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Trnrascncti~ras and Communications 

An investigation of some factors 
affecting the performance of 
primers for galvanised steel 
By W. H. Newell 
Spelthorne Metals Limited, Church Street, Rickmansworth, Herts., WD3 150  

S~rnunary 
Paint systems applied to hot-dip galvanised steel have been studied to examine the effect of 
weathering of the zinc prior to paint application, type of bindel, pignient composition and 
volume concentration. Adhesion has been assessed both by a cross-hatch test and torque- 
wrench measurement of the pull-off force. Little correlation appears to exist between the two 
methods of test, and doubt may be cast on the validity of the cross-hatch test for this type 
of system. Metallic lead is shown to bring about considerable improvement in adhesion. 

Keywords 
Tvpes and cIas.~es of slrrfuce 

galvanised steel 
Types utrd clas.ses of coatitig 

primer 

Properties, characteristics und cotic/itions Process and methods pritnarily associated 
pritnurily as.sociuter/ with tlrietl or with analysis, meaarrement and testing 
c~rred films cross hatch adhesion test 

weather resistance torque wrench adhesion test 

Une investigation de certains facteurs qui influent le rendement 
des primaires pour t6le galvanis6e 

On a etudie des systenies de peintures appliques a t81e galvanisee par immersion dans le 
zinc fondu, afin d'apprecier les effets que produisent, le vieillissement du zinc avant I'application 
de la peinture, la nature du liant, la con~position et la concentration par volume du pigment. 
On a apprecie I'adherence par I'essai h egratinures croisees et par la mesure de la force de 
detachement effectuee au moyens d'un cle de torsion. I1 parait qu'il n'existe peu de correlation 
entre les deux nictliodes d'essai et on pourrait mettre en doute la validite de I'essai a egratinures 
croisees en ce qui concerne des systemes de ce genre. On deniontre que la presence de plomb 
sous forme mktallique met en evidence une amelioration importante au point de vue de 
I'adherence. 

Eine Untersuchung der die Leistung von Primern fur Verzinktes 
Eisenblech Beeinflussenden Faktoren 
Z~rsai~ii~ienfuss~i~~g 
Es wurden Anstrichsysteme auf durch Heisstauchen galvanisiertem Eisenblech untersucht, 
urn die Wirkung von Bewitterung auf's Zink vor den1 Anstrich, Art des Bindemittels, 
Pigmentzusamniensetzung und Volumenkonzentratlon zu untersuchen. Zur Haftungspriifung 
wurden sowohl der Kreuz- und Querschnittest, als auch Torsionsspanner-Messungen 
der zuln Abziehon notigen Kraft benutzt. Zwischen beiden Prufmethoden scheint wenig 
Korrelation zu bestehen, und der Wert des Kreuz- und Querschnittests fur ein System dieser 
Art darf bezweifelt werden. Es wird aufgezeigt, dass Gegenwart von metallischem Blei die 
Haftung wesentlich verbessert. - 
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Introduction 
The problem of securing satisfactory adhesion of organic protective coatings 
to metallic zinc has been recognised for many years, and considerable effort 
expended in obtaining satisfitctory performance of such systems. Chemical 
conversion processes now available show remarkable upgrading of durability 
and adhesion. These systems, however, are applicable specifically to factory 
processing, primarily on a continuous basis. They have contributed much less 
to the problelil of in sit11 protection of zinc-coated steel, and in particular of 
Iiot-dip galvanised structural and other elements. 

The earliest recomineiidations for site painting of galvanised steel involved 
the use of niord;lnt solutions, generally based on acid/metal salt conibinations; 
the value of these, however, is now largely discounted. Various primers for- 
mulated specifically for use on zinc have been put forward over the years, but 
no one type has, so far, gained general acceptance as giving reliable performance 
under all circunistances. 

This may be due in great part to inability to lay down with any certainty the 
effect of variation in application conditions in the widest sense. There is. 
however, a history over many years of wide-spread use of metallic lead primers 
on zinc surfaces, in general with extremely satisfactory results. The present 
investigation is intended to delineate more accurately the effect on performance 
of variations in both primer composition and application conditions. It is thus 
hoped to establish a procedure by which the protectwe .value of a coating 
system on zinc may be upgraded, and greater certainty of the results ensured. 

