I 

2-(p-chloro) I 977; 
phenylan~ino 
4.6 dichloro-s- 1 
triazine 

I 

2-(m-n i t ro) 
phenylamino 
4.6 dichloro-s- 
triazine 
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Table I-contintred 
-- -- 

Structure I Name Yield 

H H 
B r C-C 

3 (0, 4.6 
dichloro-s- 
triazyl) propoxy- 
diphenyl- 
tinbromide 

cause wood decay. The technique of impregnating the wood is described in 
DIN 521765. After impregnating the wood with a reactive fungicide in acetone 
and evaporation of the acetone, the pieces are then impregnated with ammonia 
of pH - 10 for three hours at  room temperature to complete the reaction of the 
fungicide with tlie cellulose. 

After removal of the unreacted fungicide by washing, and after drying, the 
pieces of beechwood were exposed to Coniophora Pz~teana (for G weeks) and 
Polystictus Versicolor (for 12 weeks) a t  24°C and 70 per cent relative humidity. 
Pentachlorophenol was used as a reference fungicide. The results of the experi- 
ments, given as the weight loss of the pieces of wood after the experiments. 
are listed in Table 2, together with the concentration of the fungicide in the 
impregnation solution. 

Before starting the experiments, the pieces of wood were dried and their 
weight was determined after storage at 21°C and -- 30 per cent relative Iiumidity. 
After the experiments, the pieces of wood were dried at 105°C and stored in a 
desiccator over CaCI,. The weight loss of an untreated piece of wood stored 
at 21°C and 30 per cent RH after heating at 105°C for two hours and recondi- 
tioning over CaCI, is about 4 per cent. From the results given in Table 2, it 
follows that only the reactive organotin fungicide offers a protection which is 
comparable to that offered by pentachlorophenol. A disadvantage of tlie use 
of the reactive dichloro-s-triazine fungicides is that these compounds are often 
easily hydrolysed by water or  water vapour. The ability to react with wood at 
room temperature is then destroyed, because monochloro-s-triazine derivatives 
react with hydroxyl or amino groups only at temperatures of 60-90°C. Hence, 
the compounds have to be stored very carefully and their application is limited. 
To overcome this difficulty, other bifunctional reagents were tried. 

The bifunctional reagents investigated are listed below. 
A diepoxide. This was a diglycidyl ether with a molecular weight of about 310. 

The compound is able to react with hydroxyl groups in a solution of sodium 



Table 2 
Weight loss of pieces of heecliwood treated with reactive fitrrgicirle.~ aJSer attack by fitngi 

Fungicide 

2 methoxy 4,6 dichloro- 
s-triazine 

2 phcnylamino 4.6 
dichloro-s-triazinc 

24 p-chloro) plienylaniino 
4,6 dichloro-s-triazinc 

2-(tn-nitro) phenylamino 
4.6 dichloro-s-triazinc 

3 (O,4,6 dichloro-s-triazyl) 
propoxydip1ienylti~- 
bromide 

Weight % fungicide 
in the impregnation 

solution 
-- .- - ~- . 

8 
4 
2 
1 
0.5 

% weight loss after attack by: 

Blank 1 0 I 39 1 40 

carbonate in water. In an organic soIvent, tertiary amines can be used as a 
catalyst for the reaction with hydroxyl groups. 

Formaldehyde. In the presence of boric acid as a catalyst, formaldehyde 
can act in the vapour phase as a cross-linking agent for cellulose6. The question 
of whether or not a coupling between the fungicide, the cellulose and the 
formaldehyde in aqueous solution could take place has been investigated. 

Coniophova P. 

16 
17 
17 
33 
3 6 

14 

Hexamethylenediisocyanate (HMDI). This compound reacts with hydroxyl 
groups with cobalt naphthenate as a catalyst. Other good catalysts are 
orgarrotin compounds such as tributyltin acetate and dibutyltin diacetate. 

- 

12 ! 
18 ! 

36 I 

3 3 
i 
1 



However. the yield of the reaction of diphenylhydroxypropyltin bromide cvith 
cellulose without cobalt naphthenate as a catalyst is very low. 

1.5 difluor 2.4 dinitrobenzene (DFDNR). Tn a weakly alkaline solution. 
reaction with hydroxyl and amino groups is possible. as has been shown by 
Zahn7, '. A suitable solvent is dimethylformamide. 

p, p' dinitrodiphenylcarbonate (DNDPC). This double ester of carbonic 
acid can react by inter-estcrifying with the hydroxyl groups of cellulose and 
diphenylhydroxypropyltinbromide. 

Adipyl chloride. Ester bonds can be formed with hydroxyl groups with the 
liberation of hydrochloric acid. 2, 4, 6 trimethylpyridine is used as an  acceptor 
of the hydrochloric acid. 

These bifunctional reagents were used under various conditions to couple 
diphenylhydroxypropyltin bromide to cellulose. The yield of the coupling 
reaction and the preservation of the wood after the treatment were studied. 
The yield of the coupling is calculated from the quantity of tin found in the 
cellulose. The first method used in a n  attempt to couple the fungicide to the 
cellulose was as follows. Dipl~enylhydroxypropyltin bromide and an  equi- 
valent amount of the diepoxide were precipitated on cellulose powder by 
evaporation of the solvent, acetone in this case. Then a solution of sodium 
carbonate in water was added and the suspension shaken. The reaction was 
allowed to proceed for 48 hours at  room temperature. In those cases where 
the reaction occurs in an organic solvent the cellulose, fungicide, coupling 
agent and catalyst were added in that order and allowed to react for 48 hours 
a t  room temperature, the suspension being shaken occasionally (method 1 ) .  
After isolation of the reaction product, all the unreacted fungicides were 
washed out with benzene and acetone. The amount of tin in the reaction 
product was determined by chemical analysis. Table 3 gives the yields of the 
coupling of diphenylhydroxypropyltin bromide to cellulose obtained by 
method I for each different coupling agent. 

Tc~hle 3 
The co~rpling of cl iph~n), l l~~~clro.~~~prop~vlt in kor~~ie l e  to cc~ll~~l(>.se (Mc~thocl I )  

Coupling agent I Catalyst Solvent 

- -p - ---- 

Diepoxide . . . . 

Yield 
, 

-- - - 

sodium carbonate 
(1 equivalent) 

DFDNB . . Sodium carbonate dirncthylfor~namide I ( 1  equivalent) 

DNDPC . . . . - dirnetliylformamide 

Formaldehyde , boric acid 
0.05 equivalent I ",O 

Adipyl chloride . - benzene 

I-IMDI .. . . cobalt naphthenate benzene 
(2  "/;: by weight) 
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The conclusion is that only the diepoxide gives a satisfactory coupling of the 
fungicide to the cellulose. In an attempt to obtain better results, the following 
method was applied. The diphenylhydroxypropyltin bromide was dissolved in 
an organic solvent together with a catalyst where required, and the equivalent 
amount of coupling agent was added slowly to the boiling mixture, stirring 
constantly. After all the coupling agent had been added, the mixture was 
boiled for another 1 4  hours. When hydrolytic reactions were possible, the 
reaction was carried out in a dry organic solvent and in a nitrogen atmosphere. 
After cooling to room temperature, the cellulose powder was added and the 
suspension was allowed to react for 48 hours. During this period, the sus- 
pension was occasionally shaken. After the isolation cf the reaction product, 
which was carefiilly washed to remove unreacted organotin compounds, the 
amount of tin in the reaction product was determined by chemical analysis, 
so that the yield could be calculated. The results are given in Table 4. 

Coupling agent 

DFDNB . . . . . . 

DNDPC . . . . . . 

- - - -  -- -- - --  - 

Catalyst 

Diepoxide . . pipcridinc 
(0.1 cquivalcnt) 

Adlpyl chloride I - bcnzcnc I 68 
. I 

- .  

bcnzcne 

2.4. 6 trimcthylpyridinc ' hcnzenc 

HMDl . .  . . . . 

Solvent 

( l equivalent) 

cobalt napli!henatc benzene 
(2 % by weight) 

Yield 
(%) 

l 
benzene 1 16 

Method 2 apparently gives much better yields than method I .  The best 
results are obtained with the diepoxide and the hexamethylenediisocyanate. 
Even better results can be obtained if not only the reaction of diphenylhydroxy- 
propyltin bromide with the coupling agent to give a reaction product, but 
also the reaction of this product with cellulose, is carried out at a temperature 
of about 80°C (refluxing benzene) for six hours (method 3). The yields of the 
couplings obtained by this method are given in Table 5. 

Both meth,od 2 and method 3 are satisfactory. The results obtained by the 
last method are even better than those of the second method; however, in 
practice, the second method is easier in use. 

To determine the fungicidal activity of the coupling products, pieces of' 
beech wood were impregnated according to method 2 and exposed to attack 
by the fungi Coi~ioplioru Putcunn arid Polj~stictus V~~rsicolor. To remove un- 
reacted diphenylhydroxypropyltin bromide and coupling agent, the pieces of 
wood were extracted with benzene over two days. Pieces of wood impregnated 
with pentachlorophenol were used as n reference. The experiments were 
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carried out according to DIN 521765 with some difference in the conditions 
in the climate room during the fungal attack (24"C, 70 per cent RH). The 
results are given in Table 6. 

These results show that diphenylhydroxypropyltin bromide coupled to wood 
offers a protection as good as, and sometimes even better than, pentachloro- 

Table 5 
The conrplitig of cliplienylhydroxypropyltit~ bromide to cellr~lose (Method 3) 

Table 6 
fir~igicidal activity of the rcJactiol~ pro(1nrc.t of ~/iphenj~l/iyrlro.~j'~,ropyItin l~rot~~ide,  a co~rpli~rg 

clRent atrrl cellrrlosc 

Coupling agent 

- - 

Dicpoxide . . . . 

DFDNB . .  . . . . 

DNDPC . . . . 

Adipylchloridc . . . . 

HMDI .. . . . . 

Coupling agent 

- -- -. 

Dicpoxidc . . . . 

Catalyst 

- - 

piperidine 
(0.1 equivalent) 

2.4, 6 trimethylpyridinc 
(I equivalent) 

- .  

- 

DFDNB .. . . . . 

DNDPC . . . . . . 

cobalt n3phtlicnatc bcnzcnc 95 
(0.2 % by wcight) 

I 

Solvent 

- - - -- 
benzene 

Adipyl chloride . . 

HMDI .. . . . . 

Pentachlorophcnol . . 

Yield 
( %I 

97 

Blank . . . . . . 

benzene 75 

benzcnc 5 8 
I 

bcnlrnc ' 81 

Concentration of fungicide 
in the impregnating solution 

( I : / ,  by weight) 
~ - 

2 
I 
0 . 5  

"/;; of weight loss after attack by: 
Coniophora P Polystictus V 
(after 0 weeks) 

- . - . -- - - 

5 
4 
5 

(after 12 weeks) 
- - 

8 
15 
28 
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phenol. The possibility of leaching out the fungicides is very small when the 
reactive fungicides are used; when the reaction product of diphenylhydroxy- 
propyltin bromide with hexamethylene diisocyanate and cellulose powder is 
extracted with streaming fresh water for two weeks, no change in the tin 
content of the cellulose can be detected by chemical analysis. 

In view of the type of reactive compounds studied, it is to be expected that 
overpainting will cause no  appreciable difficulties. This, however, has still to 
be proved on relatively large surfaces and during long periods of time. 

Preparation 
The 4, 6 dichloro-s-triazine derivatives 
Koopmans9 studied the synthesis of these compounds, starting from cyanuric 
chloride and alcohols or  amines. The mechanism of these substitution reactions 
and the mechanism of the reaction with cellulose has been investigated by 
Zol1ingerlo~ 11* 12. 

The s-triazine derivatives used have been synthesised by the methods of 
Koopmans. 

7 _  methoxy 4,6 dichloro-s-triazine 
N 

/ '\ 
CI-C C-0-CH3 Melting point: 87-88 'C. Lit. 88-89°C. 

11 I l'icld : 74(;,(, 
N N 

2 phcnylamino 4.6 dichloro-s-tria~ine 
H H 

N C-C 
H ' \  \ 

CI C '  C - N - C  CH Melting point: 124.6-1 25.7"C 
I / ' Yield: 86%, 

N . N  C=C 
H H 

C 
I 

C 1 
A na1j~si.s 
Found-C -- 45.2(;{, 

N - 22.2:4, 
H - 29.93.;', 
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2-(m-nitro) phenylamino 4.6 dicliloro-s-triazine 

H H 
N C-C 

/ ' H 
CI-C C - N  - C  CH Melting point: 192- 194 C 

1 1  1 Yield: 69?0 
N N C--C 

H 
C NO:! 

Analysis 
Foulid-C 38.4'2, Calculated--C 38.3';,, 

N - 23.7': j, N 24.8':,, 
H 25.9',),, H 25.2",, 

3-(0-4.6 dicliloro-s-triazyl) propoxydiphenyltin bromide 
H H 

N Br C-C 
, \  I 

CI-C C-0--(cH,),,-~n-c CH Oily product 
1 / I I Yield after 
N N C C=C extraction with 

CCI,: 66",', 

C 
H 

Analj+sis 
Found-Sn -- 20.6?(, Calculated-Sn 2 1.6",, 

C = 39.8'%, C - -  38.6";, 

The compound was dissolved in dry acetone, cellulose powder added, and 
finally an equivalent of 2,4,6 trimethylpyridine as a catalyst and a hydrochloric 
acid acceptor added. The mixture was well stirred and left to react for 24 hours 
a t  room temperature. The solid was then filtered off, washed thoroughly with 
acetone and water to  dissolve the salt of 2,4,6 trimethylpyridine and hydro- 
chloric acid, and dried. 

Usually 2.5 grams cellulose and 0.5 gram of fungicide were used in the 
experiments. 

Organo tin compoun~/s 
The synthesis of d~phenylhydroxypropyltin bromide and of its dibutyl analogue 
have been described by Noltes, Luyten and Van der Kerkl". 14. Starting from 
triphenyltin chloride, the reaction scheme is as follows: 
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Li A1 H, 
(C,,H,), SnCl -- + (C,;H,), SnH Yield: 90-95",, 

80' C 
(C,;H,), SnH . CH, CH- CH,OH - t (C,,H,), Sn-CH,-CH,-CH,-OH 

Yield: 9OU,, 

(C,;H,):, Sn--(CH,), OH Br, -- > (C,,H,), Sn-(CH,),-OH i C,H,Br 
I 
Br Yield: 85-95',),, 

This method of preparr;tion has also been used with a slightly different first 
step, as shown below. 

Tripherij,lt ill Iiydrick 
A 0.1 mole (38.6g) portion of triphenyltin chloride was dissolved in a mixture 
of 25ml of dry ether and 25ml of dry tetrahydrofuriin. This solution was added 
slowly to a suspension of 2g LiAlH, in 8Oml of dry ether placed in a four-neck 
I 1  round bottomed flask equipped with a reflux condenser, a mechanical 
stirrer, a dropping funnel and a gas introduction tube. The reaction was 
carried out in a nitrogen atmosphere. 

When the addition of the triphenyltin chloride solution was complete, thc 
mixture was refluxed for 2.5 hours. After cooling to room temperature, 150ml 
water was carefully added to destroy the LiAIH, and separate the mixture 
into ether and water phases. After separation of the layers, the water phase 
was extracted with three 50ml portions of ether. The combined ether extracts 
were dried over Na,SO,, filtered and the solvent of the filtrate was evaporated 
with the aid of a film evaporator. 

A pale ycllow oil remained, sometimes containing small amounts of whitc 
crystalline product, which was separated by filtration. The oily product 
(yield 90-95OL) was sufficiently pure for the second step of the synthesis. 
.4 considerable decomposition occurred on distillation. and the yield decreased 
froni 45",, to 35".;',. 

T r i p l ~ c ~ i ~ ~ l l t ~ ~ r I r o , ~ ~ v p r o ~ ~ ~ ~ / t i t t '  

fC,HS),--Sn-CHr-CH,-CHOH Melting point 104-105°C. I-it. 105 C. 
A11alj:~is 
Found-Sn 2X.7°:, Cnlculated-Sn 29.0';;) 

. C 62.0°,(, C = 61.7');) 
H - 5.4'X) H 5.4"{, 

Diphcrlj~ll~j~tlro.v~'propyI~in I~romir l cJ~  
Br-Sn (C,H,),-CH,-CH,-CH,-OH Melting point: 127- 129'C. 

Lit.: 127-1 28.5"C. 
Ann!,-sis 
Found-Sn : 28.7?,;, Calculated-Sn - 28.8');) 

Hr - 19.5":) Rr - 19.4q/, 
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Conclusions 
It has been shown that wood can be protected against the attack of fungi by 
reactive fungicides based on s-triazyl organotin compounds. 

Because of the instability of these s-triazyl compounds towards water, other 
possibilities of attaching an organotin compound to wood or cellulose, such 
as a diepoxide and a diisocyanate, have been investigated. Depending on 
the reaction conditions, the results of these experiments vary, but under proper 
conditions satisfactory coupling of the organotin compound to the wood can 
be obtained. Pieces of beechwood treated in this way and exposed to attack 
by fungi that cause wood decay are protected as well as, and sometimes even 
better than, when protected by pentachlorophenol. 