Experimental 
Series I 
Part I: A number of primers based on various media, all containing approxi- 
iiiately 40 per cent riietallic lead (by weight of the total pigment) were applied 
to panels six days after galvanising. Exposure was made at Dagenham, com- 
mencing December 1968, and adhesion exa~iiined subsequently by cross-hatch 
adhesion test, in triplicate where feasible. Results were assessed visually on 
a scale of I0 (perfect adhesion) to zero (complete loss of adhesion). The adhesion 
after 2& years' exposure was also nieasured by means of a torque wrench test. 
Results are sliown in Table I ,  and the primer types used, together with their 
reference numbers. are given i n  the appendix. 
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Tul)le 1 

Re.sirlls of expo.srrvc fc.st.s, scvies I, pcrrt I 

The following table shows average figures for each material, system, and 
period of test. 

If the cross-hatch figures in Table 2 are used as a basis for assessment, it 
appears that, for both the two-coat systems 2 P and I P }- 1 F, adhe- 
sion gradually falls over the period under consideration. The one-coat tests, 
however, indicate that, after an initial substantial loss of adhesion, a significant 
improvement occurs. This may possibly be attributed to continued leaching 
removing water-solubles from the interface. 

i 

1 P + 1 F = I coat of primer 1 I coat of finish (alkyd gloss). 

Primer 

"KM" . .  

"KB" . .  

"KS" . .  

"105" . .  

"240" . .  

"95" .. 

"275" . .  

"149" .. 

"76" .. 

P = Primer. 

- - - 
3 months 

Cross-hatch 
- - - 

10 
10 
9 

10 
10 
10 

9 
9 
2 

7 
9 
3 

9 
6 
7 

10 
9 
9 

9 
8 
8 

9 
1 0 
9 

7 
0 
5 

Systcni 

- - 

I P 
2 P 
I P -I I 1: 

1 P 
2 P 
I P  1 1 1 :  

1 P 
2 P 
I P (  I F  

1 P 
2 P 
1 P  1 1 1 -  

1 P 
2 P 
l P  1 l F  

I P 
2 P 
I P I  I F  

1 P 
2 P 
I P  I I F  

I P 
2 P 
I P  f I F  

1 P 
2 P 
1 P f  1 F  

F - Finish (alkyd gloss) 1 P = I coat of primer. 2 P = 2 coats of primer. 

Exposure 
-- -- 

6 months 

Cros4-hatch 
-- - - 
10 10 9 
9 8 8  
9 9 9 

4 0 0 
10 10 8 
9 10 9 

I 0 0 0 
9 10 0 
5 5 6 

0 0 0 
2 9 9 
2 2 2 

8 0 3 
9 9 8 
9 2 9 

7 4 4 
0 9 10 
9 7 9 

8 3 5 
9 8 8 
7 7 5 

4 9 8  
10 10 10 
9 9 9 

7 9 9 
0 0 0 
0 2 6 

1 

pcriod 
- 

2; years 
- 

Cross-hatch 
- 

9 9 9 
9 9 9  
0 0 0 

6 3 7 
0 0 0 
0 0 0 

10 10 10 
0 0 0 
0 0 0 

6 5 10 
0 0 0 
0 0 0 

9 9 9 
0 0 0 
4 9 1 

5 10 10 
0 0 0 
7 5 5 

10 0 10 
0 0 0 
0 0 0 

5 9 9  
10 10 9 
10 9 10 

10 10 10 
0 0 0 

10 7 1 0  

- - 
2: years 

-- - - -- 
Torque (Ib in) 

- - 
51 50 64 
8 3 4 7 4 7  
47 48 49 

10 55 58 
56 35 38 
08 55 89 

61 54 42 
30 75 70 
51 48 55 

70 75 70 
114 88 90 
66 42 35 

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

79 104 102 
120112101 
4 5 8 8 1 2 0  

82 82 95 
112 114 86 
98102106 

5 9 7 5 9 5  
88 95 68 
44 88100 

69 52 40 
49 27 5 1 
85 84 84 
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Table 2 

Average values from Table I 

If, however, the results of torque adhesion force measurements are considered. 
there is considerable doubt as to the validity of the cross-hatch test. For example, 
a cross-hatch test may show complete film detachment, rating zero, whilst 
torque adhesion force figures on the same system may be high. This is exemplified 
in Table 1 by the "275" figures at 24 years, where the adhesion forces measured 
are extremely high, but once rupture by cross-hatch has occurred, film removal 
is complete. Another possible source of error is the occurrence of "worse than 
zero" adhesion, i.e. removal of the film not only at the cross hatch, but beyond 
the damaged area. 