[ Rcccivecl16 Novenrhcr I970 
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Next month's issue 
The Honorary Editor has accepted the following papers for publication, and thcsc 
arc expected to appear in the August issue: 

"Polymeric binders containing vinyl esters of branched carboxylic acids for usc in 
clectrocleposition finishes," by W. J. van Westrcnen and W .  H .  M. N ~ P I I ) . I ' E ~ I / I ~ ~ I S  
"The adsorption of gases and the characterisation of the surface properties of 
pigments," by K .  S. W. Sing 
"Water transport through paint films. Part V: Pigmented films," b.v D. Y. Pc,rc1nl 
and P. M. Heer!;es 
"Chemical characterisation of pigment surfaces," b.y C;. D. Parfill 
"The characterisation of glycol ethers by gas chromatography," h.19 J. K. Huken onrl 
I.'. Klrenanglrorn 



Review 
MARKOV CHAINS AND MONTE CARLO CALCULATIONS IN POLYMER SCIENCII 
BY GEORGE E. LOWRY (Editor). New York: Marcel Dekker Inc. 1970 pp. 

xi -t 329. Price: £9.40 

A Markov chain is a series of events or  states of a system in which the pro- 
bability of a particular step in the sequence occurring in a particular way 
depends upon the outcome of the rt preceding steps. If n - 0 the process is 
independent of the preceding steps and we have the Bernoulli trial or Markov 
chain of zeroth order. The conformation of a polymer chain generated by a 
more or less constrained random walk process can be treated as a Markov 
chain of Ist, 2nd or higher order according to the degree of sophistication onc 
wishes to achieve and the mathematical complexity which can be handled. 
The formation of a polymer system from a given number of monomers is 
another problem to which Markov chain theory can be applied, here to  yield 
information about the distribution of molecular species and size. Both are 
typical applications of probabilistic models to polymer science in which Markov 
chain theory can provide elegant solutions. 

Sometimes, however, the maths gets out of hand; the equations are found 
to be insoluble without unacceptable approximations, and an alternativc 
approach may be more successful. Mathematical analysis may be replaced by 
simulation of the random process, with appropriate constraints, using n 
computer or, more simply, a roulette wheel. This is the Monte Carlo method. 
One observes random numbers generated in such a way as to simulate the 
physical random process of the original problem. It may even be possible to 
attack a deterministic problem in this way if a concomitant probabilistic 
problem can be formulated. 

These brief words of introduction are intended for those readers encountering 
for the first time the topics with which this book is primarily concerned. Thosc 
who are not rather mathematically minded need read no further, for the liberal 
use of mathematical notation which riddles every chapter after the lirst will 
strike terror into their hearts. Others may take courage, for it is the profusion 
of mathematical symbols rather than the maths itself which appears disconcert- 
ing. The authors never use words where symbols will do, but the mathematical 
tools needed comprise little more than calculus, straightforward matrix algebra, 
rudimentary set notation and probability theory. 

The first three chapters provide background theory. Their mastery is essential 
for an understanding of the rest of the work, but those without some familiarity 
with Markov chains and Monte Carlo methods will find them so concise as 
to be hard going. Several references, are, however, provided to more extended 
writings on these subjects. 

The remaining two thirds of the book deals with applications; successively, 
polymer conformation as a Markov chain problem, polymer conformation 
and the excluded volunie problem, higher order Markov chains and the statistical 
thermodynamics of linear polymers, copolymer conlposition and tacticity and. 
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linally, molecular weight distributions. The treatment is generally to take 
Markov chain theory as far as it will go in the present state of the art, and then 
to approach the problem "fron~ the other end" by examining the application 
of Monte Carlo methods. 

This is an important and rapidly advancing area of polymer theory, the full 
ramifications of which are yet to be seen. To this reviewer, however, the extra- 
ordinary non-feature of the book is the absence of any reference to the important 
contributions to the theory of branching processes by T. E. Harris and 1. J .  
Good, and their strikingly successful exploitation in the polymer field by 
Manfred Gordon. Whatever hairs may have to be split to distinguish Gordon's 
approach from those here treated, this is an absurd and unforgivable omission. 



London Section 
Southern Branch 
Student Symposium 
Following the successful sy~iiposiu~ii on "Surface coatings for marine use" 
in February 1970, the Southern Branch held another symposium on 9 February 
1971 at Portsmouth, on "Biological problems associated with surface coatings." 
In the morning session two lectures were given, the first by Dr  E. S. Pankhurst 
of the Gas Council, London Research Station on "Corrosion caused by micro- 
organisms," the second entitled "Biocidal additives for paints-are they 
necessary?" by Mr P. M. Proudley of Durham Raw Materials Ltd. In the 
afternoon two group visits were arranged: to the Dockyard Exposure Trials 
Station a t  Eastney; and to  the Biological Sciences Department of the Ports- 
mouth Polytechnic, where Dr Pankhurst and Mr Proudley had displays relevant 
to their lectures in the morning and Dr G .  Jones of Portsmouth Polytechnic 
also displayed examples of polyurethane coatings which had been attacked by 
marine micro-organisnis. At the same time, in the Chemistry Department 
lecture theatre, Mr B. A. Richardson gave a short lecture on "Wood preserva- 
tion and painting." 

Corrosiorz calrsed Itv niicro-or.gatri.rt~~.~ 
Dr Pankhurst introduced her lecture by outlining the three requirements for 
corrosion by micro-organisms to occur: a susceptible substrate, suitable flora. 
and an aqueous environriient. Under these conditions micro-organisms could 
flourish and encourage clie~iiical and electrolytic processes to occur. The 
various types of corrosion that occurred could be divided into five distinct 
categories as listed below. 

The by-products of growth, for exa~iiple sulphuric acid. various organic 
acids and hydrogen sulphide. Sulphate ions in the soil were reduced to sulphide, 
which could be oxidised to sulphuric acid, so that under aerobic conditions 
sulphuric acid would be produced, in anaerobic conditions hydrogen sulphide 
would be produced. 

Differential aeration and oxygen cells. Colonies of organisms adhered to 
the surface so that there were areas of surface where anaerobic conditions 
prevailed, hence the corrosion products woi~ld be entirely different from those 
on exposed surfaces, and potential differences were set up which caused further 
corrosion. 

~ e ~ o l a r i s a t i d n  of the cathode. At rt cathodic area on the surface of a metal, 
hydrogen was produced, which resulted in a relatively low rate of corrosion. 
If, however, sulphate reducing bacteria were present, the hydrogen was utilised 
for the formation of hydrogen sulphide, which accelerated the corrosion. 

Breakdown of protective films applied to the metal. Coal tar products had 
been used quite sl~ccessfully as a coating for buried metal; bitumen, however, 
did not contain co;nplex aromatic compounds, and was thus more biodegradable. 
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Breakdown of corrosion inhibitors. In hot water central heating systems. 
corrosion inhibitors based on sodium benzoate and sodium nitrite were used. 
These were very good for supporting the growth of microorganisms and hence 
a biocide must be added. 

Unfortunately, due to a late start, there was insuficient time for q~~es t ions  
to be put to the speaker. Questioning had to be postponed to the afternoon. 

In introducing his lecture, Mr  Proudley stressed that thc views he was going 
to express were not necessarily those held by the company by which he was 
employed. The main biological problems encountered in paints could be 
divided into two categories, growth in the can and growth on, or under, the 
applied film. Growth in the can only occurred with water-based paints. Bacteria 
or yeasts attacked the colloid or plasticiser, thus bringing about a reduction in 
the viscosity of the paint. Only in very rare cases was the polymer attacked. 
This problem had to solved by the use of biocidal additives. 

Biological attack of the surface occurred with emulsion and decorative paints. 
Both fungi and bacteria grew on the surface, but since fungi preferred acid 
conditions, say pH 4.5-6.5, they were more or less confined to decorative 
paints, since emulsion paint surfaces were ~~sua l ly  alkaline. A soft linseed oil 
paint was much more easily attacked than the harder alkyds and urethanes. 

The speaker pointed out that there was a tendency nowadays to put an 
additive into a formulation to control one factor, resulting in the need to 
introduce more additives to control the side effects of the first one. Thus i t  
would be much more sensible to go back and re-examine the basic formulation. 
As mentioned earlier. if the film hardness was increased then the possibility of 
attack would be reduced. Choice of pigmentation also affected the performance 
of paint. Titanium dioxide was now virtually the only white pigment used; as 
far as pigmentation was concerned it was very satisfactory, but it possessed 
virtually no fungistatic properties, whereas zinc oxide, particularly micronised 
zinc oxide, possessed considerable fungistatic activity. Unfortunately zinc oxide 
was not compatible with alkyds because of the high acid values of these resins. 
There was a possibility that extending the pigmentation with, say, calcium 
carbonate might increase the alkalinity of the lilrn and t h ~ ~ s  reduce growth of 
fungi. 

Mr  Proudley concluded his lecture by giving a list of req~~irements for the 
ideal biocidal additive: it must be of low toxicity to mammals, readily 
incorporated into the formulation. unaffected by light, it must not adversely 
affect the performance of the coating, and it I I I L I ~ ~  be cheap. It can safely be 
said that no one additive fulfils these requirements rtt the present time. 

T.R.G.C. 

Manchester Section 
The problems of painting timber 
On Wednesday 7 April a Student Meeting of the Manchester Section was held 
at  the Manchester Literary and Philosophical Society under the Chairmanship 
of Mr F. Redman to hear a paper "The problen~s of painting timber" presented 
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by Mr G. W. Rothwell of the Building Research Station. There were 46 student 
members and guests present. 

Mr Rothwell commenced by outlining the eff'ect of type and source of timber 
on the eff'ectiveness of paint protection, particularly under exterior conditions. 
With tlie increased demand for timber. softer and faster growing timbers were 
now being used. These were less durable, and unless adequately protected could 
have lives of a:; little as live years, comparcd with earlier traditional timbers 
with a life of 20-30 years. The ~iietliod of drying timber, direction of grain, 
proportions of oil and resin in the tiniber (particularly in hard woods) were all 
important in determining the degree of penetration and paint adhesion. 

It was estimated that maintenance costs for timber in the U K  were of the 
order of f 100111 per year. Water was the main cause of failure and this was 
accelerated by tlie inadequate use of rebates. and "overhangs." and the use of 
undersized timber, resulting in warping and distortion. 

Extreme conditions of temperature and humidity should be avoided during 
painting, and water trapped between joints should be removed to prevent 
premature failure of the paint film. Contact of unprotected wood with water 
or damp niasonry and excessive condensation on internal surfaces led to early 
failure. 

Premature failure could be riiininiised by attention to the following points: 
design detail of fittings with respect to rebatesJoverhangs and construction of 

joints. 
use of recommended type of wood preservative. 
ensuring that tiniber was thoroughly dry after treatment with preservative, 
conipatibility of the paint systcln with the type of preservative used. 

Four main types o f  paint primers were available. Lead based priniers were 
toxic and slow drying. but generally gave the best protection. Non-lead based 
primers dried quickly when formulated on oxidising resin media, but were less 
satisfactory due to low flexibility and high permeability. Primers based on 
aluminium flake gave very good water resistance. sealed in resins and stains but 
sometimes became brittle, and if water penetration occurred there was loss of 
adhesion. Emulsion primers gave low toxicity and low flammability, were 
flexible and dried quickly under normal conditions. but dried slowly at  low 
temperatures and at high humidities. Emulsion primers were generally consi- 
dered to be slightly inferior in durability to lead primers but better than non- 
lead and aluminium-based primers. However, emulsion primers could cause 
difficulties. There was 21 tendency to raise the grain by dipping, casement 
putties dried slowly when applied over primed surfaces. and the long-term 
adhesion of putties applied over emulsion primers was suspect. Combined 
preservative primers were available, but it  was difticult to combine good 
penetration with an adequate paint primer film. 

Treatment with preservative and pri~ner was followed by an undercoat and 
one coat o f  finish. Traditional alkyd resin paint systems were being challenged 
by polyurethanes but there was no significant advantage in durability and the 
harder fi lni formed could cause cracking. Emulsion systems were generally less 
durable at  the present time than alkyd and urethane systems. but should 
improve in the developing field of gloss emulsion paints. 
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Recommendations were given for test procedures designed to cater for a 
range of different types of woods with various grain orientations. It  was empha- 
sised that the exposure of paint panels a t  45" was not always a realistic test 
and it was necessary to carry out exposures as closely as possible to conditions 
of actual usage. Artificial weathering was found to be a useful accelerated test 
for film hardness and graphs of film hardness as measured by a micro indenta- 
tion tester were shown for different paint systems. - - rc .-..--- 

Finally Mr ~o thwe l l  concluded by comparing the durability of clear coatings 
with pigmented paint systems, and said that experience had shown that four 
coats of the most durable types of varnishes only nave a life of three years and 
were much more expensive ihan traditional paint-systems. Phenolic Garnishes, 
one-pack urethanes and the best traditional alkyds gave comparable durability 
and were easier to use on-site than two-pack polyurethanes. In practice preserva- 
tive stainer types, although not as durable as the other systems, had been found 
to be cheaper both in initial cost and cost of application/maintenance. 

The presentation of this paper was followed by a lively question and discussion 
period and the number of questions amply demonstrated the interest in the 
subject of painting timber. 

G.R.R.  

Thames Valley Section 
Modern solvents 
The inaugural meeting of the Thames Valley Section Student Group was held at 
Slough College on Tuesday 2 March 1971, when Mr L. A. Tysall of Shell 
Research Limited gave a talk entitled "Modern solvents." - 
-' 

Mr Tysal opened by classifying solvents into two basic groups, hydrocarbons 
and chemical solvents, the latter group including esters, ketones, alcohols and 
glycol ethers. The manufacture of both types was discussed. A graph illustrated 
boiling range of hydrocarbons relative to the different constituents. Chemical 
solvents were derived from crude oil cuts, which were then cracked giving 
olefines, from which were further derived the alcohols, esters, ketones and 
glycol ethers by the well known chemical routes. 

He then went on to discuss important criteria for the assessment of the 
utility of solvents. Firstly there was solvency, which involved the correct choice 
of solvent for a particular resin with respect to the viscosity desired; here 
the primary emphasis rested with the chemical nature of the resin or resins 
involved. He contrasted the behaviour of resin/solvent systems, which quite 
often showed minimum solubility, with crystalline solute/solvent systems (e.g. 
salt in water), which showed maximum solubility. A further important criterion 
was the volatility. There was no direct correlation between boiling point, 
evaporation rate and drying time. Many paint chemists confused evaporation 
rate and drying time. He spoke of the non-ideal behaviour of mixed solvent 
systems which evaporated at rates not directly related to the individual rates 
of their components. 

Lastly Mr Tysall touched on solubility parameters, and by means of examples 
showed their value as a formulating tool, using three dimensional plots of the 
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solubility parameters of some common solvents. Mr J. Wilton, one of the 
student members, proposed the vote of  thanks, which was warmly acclaimed 
by the eight Student members and 37 visitors present. 

A full programme has been arranged for the 1971-72 winter session. 

t'.\ICXI. 
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A new type of silicone antifoaniing agent designed specifically for high-temperature. 
high-pressure jet dyeing systenis, has bceii introduced by ICI Limited, Nobel Division. 
The new product, Silcolrip.sc~ 5005, is water solublc, and is based on a siloxane 
copolymer. Since it is solublc, Si1coltrp.s~ 5005 docs not givc rise to plating out or 
spotting of the silicone, a phenonienon encountered whcn using silicone emulsions. 
It has inverse solubility characteristics, being completely soluble a't temperatures 
below 30'C, and progressively less soluble as the temperature rises, giving rise to its 
antifoaming effect. 

It has recently been announced that M & B Plastics Limited, a subsidiary of May & 
Baker Limited, is to act as UK and Eire agent for products from the Redis division 
of Pechiney-Saint-Gobain, a mcniber of the Rhone-Poulenc group. A selection of 
products froni the Strtrryl range of unsaturated polyester resins, for use in speciality 
surface coatings, varnishes and glass fibre, will be marketed. 

01-el polyester filament for use in high quality paint brushes is now available in 
Europe, the Du Pont Company has recently announced. The result of 15 years' 
research, Or(./ is claimed to be impervious to all common paint solvents, to have an 
abrasion resistance three times that of natural bristle, and to have excellent stiffness 
properties under both low and high temperature conditions. The polyester used is 
not believed to be available outside the DLI Pont group. 

Three silicone treatments for modifying the handling properties of powder have 
been developed by Dow Corning International Limited. Dow Cortritrg 1107 .flirirl. 
when used with a room temperature active catalyst, imparts a high degree of water 
repellency in powders, leading to good flow and freedom from lumps. 

Dow Cornit~g 470A fli~irl, mixed with the powder in concentrations of 0.01 to 
0.5 per cent, gives improved wettability. 

Dow Cortritrg 200 ,flirin', in concentrations of 0.1 to 0.5 per cent, promotes faster 
grinding and uniform particle size by fornling a semi-organic coating on the particles. 
When used in pigment grinding, easier mixing and more uniform colour strength 
are claimed. 

Dow Corning has also introduced three new silicone additives for latex and solvent 
based paints. 

DOMI C O I - ~ ~ ~ I I ~  12 and 13 paint additives are especially designed to increase the mar 
resistance of solvent based paints, and are particularly recommended for urethane 
coatings. 

Dow Cortritrg 17 paint additive is a water based silicone for latex paints, claimed to 
reduce foaming and in-tprove levelling, flow-out and mar resistance. 

A new 12-page brochure on methods of bulk storage and handling of latices has 
been issued by Dow Chemical Company Limited. Entitled "Bulk storage and handling 
of Dow latexes," copies of the brochure are available from Dow on request. 

A new departure in the field of instrunients has been announced by Pye Unicam 
Limited. This company is to become the fjrst in its field to supply its instruments on 
a leasing basis. Any Pye Unican~ instrument of more than f400 in value can be leased 
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in this scheme, the financial arrangements being carried out by the "in house" 
conipany Communication Services Limited, a company jointly owned by Pye and 
Philips. The advantages of leasing are said to be that equipment can be obtained well 
in advance of proposed budgets for capital expenditure, and that, as the rental is 
fixed by contract at the time of the arrangement, the cost of the equipment will not 
be affected by inflation. 