Primer 

"KM" . .  
"KB" . . 
"KS" 1 . . 
"105" . . 
"240" . . 
"95" . . 
"275" . . 
"149" . . 
"76" . . 

Statistical examination of the results shows practically no correlation between 
the two methods of assessment, either absolutely or for order of merit. 

Part 2: A similar series of tests commenced in February 1969 covering not only 
metallic lead, but also other types of primer. The results obtained are shown in 
Table 3. 

- 
System 

1 P 
2 P 
l P + l F  

- 

- 
- 
- 

- 
- 

- 

- 
- 

This second series would appear to confirm the time effect of a decrease in 
adhesion, followed by an increase, in the case of single-coated systems. Although, 
in this instance, there would appear at first sight to be rather better correlation 
between the cross-hatch figures and the adhesion force, the significance of this 
is not high, because of the rather limited number of tests, and a proportionately 
somewhat larger experimental error. 

3 months 

Cross-hatch 

9.0 
8.0 
7.0 

9.7 
10.0 
6.7 
6.3 
7.3 
9.3 
8.3 
9.3 
4.0 

6 months 

Cross-hatch 

4.5 
7.4 
6.5 

9.0 
6 7  
5.0 
3.0 
6.3 
7.3 
6.7 
8.7 
3.7 

24 years 

Cross-hatch 

8.1 
2.0 
3.2 

6.0 
1.8 
3.3 
2.3 
4.7 
4.7 
2.2 
9.0 
6.3 

29 years 

Torque 
(Ib in) 

72 
75 
72 

54 
52 
54 
73 
90 
97 
95 
79 
60 
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Table 3 

Re~rrlts of e.rposrrre tests, series I ,  pcrr't 2 

Primer 

Ca plumbate 

Red lead . . 

"K" . . 

"95" . . 

"263" . . 

1 1 month - / 
Exposure period 

4 months I 2 y z - 1  2 years 

Thc avcragc valucs arc summarised in Table 4. 

Cross-hatch 

10 10 10 
10 10 10 
3 2 8 

I 
Primer 1 Systcm 

Torque ( I  b in j 

91 74 70 
77 76 72 
58 54 63 

Ca plum- 1 
bate . . , 

Red lead . . I 

I 
2 years 

- - 
Torque 
(Ib in) 

-- 

58 
5 7 
56 

70 
42 
52 
60 
6 1 

I ~nontll 41llontlls 2years 
- - . - -. . 
Cross-hatch 

- -- - 

9.5 
7.4 

- - - - - - - . - - - - 
Cross-hatch <'~.oss-hatch 1 

- - - - - 

8.0 
8.0 

- - -- - . . - 
7.8 
6.2 

7.4 

8.7 
2.7 
10.0 
9.0 
8.7 

5.V I 5.3 

6.6 
2.3 
6.3 
9.2 

, 8.7 

8.1 
5.7 
7.0 
7.7 - 

, 8.5 
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Series 2 
Further investigation of the problems of adhesion on galvanised steel was 
directed towards an examination of the following factors: 

metallic lead content, 
pigment volume concentration, 
type of medium, 
condition of the surface at the time of first priming. 

These factors were varied as follows: 

metallic lead content 10 per cent, 20 per cent, 40 per cent by weight of the 
total pigment, 
PVC 35 per cent, 40 per cent, 45 per cent, 
media, long oil alkyd (LOA), linseed oil blend (oil), vinyl/toluene alkyd 
(VTA), 
galvanised panels as received (six days old); after one month's weathering; 
after three months' weathering. 