In view of do~lb ts  in the industry on the future of high grade channel blacks caused 
by stricter air pollution control regulations in the USA and Europe, Degussa has 
announced that i t  will still be in a position to supply high colour channel blacks to 
the market. The gas black process used by Degussa meets the stringent air pollution 
control requirements of the Federal Republic of Germany. and the high quality 
channel blacks produced by the process will continue to be available. 

The latest in the range of weight operated filling machines produced by Albro 
Fillers & Engineering Company Limited is designed for 5 gallon polythene containers 
with otf-centre vents. Liq~lids with a range of viscosities from solvents to finished 
paints can be handled, and accuracies of .! per cent on the gross weight are claimed. 
The machines, which require no power of any kind, can also be adjusted to f i l l  con- 
ventional free-standing containers. 

Badische Anilin- & Soda-Fabrik AG has made additions to three of its product 
ranges. 

Two new colours have been added to the Li~corryl range. Li~corrvl Ycllow 107 is a 
high fastness product for outdoor paints, and Lircwrvl Wl~itc X22. also having good 
fastness properties, is recommended for speciality paints. 

Fur~al Grcc.11 PM9370 is added to the F~rtrcil range. Recon~mended for use in printing 
inks, the new pigment is claimed to he 20 per cent stronger, slightly yellower and 
cleaner in shade than f i n u l  Grccrl PTM9340. 

The Pciliogcrr range has been suppleniented with Ptrlio~retr Viol~f 5890, a dioxazine 
derivative. Intended to replace Ptr1io~:rrr Violct 5990, the new pigment is claimed to 
be markedly stronger, rather redder and cleaner, and more easily dispersible than the 
old grade. Excellent light fastness and weather resistance, and good fastness to over- 
spraying, heat and solvent-resistance are also claimed. 

It has recently been announced that the range of temperature recording and 
measuring instruments manufactured in Germany by Braun Electronic GmbH is to 
be marketed in the U K  by Colstar Limited. The products handled will include the 
T~istotl1ert71 range, covering a spread of temperature from -60" to I-600°C. the 
Toston~ecl range for medical applications, and the Ir!frnthcvr~~, which, since it measures 
the infra-red rays emitted by the object, does not have to be in direct contact. 

The Penetone Company Limited has introduced a newly formulated version of 
Solvo-Stt-yp paint and plastics stripping agent. Stripping times with the new formula- 
tion of this solvent stripper, which contains new activating additives, have been 
reduced by 5-40 per cent, it is claimed. 

A new service for firms wishing to give advanced and specific technological training 
to more senior staff is now available from H. Warson (Chemical Consultant) Limited. 
Aware of the difficulties involved in this aspect of staff training, the company has 
brought together a team of lecturers covering a range of topics including resins, 
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paints, rubbers, adhesives, industrial organic chemicals, food chemistry, chemical 
plant problems, industrial research and development in relation to marketing, 
management and some legal aspects. Each lecturer is an acknowledged expert in his 
subjects, with over 25 years' practical experience. The lecturer will travel to the 
company concerned, and will be prepared to  speak on a number of his own specialist 
subjects. 

Rates for the service will depend on location and preparation involved; favourable 
rates will be quoted for a series of seminars for the same organisation. Full details 
are available from H. Warson (Chemical Consultant) Limited. 

Heyden & Son Limited has recently issued a catalogue of publications of the 
American Society for Testing and Materials (ASTM) that are now available from 
Heyden, the ASTM's European agent. A catalogue of Heyden's own publications 
on analytical chemistry is also available. 

Agreement has been reached between Anchor Chemical Company Limited and 
Paragon Rubber Company (Pty) Limited, of South Africa, for Paragon to  manufacture, 
under licence, the Anchor range of factices. The factices will be sold by Anchor's wholly 
owned subsidiary Anchor Chemical Company (South Africa) (Pty) Limited, in 
Johannesburg. 

The Paint Research Association has launched a titles-only current awareness 
bulletin, "Paint Titles" (PT). Issued weekly, PT complements the other PRA pub- 
lication, "World Surface Coatings Abstracts," bringing to  the reader's attention 
articles virtually before they could be read in the original. Initially circulated t o  
PRA staff, PT was evaluated by RA members, the response being encouraging enough 
for the PRA to  offer the publication a t  a subscription rate of £20 per annum to 
members, and &50 per annum to non-members. 



Annual Report of the Council 
for 1970 

Adopted at the Ninth Annual General Meeting, held at the Palace Hotel. Torquay, Devc~n 
on 7 May 1971. 

General 
Perhaps the most important single development in a year in which progress was made in 

many projects was the holding of the Association's Annual Technical Exhibition for the first 
time at the Empire Hall, Olympia, London, WlJ .  This took place from 27 to 30 April and 
a report appears later under the Exhibition Committee's Report. A review of the Exhibition 
appeared in tlie June issue of tlie Jorrrnal. 

The Eighth Annual General Meeting of the Incorporated Association took place on 
Thursday 21 May at  tlie Ballerup Hall, East Kilbride, Lanarksliire when Mr A. W. Blenkinsop 
was appointed President-Designate and the following Vice-Presidents were elected: 

Dr. S. H. Bell 
Mr A. H. McEwan 
Mr W. J. McWaters 
Mr 1. S. Moll 
Mr C. H. Morris 
Mr F. Sc1iollick 
Mr L. H. Silver 

The Honorary Officers were elected as follows: 
Honorary Secretary . . . . . . . . . . . . . . Mr D. S. Newton 
Honorary Treasurer . . . . . . . . . . . . . . Mr F. Cooper 
Honorary Editor . . . . . . . . . . M r  S. R. Finn 
Honorary Rcscarcli and ~ & e l o p & n t  0 k c e r  . . . . . . . . Mr A. R. H. Tawn 

The report of the Auditors on tlie scrutiny of the postal votes was received and it was 
announced that the following members had been elected to the Council for the years 1970-72: 

M r  J. E. Mitchell 
Mr A. G. Holt 
M r  D. M. James 

Honorary Membership of the Association was conferred upon Dr  H. A. Hampton (President 
1961-63) and M r F. Sowerbutts (President 1967-69) but unfortunately neither member was 
able to be present (Dr Hanipton on medical advice and Mr Sowerbutts because Mrs Sowerbutts 
had just undergone an operation) a t  tlie Annual General Meeting to receive the Scrolls from 
the President, but these were presented a t  the Foundation Lecture on 8 October in London. 

Votes of thanks to Retiring Council Members, the Honorary Officers of the Association, 
and to the Chairman of tlie niecting were carried with acclamation. 

The Annual General Meeting was held in conjunction with a Symposium organised by the 
Scottish Section entitled "Dispersion in theory and practice." The technical sessions were 
held in the Ballerup Hall and nearly 300 delegates and ladies attended. A small exhibition 
of some ten companies displaying dispersing machinery was also held in tlie Civic Centre 
for the period of the Symposium. 

The Symposium commenced with a civic reception on Wednesday 20 May by the Burgh 
of East Kilbride for the lecturers, overseas visitors and Association officers and following 
the Annual General Meeting on the evening of 21 May an informal dinner was held in the 
Carrick Suite at  the Bruce Hotel when a true Scottish atmospliere was given to  the evening. 

The proceedings of the Annual General Meeting and a report of the Symposium, with 
photographs, appeared in the August issue of the Jorrrnal. 
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Other symposia organiscd by Sections includcd two for Studcnts. The first, held in February 
by the Soutlicrn Branch of the London Section, was attcndcd by 135 delegates, and had the 
title "Ships' paints and compositions;" it took place in tlic Portsmouth Polytechnic and 
included tcclinical visits to HM Dockyard and tlic Eastney Tchting Station. 

In April the Bristol Scction hcld a Symposium for Students at tlic University of Bristol which 
was attendcd by approximately 100 pcople. In addition to the lectures thrcc technical films 
on paint and titanium pigments and cmulsions werc shown. 

The 1970-71 session opened in tlic West Riding Scction with a two-day Scminar a t  the 
University of Leeds on "Futurc trcnds in surfacc coatings" and incorporntcd the use of films 
made by spcakcrs to illustrate various or  particular aspects of their research work. This was 
attended by 1 15 people. 

In March the London Section lield a half-day Conversazionc on "Paint user test methods" 
a t  the Borough Polytcchnic attcndcd by ncarly 70 me~iibcrs and gucsts and in November 
the Section joined with the Colloid & Surface Clicmistry Group of the Society of Chemical 
Industry in organising a one-day Symposium, having the tlicmc "The characterisation of 
pigment surfaces" at  the Brunei University, attended by 165 people. 

In addition to these special meetings, all Scctions liavc hcld their usual programmes of 
technical meetings and social activitics. 

In Junc, tlie Auckland and Wellington Scctions lield another successful Convention at  
Wairakei. In the September issue of the New Zcaland quartcrly Che~nistr .~ and Ind~istry, 30 
pages wcrc devotcd to the background of the Association and the activitics of the two New 
Zealand Sections. The ncccssary matcrial was supplied by mcmbcrs in New Zealand and the 
congratulations of the Council werc cxtcnded to thc New Zcaland Scctions on achieving this 
splendid publicity for tlie Association's aims and activitics. 

The Third National Convention of the South African Scction was held in September at  
the Cathedral Peak Hotel in the Drakcnsbcrg area, the thcme on this occasion being "The 
principles of electrophoretic deposition of coatings." 

At the end of May, the Biennial Dinner and Dance took place at  the Savoy Hotel, London, 
WC2 when over 300 members and guests werc present. Thc gucsts and their ladies were received 
by the President and Mrs Fraser, and on this occasion five other societies were represented. 

After the Dinner tlie toast to the Association was proposed by Dr  E. S. Paice, President 
of tlie Research Association of Paint, Colour & Varnish Manufacturers. The President replied 
and then welconicd the guests and ladies. Mr G. Isserlis, Prcsidcnt of the Institute of Metal 
Finishing, rcsponded on bchalf of the gucsts. After the spccclics, dancing continued until 
1 a.m. witli a break at  11.30 p.m. for rcfresli~iients and a cabarct. 

As indicated earlier, the fifth Foundation Lecture took place on 8 October at  the Painter 
Stainers Hall, Little Trinity Lanc, London, EC4 when nearly 100 members gathered to hear 
Sir Paul Chambers, KBE, CB, CIE, formerly Chairman of 1CI Ltd. and currently Chairman 
of the Royal Insurance Co., speak on "Human rcl:~tionships and communications in industry." 

The Lecture was followed by an informal rcccption before dinner. During his address 
of welcome after the dinncr, the Prcsidcnt explained that tliis function incorporated the annual 
reunion dinncr for Founder Mernbcrs, Past Prcsidcnts, Past tionorary Ollicers and Members 
of Council and he was glad, on tliis occasion to be able to prcsent Dr H. A. Hampton and 
Mr F. Sowerbutts witli their Scrolls of Honorary Mcrnbersliip-an honour conferred upon 
them a t  tlic Annual General Meeting but which both of them had been prevcnted from attend- 
ing. 

An account of the Foundation Lecturc, with photographs, appeared in the December issue 
of the Jorrrtiol and the lecture by Sir Paul Cliambcrs will be reproduced ill full in the January 
1971 issuc. 

The President represented the Association at  the Sixth Congress of the Federation of 
Scandinavian Paint and Varnisl~ Teclinologists held in Copcnhagcn in September and conveyed 
greetings from the Association to the Congrcss. Thc official Association papcr was presented 
by Mr L. A. Tysall. The Presidents of the Association's thrcc sister societies were also present 
and an account, togetlicr with a photograph, appcarcd in the Dccember issue of the Jourttal. 

Mr A. R. H. Tawn (Honorary Research and Dcvelopmcnt Officer) represented the President 
at the Tenth FATlPEC Congrcss in Montreux in Junc, when the official Association paper 
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at a plenary session was presented hy Dr W. Hug!ies. Mr Tawn also visited the United States 
during the year, when lie lecturcd to various societies of the Federation of Societies for Paint 
fechnology and at the Paint Research Institute's Annual Meeting. On all these occasions Mr 
fawn conveyed to the respcctivc organisations the greetings OF the Association. 

At the Annual Meeting of the Fcdcration of Societies for Paint Technology held in Boston 
in  October, Mr A. G. North prescrltcd a paper on bchalf of the Association. Dr W. Carr, 
;i member of thc Association, also presented a paper at the meeting for wl~ich he received a 
Koon Award. 

Council was saddened to learn of the death during the year of two members who had 
rendered considerable service during the early years of the Association. In November Mr 
K. P. L. Britton, a Founder Member, died. An obituary notice will appear in tlie January 
1971 issue of the Journal. In December Mr T. Hcdley Barry, Honorary Editor 1921-24, died. 
An appreciation will appear in the March 1971 issue of the Jouvrtal. 

During the year tlie Director & Secretary has becn pleased to hclp members when they 
visited the Association's ofice and from overseas was particularly pleased to meet the follow- 
ing: 

In June, Mr. R. W. Matlack, (Executive Sccrctary of the Fcderation of Societies for Paint 
Technology). 

In July, Mr L. A. Hill (Honorary Editor of OCCAA "Proceedings and News") when Mr 
D. S. Newton and Mr A. R. t l .  Tawn joined in the discussions, and 

In September. Mr K. M. Engclbert (Honorary Treasurer of tlie South African Section and 
former Vice-President): 

Mr P. B. Hunt (first recipient overseas of the Commctidation Award, Past Chairman of 
the Auckland Section and former Vice-President), when Mr F. Sowerbutts joined in the 
discussions: 

Mr W. W. Vasterling (President of the Federation of Societies for Paint Technology). 
The Council records its thanks to  the Director and Secretary and his staff for their efforts 

in furthering the development of the Association. 

Xlembership of the Association 
There were 242 elections during the year compared with 273 in 1969. The table shows the 

total strength of the Association as a t  31 December 1970. 
Section 0rrIinar.y Associate Honorary Stu(/ent Total 

Bristol 79 16 - 4 99 
Hull 77 6 - 3 86 
Irish 45 22 6 73 
London (including 

Southern Branch) 627 93 5 15 740 
Manchester 36 1 65 2 20 448 
Midlands (including Trent 

Valley Branch) 186 31 1 3 221 
Newcastle 140 8 - 12 1 60 
Scottish (including Eastern 

Branch) 108 3 1 - 24 163 
Thames Valley 112 17 - 9 138 
West Riding 65 18 - 16 99 
Auckland 56 4 1 - 2 99 
Wellington 54 26 - - 80 
South African 204 50 - 4 258 
General Overseas 3 50 22 2 - 374 

-- 
Total 1970 2,464 446 10 118 3,038 

-- 
Total 1969 2,477 448 9 147 3,051 

Net increase/decrease 
during 1970 - 13 -2 +1 - 29 - 43 
It is pointed out that there has been a decrease in the number of Students and it is felt that 

the recommendations of the Working Party on Education, Training and Qualifications may 
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well, if impleniented in 1971, prove a source of encouragement to younger personnel in the 
industries to associate themselves with the Association. Mergers and amalgamations of 
companies during 1970 contributed to the slight decrease in the overall membership. 

The Council 
During the calendar year the Council has met four times, the average attendance being 23. 

All meetings were held in London. 

Committees of the Council 
The Committees of Council met as set forth below: 

Exhibition Committee 2 
Finance Committee 2 
President's Advisory Committee 4 
Working Party on Education, Training and Qualifications 2 
Sub-Committee of the Working Party on Forward Thinking 1 

Exhibition Committee 
Chairman-The Honorary Treasurer, Mr F. Cooper 

The Twenty-Second Annual Technical Exhibition, the first at the Empire Hall, Olympia, 
London was held from 27 to 30 April and proved to be the most successful exhibition held 
by the Association. Plans to move to Olympia were made at short notice and thus it was 
possible for the Exhibition to be open on four days only, but dcspite this the total number 
of visitors who passed through the turnstiles amounted to 14,500, including representatives 
from 38 overseas countries. 

The Exhibition Luncheon was held at the Savoy Hotel, London, WC2 on 27 April and was 
attended by 250 members, exhibitors and other guests. The Principal Guest on this occasion 
was Lord Sherfield, GCB, GCMG, President of the Parliamentary and Scientific Committee. 

The President of the Association in his address of welcome referred to the encouraging 
support for the Exhibition Committee's decision to change the venue of the Exhibition and 
after outlining the various moves associated with the progress of the Exhibition since its 
modest beginnings in the early years, expressed the hope that Olynlpia might become a perma- 
nent centre for the Exhibition. Lord Sherfield, in his reply, congratulated the Committee 
on achieving the present scale and scope of the Exhibition, which had already acquired an 
international reputation as a centre for information. On arriving at the Empire Hall after 
the Luncheon Lord Sherfield performed the official opening ceremony and made a tour of 
the stands accompanied by the President, the then Chairman of the Exhibition Committee 
(Mr A. W. Blenkinsop) and the Director & Secretary. 

The theme of the Technical Education Stand on this occasion was "Newer methods of 
paint application" and it was again staffed by representatives from technical colleges and 
the paint and printing ink industries. Parties of sixth form science students visited the Exhibi- 
tion and before touring the stands were given an introductory talk by Mr G. H. Hutchinson 
on the variety of scientific interests involvcd in the industry and the opportunity for careers. 

A review of the Exhibition appeared in the June issue of the J o ~ ~ r n n l  and the Exhibition 
Committee is particularly grateful to Mr J. A. L. Hawkey (past Chairman of the London 
Section) who organiscd the reporting and collated the reports and comments received from 
a team of some 37 reporters. 

Finance Committee 
Chairman-The Honorary Treasurer, Mr F. Cooper 

This was the first full year in which the Association received the benefit of registration as 
a charity. 

During the year the Committee continued its policy of building up the Association's reserves, 
so that the investments at the end of the year stood at £50,705 compared with £40,428 at the 
end of 1969. Some adjustments have been made as a result of certain Government Stock 
reaching maturity, the result~ng funds having been re-invested in equities. The market value 
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of the Association's investments at the end of the year showed that the Government securities 
stood at f 1,346 below their purchase price and the other quoted investments stood at £513 
above their purchase price, i.e. the total market value of all investments was £833 below their 
purchase price. 