Tables 6, 7, 8 show in detail the results obtained in cross-hatch tests after 
various periods of exposure at Dagenham, and also torque wrench adhesion 
values after the longest period of exposure. The average values are summarised 
in Table 5. 

Table 5 

Average values from Tables 6, 7 and 8 

Six days after galvanising 

Cross- 1 Torque Cross- Torque 
hatch I (lb in) 1 hatch 1 (lb in) 

Primed afier one monrh's exposcrre 

0.1 
4.6 
8.4 

Primed after three months' e.uponrre 

44 35%PVC 
52 40% PVC 
57 45 % PVC 

5.9 
4.2 
3.2 

2.2 
4.0 

30 35% PVC 
42 40% PVC 
50 45 % PVC 

10% Pb 
20% Pb 
40% Pb 

1.0 
3.3 
6.4 

Cross- 
hatch 

47 LOA 
54 Oil 
51 VTA 

Ca plumbate 

38 LOA 
43 OIL 

1 .O 
4.8 
5.1 

Torque 
(Ib in) 

Ca plumbate 
4-7 1 43 vTA 

35 35% PVC 
44 40% PVC 
58 45% PVC 

3.8 
3.9 
3.0 

46 LOA 
46 Oil 
44 VTA 

Ca plurnbate 
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Table 6 
Adhesion values obtained with no pre-weathering 

Long oil alkyd 

35% PVC I month 
2 month 
4 month 

45% PVC 1 ,, 
'I 

Oil 

35% PVC 1 ,, 
2 ,, 
4 ,, 

40% PVC 1 ., 
2 ,, 
4 ,, 

VT alkyd 

35p4 PVC 1 ,, 
2 ,, 
4 ,, 

40:; PVC 1 ,, 
2 9, 

4 ,, 

45% PVC 1 ,, 

Cross- 
hatch 

Cross- Torque 
hatch (Ib in) 

Torque 
(Ib in) 

- 

Cross- 
hatch 

Torque 
(Ib in)  
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Table 7 

Adhesion values obtainetl with one month's pre-weathering 

Long oil alkyd 

35 % PVC 1 month 
2 ,, 

40% PVC 1 ,, 
2 ,, 

45% PVC 1 ,, 
2 ,, 

Oil  

35% PVC I ,, 
2 9, 

40% PVC I ,, 
2 ,, 

45% PVC I ,, 
2 ,. 

V T  alkyd 

35% PVC 1 ,, 
2 ,, 

40% PVC 1 ,, 
2 7 ,  

45% PVC 1 ,, 
2 ,, 

10% Pb 

Cross- 
hatch 

Cross- 
hatch 

Concll~sions 
The effect of the variation of the metallic lead content is marked. For future 
work, it is proposed that 40 per cent be adopted as a minimum standard; 
this level corresponds to that established over years of com~iierciol usage on 
steel. 

Torque 
(Ib in)  

Torque 
(Ib in)  

Cross- 
hatch 

The effect of variation in PVC is barely signilicant over the period of exposure. 
Taking into account not only the present results, but also other factors involved, 
such as flow, drying time, liold-out, etc., a level of 35/40 per cent PVC would 
appear to be a satisfactory compromise. 

Torque 
(Ib in) 
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Table 8 

Adhesion valrres ohtuinrd with three nwnths' pre-weathering 

Cross- Torque Cross- Torque Cross- Torque 1 11atc1 lib in) i i a tc~  1 lib in)  11atc11 1 (ih in) 
-- - 

Lorig oil alkyd 1 1 1 1  
35",PVC l month 
40°/, PVC I ,. 
45:; PVC 1 ,, 

Oil 

35% PVC I ,. 
4094 PVC I ,. 
450,; PVC I ,, 

Conclusions regarding the relative performance of the three media can only 
be drawn relative to the condition of the zinc surface at  the time of painting. 
In this respect the VT alkyd appears very much less affected than the long oil 
alkyd or the oil blend, both of which appear to be adversely affected by reaction 
with soluble salts presumably present on the zinc after weathering. Any deduc- 
tions as to the relative merits of the media after long-term exposure must await 
examination after as long a further period as may be feasible. 