President's Advisory Committee 
Chairman-The President 

It will be recalled that, in the Report for 1968, reference was made to the setting up of the 
President's Advisory Committcc, comprising tlie Honorary Officers of the Association together 
with thrce Section Chairmen, nor~ilally in thcir second ycar of olfice. For the 1970-71 session 
Mr A. S. Frascr invited the Chairmen of the Londori Section (Mr J. E. Pooley), the Newcastle 
Section (Mr D. H. Tate) and the West Riding Scction (Dr L. J. Watkinson) to serve on this 
Committee. 

Aiblications Conirnittee 
Chairman-The Honorary Editor, Mr S. R. Finn 

During 1970, fifty-three papers were published, comparcd with forty-five in 1969 and forty- 
three in 1968. The overall size of the Jorrrnrrl was 1,132 pagcs, compared with 1,2 12 and 1,062 
pages in 1969 and 1968 respectively. The number of pagcs covered by "Transactions" and 
"Communications" was 740 (65.4 per cent) against 750 pages (61.9 per cent) in 1969 and 
638 pages (60.1 per cent) in 1968. 

The papers from the Syniposia organised by the Manchester and Midlands Sections during 
1969 appeared in ~ L I I I  in the Jortrnnl during 1970 and during this latter year further symposia 
were arranged by the Scottish and West Riding Sections. The papers from the former event 
will commence to appear in the Jourt~nl in January 1971. One of the main purposes of the West 
Riding meeting was to demonstrate the use of visual aids at such an event; this resulted in 
papers which would have lost much of thcir value in tlie purely printed form and it was, 
therefore, agreed with the Scction concerned not to reproduce thcm in the Jorrrnnl. 

A Convention on Electrodeposition was held by the South African Section, the papers 
from which have been submitted for publication. It is anticipated that these will be published 
in the Jottrnal in due course. 

During the year less correspondcnce with the Honorary Editor was published in the Jo~irnal 
(7 letters), comparcd with 16 in 1969. 

A total of eighteen book reviews appeared during the ycar; the standard of reviewing has 
been well maintained and the Conimittcc wishcs to thank all those members who have under- 
taken this work. The Honorary Editor also wishcs to express his thanks to the Hon. Publica- 
tions Oficers for the large number of "Scction Reports" produced during the year. 

The "Student Review" section introduced in 1968 contained only three papers h 1970 
None are on hand at present and the Committee would vcry much apprcciate suitable conrribu- 
tions to this worthwhile section. 

The Resins, Drying Oils, Varnishes and Paints Report for 1969, reprinted from the Annual 
Reports of the Society of Chemical Industry, was pi~blishcd in November and authors have 
been invited to prepare the Report for 1970. 

Volume VII of the Paint Tcchnology Manuals was completed during the year and was 
submitted to the publishers. Sales of the first six volumes of the Manuals continue satisfactorily 
and it will shortly bc necessary to re-print more volumes. 

Unfortunately it was not possible to hold a meeting of the Committee during the year owing 
to the difficulty of finding a date upon which a sufficient number of members could attend. 

The most gratifying aspect of the year has been the large number of papers submitted for 
publication, particularly from direct sources. Many of these are of very high quality and it is 
considered that the interest and standard of the Journal should be well maintained during 1971. 
Some authors have expressed their gratification at the number of requests they have received 
for reprints. 



670 

Survey of published papers: 
Section 

Bristol 
Hull 
Irish 
London 
Manchester 
Midlands 
Newcastle 
New Zealand 
Scottish 
South African 
Thames Valley 
West Riding 
Direct 
United Kingdom 
Overseas 
Conference 
Foundation Lecture 

A N N U A L .  REI'OIIT JOCCA 

43 45 53 

*The 1970 Foundation Lecture will appear in the January 1971 issue. 

Jordan Award Committee 
Chairman-The Honorary Research and Development Officer, Mr A. R. H. Tawn 

Tt is hoped to present the second Jordan Award at the time of the Association's 
next Conference in May 1971 and applications have been invited, through the pages of the 
Journal, at regular intervals during the course of the period under review. The closing date 
is 1 January 1971 and soon after that date the Comniittee will be meeting to consider the 
applications received. 

Liaison Committee 
Chairman-The President 

An exchange of information, as discussed at the meeting of the Liaison Committee held 
during the course of the Association's Conference in 1969 (rcferred to in the last Report), 
has taken place and, as indicated in the general part of this Report, the Presidents of the four 
societies (FidCration d'Associations de Techniciens des Industries des Peint~~res, Vernis, 
Emaux et Encres d'lmprinierie de I'Europe Continentale, Federation of Societies for Paint 
Technology, Federation of Scandinavian Paint and Varnish Technologists and Oil and Colour 
Chemists' Association) met at the Sixth Congress of the Federation of Scandinavian Paint 
and Varnish Technologists in Copenhagen in September and discussed matters of common 
interest. 

Technical Education Committee 
Chairman-Dr H. W. Keenan 

It will be recalled that in 1968 it was reported that the Technical Education Committee 
was being retained with a membership comprising only the President, Honorary Secretary, 
Honorary Editor and Dr H. W. Keenan until such time as the deliberations of the Working 
Party on Education, Training and Qualifications (of which Dr Keenan is also Chairman) 
were conlplete. Mr C. J. A. Taylor, as Editor-in-Chief of the Paint Technology Manuals, 
who was formerly a member of the Technical Education Committee, is now serving as a 
member of the Publications Con~n~ittee and dctails of the current position of the Manuals 
is given in the report of that Committee. 

Light Fastness Committee 
Chairman-Dr S. H. Bell 
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Although no rncctings of this Committcc havc bccn held during thc period undcr reiieu 
co-operation has been maintained with other co~iimittces in this fielcl. 

Workin<? Pilrty on Ehcnt io~t ,  Trcrini11.v nnrl Qrl(~l~iccrtions 
Chairman-Dr M. W. Kccnan 

Considerable progrcss has bccn madc this ycar on thc proposal to introduce an optional 
professional gradc for Ordmary Members and, at  the end of thc ycnr thc Council had bccn 
presented for consideration by tlic Working I'arty with n comprchensivc doci~mcrit setting 
out the stcps and proccdurc ncccssary fur implcnienting tli iq proposal. 

Working Pavy on Forward Tl~inlting 
Chairman-The President 

During the ycar a sub-conimittcc of this Working Party was fornicd to consider whethcr 
an overall summary of all the Scction qi~cstioniiaircs on Forward Thinking could be p~~blisheci 
in the Journcr!. The sub-conimittce consisted of: 

Mr M. 1'. Ford (Bristol Section) 
Mr F. D. Robinson (Hull Scction) 
Mr D. A. nayliss (London Section) 
Mr D. Morris (West Riding Section) 

A considerable amoi~nt  of work was ~ ~ n d c r t a k m  by thcsc niembcrs individually and their 
report wns first acccptcd by thc Worlting Party, which then passed it to Council for its January 
I971 Mccting. 

Representation on other orgsnisations 
The Association was rcprcscntcd on othcr nrganisations, as follows: 

Technical Training Board f ~ r  thc Printing Ink and Rollcr hlaking Industry: Mr H. C. Wsrsdall 
and Mr R. hl. W. W. Wi!son. 

Paint Apprenticeship Council: D r  )I. W. Kccnan arid Mr G. Copping. 

Paint Trade Rrncvolcnt Fund: Mr G.  Copping and hlr  D. E. Roe. 

The Parliamentary and Scicntilic Comrnittcc: The Prc5idcnt and thc Director & Sccretary. 
The British National Committcc for Chcmistry: Mr A. R. H. Tawn. 

City and Guilds Advisory Comniittec No. 9-Tcclinology of Pigments, Paints, Varnishes and 
Lacquers: D r  J. G.  Gillan. 

East Ham Technical College Advisory Coniniittcc: Mr R. M. W. W. Wilson. 
Association of Exhibition Organisers: The Dircctor & Sccrctary. 
Programnie Liaison Committcc: Thc Honorary Programmes Officcr of thc London Section 

and the Dircc!or R: Sccrctary. 
The Pairltmakcrs Association Training and Tcchnical Educaticn Comniittce: D r  H. W. Keenan 

and the Dircctor R: Sccrctary or tlic tlonorary Sccrctnry. 
Thc Society cf Dycrs rtnd Colourists Tcrms and Definitions Conimittce: D r  F. M. Sniith and 

Dr  J .  Toolc. 
The Socicty of Dyers and Colourists Rcvicw of Coloration Progrcss Comniittce: D r  F. M. 

Smith. 
The Colour Group (Grcat Britain): Mr R. Siiiith. 
The British Colour Council Colour Instit~ttc Committee: Tlic Dircctor Sc Secretary. 
loint Society of Chemical Industry/Plastics Institi~tc/lnstiti~tiorl of the Rubber Industry/Socicty 

of Dycrs and Colourists and Oil aritl Colour Chcniists' Association Confcrcncc Committcc: 
The Honorary Research and Dcvclopnient OHiccr and the Dircctor 8: Sccrctary. 

Jnstitution of Corrosion Technology Education Committee: D r  J. B. Harrison and 
the I-lonorary Secretary. 
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British Standards Institution: 
PVC Pigments, Paints and Varnishes 

Industry Committee Dr  J. B. Harrison 
PVC/l Pigments Mr A. S. Lewis 
PVC/ 119 Black Pigments Mr J. S. Marsh 
PVC/1/11 Extenders hlr S. A. Ray 
PVC/1/18 Zinc Dust Pigments Mr D. S. Newton 
PVC/3 Oils, Varnishes, Putty etc. Mr G. H. Hutchinson 
PVC/3/5 Test Methods for Paint Media Mr S. R. Finn 
PVC/4 and PVC/4/ 1 Lac Dr B. S. Gidvani 
PVC/6 Cement Paints Mr W. 0. Nutt 
PVC/8 Plastic Wood Mr V. P. Gellay 
PVC/IO Test Methods for Paints Mr A. N. McKelvie 
PVC/15 Water Paints and Distempers Mr T. W. Wilkinson 
PVC/16 Ready Mixed Paints Mr G. A. Newell 
PVC/ 19 Bitilminoi~s Paint Dr H. R. Footner 
PVC/20 Calcium Plumbate Priming Paints Mr A. G. Walker 
PVC/23 Zinc Rich Paints Dr D. Atherton 
PVC/24 Water Thinned Priming Paints Mr J. E. Pooley 
PVC/25 Organic Finishes for Aluminium 

Windows Dr J. B. Ley 
LG El9 Artificial Daylight for Colour 

Matching Miss 0. Rawland 
C/17 Viscosity Mr A. N. McKclvie 
C/ 1712 Revision of BS.188 (Drafting) Mr A. N. hlcKelvie 
CHE/43 Test Sieves Mr M. J. F. Meason 
CHE/SO Test Methods for Powder 

Properties Mr D. S. Newton 
CIC/4 Solvents and Allied Products Dr L. A. O'Neill 
OFFA16 Glycerine Mr S. R. Finn 
OFFA17 Salnpling Oilseeds, Oils and Fats Mr N. F. Lythgoe 
OFFA/ 12 Vegetable Oils Mr N. F. Lythgoe 
OFFA124 Analysis of Oilseeds, Oils and Fats Mr N. F. Lythgoe 
ELE/l6/53/6 Varnishes Mr J. McGowan 
ACE/44 Aircraft Finishes Mr J. B. G. Lewin 
BLCP/IS Code of Practice: Painting Mr P. J. Gay 
MI36 Artists' Materials Mr J. A. L. Hawkey 
RDE/25 Road Marking Compounds Mr T. R. Bullett 
OC/20/4/ 12 Chemistry and Chemical 

Technology Mr J. Orpwood 
Reports from the above representatives may be seen by members at the Association's 

offices. 
The Association was also represented on overseas organisations as follows: 

New Zealand Corrosion Association: Mr P. B. Hunt. 
New Zealand Standards Association: Mr T. Whitfield. 
Standerds Association of New Zealand-Paints and Coatings Sectional Committee: klr 

T. W. Slinn. 

Appendix 
Report of the Council in accordance with the Companies Act 1967. 
1. The Council presents herewith the audited accounts of the Association for the year ended 

31 December 1970. 

2. Resrrlts 
The results for the year and the appropriation thereof are set out in the Income and Expendi- 
ture Accounts on pages 14-16. 

3. Principal Activities of the Association 
The Association has continued in its work of furthering the development of the science and 
technology of the oil and colour industries. 
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4 .  Changes in fixed assets 

The movement in fixed assets during the year is set out in the table on page IS. There 
were no significant changes during the year. 

5 .  The Council 
The following were members of Council at 31 December 1970. 

A. S. Fraser 
A. W. Blcnkinsop 
D. S. Newton, AMCT, CGIA, FInstCorrT 
F. Cooper, BSc 
S. R. Finn, BSc, FRIC 
A. R. H. Tawn, FRIC, FInstPet, FIMF 
F. Sowerbutts, BScTech 
A. H. McEwan 
W. J. McWaters 
S. H. Bell, PhD, DIC, ARCS, FRIC 
I. S. Moll 
C. H. Morris 
L. H. Silver 
I. C. R. Bews, BSc, ARIC 
R. N. Wheeler, BA, ARIC 
H. C. Worsdall 
A. G. Holt, BSc, BPharm 
D. M. James, BSc, FRIC 

J. E. Mitchell, BSc, FRIC 
J. R. Taylor, BSc, FRIC 
P. L. Gollop, ARIC 
N. F. Lythgoe, FRIC 
F. D. Robinson, BSc 
S. McWade 
F. D. H. Sharp 
J. E. Pooley, BSc, ARIC 
D. E. Eddowes, BSc 
F. M. Smith, BSc, PhD, ARIC 
S. Duckworth, ARIC 
H. J. Griffiths, ACT 
R. F. Hill, BSc, ARIC, ACT, API 
D. H. Tate 
A. A. Duell, ARIC 
R. G. Gardiner 
E. M. Burns 
B. Jacob 
K. R. W. Chitty 
L. J. Watkinson,'MSc, PhD, ARlC 
Mrs K. Driver 
T. W. Slinn 

elected 21 May 1970 

elected 21 May 1970 

elected 21 May 1970 
elected 21 May 1970 

elected 21 May 1970 
elected 21 May 1970 

elected 21 May 1970 

elected 30 April 1970 

elected 8 April 1970 

elected 19 March 1970 

elected 16 April 1970 

elected 3 July 1970 
elected 24 April 1970 

elected 10 April 1970 
elected 10 April 1970 

0. E. Rutledge 
L. F. Saunders 

elected 19 March 1970 
elected 29 April 1970 

F. Schollick, BSc, FRIC elected 21 May 1970 
A. Lowe, MSc, PhD 
G. Willison, FRIC 
D. M. D. Stewart, BSc, ARACI, 

(co-opted as President of the Oil and Colour Chemists' Association Australia) 
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In addition the following were members of Council at 1 January 1970 and served during thz 
year; the date shown after each names denotes when service on Coi~ncil terminated: 
D. Atherton, BSc, PhD (21 May 1970) 
L. J. Brooke (21 May 1970) 
K. M. Engelbert (21 May 1970) 
H. Meyer, MSc (21 May 1970) 
H. A. Hampton, BSc, PhD (21 May 1970) 
T. A. Banfield, BSc, PhD, DIC, ARCS, FRIC (21 May 1970) 
A. E. Claxton, BSc, ARCS (21 May 1970) 
E. A. Brown (8 April 1970) 
W. F. McDonnell, FRIC, AMBIM (1.7 April 1970) 
D. J. Morris (24 April 1970) 
J. Miller (10 April 1970) 
W. A. Grainger (19 March 1970) 
J. Tooke-Kirby (16 April 1970) 
D. Rowley (10 April 1970) 
P. A. Draper (29 April 1970) 
G. J. Juster (19 March 1970) 

6. Auditors 
The auditors, Cooper Brothers & Co., will continue in office in accordance with Section 

159(2) of the Companies Act, 1948. 
By Order of the Council 

ROBERT HAMBLIN 
I January 1971 Director and Secretary. 
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Oil and Colour Chemists' Association 

BALANCE 

ACCUMULAT~;D FUND- 
Balance at  31 December 

1969 . .  
~ d d  Surplus for ;he yea; 

CURRENT LIADILITIES- 
Creditors and Accruetl 

Liabilities . . . . 
Receipts in Advance 
Provision for ~ e c h n i c a i  

Activities 
Provision for paint ~ e c h :  

nology Manuals 
Provision for ~ n i t c j  

Kingdom Income Tax 

, SHEET as at 31 December 1970 
1 1969 

c E 
Frxeo ASSETS- 

Furniture. Fi t t in~s.  Car  
and Ofice Machines 

7.303 a t  cost . . . . . . 
Less Accumulated 

4,902 Depreciation . . . . 
2,341 -- 

QUOTED INVESTMENTS- 
Br~tish Government and 

Local Authority 
Securit~es at cost 
(Market value £21,862) 

Other investments-at 
cost (Market value 
£28,010) . . . . 

U N O U ~ E D  INVESTMENTS- 
British Government 

Securities at  cost . . 
CURRENT ASS- 

STOCK OF UNSOLD PUB- 
LICATIONS-At Cost . . 

PAPFR-Stock in hand a t  
cost . . 

DFRTORS AND PAYMENTS 
I N  ADVANCE . . 

Cqsh and Rank ~ a l a n c e b  
In United Kingdom 
and Overseas Sections 

27,497 (A) 

A. S. FRASER 
President 

F. COOPER 
Hon. Trensurer 

R. H. HAMBLIN 
Director and Secrefarv 

(A) The Association held £825 of Rolls-Royce 
Ordinary Stock purchase price f 1.344 and 
valued on  B I  December 1970 at 9s. 6d. 
(47117) per £1 of' Stock = £391 17s. 6d. 
(f3Y1.87t) in total. The Market Value at  
12 March was 20p each. 