0 0 0 
0 0 0 
0 0 0 

35% PVC I , 
4oXPVC I ,, 
45% PVC I ,, 

Ca pl~rnihute 
1 ,, 

Discussion 
During this work, a number of factors have emerged whose discussion is not 
entirely pointless at this stage. 

In the first instance, there are apparently no absolute laboratory criteria as 
to the standard of performance which may be regarded as satisfactory for a 
galvanised steellpaint system. The cross-hatch test appears to be insufficiently 
discriminatory for this purpose, as it tends to be of a pass or fail nature. It is 
notable that, of 198 cross-hatch tests carried out in the above programme, 
83 were ranked 10 or 9 and 52 at zero; it is apparent that no reliable grading of 
performance is achieved. On the other hand, 81 torque adhesion tests were 
spread over a range of 0-1301b in with a fair approximation to a no~mal distribu- 
tion. It still remains difficult, however, to establish any specific level of adhesion 
for acceptance tests. 

0 0 0 
0 1 0 
I '0 0 

10 10 10 
4 8 4 5 4 7  
50 52 45 

2 0 0 
6 8 0 
2 1 8 

2 1 0 

22 32 25 
35 32 30 
22 22 25 

6 2 0 
1 0 0 
2 1 0 

30 43 23 
78 35 32 
5 7 5 0 3 0  

0 0 0 
2 2 5 
8 2 8 

40 55 45 
5 8 2 5 1 5  
27 38 62 

9 6 2 
5 2 3 
9 8 6 

35 30 37 
38 31 35 
48 40 35 

39 41 44 I 
- 

10 10 9 
7 8 5 
9 8 8 

90 75 60 
6 3 6 3 5 5  
58 50 47 

10 8 8 
9 9 8 
1 0 0 

85 82 84 
63 55 50 
5 5 5 5 5 5  

73 67 48 
52 55 67 
5 4 7 0 1 5  

45 45 45 
45 46 46 
43 50 45 

- 

I0 9 2 
6 8 10 
0 0 0 

- - 
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It may be noted that virtually all tests in this programme, when subject to 
re-exposure after mechanical damage (by cross-hatching), showed little or no 
signs of further spread of adhesion loss. This would appear to suggest that cross- 
hatching tends to induce loss of adhesion rather than to assess the 
actual adhesion forces. It should also be noted that certain panels graded as 
complete failures showed detachment at the cross-hatch only, whereas others 
showed considerable stripping from the adjacent areas. These latter tests were, 
in general, those which showed low torque adhesion values. 

All these phenomena must be considered as establishing a complete lack of 
correlation between cross-hatch performance and adhesion force measurements 
as given by the torque wrench tests. It would seem clear that to establish a 
satisfactory, even if arbitrary, standard of adhesion, this incompatibility must 
be resolved. 

The effects demonstrated for the time factor also require further elucidation. 
The results obtained would indicate that the adhesion of any specific paint 
system can suffer a drop consequent upon short-term weathering of the zinc 
surface, but can subsequently regain or even surpass its original level if the 
pre-weathering be sufficiently extended. This would appear to contradict the 
generally held view that performance is worst on an unweathered surface and 
improved by exposure of the bare metal, albeit without reference to any specific 
time or condition of exposure. 

[Received 12 November 1971 

Appendix 
Composition of paints tested 

"KM" 
"K B" 
"KS" 
"1 05" 
"240" 
"95" 
"275" 
"1 49" 
"76" 
" 16" 

PVC 

30 "/;: 
30% 
35 % 
40% 
44 0/, 
40% 
45 % 
45 % 
40 % 
30 "/, 

"263" 45 % 
Ca plumbate - 
Red lead - 

Extender Medium 
Asbestine/mica/barytes Boiled oillstand oil 
Rarytes/asbestine Roiled oil/stand oil 
Barytes/asbestine/mica Boiled oillstand oil 
Barytes/asbestine/mica Reduced phenolicllinseed 1 :2 
Baryteslasbestine 65 % Linseedlpenta alkyd 
Rarytes/asbestine/mica 68 '%, Linseedlpenta alkyd 
Baryteslasbestine VT alkyd 
Barytes/asbestine/mica 75 % Soyalpenta alkyd 
Barytesltalc Chlorinated rubber 
Barytes/asbestine/basic Boiled oillstand oil 