REPORT O F  THE AUDITORS T O  THE MEMBERS 

Annual accounts subn-iittcd by the United Kingdom Sections have been incorporated in 
these accounts, but the asscts, liabilities and expenditure included therein have not been 
verified by us. Owing to the postnl dispute, it has not been possible to obtain final accounts 
from the Sections overseas and estimated figures, based on the half year account5, have 
bee11 included. With these reservations in our opinion the accounts set 0111 on pages 13 
to 16 give a true and fair view of the Association's alTairs at  31 December 1970 and of its 
results for the year ended on that date and comply with tlie Companies Act 1948 and 1967. 

London, 12 March 1971. 
COOPER BROTHERS & CO. 

Chartered Accountants. 
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INCOME & EXPENDITURE ACCOUNT FOR THE YEAR ENDED 31 DECEMBER 1970 
MCOME 

1969 1970 

E E  E E  f 
Membership and general income . . . . . .  14.698 Subscriptions 14,236 

142 Entrance fees . . . .  118 
1.046 Sundry publicati'dns . . . .  570 
2,701 Investment income (gross) . . 3,314 

229 Surplus on sale of investments 281 
1,194 Refund of SET for prior years - - Profit on sale of furniture . . 259 

20,010- - 18.778 

Journal receipts 
13,026 Advertising . . . . . .  13.235 
10,295 Sales 10,298 
1,961 ~apitatioh'fees OCCA ~us t r a i i a  2,298 
1,253 Reprints . . . . . . . .  1,413 

26,636- - 27,244 

. . . .  43,606 Exhibition receipts 54,854 - - 
87,051 100,876 

EXPENDITURE 
Membership and general expenses 

Administration expenses 
(Note4) . . . . . .  

Journal . . . . . . . .  
Postage, printing and stationery 
Publications . . 
Section expendi<& ( ~ b i e  5) . . 
Past Presidents' Dinner . . 
United Kingdom taxation 
Provision for Paint ~echnolog; 

Manuals . . 
Eastbourne Confirenc; ' . . 
Recruitment Circular . . . .  
Dinner Dance and Foundation 

Lecture 
Section and ~ & t  ~6&rmen''s 

Badges . . 
General expens& (inciiding 

Accountancy Charge) . . 
Journal exbenses 

~dminiskation expenses 
(Note 4) 

Printing and pu6kation- . . . . . .  Re~r in t s  
Postage and stationery 
Provision for bad debts 
General expenses 

Exhibition expenses . . . .  23.190 Direct expenses 
7.844 Administration expenses 

(Note 4) . . 
473 General expens&' . . 

31,507- 

80,079 - 
f 6,972 Surplus for the year . . - 
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NOTES ON THE ACCOUNTS 
I. Fixed Assets 

Cost £ f 
At 31 December 1969 . . . . . . . . . . . . . . . . . .  7.303 
Additions . . . . . . . . . . . . . . . . . . . . . .  2.236 

9,539 
Less Disposals . . . . . . . . . . . . . . . . . . . .  1,066 -- 

8.473 

Depreciation 
At 31 December 1969 . . 
Charged to Income and ~xpendituie ~ c c b u n t  . . 

. . . . . . . . . . . . . . . . . . . .  Less Disposals 

. . . . . . . . . . . . . .  Net book value at 31 December 1970 

2. Foreign Currencies 
Owing to the postal dispute, it has not been possible to obtain final figures from the Sections overseas, but 

the half year returns have been used as a basis for estimated figures. (See Report of Auditor at the foot of the 
Balance Sheet.) 

(a) Foreign currencies and liabilities have been converted at the following rates: 
New Zealand $2.1425 
South Africa Rands 1.714 

(b) Overseas section expenditure has been converted to sterling at tlie above rates. 
(c) The basis of conversion of New Zealand and South African membership subscriptions is the sterling rate 

of £5 5s Od per full member and El Is 0d per student member. Entrance fees have been convertetl at 10s 
per member. 

3. The Ethel Behrens Fund and the Jordan Award Fund have not been incorporated in the Association's Jncnnic 
and Expenditure Account and Balance Sheet but have been shown as separate accounts. 

4. Administrotion Expenses 
Administration expenses have been equally apportioned between the three main headings of expenditure in 

the Income and Expenditure Account on tlie basis of staff time involved. These expenses are: 

f 
17,347 Salaries . . . . . . . . . . . . . . . . . . . . . .  

692 Temoorarv st& . . . . . . . . . . . . . . . . . . . . . .  
657 welfare - . . . . . . . . . . . . . . . . . . . .  732 

3,918 Rent, rates, lighting,'~elephone . . . . . . . . . . . . . . . . . .  3,805 
263 Audit fee . . . . . . . . . . . . . . . . . . . .  263 
100 ~rovlslon for dilapidaiions . . . . . . . . . . . . . . . . . . . .  100 
555 Provision for depreciation . . . . . . . . . . . . . . . . . . . .  913 - 

£ 23.532 - 
£8,470 Membership 

The charge to each heading is thereforef8.470 Journal 
£8,469 Exhibition 

5. Section Expenditure 
The section expenditure is as follows: 

1969 
E 

92 Bristol . . . . . . . . . . . .  
47 Hull . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  114 Irish 

515 London . . . . . . . .  
(Southetn ~ i a n c h  fS9) 

(4259 Manchester . . . . . . . . . . . .  
Midlands . . . . . .  

(Trent vatlk;  ranch £79)' 
117 Newcastle . . . . . . . . . . . .  
247 Scottish . . . . . . . .  

(Eastern n ranch £%) 
97 Thames Valley . . . . . . . . . .  
66 West Riding . . . . . . . . . . . .  
82 Auekland . . . . . . . . . . . .  

114 Wellington . . . . . . . . . . . .  
98 South Africa . . . . . . . . . .  
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Ethel Behrens Fund 

INCOME & EXPENDITURE ACCOUNT FOR THE YEAR ENDED 31 DECEMBER 1970 

1969 
£ Expenditure . . . .  28 Tax on Investment Interest - FATIPEC Congress-Travelling . . . . . . . . . .  expenses . . . . . . . .  107 Surplus for year 

Income E . . . .  Interest on Investments (gross) 135 . . . . . . . .  Deficit for year 24 

BALANCE SHEET as at 31 December 1970 

1969 
E Liabilities 

2,549 Accumulated Fund 
Assets E 

Government Securit~es at cost . . 2,442 
107 Balance at Bankers . . . . . .  83 

Jordan Award Fund 

INCOME & EXPENDITURE ACCOUNT FOR THE YEAR ENDED 31 DECEMBER 1970 

1969 1969 
£ Expenditure £ Income E 
100 Awards . . . . . . . . . .  66 lnterest on Investments (gross) . . . .  66 . . . . . . . . . .  5 Printirie . . . . . . . . . .  - 1  10 38 Deficit - - ~ u r ~ l u s f o r  year . . . . . . . .  56 1 

BALANCE SHEET as at 31 December 1970 

1969 
E Liabilities Assets f .. 1,089 Accumulated Fund . . . . . .  Eritish Government Securities at cost 1,00(~ 

88 Ualance a1 Bankers . . . . . .  145 



Proceedings of the 
Annual General Meeting 
The Ninth Annual General Meeting of the Incorporated Association was held on 7 May 
1971 at 2.15 p.m., at the Palace Hotel, Torquay, Devon, with the President (Mr A. S. Fraser) 
in the Chair. 

The notice convening the meeting was read. 

Apologies 
Apologies for absence were received from Mr 1. S. Moll, Mr S. A. Ray, and Mr 

L. H. Silver. 

Minutes 
The President asked the meeting to take as  read the Minutes of the Eighth Annual 
General Meeting held on 21 May 1970, as  printed and circulated in JOCCA, 
pp. 730-734 inclusive, August 1970. There being no comments the adoption of the 
Minutes was put t o  the Meeting and carried unanimously. The President then signed 
the Minutes. 

Report of the Auditors to the Members 
The Report of the Auditors to the Members was read. 

Annual Report of the Council for 1970 
Mr D. S. Newton (Honorary Secretary) moved the adoption of the Annual Report 
of the Council and the Statement of Accounts for 1970. 

In seconding the adoption of the Annual Report of the Council and Statement of 
Accounts for 1970, Mr F. Cooper (Honorary Treasurer) drew attention to the surplus 
of over f 10,000, which had been achieved during a year that was not generally consi- 
dered favourable from a financial point of  view and which he felt was most satisfactory. 

There being no  comments o r  questions on the Annual Report of the Council and 
Statement of Accounts, these were formally adopted by the meeting. 

Presentation of Jordan Award 
The President indicated that he now had the pleasant duty of presenting a certificate, 
and a cheque to the value of £100, to the winner of the 1970 Jordan Award, referred 
to in the Annual Report of the Council for 1970. 

For the benefit of those present he explained that the Jordan Award had been 
instituted in 1967 by Mrs Marjorie Jordan, in memory of her late husband, D r  L. A. 
Jordan, who was President of the Association 1947-49 and became an Honorary 
Member in 1955. Mrs Jordan, who had since died, wished the Award of £100 to  be 
made for the best contribution to the science or  technology of surface coating by a 
member, under the age of 35, of any nationality working in either the academic o r  
industrial field. 

On this occasion the Jordan Award Committee had decided to make the Award to 
Mr J. R. Groom for his paper entitled "Milling-a printing ink variable" which 
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h l r  .!. Groom (left) r e r c i ~ i l ~ g  the .lord:ln Awarcl f r o n ~  the I'resitlent, 
Xlr A. S. 1:~1ser  

appeared in the March 1971 issue of the Jourtlcil. Mr Grooni was a member attached 
to the West Riding Section and presented the paper to that Section in December 1970. 

The President then presented the certificate and cheque to Mr Groom with 
accbmat ion. 

Election of President 
Mr Fraser stated that, as indicated on the Agenda, Mr A. W. Rlenkinsop had been 
nominated by Council as President of the Association and he now asked the Annual 
General Meeting to accept the nomination. 

This was carried unanimously with acclamation. 
Mr Blenkinsop thanked the meeting for the honour bestowed upon him and stated 

that he would do his best to uphold the dignity and good work carried out by former 
Presidents of the Association. He then asked Mr Fraser to take the Chair for the 
remainder of the meeting and to preside at the Dinner later in the day. 

Election of Vice-Presidents of the Association 
The President read the nominations of the Council, as printed on the Agenda and 
the addendum thereto, and asked the meeting to accept them en bloc. This was agreed. 
The following were then elected as Vice-Presidents: 

(a) Vice-Presidents who have not been President 
(i) Mr I. S. Moll 

(ii) Mr C. H. Morris 
(iii) Mr F. Schollick 
(iv) Mr N. H. Seynlour 
(v) Mr L. H. Silver 

(vi) Mr T. Whitfield 
(b) Vice-President who has been President 

D r  S. H. Bell 
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Election of Honorary Oficers of the Association 
I t  was unanimously agreed to elect the Honorary Officers as follows: 

Honorary Secretary . . . . . . . . . . Mr D. S. Newton 
Honorary Treasurer . . . . . . . . . . Mr F. Cooper 
Honorary Editor . . . . . . . . . . Mr S. R. Finn 
Honorary Research and Development Officer . . Mr A. R. H. Tawn 

Announcement of election of three Elective Members to Council 1971-73 
The President read the following report which had been received from the Auditors: 

We Irave scr~tirlised tlte voting papers for tlre tlrree elected members 
of tlie Colrr~cil received from tlle memhcrs ill the Unite(/ Kingdom ar~d 
General Overseas Sections, arld certify thnt the votm cast, iriclutfing 
tlrose notified by letter from tlre Sorrtl~ Afiicail Section, sltow tltnt the 
followirrg ohtcrirted the largest rtrrnther of votes: 

A. T. S. Rudrcrm V. T. Crow1 D. J. Morris 

Five votirrg papers Ivere rejected ns trot bcitrg ill order. 
COOPER BROTHERS & CO., 

Lorrrlbn, 28 April 1971 Clrartered Accorrrrtnrrts 

The President then declared the three n.lembers listed elected to Council. 

Chairmen of Sections for the coming session 
The names of the Section Chairmen for the coming year were given as follows: 

Auckland - .  . . . . . . . . . . Mr 0. E. Rutledge 
Bristol . . . . . . . . . . . . . . Mr P. L. Gollop 
Hull . . . . . . . . . . . . . . Mr N. F. Lythgoe 
Irish . . . . . . . . . . . . . . Mr F. D. H. Sharp 
London . . . . . . . . . . . . . . Mr D. E. Eddowes 
Manchester . . . . . . . . . . . . Dr F. M. Smith 
Midlands . . . . . . . . . . . . Mr H. J. Griffiths 
Newcastle . . . . . . . . . . . . Mr A. A. Duell 
Scottish . . . . . . . . . . . . . . Mr R. G. Gardiner 
South African . . . . . . . . . . . . Mr L. F. Saunders 
Thames Valley . . . .  . . . . . . . . Mr B. Jacob 
Wellington . . . . . . . . . . . . Mr T. W. Slinn 
West Riding . . . . . . . . . . . . Mrs K. Driver 

The President drew attention to the fact that Mrs Driver was the first lady to  be 
elected as Chairman of a Section and he took the opportunity of wishing her a 
successful term of office. 

Reappointment.of Auditors and fixing the remuneration thereof 
It was proposed by Mr H. J. Griffiths that Cooper Brothers & Company (Chartered 
Accountants) be reappointed Auditors of the Association and that their fee be 
£350'00. This was seconded by Dr H. R. Hamburg and carried unanimously. 

Vote of thanks to retiring President 
In proposing the vote of thanks to the retiring President, Mr F. Sowerbutts stated 
that the duties of Presidents of the Association became more and more onerous and 
time-consuming with each successive year, and the fact that it had become almost 
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traditional to ask the Immediate Past President to propose the vote of thanks to his 
successor would seem to  imply that the last incumbent was the most likely to know 
just how much work was involved. The day to day affairs of the Association were 
very capably handled by the Association's Director & Secretary who, in addition 
to his normal duties, acted as guide, philosopher and friend to one President following 
another, but it still fell on the President to preside at an increasing number of meetings, 
including those of the Council and his Advisory Committee and so on. Equally, or 
perhaps more important, were the public and social occasions such as this Conference, 
the Annual Luncheon prior to the Technical Exhibition, the Past Presidents' Dinner, 
Section Dinner Dances and, in addition, the functions of kindred societies both at 
home and abroad where the President was expected to uphold the traditions and 
prestige of the Association. Speaking from experience, Mr Sowerbutts pointed out 
that these responsibilities fell heavily even on a man retired from business, but in the 
case of one still in harness it required a tremendous amount of enthusiasm and grit 
coupled with the support and co-operation of his company, to which the Association 
owed a debt of gratitude. 

Mr Fraser had carried out these traditions with dignity and good humour and in 
this he had been ably assisted by Mrs Fraser to whom a vote of thanks would be 
moved by Mr Blenkinsop at the Dinner that evening. 

Mr Sowerbutts then asked the members to  show in the usual way their appreciation 
and thanks to Mr Fraser for the services he had rendered during the last two years. 

The vote of thanks was carried unanimously with acclamation. 
Mr Fraser thanked Mr Sowerbutts for his kind remarks. 

Vote of thanks to retiring Council Members 
The President called upon Mr 3. Smethurst to propose a vote of thanks to the members 
retiring from Council. 

Mr Smethurst expressed the view that in this age of highly organised industrial 
activity with its demands on the time of all concerned, all too frequently the dedicated 
actions of those prepared to sacrifice their personal time to ensure the success of the 
Oil and Colour Chemists' Association could go unrewarded. He was, therefore, 
delighted to have been asked to propose a vote of thanks to the retiring Council 
members. 

The retiring members, whether elected as Vice-Presidents, Section Chairmen or 
Elective Members, had had to make considerable personal adjustment to ensure their 
attendance at meetings in London, and for these efforts the meeting was deeply grate- 
ful. The successful endeavours of all past members of the Council since the Association 
was founded was reflected in the strength and size of the Association, and its recognition 
on an international basis had only been achieved by a lot of effort by members spending 
time to foster the Association over the years. The members now retiring from the 
Council had played their part in continuing this successful story. Mr Smethurst was 
aware from his own experience that members felt honoured to be elected to Council, 
but this was no reason why their endeavours should not be appreciated and he asked 
the meeting to express their gratitude in the usual manner to all the retiring Council 
members. 

This was carried with acclamation. 

Vote of thanks to Honorary Officers of the Association 
Mr A. T. S. Rudram pointed out that much of what Mr Smethurst had said in respect 
of Council members applied equally to the Honorary Officers, but their terms of office 
were longer. The Association was fortunate to have Honorary Officers who managed 
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to find the tinie to carry out their duties and it was with great pleasure, having been 
an Honorary Officer for a time, that he had accepted the invitation to propose this 
vote of thanks. 

This Conference was one example of what the Honorary Research and Develop- 
ment Officer and the Honorary Editor were doing, as was the Jourtml but, of course, 
the duties undertaken by the Honorary Secretary and the Honorary Treasurer were 
important to the President and the Director and Secretary in organising the activities 
of the Association. Mr Rudram then asked the meeting to show its gratitude to the 
Honorary Officers. 

This was carried with acclamation. 

Other competent business 
The President asked the meeting if there was any competent business which any 
member wished to raise. 

Dr Bell reported that just before he left Teddington he had received a letter from 
Dr H. W. Talen (Vice-President of the Association 1965-67) expressing his regret at 
not being able to attend the Torquay Conference, but conveying his greetings to the 
Association and requesting that his apologies for absence be recorded. 

Mr Fraser concluded the meeting by expressing his thanks for the help and support 
he had received during his term of office as President from all the Honorary Officers, 
members of Council, the President's Advisory Committee and all Section Chairmen. 
When he and Mrs Fraser had visited the various Sections throughout the country 
they had been greatly impressed by the courtesy and friendliness shown to them by 
Section Chairmen and their ladies. 

Mr Fraser also thanked the Director & Secretary (Mr R. H. Hamblin) and members 
of the staff at Wax Chandlers' Hall, in particular those present at the Conference-Miss 
J. M. Varney (Senior Secretary), Mr R. Wood (Assistant Editor) and Mr P. L. Smith 
(Administrative Assistant)-for all they had done to assist him during the last two 
years. 

There being no other competent business, the President declared the meeting closed 
at 2.40 p.m. 



Bristol 
Aerosols 
The March meeting of the Bristol Section was held at the Royal Hotel, Bristol, o n  
Friday 26 March under the chairmanship of Mr J. R. Taylor, when Mr T. Jones ol' 
Swallowfield-Serta Ltd. presented a paper entitled "Aerosols." 

Mr Jones outlined the historical development of aerosols from the crude bug- 
bombs developed for the US Forces during the second world war to  the sophisticated 
products available today. The tremendous growth of this market was demonstrated. 
with figures for the U K  market which increased from between 2 and 5,000 units in 
1950, the second year of U K  manufacture, to  264 millions in 1969. The largest single 
outlet of approximately one-third was for hair lacquers, with paint applications 
accounting for less than 5 per cent of the total. 

Aerosol containers were usually prepared from coated tinplate, and consequently 
possessed a soldered seam which could creep under stress and result in leakage. 
Seamless containers could be produced, and glass containers were also available, 
usually coated with a plastic, e.g. pvc, for improved safety during handling. Various 
types of valves were available and the choice usually depended on the characteristics 
of the material to  be sprayed. The range and choice of propellants were discussed in 
some detail. These were usually hydrocarbons e.g. propane, butane, and were often 
used in conjunction with halogenated hydrocarbons, which functioned as  diluents 
to reduce the pressure within the container. Propellants and diluents had to be inert 
and non-toxic to  be acceptable. Mr Jones concluded his talk by describing the problems 
involved in formulating aerosols for satisfactory storage and application properties 
and how these problems could be overcome in practice. 

The discussion was opened by Mr. L. J. Brooke and several questions were dealt 
with by the speaker reflecting the considerable interest in this topic. Finally, a vote of 
thanks was moved by Mr T. I. Price and warmly supported by all members and visitors 
present. 

T.1.P. 

London 
Southern Branch 
The function of phosphoric acid in wash primers 
The date of the student symposium, reported elsewhere in this issue, had been arranged 
to coincide with the Southern Branch third technical meeting of the session, which 
was held in the Chemistry Department lecture theatre, Portsmouth Polytechnic, 
where a lecture entitled "The function of phosphoric acid in wash primers" by Herr 
Lampe of Farbwerke Hoechst AG was presented by Dr Lehmann of the same company. 

The introduction to the lecture was a brief survey of the formulations used as 
primers on steel surfaces. These were based on polyvinylbutyral with, more recently, 
acid hardening phenolic resins. Chromates were used as corrosion inhibiting pigments, 
and orthophosphoric acid was also included. 

A two-pack primer with phosphoric acid in propan-2-01 as one part and polyvinyl- 
butyral and pigments in propan-2-01 with toluene as diluent as the other was the best 
of the two-pack type. When the two parts were mixed various changes occurred; there 
was an initial rapid decrease in the amount of free phosphoric acid and there was 
a slow colour change from yellow to brown or  green indicating reduction of chromate. 
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Protection of the steel by this primer system was due to the formation of 
Zn,(P0,),.4H20 yFe,O, and amorphous CrPO, on the surface. 

The pot life of a two-pack primer was only about eight hours, and it would thus 
be an advantage to have a one-pack primer with a reasonable shelf-life. The use of an 
acid-hardening phenolic resin with polyvinylbutyral gave a much better film. The 
amount of phosphoric acid to be added was very critical since there must be sufficient 
to react with iron, but as the concentration of phosphoric acid increased, the shelf-life 
decreased. Also, any unreacted acid in the film would leach out and make the film 
permeable. The problem of finding the correct quantity of acid was solved by arranging 
a column of water on the film and measuring the change in conductivity as free 
phosphoric acid was leached out; measurement of the change in pH was found to be 
insufficiently reproducible. The conclusions from this test agreed with the results 
obtained from salt spray tests, the optimum amount of phosphoric acid being about 
5-10 per cent of the polyvinylbutyral content. 

During the lecture, references were made to the thickness of a two-pack primer 
coating, not greater than IOpm, and to the fact that a one-pack primer dried in about 
five minutes and therefore coated the peaks in the metal surface, so that it did not 
have to fill the troughs in the surface. These comments brought forth many questions, 
but difficulties were encountered with Continental versus British practice in grit, 
sand, shot or other blasting of the surface and, of course, the problem of a different 
native tongue. 

T.R.G.C. 

Thames Valley 
Where paint and ink meet 
It is customary for Thames Valley to have one lecture dealing with the printing ink 
industry. This session there have now been two, including Mr Sutherland's earlier 
paper on the wallpaper industry. Mr R. G. Kinsman of Winstones Limited gave the 
second lecture under the above title on Thursday 15 February at the Beech Tree, 
Reaconsfield, before an audience of 35 Members and visitors. 

Mr Kinsman's talk was a carefully considered contribution to the paint tech- 
nologist's understanding of the ink industry's problems. He managed to bridge the 
gap between the two technologies most effectively. First, he described the basic 
printing processes; this was followed with an excellent rundown on the technical 
similarities and differences between the two industries. 

Letterpress or relief printing required very thin films of ink which were at the most 
8p wet. A multi-roll technique enabled this to be achieved, the film weight being 
reduced by half at each roll. It was a high speed process in which ink drying relied 
on binder absorption into the substrate and on speedy solvent evaporation. Rates of 
shear at the moment of "squash" were far greater than in paint application. A common 
problem was ink spread or halation. 

In the lithographic process halation was not a problem, as the water on the plate 
surface arrested ink flow. Offset printing inks were used, which could only rely on 
rapid oxidation and polymerisation for drying, there being no possibility of adsorption 
on to the base. In this process film thicknesses were often of the order of 1 to 3p and 
thus the opacity of coloured materials became critical. In contrast to the paint industry, 
it was quite common to use two coats of a white ink with a titanium dioxide content 
of 60 per cent. 

In gravure printing, the coating principle was entirely different in that the ink was 
held below the level of the cylinder surface. The process gave very fine detail by 
direct transfer (for paper and board). On rougher surfaces offset gravure was the more 
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usual. This was a high speed process (800ft/min) and inks dried by evaporation in 
a maximum time of four seconds. 

The silk screen or stencil process was the only one in which the inks bore a close 
similarity to the classical paint compositions, the ink being held within an absorbent 
mesh. The process was much used on plastics, road signs and tinplate and was 
relatively slow. 

Mr Kinsman then moved to an explanation of the similarities and differences 
between the two industries. First of all the differences of scale were most striking. 
In printing, multi-colour effects were achieved with very few basic colour materials, 
using a dot process and additive and subtractive effects. whereas paint 'colour was 
just the opposite, requiring a separate mixing for each shade. He tabled many pro- 
perties in which overlapping occu.rred in both industries by his reference to the 
pigments, solvents, film formers, additives, manufacturing methods, film formation 
and properties. He dealt with each of these in turn and very clearly pointed to the 
common ground. For example, ink manufacturers used similar equipment, but their 
aim was to obtain much smaller particles, to overcome excessive abrasion during the 
printing process. In film formation, very marked difyerences occurred in evaporation 
rate, substrate penetration, rate of hardening and polymerisation. 

Mr Kinsman concluded by expressing the hope that it might be possible to  bring 
the two industries closer together by arranging joint educational programmes. Much 
of his lecture showed the good sense in this proposal. 

He illustrated his talk throughout with many practical examples of the graphic art 
which were very interesting in their own right. 

The meeting concluded with Mr R. Jacob's vote of thanks which was warmly 
supported by all present. 

R.E.G. 

Additives for paint 
Mr W. K.  H. Lakin, of Hardman & I-Iolden Ltd., gave a talk entitled "Additives 
for paint" to  32 Members of the, Thames Valley Section and 10 visitors, at the Beech 
Tree, Beaconsfield, on Thursday 1 8 March. 

He began by discussing drier additives in long oil alkyd brushing paints, laying 
particular stress on the advantages to be gained by synthetic acids over naphthenates 
and octoates. He presented tabular data to support this, and stressed the need for a 
minimum acidlmetal ratio. Notable among its benefits were improved drying rate, 
resistance to yellowing in the dark and reduced odour. Furthermore, cost comparisons 
were favourable. 

He then turned to some interesting effects in the use of thickeners in a typical white 
acrylic latex paint, in this case a cellulose ether solution. Besides its effect on con- 
sistency, the thickening agent was chosen for its other significant effects on flow. 
levelling, colour uniformity, water resistance, and ease of brushing. The rheological 
effect was dependent on the molecular weight chosen, the concentration, and pH of 
the paint system. Through a range of pH values, there was usually peak viscosity 
value. 

Mr Lakin described how he approached the rheological influence of thickeners by 
considering the difference in viscosities at a set rate of shear. If it was desired to 
increase the thixotropic nature of the paint, then bonds must be introduced which 
were stable under no-shear conditions and yet which had bond energy levels low 
enough to be broken by shear force. These were the energy levels which were involved 
in co-ordination bonding when a stable compound was formed by the complexing 
of molecules which in themselves were stable. Among the metals which were capable 
of forming such systems in enlulsion paints, zirconiunl and titanium were outstanding. 
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Mr Lakin illustrated the effect of zirconium complexing with hydroxyl groups of 
cellulose ethers by means of a small practical demonstration in a white emulsion paint. 

After sorne useful questions, Mr K. Chitty, a past Chairman of Thames Valley, 
offered a warm vote of thanks to the speaker. 

R.E.G. 



'The lecture room at the Palace Hotel. A high level of attendance was maintained at all sessions 

Surface properties and appearance 
The venue for the Association's 1971 Conference, "Surface properties and appear- 
ance", was Torquay, and the earlier-than-usual date of 4-8 May meant that 
Devonshire was in full blossom to welcome nearly 280 delegates and ladies. The 
headquarters of the Conference was the Palace Hotel, where most delegates were 
accommodated, but four other hotels, the Babbacombe Cliff, the Osborne, the Queens 
and the Victoria were also used, special coach services being arranged between the 
outlying hotels and the Palace. 

There was a slight decrease in numbers compared with attendances at previous 
conferences, but in view of the postal strike earlier in the year, which severely reduced 
the amount of publicity that could be distributed, particularly to non-members, the 
difference was hardly significant. Certainly the slight fall in numbers was not reflected 
in any reduction in the participation in the discussions at the Technical and Workshop 
Sessions. - 
TJ~ursday 4 May 
The first function of the Conference was the reception held by the President, together 
with the Honorary Officers and the Director & Secretary, for overseas Members 
and visitors, held before dinner. Delegates from 14 overseas countries-Belgium, 
Canada, Denmark, Finland, France, Germany, Holland, India, Italy, Japan, Norway, 
Sweden, Switzerland and the USA-registered for the Conference, and the Association 
was pleased to have present at the Overseas Reception the Presidents of the other 
three societies of the international liaison, D r  M. Bono (FAT1PEC)-who made a 
special visit to the Conference to be present at this reception-Mr S. L. Davidson 
(Federation of Societies for Paint Technology), and Mr A. 0. Brantsaeter (Federation 
of Scandinavian Paint and Varnish Technologists). 



Prevent it. With Nopco 
When you use Nooco's quick-acting defoaming 
agents, you're getting down t o  the roots o f  your 
problem. You're eliminating foam before it 
becomes a nuisance. 
Nopco defoamers are wide in  the i r  applications. 
From the range you can choose one that's ideal 
for any process and any stage o f  production. 
We'd like t o  te l l  you about just a few: 
FOAMASTER * N e w  stable, uniform anti- 
foaming agent. In  paints, recommended for use 
in  standard latex systems ar wel l  as newer 
coating systems based on  PVA!Acrylic, ethylene 
vinyl acetate, and water soluble alkyds. Also 
used i n  manufacturing and compounding 
synthetic latex systems. 
FOAMASTER * B 100"6 active defoamer, 
showing greater dispersibility than Foamaster. 
Effectively defoams emulsions and suspension 

, polymerizations and is specifically applicable t o  
' stripping PVC as wel l  as latex polymers i n  

addition t o  controll ing foam during compound- 
ing. 
FOAMASTER * N S  Liquid non-silicone de- 1 foamer for latex systems. suitable for  latex 

- 
of  foam during manufacture and compound~ng 
o f  synthetic latex systems. 
FOAMASTER * S A more rapidly dispersible 
version o f  Foamaster R. Uses are broad i n  scope 
w i th  semi-gloss systems a major application. 
Product can be added t o  storage tanks t o  
eliminate foam in subsequent handling opera- 
tions. Can also be used during production and 
compounding o f  synthetic latex. 
FOAMASTER * W A liquid defoamer for use 
w i t h  all the major latex paint systems, also used 
as a defoamer for  acrylic and polyethylene f loor 
polishes. 
FOAMASTER * T Excellent defoamer for t i n t  
base paints w i thou t  giving colour loss, should be 
added t o  the gr ind stage before colour addition. 

You'd l ike to meet Nopco's other defoamers? 
Or find the one that best answers your particular 
problem? We'll be glad to send detailed literature. 
And remember-the Advisory section of the 
Nopco Foam Removal Service is always ot  your 
disposal. 

paints. including butadiene-styrene. acrylic and 1-1 2q- I PVA types. Also suitable for  latex adhesives. I 
FOAMASTER * P U n ~ q u e  product for defoam- 
Ing d u r ~ n g  polyvinyl alcohol production. added 

Department No. BB-l 

after the synthesis step. Available also In 
concentrate form for  high temperature 
defoaming. 
FOAMASTER * R Excellent defoamer fo r  

Y I,,. 1 ..-, I ,,... ,... l.",.LI . 
semi-gloss systems wi thout  colour sacrifice, 
long lasting foam control. Suitable for  contl-01 
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The tie is blue terylene, with the 
Association's insignia woven in red and 
gold silk. 

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

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

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

Council has authorised the production of 
a tie, blazer badge, wall plaque and car 
badge bearing the Association's insignia. 
These items are available only from:- Lancaster Place, Strand, 

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 

....................................................................................................................... 
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 35p. 

i ...... OCCA tie £1 -40 
i ...... OCCA blazer badge @ £3.90 

OCCA wall plaque @ £2.30 ...... 
i ...... OCCA car badge (3 £2.30 

(state bar or grille) 

i (All  prices include postage 
and packing) 

i If tie is required airmail add 
I .......................................................................... . _ ...... _ 

..................................................................................... 

........................ 1 Name .................................................................. i 

35P , 
Total Remitted I ........................ .......................... _ _  .....__.____..____.... 

........................ 

........................ 

........................ 

................................................ Section/No. i 

...................................................... Address f 
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The Cibic Reception. The Mayor of Tortlay, Alderman K. G .  M. Walke 
(right) greet5 tlie Presiclcnt, Vlr A. S. Fraser, with Mrs Walke (left) and 

Mrs Fraser 

'I'lie Prcsidc:it, hlr A. S. I'rascr, opening (lie 71'cclinici~l Sessions, watched 
hy \lr ;\. I<. kI. 'l'awn. thc Honorary Research and 1)evclopmcnt Officer 
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N O T E S  AND N E W S  

Key to  facing page 

L'pper picture, see key above. 1. Dr D. A. Plant (Convenor) 2. Mr A. G. Ho l t  (Convenor) 3. 
\ l r  P. Rennet 4. Mr 1-1. Meyer (Chairman) 5. Mr '1.. H. Rullett 6. Mr G. W. Rothwell 7. Mr 
P. \Vhiteley 8. I)r W. Funkc (Chairman) 9. Mr K. A. Safe (Convenor) 10. Dr J. Dunderdale 
11. \!r D. F. Tunstall 12. I)r W. Carr 13. Mr D. C. Dowling 14. Dr C. de W. 
Anderson (Chairman) 15. I l r  W. E. Craker 16. Mr .I .  H.  Colling 17. Mr H. Foster 18. Mr 
K. \lcl,aren 19. M r  A. R. H. 'Pawn (Hon. Kcsrarch and Development Ofiicer) 20. The President 
( \ l r  A. S. Fraser) 21. Mr S. M. Finn (Hon. Editor) 22. D r  K. H. Kiechert 23. Dr R. Bult (Chair- 

man) 

1,ower picture (left tr) right) Mr R. W. Matlack (Executive Secretary, FSPT), M r s  Matlack, 
\ l r  A. 0. Brantsaeter (President. S I N )  M r s  Brantsaeter, Mr S. I.. Davidson (President, FSPT), 
\ lrs Davidson. .l'Iie Presidenr ( b l r  A. S. Fraser). M r s  Fraser, Dr R1. Rono (President, FATIPEC) 

Mr It. H. Hamhlin (Director & Secretary) 

After dinner, the Honorary Research and Development Officer, Mr A. R. H. Tawn, 
gathered together the lecturers and chairmen, and the convenors of the Workshop 
Sessions, to discuss the way in which the technical part of the Conference would be 
conducted. 

Meetings were also held to organise the golf, tennis and table tennis tournaments, 
and thanks are due to  Mr K. Chitty (golf), Mr C. Williams (tennis) and Mr 
R. M. W. W. Wilson (table tennis), whose hard work and unsinkable optimism made 
the events successful acd enjoyable. 