Pb sulphate 
Rarytes/asbestine VT epoxy ester 
Commercial product. specifically for galvanised steel 
To BS 2523 Type B 
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Weathering of paint films: 
IV. Influence of the radiation 
intensity on chalking of latex paints 
By E. Hoffmann and A. Saracz 

Division of Building Research, Commonwealth Scientific and Industrial Research 
Organization, Melbourne, Australia 

Summary 
Chalking of paint films has been carried out at different levels of the intensity of radiation. 
Paints formulated with four different latex resins and pigmented with either zinc oxide or 
anatase titanium dioxide have been investigated. The degree of chalking, measured by the 
quantity of pigment set free, has not been found proportional to the intensity. Therefore, 
it is not advisable to accelerate weathering tests on paint films by increasing the radiation 
intensity above that which would be found under natural conditions. 

Keywords 
Binders, resirts, ctc. 

emulsion resin 
Prime pigments and dyes 

anatase titanium dioxide 
zinc oxide 

proper tie.^, characteristics and Processes and methotb Equipnient primarily 
conrlitions primarily prirnarilv associi7ted with: associatetl with: 
associated with rlriecl or analysis measlrrement and testing 
cured filrns accelerated weathering xenon arc weatherometer 

chalking 

Le vieillissement des feuils de peintures 
l ~ i m e -  Partie: L'influence qu'exerce I1intensit6 de radiation sur le 
farinage des peintures-6mulsions 

On a provoquC le farinage des feuils de peintures aux diffkrents niveaux de I'intensitb de 
radiation. On a examink des peintures baskes respectivement sur quatre latices et pigmentees 
avec de I'oxyde de zinc ou du dioxyde de titane du type anatase, Le degrC de farinage, dose 
par la masse de pigment degagt, ne se demontrait pas proportionnelle li I'intensitC. Ainsi 
on ne conseille pas de faire accClCrer les essais de vieillissement sur les feuils de peintures en 
augmentant I'intensite de radiation au dela du niveau que I'on trouverait au naturel. 

Bewitterung von Lackfilmen IV.  
Einfluss der Bestrahlungsintensitat auf Abkreiden von Latexfarben 

Zusarnnren fassung 
Abkreidungsversuche an Farbfilmen wurden mit verschieden starken Bestrahlungsintensitaten 
durchgefiihrt. Dabei wurden Farben, welche vier verschiedene Latexharze enthielten und 
entweder mit Zinkoxid oder anatas Titandioxid pigmentiert worden waren, untersucht. Es 
wurde nicht festgestellt, dass das Ausmass des Abkreidens, gemessen je nach Quantitat frei- 
gesetzten Pigments, der Intensitst proportional war. Es ist daher unratsam Bewitterungs- 
priifungen von Anstrichfilmen durch Erhohung der Bestrahlungsintensitat uber die unter 
naturlichen Bedingungen vorkommende hinaus zu beschleunigen. - 
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Introduction 
It has been pointed out1. 2 y  that, for the development of an accelerated test 
method, it is necessary to know a great deal about the mechanism of the changes 
which take place, or at least to know which variables influence these changes 
and the degree to which they do so. 

The weathering of paint films will presumably be influenced by humidity1? *, 
wavelength of radiation3, temperature of the paint film3, and the intensity of 
radiation. This paper deals with the influence of the latter. 

Materials 
Pigments 

Anatase titanium dioxide and a zinc oxide made by the indirect process. 

Resins 
I. Vinyl acetatelacrylate copolymer ( I  5 per cent acrylate) 
2. Vinyl acetate polymer plasticised with dibutyl phthalate 
3. Pure acrylate copolymer 
4. Vinyl acetatelfumarate copolymer (1 8 per cent fumarate) 

Determination of chalking 
The procedure used in this investigation was as follows. Weighed stainless 
steel panels 62.5 x 75.0mm (2.5 x 3in) were painted and dried to constant 
weight at 38OC. After exposure the panels were kept at 38°C for 24h and then 
reweighed before and after removing the chalk with a dry cloth. 