M'cdtlc~s~ltry 5 h l ~ y  
At 9.30 a.m., the President, Mr A. S. Fraser, set in motion the Conference proper 
by opening the first Technical Session. After a brief introduction and welcome to 
delegates, hlr Fraser handed over to the Honorary Research and Development 
Officer, who was to chair the first session, commencing with the Keynote Address by 
Mr T. R. Bullett. 

All papers from the Conference, together with the ensuing discussions, will be 
published in fu!l in the JOUI.II(I/ later in the year, and no attempt at reportage will be 
made here. However, it niilst be noted that the discussions following the papers were 
both lively and long, reflecting the interest aroused by the speakers. Compliments 
are due both to the contributors to the discussions, and to the chairmen, who 
encouraged, controlled, and, in many cases, closed the discussions in a prudent and 
tactful manner. 

After the first Technical Session, Mr and Mrs Fraser welconied all delegates at an 
informal reception before lunch. 

In the afternoon, while the ladies were visiting Widdecombe-made famous in 
the song Tot~r CoAb1v.v a n d  Ruckland Moor on the first coach tour of the Conference, 
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The Presidents of Hie four sorietics of the intcrnatio~~al liaison left to 
right: M r  A. 0. Rrantsaeter (SI,I;), M r  S. I,. Ihvidson (1;Sl"f). klr 

A. S. Friiser (OCCA),  D r  M. Rono (1:12'1'I I 'EC) 

the members were occupied with the Workshop Sessions and the Management 
Session. 

This was the first time that a Managenlent Session had been held at  an OCCA 
Conference, and a measure of the interest in this new "science" can be gained from 
the fact that the Chairman, Dr G. de W. Anderson, was forced to call back all three 
speakers at the close of the time allotted for the discussion to the last paper, so that 
questions for which there had been no time earlier could be asked. The session thus 
ran over its schedule by some 30 minutes. 

The three Workshop Sessions-"Powder coatings-a threat to stoving enamels" 
(convenor: D r  D. A. Plant), "Is the gloss emulsion paint a myth?" (convenor: Mr 
K. A. Safe), and "How will pollution control affect the paint industry?" (convenor: Mr 
A. G.  Ho1t)-also produced vigorous discussions. The Association's policy of not 
recording the proceedings, in order to foster a freer interchange of ideas, was proved 
successful once again, and Council thanks each of the convenors for his help. 

After dinner, the Mayor of Torbay, Alderman K. G. M. Walke, and the Mayoress, 
together with the President and Mrs Fraser, received delegates at a Civic Reception, 
which was followed by dancing until midnight. 

Thursday 6 Muy 
The Technical Session on Thursday morning was chaired by Dr W. Funke, of the 
Forschungsinstitut fur Pigmente und Lacke, in Stuttgart, a Member attached to the 
General Overseas Section. 

The ladies, meanwhile, were being entertained by a coach trip to Torre Abbey and 
to Oldway House, the home of the Singer family, the sewing machine pioneers. The 
famous dancer lsadora Duncan was married to one of the Singers, and the film of her 
life, /sadora, starring Vanessa Redgrave, was filmed at Oldway House. 

In the afternoon a further Technical Session was held, chaired by Dr R. Bult, the 
Director of the Verfinstitut TNO in Holland, and a Member attached to the General 
Overseas Section. 

A coach tour was also organised to Steps Bridge, by way of the Lustleigh and 
Teign Valleys. 
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Ar tlic Dinner Dance. (Icft to right): Sir Frederick Bennett (bll' for 
'l'orcloay), I ady Bennett, tlie Presiclent, ( h l r  A. S. Fraser), hlrs Iiraser, 
.Alderman I(. G .  hl. Walke (Mayor of 'l'orhay) and \ l rs  \Valkc, \,lr 

A. W. Rlenkinsop (I'rcsident-1)esign:ttc) and Mrs Illenkinsop 

Srcn a t  the 1)inncr and I)ance, M r  F. C'oopcr (t-Ion. Tre;~sorer) :~nd blrs  
Cooper (Icft) ;rnd M r  D. S. Newton (I Ion. Secretary) and hlrs Newton 

An early dinncr was arranged in ti~ost hotels. so that delegates could join the party 
visiting the Princess Thcatrc, whcre thc D'Oyly Carte Opera Company was per- 
forming /olc/rrthe. 

Fricl(iy 7 Mrr~? 
The final Technical Session of thc Cotifcrencc was chaired by Mr H. Meyer, the 
Honorary Editor of Frrr-AT oc.lr Lath. the Scandinavian equivalent of this Jorrrncrl, and 
a fornier Vice-President of tlie Association. At the closc of the session, the President, 
Mr A .  S. Fmscr, made a short speech bringing to a close the technical part of the 
Conference, and thanking all those who had hclpcd to make it successful, in particular 
the lecturers, the chairmen. and those Members who had helped in the distribution of 
the niicrophones for the discussions (Mr D. S. Newton and Mr D. .I. Silsby). 



694 N O T E S  A N D  N E W S  JOCCA 

At the Dinner and Dance (left to right) Dr S. H. Bell (President 1965-67) 
Mrs Rlenkinsop, blr A. W. Rlenkinsop (the President), Mrs Snwcrhutts, 

Mr F. Sowcrhutts (President 1967-69) 

Relaxing after a successful conference, Mr 
A. R .  H.  Tawn (Hon. Research and Develop- 

ment Officer) and Mrs Tawn 

The Annual General Meeting of the Association was held at 2.15 p.m., and a full 
report appears elsewhere in this issue. 

Following the AGM, delegates had the opportunity of a coach tour to  t-faldon. 
Dawlish and Teignmouth. 



The evening saw the final event of the Conference, the Association's Dinner and 
Dance, held in the Palace Hotel. Delegates and their ladies were received by the 
President and Mrs Fraser, and the Mayor and Mayoress of Torbay, together with 
Sir Frederic Bennett, MP for Torbay, and Lady Bennett, joined the top table party, 
who were clapped to their places in what has now become a Conference tradition. 

Mr Fraser opened the after-dinner proceedings by proposing the Loyal Toast. 
He was followed by Mr A. 0 .  Brantsaeter, the President of the Federation of 
Scandinavian Paint and Varnish Technologists. who proposed the toast to  the 
Association. Mr Brantsaeter stressed the pleasure which both the SLF and OCCA 
had in maintaining their close liaison. Not only was there an interchange of lecturers 
for conferences and other meetings, but also many SLF members subscribed to the 
Association's Jom-llrrl. Whilst on the subject of liaison, i t  was particularly pleasing to 
see the Presidents of the four participating societies-FATIPEC, the American FSPT, 
OCCA and the SLF--together at an OCCA Conference. 

Mr Rrantsaeter went on to refer to the Association's Technical Exhibitions; these 
were enjoyed by many members of the Scandinavian Federation, and he knew that 
many were looking forward to OCCA 23, to be held at Olynlpia in June. 

Finally, on behalf of the SLF, he issued an invitation to all Members of the 
Association to attend the next SLF Congress, to be held in the autumn of 1973, at 
the tinie of the 20th anniversary of the formation of the SLF. 

The President replied on behalf of the Association, thanking Mr Brantsaeter for 
his good wishes. I t  was with great pleasure that he-had learned that Mr and Mrs 
Brantsaeter would be able to attend the Conference. Although Mr Brantsaeter had 
attended previous Association functions, lie believed that this was the first time that 
Mrs Brantsaeter had visited Britain, and hoped that they would both take away as 
many happy memories of Torquay as lie had from the SI,F Congrcss in Copenhagen 
in 1970. 

Mr Fraser also gained great satisfaction from the close ties between OCCA and 
the SLF, and with FATIPEC and the American Federation, and looked forward to  
seeing members of all three societies at the Exhibition in June. 

M r  A. S. Frascr (left) invests M r  A. W. Rlcnkinsop 
with the I'rcsidcntial insignia 
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Following his investiture a s  President, Mr A. U'. 
Blenkinsop presents Rlrs Fraser with a stereo- 
record player in recognition of her work us 

President's Lady 

It was his pleasure to welcome also the Association's other guests on this occasion. 
In welcoming the Mayor and Mayoress of Torbay, Alderman and Mrs K. G.  M. 
Walke, he wished to thank the Borough for the Civic Reception it had provided on 
the Wednesday of the Conference. Alderman Walke had rendered considerable 
service to the locality, in several local government positions as well as being the third 
Mayor of the newly formed County Borough of Torbay, which he represented in the 
"Come to South Devon" movement. Since the Association had held four conferences 
in Torquay since 1957, he could assure the Mayor that these words would be borne 
in mind when planning future conferences. 

The Association was very pleased to welcome the President of the Federation of 
Societies for Paint Technology, Mr S. L. Davidson and Mrs Davidson, who were 
also making their first trip to  the UK. He hoped that this would be the first of many 
visits to Association functions, and that they would have pleasant memories of the 
country and the Association. The Association was again happy to see the Executive 
Secretary of the FSPT, Mr R. W. Matlack, and Mrs Matlack, and Mr Fraser recalled 
with pleasure the toast to the Association that Mr Matlack had proposed on the occa- 
sion of its 50th Anniversary celebrations. The Association was delighted at the number 
of Members of the FSPT who took the Association's Jorlnrcrl; in return many OCCA 
Members subscribed to the Journul of Puit~t Teclmology, the FSPT publication. 

The President welcomed also the lecturers and chairmen of sessions, and thanked 
them for their work in the running of the Conference. 

Finally, Mr Fraser extended a special welcome to the ladies; this Conference had 
contained more Technical Sessions than on any previous occasion, and he hoped 
that they did not feel that they had been neglected. He thanked then1 for their patience 
and forbearance, not only for this week, but also for the remainder of the year. He 
called on all Members of the Association to rise and drink a toast to the ladies and 
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guests, coupled with the name of the Mayor of the County Borough of Torbay, 
Alderman K. Ci. M. Walke. 

In his reply, Alderman Walke thanked Mr Fraser for his welcome; his tenure of 
office as Mayor was nearly at a close, and he was pleased that it had included such a 
pleasant and friendly Conference. 

Following Alderman Walke's speech, the ceremony of the presentation of the 
Presidential Insignia to Mr A. W. Blenkinsop, who had been elected President a t  the 
Association's AGM that afternoon, took place. Mr Fraser, in investing Mr 
Blenkinsop. used the traditional form of words: 

Arthur Willis Blei~kinsop, ill ciccortltr~rce with the rcsolirtiorr passed tit 
the Annrral Ge~rcral Meetiirr this qficrrroort, it is now my duty to invest 
yolr with the in.~ig/tirr as President of this Association, and I charge yo14 
to gtiard well the irttercsts of o ~ i r  Association an(/ at all times to uphold 
the dignity of olrr high office. 

Mr Blenkinsop then presented Mr Fraser with his Past President's Medallion, 
engraved with his years of office, and paid tribute to the fine way in which he had 
carried out his duties during his term as President. In this he had, of course, been ably 
supported by Mrs Fraser. Mr Blenkinsop thanked Mrs Fraser for her work as 
President's Lady, particularly in her visits to the various functions of the Sections of 
the Association, where she had charmed everyone. 

In recognition of the considerable part she had played in helping the President 
during his term of office, Mr Blenkinsop presented her, on behalf of the Association, 
with a stereo record-player. 

Mrs Fraser thanked Mr Blenkinsop and the Members of the Association for their 
kindness in making this presentation for what had been a very pleasant and inter- 
esting, as well as happy, two years. She had much enjoyed visiting the Sections of 
the Association and meeting so many Members and their ladies, and would treasure 
the gift in the years to come as a happy memento of this time. 

Following the speeches, the top table party left the dining room, and the assembled 
company made its way to the ballroom for the dance. 

During the dance, the new President's Lady. Mrs A. W. Blenkinsop, presented the 
prizes for the various tournaments. The winners were: Golf-The Sam Sharp Con- 
ference Trophy and sweep, Dr  .I. Dunaerdale. MPII 'S  T ~ n t t i . ~  ant1 Tciblc Tennis, Mr H .  
Foster. L(rc1ic.s' Tertnis trrt(1 T(~hle Tenrris, Mrs H.  Foster. Dancing continued until 
1.00 a.m. 

St~trr~'tIcry 8 Mr1.v 
Saturday saw the dispersal of delegates. Oncc again the verdict was that an enjoyable 
and successful Conference had been held. 

R.W. 



The Association's next Technical Exhi- 
bition of raw materials, machinery and 
equipment will be held at the Empirc 
Hall, Olympia, London W 14, from 17 to 
21 April 1972. 

The special motif for 24 OCCA (which. 
as for many years past, has been designed 
by the Director & Secrctary) is repro- 
duced above in black and white, but the 
colour schcmc will be mandarin red and 
cascade blue, these colaurs being used for 
the fascia fclts. 

The Exhibition will be opcn on the 
following datcs and times: 

Mnnday 17 April . . 15.00-1 8.30 

Tuesday I8 April . . 09.30-18.30 

Wednesday 19April . .  09.30-18.30 

Thursday 20 April . . 09.30-18.30 

Friday 31 April . . 09.30- 16.00 

The last Exhibition, in which ovcr 200 
companies, research orgnnisations. ctc. 
part icipatcd on more than 120 sta~?ds, 
was held 21-25 June 1971. 

The Invitation to  Exhibit is now bcing 
despatched to companies both in thc 
United Kingdom and ovcrscas, and any 
conipany intending to  cxliibit must 

Technical 

17-21 April 1972 

return a conipletcd application fsrni not 
atcr than 1 October 1971. 

Thc Exhibition is believed to  be ~ ~ n i q u e  
in that it is entirely technical, and is aimed 
at ensuring that technical advances are 
passcd on as quickly as possible to the 
tcchnical pcrsonncl in the paint, printing 
ink and allicd industries. 'The technical 
advanccs may rclatc to  new products. new 
knowlcdgc of cxisting products and their 
uscs, or, in si~itablc cases, existing 
knowledge which has not bcen available 
to t hc consuniing industries. 

Copies of thc Officitil Gr1it1~ to the 
Exhibition will bc sent individually to 
chcmists and tcclinologists in the paint 
and allied industries in Western Europe. 
to consuming firms in this country and to 
all members of the Association wherever 
rcsidcnt. Copies can also bt. obtained free 
of chargc frorii thc Association's offices: 
admission to the Exhibition is free. 

Each copy of the Of/i(.iril Grri(/c> will 
contain a forni of application for tickets 
for thc Exhibition Luncheon. which will 
b2 hcld at thc Savoy Hotel, I-ondon WCZ. 
on Monday 17 April 1972. 

Also being prepared for distribution 
on thc Cnntincnt IS a lcaflct in English. 
Frcnch. Gerninn, Italian, Russian and 
Spanish, containing information on the 



Exhibition. and copies can he obtaincd stand space at 24 OCCA who have not 
without charge f rom the Association's previously exhibited should write inimedi- 
officc. atcly to  thc Director 8r Secretary at the 

Any companies wishing t o  apply for Association's ofices. 

London Section 
33rd Ann~aal General Mccting 
The 33rd A n n ~ ~ a l  General Mcct ing WiIs 
held on 23 Apr i l  1971 at the I 'ol~tcclinic 
o f  the South Bank, L,ondon SEI. wi t l i  
M r  D. E. Eddowcs i n  t11c chair. 

Mcmbcrs stood in  si lc~ice for a fcw 
moments in  memory o f  the Section 
Chairman. M r  Jack Poolcy. 

The minutes o f  the 32nd A G M  werc 
taken as read and adopted un:~nin~ously. 
I n  proposing the adoption o f  t l ic Annual 
Report, M r  R. H. E. Munn  rcfcrrcd to 
the inclusion o f  fringe suhiccts in  t l ic 
lecture programmc. wli icl i  Iiad proved to  
be popular. and would continue next 
session. The half-day symposium was also 
kery well attendcd, and :I further one 
would be held ncxt session, continuing on 
the theme o f  "Coatings -their use and 
abuse." The joint symposiuni wi t l i  t l ic 
Colloid and Surface Chemistry Group o f  
the SCI. licld at B r ~ ~ n e l  University, had 
also been cxtrcmely wcll supported. The 
proposal was scconded bv Dr A. Hudson, 
and adopted u~ianiniouslv. 

sccondcd hy Mr J. J. Pcmb-rton, and 
adoptcd u~ianimo~~:: ly.  

Thc Oflicers and Conimiitcc Members 
for the coming ycar were elected as 
follows: 
Clrcrir~ircrtr: Mr D. E. Eddowes. Hollorrrrj? 
Srcrncrrj.: Mr R .  H. E. Munn. Honorary 
7iPosrrver: Dr H. R. Hamburg. Honor- 
rrry Prrhliccrtiotis Oft ic~r. :  Dr V .  T .  Crowl. 
Ilotrorrrry Pro.yratrrt,ic~s Offic-c~r: M r D. A. 
t3ay l iss. Hotioravj, Arrtlitor: M r A. H. 
Soanc. Cotiriirit~cc R4ctirhi.r~: Mr J .  K .  B. 
Burke. Mr K. A.  Chippington, Mr K. J. 
I-ledgecock. Mr H. A.  Hipwood; (newly 
~ lcc ted) .  Mr A.  K .  Unsworth, Mr 
R. M. W. W. Wilson, and Mr H. C .  
Worsdall. 

M r  J. T. Tookc-Kirby rcferred t o  
Sout liern 13rancli's activities during the 
session; four successfi~l meetings had been 
licld, together with n very well attended 
student nieeting, and their Annual 
General Meeting had been held at Win- 
chester followed by a reception by the 
Mayor  o f  Winchester and a dinner. 