Procedure 
Experiments were carried out in the xenon arc weatherometer at 65-70 per cent 
relative humidity and an air temperature of 40°C. In order to change the 
intensity of the radiation falling on the paint film, the painted panels, which 
are usually placed parallel to the wall of the rotating drum, were inclined to it. 
The total intensity at each position was measured with a Kipp-Zonen pyrano- 
meter, and by making additional measurements with suitable light filters it 
could be established that the energy distribution remained unchanged. The 
type of filters used and the energy distribution of the light from the xenon arc 
has been given in a previous paper3. 
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Discussion 
The effect of the radiation was judged by the quantity of pigment set free, and 
this was determined by weighing the sample before and after removal of the 
chalk. In a previous paper:' reasons were given for the assumption that no 
chalk is lost by falling off the panels. Analysis of the chalk for carbon showed 
that it consists almost entirely of pigment. From the quantity of carbon the 
amount of resin still present can be calculated:'. and the values are given in 
Table 1 .  Of the eight samples analysed only two contained more than 5 per cent 

Rc<siclrnrl re~itr itr t.Il~lli ( P VC 40 per c'etri ) 

1 Carbon content ' Residual resin 
Resin I Pigment of chalk (.Y) in chalk (%) 

Vinyl acetate/acrylate - Anatase titanium i 
copolymer . . . . dioxide 2.31 

I 

i 9.4 

Vinyl acetate polymer I do. 2.09 1 8.5 

I Acrylate copolymer . . , do. I 0.76 i 3.1 

Vinyl acetatejfumarate 
copolymer . . . . I do. 

Vinyl acetate/acrylate 1 
copolymer . . Zinc oxide ! 

Vinyl acetate polymer do. 0.32 1 1.9 

Acrylate copolymer . . 1 do. 0.8 4.6 
I i 

Vinyl acetatelfumarate 1 
copolymer .. . I do. ~ 0.38 2.2 

resin still combined with the chalk (9.4 and 8.5 per cent respectively); the rest 
were well below this valueh. 

The intensity of the radiation falling on the panels was in the propor- 
tion 4.3: 1 in the case of paints pigmented with anatase titanium dioxide and 
3.1: 1 for those formulated with zinc oxide. With the exception of the 
first paint system, in which the quantity of totally decomposed resins was 
approximately proportional to the two energy levels, there was a considerable 
deviation from proportionality, as can be seen from Table 2. 

. - 

*From the amount of pigment set free (chalk) the quantity of resin previously combined 
with it was evaluated. Where the chalk contains no carbon, this value repxesents the totally 
decomposed resin. In this paper the expression chalk and total decomposition are used 
interchangeably as the results can be expressed validly in both ways. 
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WEATHERING OF PAINT FILMS 

Fig. 1. Amount of totally decomposed resin in relation to time of exposure 
Resin: Vinyl acetatelacrylate copolymer 
Pigment: Anatase titanium dioxide 
PVC: 40 per cent 
Conditions: Air temperature 40°C at 65-70 per cent R.H. 
Curve 1 :  High intensity radiation 
Curve 2: Low intensity radiation 
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EXPOSURE. h 

Fig. 2. Amount of totally decomposed resin in relation to time of exposure 

Resin: Vinyl acetate polymer 
Pigment: Anatase titanium dioxide 
PVC: 40 per cent 
Conditions: Air temperature 40°C at 65-70 per cent R.H. 
Curve 1 : High intensity radiation 
Curve 2: Low intensity radiation 
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Fig. 3. Amount of totally decomposed resin in relation to time of exposure 

Resin: Acrylate copolymer 
Pigment: Anatase titanium dioxide 
PVC: 40 per cent 
Conditions: Air temperature 40°C at 65-70 per cent R.H. 
Curve I : High intensity radiation 
Curve 2: Low intensity radiation 
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EXPOSURE. h 

Fig. 4. Amount of totally decomposed resin in relation to time of exposure 

Resin: Vinyl acetatelfumarate copolymer 
Pigment: Anatase titanium dioxide 
PVC: 40 per cent 
Conditions: Air temperature 40°C at 65-70 per cent R.H. 
Curve 1 :  High intensity radiation 
Curve 2: Low intensity radiation 
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EXPOWRE. h 