I n  proposing tl1c adoption the The meeting was followed by a buffet 
~ i ~ ~ ~ ~ i ~ l  R ~ ~ ~ , ~ ~ ,  D,. H. R. ~~~~~b~~~ nical. at which members were joined by 
spoke of [he lower at tl,c the ladies. after which Dr S. H. Bcll. a 
~ ~ d i ~ ~  ~ i ~ h ~ ,  which llnd I.csultcd ill past-President o f  the Association, gavc 

slight loss: however, it had still been ;I fascinatin!! talk. illustrated by numerous 
possible to reducc grant fro,,, ~ ~ ~ ~ ~ ~ i l  slides. on  "Art, co lou~.  and heraldry." 
by £50 for thc ycar. The report was v.1-.c. 

New Zealand Sections 
A rcgulnr ' qu:~rtcrly katurc  on t!ic I t  seems particulilrly appropriate that 
activities o f  the NCW Zealand Sections o f  tllis cvcnt occ:,t.rcd ill a ycnr ill whicll [Ile 
the Association is now publi:iIied in tlic first lady c~lairlllan of a sZctiokl, M~~ 
monthly publication C'lrc~trristt:,~ trrrtl 11irlrr.v- K. Driver of M,cst Riding, was clcctcd, 
try irr R;rlc, &trlc~rr(l, and i t  \vas intercst ing 
to see. in thc latest OCCA fcaturc. that and in which there are two ladies on 
~i~~ P. J .  M ~ Q ~ ~ ~ ~ ~ ~  ll:ls <'o~~nci l ,  M rs  Driver, and Miss P. Magec. 
achieved the distiliction o f  becolilillg the Of the Irish Section. Obvio~ls ly  the ladics 
first lady Menibcr o f  the New Zealand o f  New Zcaland are not far behind those 
Sections. o f  Grcat Britain i n  scckirig equality. 
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Thames Valley Section 
Works visits 
The lecture by Mr  R. G .  Kinsman, 
reported elsewhere in this Jorrrnal, was 
backed up  by works visits on two 
occasions to  Sun Printers at Watford. 
These visits were arranged through the 
courtesy of Mr Kinsman and Dr Fuchs 
of Sun Printers. 

The tour began in the ink manufac- 
turing department, where points of 
interest were the high speed Kady mills 
used for dispersing colours, and the large 

varnish tanks, where up to  22 different 
types of medium were stored. The cleanli- 
ness and efficiency of the plant impressed 
all the visitors. 

On nioving to  the main printing works, 
a rapld and yet conclse explanation 
followed of the steps in processing the 
cylinder. They were plated, photographed 
and, after additional corrective work, 
were ready for the presses. Finally the 
group saw the impressive photogravure 
presses in action. R.E.C. 

Obituaries 
Mr F. A. Walker condolences of the Association are 

passed to his widow and family. 
I t  is with regret that we announce that 
Mr F. A. Walker, an Ordinary Member Mr D. T. Young 
attached to  the Manchester Section, died 
on 16 M~~ following a long illness. Members will be saddened to learn of 

the death of Mr D. T. Young, an Ordinary Walker had a long and distinguished Member attached to the West Riding career the pigment jndustry, and was Section, and that Section's Social Secre- 
active in the Manchester Section, being tary, in a motor accident on the morn ing  
a committee member 1940-43, 1947-50, of 1 May. Mr Young leaves a wife and 
and 1954-56, Hon. Publications -0f icer  two children, to whom our sincere 
1950-54, and Hon. Auditor 1962-71. The sympathy is offered. 

FSPT Annual Meeting and Paint Show 
Further details of the programme for the 
Annual Meeting of the Federation of 
Societies for Paint Technology, to be held 
at Cobo Hall, Detroit, 27-30 October 
197 1, have been released. 

Three seminars are to be held, on waste 
disposal, dispersion and communications. 
The seminars will be open to  all regis- 
trants, and there will be no report o r  
publication based on their proceedings. 

As well as the annual Paint Research 
Institute Symposium, there will be three 
symposia on colour: "New optical 
effects", "Design" and "New techniques". 

A photographic salon and competition 
is to  be sponsored by the FSPT during 
the Annual Meeting, open to  all members 

of the paint industry and their families. 

PA to offer associate membership 
to overseas firms 
The Paintmakers Association has decided 
to  offer associate membership to  paint 
nianufacturers located outside the UK, 
but with a U K  trading entity. If an 
associate member in this category sub- 
sequently establishes U K  production 
facilities, it will cease to be eligible, but 
may apply for full membership. 

Interfinish 1972 
The 8th Interfinish congress is to be held 
5-9 September 1972 in Basle, in the 
lecture halls of the Swiss Industries Fair. 
The congress will be concurrent with the 
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international surface treatmcnt exhibition, 
Surface. 

The technical programme will be 
centred on progress in surface t reatnient 
with special regard to the corrosion 
resistance and other properties of pro- 
tective and functional coatings, and 
authors are invited to subniit papers in 
this field to the Organising Committee, 
Tnterfinish, Postfach CH-400 Hasle 21, 
Switzerland. 

Register 

IAEA set up analytical quality 
control service 
The International Atomic Energy Agency 
has set up a new service, analytical 
quality central services (AQCS). To over- 
cotile difficulties in determinations of trace 
amounts of elements in materials, AQCS 
will distribute reference materials, stan- 
dards and samples for intercomparison, 
thus supplying a means of checking the 
precision of trace analyses in individual 
laboratories. 

Members 
The following elections to membership have been approved by Council. The Section 
to which new members are attached are given in Italics. 

Ordinary Members 
WILDASH, P ~ T E R  JOHN, BSc, British Titan Products Co. Ltd., Rillingham. (Londot,~) 
DEE, GERALD PHILIP, 17 Osney Walk, Carshalton, surrey. (1-o~rlon) 
BULRECK, ROBIN ANDREW, Flat 5, 67 Upton Park, Slough, Buckinghamshire. 

(Tlmn~es I/alloy) 
BONO, MARCO, D.CHEM.. Strada, S. Brigida 44, Moncalieri, Italy. (0 verseas) 
MCKITTRICK, JOHN NEVILLE, C/O Bermuda Paint Co. Brighton Hill, Devonshire, 

Bermuda. ( 0 verseas) 

Associate Members 
STEAR, JOHN MICHAEL, 2 High Park Crcs., Heaton, Bradford BD9 6HT. 

( Wvst rid in^) 
POUGNET, M. 0. E. PHILIPIJI:, 21 Club Road. Vacoas, Mauritius. (0 verseas) 

Student Members 
WATERER. ANDREW JOHN, 72 Holland Pincs, Bracknell, Rerks RG 12 402. 

(T/tarnes Valkey) 
SEARLE, MARION, 333a High Street, Slough, Bucks. ( T11~t1re.s Valley) 
WILTON, JOHN HOWARD, Flat 2, Rear of 25 Alma Road, Windsor, Berks. 

( T11ame.s Vallcy) 
PING, JOHN DAVID, 24 King Fdward Street, Slough, Bucks. (Tl~crnt~s Valley) 



Oil and Colour Chemists' Association 
President: A. W .  BLENKINSOP 

The Oil and C O I O L I ~  Clic~iiists' Associ;~tion W;IS formcil i n  1918, to cover paint, printing 
inks, pigments, varnishes, drying and csscntial oils. rcsins, lacqucrs, soaps, linoleum and 
trcated l'abrics, and tlie plant. apparatus and raw matcrinls useful in tlicir manufac!ure. In 
1924 i t  absorbed the I'aint and V;~rnish Socicty. The stated pi~rposc (11' tlic Association is to 
promote by discussion arid scicntilic i11vcstig:ttion the technology of the industries conccrncd 
witli rlic above-mentioned products, and to ;~ll'o~-d mcmbcrs opportunity Ibr thc interchange 
of ideas. This is achieved by tlie regular holding of ordinary meetings at which papers are 
presented, and tlic organisation of anni~al tcclinical cxliihitions, biennial confercnc?~? cdi~ca- 
tionnl activities and practical co-i~pcrativc cxpcrimcntal work. Details of these clctlvltrcs are 
given in the Jorrrrr(r1 (!f'llrc~ Oi l  trrrcl ('olorrt. ('lri~rrri.sts' As.soc.iirliorr, which is published monthly. 
and whose pages arc opcn to receive comm~lnications and other pronounccmcnts on scientitic 
and tcclinical matters atTccting tlic memhcrs of the Association and the industries concerned. 
Tlie Association's ~iicetings also nlibrd opportunitic?; for ~iicmhcrs to meet infc>rmally and 
socially. 

There arc Sections of OCCA in Aucklanci, [3ristol, Hull. Ircl;uid, London (witli a Southern 
Branch), Manchester, tlie Midlands (with :I Trent Valley Branch), Newcastle upon Tync, 
Scotland (witli an Eastern Branch), South Africa (with I3ranchcs in the Cape, Transvaal and 
Natal), Tliames Valley. Wellington, and the West Riding, and these are responsible for tlie 
conduct of tlicir own loc:~l all'airs. There is also a General Overseas Section. There is also 
a close alliance between the Association, the Fcdcrntion of Societies for I'aint Technology 
in the United States, and thc FCdCration d'Associations dcs Tcchnicicns de I'lndustrie dcs 
Peintures, Vcrnis, Emaux ct Encres d'lmprinicrie de I'Li~ropc Continentalc (FATIPEC). 
Tlie Association also maintains cordial relations witli the Scandinavian Federation of Paint 
and Varnish Technicians (SLF). 

The five Sections previously mnintaincd by t l~c.  Association in Australia fornied ! 1.. 1.68) 
the Oil and Coloi~r Chemists' Association 4irstralta. having the same aims and acttvltlcs as. 
and working in close liaison witli, the parent body. 

Ordinary Membership is granted to scientifically trained persons, and Associate Menibersliip 
to others interested in tlic industries covered. Sti~dcnt Memhcrship, which is intended primarily 
for students, is opcn witlloi~t restriction to persons under the ;~gc of 21 and to those LIP to 
25 wlio are following a course of technical study. The nnnu:~l subscription in each casc is 
£5.25, exccpt for Sti~dent Members whosc subscription is f 1.05. An entrance fee of 50p is 
payable by all mcmbcrs. Applications Ibr ~ncnibcrsliip arc invited from suitably q~~ali t icd 
persons wlio are engaged or otherwise interested in the industries noted above. Applications. 
which sl~ould bc supported by two nicmbcrs of the Association (one of whom must hc an 
Ordinary Mcmbcr), shoi~lii he forwarded to the Director Kr Secretary at tlie address given 
below. Application f~>rtiis and ~ L I I I  det;~ils of ~iienibersliil~ may hc obtained i r ~ m  the oliiccs 
of the Association. 

PUI!LICATIONS 
./orrrrrol of /Ire Oi l  rrrrtl ('ok)rlr ('1ri~rrri.sts' A.s.rocitrIio~r. I'i~hlislicd monthly. Subscription rate 

to non-members in 1JK and abroad; £ 10.00 p.n. post free: p~~yah lc  in ailvance. 
Art lr~troclrrctiorr to P(rilrl T ~ ~ c l r r r o l o ~ ~ ~  (Second Edition witli additional chnptcr). Pp. 187, illits- 

tratcd. witli index, f 1 .OO (including post:~gc). 
Prrilrf T~~chrrolo~?,  M ~ r r r r r c r 1 . r  

Part I :  "Non-convcrtible Coatings," Second Edition, I'p. 343, £1.80. 
Part 2: "Solvents, Oils, Rcsins and IJrizrs." Scconti 12ditiorl, I'p. 268, f l .SO. 
Part 3: "Convertihlc Coatings," Po. 318, f1.75. 
Part 4: "The Application of Surfilcc Co:~ti!ips," 1'17. 315, f 1.75. 
Part 5: "Tlic Tcsting of I'nints," Pp. 196. f 1.75. 
Part 6: "Pigments, [)ycstull's and I..:~kcs." !'I>. 340, f 1.75. 

Ilircctor Sr Sccrctnry: R .  I I. I-lamhlin, M.A., F.c.c.s., Wax Cliandlcr\' I1;1ll. Circ\liam Street. 
London 17C2V 7AI3. 
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Classified Advertisements are charged at the rate o t  50p per line. Advertisements fo r  
Situations Wanted are charged a t  121p per line. A box nuniber is charged a t  Sp. 
rhey should be sent to the Director & Secretary, O i l  & Colour Chemists' Association. 

Wax Chandlers' Hall, Greslham Street. London, E.C.2. Telephone: 01-606 1439. 

CHEMIST required for production control 
and devclopnient work in  all aspects o f  
surface coating materials. Experience is 
required i n  a wide field and particularly i n  
high performance marine and industrial 
coatings. The position involves, generally, 
duties as Deputy to  the Chief Chemist. 
Min i t i iu~n qualification H N C  and preferred 
minimum experience o f  five years in  paint 
technology. Position is fcr  laboratories 
situated in  Glasgow factory. 
Applications to: 

Chief Chemist 
Craig-Hubbuck Lrd. 
12-40 Bog~iioor Road, 
Glasgow, SW I. 

SITUATIONS VACANT 

CHEMICAL ENGINEER-SYNTHETIC RESINS 
A large paint nianufacturing company locatcd in  North Eastern France 
within easy access o f  excellent airport and social amenities is looking for an 
experienced C H E M I C A L  ENGINEER to direct the developnicnt and 
production o f  synthetic resins. 
This is a highly responsible post which wil l  involve technical liaison with 
a prominent US group. 
The successful applicant will be agcd between 50-60 and will either have 
a knowlcdge of, o r  be preparcd to  learn the French language. 
The salary o f i r e d  wil l  be negotiable according to experiencc, but will not 
be less than 4,500 Livres. 
Ref. 3.101. 

ORES lntcr Ltd., 
36 Hcrtford Street, 
L O N D O N  W I Y  7TG. 

ITALIAN RlVlERA 
M A N A G E R  

PAINT CHEMIST 

with fluent Italian and English re- 

quired. Knowledge formulation and 

manufacture. Marine and Industrial 

Paints. Permanent position with 

excellent prospects. Accommoda- 

tion available. 

Write Box 333 

Colourist/Quality Controller required. 
Applicants must be conversant with pigments for 
Plastics. L.ocation Home Counties. 
Details o f  experience. present and previous 
cmploynicnt, present earnings to Rox No. 335. 

Young man with drivc and initiative for 
rescarcli/nornial laboratory or production job. 
Write box No. 334. 
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SITUATIONS WANTED TECHNICAL EXHIBITION 
ARIC, 25 years' experience of research, dcvclop- 
ment and technical service work on syntlictic 
resins, driers, laniinates and coatings, requires 

OCCA 24 17-21 APRIL 1972 
position where his experience and abilities 
can be used to increasc his eniployer's protits. 

EMPIRE HALL, OLYMPIA, 

Box No. 336. L O N D O N  

CHIEF CHEMIST 
Burrell & Co. wish to appoint a Cliief Cheniist to take cliargc of the Group's Applied 

Research in the field of organic pigments. 
The appointnient, which will bc based at Stockport. calls for a pigment chemist 

well qualified academically and with widc practical experience of niodern azo pigment 
technology and preferably also of plitlialocyan~nes. 

A suitable applicant will most likely be i n  the 35-45 age group and presently bc 
holding a senior appointment within the industry. 

Self reliance, the ability to provide and develop new ideas, and tllc personal qualities 
required for successful leadership or  a team arc essential. 

Salary subject to negotiation. Non contributory pcnsion scheme. 

Pkorrsc ~vr'itc g iv i t i~  ccrruer rk~tcri1.s to: 

A. C. W. JONES, RUHRELL & CO. 
262, WEST FERRY ROAD, MILLWALL, E l 4  9AQ 

L C  . . . . . . . . . .  and finally we 

filled the vacancy through a 

classified advertisement in J. 0 .  C. C. A .  " 

The journal is read by technical personnel 

throughout the surface-coatings 

industries, and Situations Vacant may 

be advertised at the rate o f  50p per line. 

and 124p per line for  Situations Wanted. 



Take it easy 

way.. 
any mixture.. 

any quantity.. 
anytime.. 

anywhere 
VEGETABLE DRY l N G  OILS 
We polymerise-Blow-Boil-Acid and A lka l i  Refined 
techn~cal vegetable oils. 

SOLVENTS 
We offer a growing range o f  solvents and can supply 
these ex-stock f r om London. L iverpoo l  o r  Glasgow. 
White Spirit-Distillate-Odourless Kerosene-Xylene- 
BAS' range of special napthas-Toluene-high boi l ing 

aromatic solvents and an increasing range o f  o the r  
chemical solvents. 

DELIVERY 
Whether your requirements are f o r  a del ivery o f  
5 gallons or  fo r  delivery o f  5,000 gallons you may rest 
lrsurej we wi l l  do  ou r  best t o  deal w i t h  t hem promptly.  
courteously and competitively. 

TECHNICAL SERVICE 
H you find that i n ' o u r  technical data book le t  there  is 
nothing ro meet your  exact requirements w e  w i l l  be 
only too pleased t o  t r y  and produce a suitable product. 

?Samuel Banner 
59161 S A N D H I L L S  L A N E .  L I V E R P O O L  L S ~ X L  
TII? 061.077 7R71 --.-. -- .". . 
NEWTON R O A D ,  S T R A T F O R D .  LONDON El5  
Tal! 01.57A A77 1 . - . . - . - - . . - - . 
l89 CASTLE STREET, G L A S G O W  C4 
111: MI-551 0723 

DEDICATED 
WORKERS 

These minute larvae of the lac insect will 
devote their six-month life cycle to 
playing their part in the production of 
lac-the vital natural base material for 
SWANLAC BLEACHED LACS (trans- 
parent, waxy or modified) SHELLACS 
LAC ESTERS & HYDROLYSED LAC 

You will find us equally dedicated to the 
task ,of meeting your lac requirements, 
likewise those for natural VARNlSll 
RESINS. WAXES & WATER GUMS 

Agents for Established 1906 

ANGEL0 B R O T H E R S  SHELLACS 
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