Fig. 5. Amount of totally decomposed resin in relation to time of exposure 

Resin: Vinyl acetate/acrylate copolymer 
Pigment: Zinc oxide 
PVC: 40 per cent 
Conditions: Air temperature 40°C at 65-70 per cent R.H. 
Curve I : High intensity radiation 
Curve 2: Low intensity radiation 
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Fig. 6. Amount of totally decomposed resin in relation to time of exposure 

Resin: Vinyl acetate polymer 
Pigment: Zinc oxide 
PVC: 40 per cent 
Conditions: Air temperature 40°C at 65-70 per cent R.H. 
Curve 1: High intensity radiation 
Curve 2: Low intensity radiation 

The systems based on acrylate copolymer and the vinyl acetate'fumarate 
copolymer (Fig. 7 and 8 )  are of special interest in that very little or no chalk 
is formed on the panels exposed at the lower energy level. 



1972 (2) W E A T H E R I N G  O F  P A I N T  F I L M S  

r 
," L 

,-<;;;-* ----- * - * - - * - - - ~ -  
rlnn LOO nwl nw >"O 1400 - 

l 1nnY1er.h 

Fig. 7. Amount of totally decomposed resin in relation to time of exposure 
Resin: Acrylate copolymer 
Pigment: Zinc oxide 
PVC: 40 per cent 
Conditions: Air temperature 40°C at 65-70 per cent R.H. 
Curve 1 : High intensity radiation 
Curve 2: Low intensity radiation 
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Fig. 8. Amount of totally decomposed resin in relation to time of exposure 
Resin: Vinyl acetatelfumarate copolymer 
Pigment: Zinc oxide 
PVC: 40 per cent 
Conditions: Air temperature 40'C at 65-70 per cent R.H.- 
Curve 1: High intensity radiation 
Curve 2: Low intensity radiation 
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The examples given here show that the effect of the radiation (measured by 
the quantity of chalk formed) is not proportional to its intensity. The system 
in which the effect comes nearest to proportionality is the one formulated with 
vinyl acetatelacrylate copolymer pigmented with anatase titanium dioxide. 

The most heresting cases are those in which the paints are formulated with 
the acrylate copolymer and vinyl acetatelfumarate copolymer pigmented with 
zinc oxide. At the lower energy level, there is no chalking on the acrylate 
copolymer formulation and only very little chalking on the other. However, 
there is still a weight loss before removing the chalk, which has been interpreted3 
as being due to partial oxidation of the binder. In other words, at the lower 
level, different reactions occur which do not lead to the total decomposition 
of the binder resin and therefore do not set free any pigment. 

It  may be worthwhile to point out the difference in behaviour between a 
paint film and an unpigmented plastic, such as unstabilised polyvinylchloride, 
where the rate of photo-oxidation is directly proportional to the intensity of 
the xenon arc radiation4 and independent of the relative humidity. 

In  a previous paper3 a reaction mechanism was proposed to explain the role 
of the relative humidity on the total decomposition of the resin. This suggested 
a photo-catalysed reaction between the water and oxygen molecules adsorbed 
on the surface of the pigment, which in turn oxidised the resin molecules. 
It  will be clear that the effect of the radiation will not only be determined by 
its intensity, but also by the diffusibility of oxygen and water molecules to the 
surface of the pigment, and this explains why direct proportionality will be 
the exception rather than the rule. 

This explanation obviously cannot hold for the formulations with the vinyl 
acetatelfumarate and acrylate copolymers pigmented with zinc oxide, in which 
the absence of chalking must be sought in something other than the diffusibility 
of the reactants. The behaviour may be explained as follows. If a comparatively 
small number of hydrogen peroxide molecules is formed, the partially oxidised 
resin molecules may have time to recombine to form new polymer molecules, 
but if a great number of hydrogen peroxide molecules is generated then a single 
resin molecule may be attacked by more than one molecule of hydrogen peroxide 
and the opportunity to react with another polymer molecule may be missed. 
As the paints formulated with the same resins but pigmented with anatase 
titanium dioxide also chalk at the lower energy level, it must be assumed that, 
in the paints formulated with zinc oxide, the polymer in the binder can move 
more freely than in the case of the coating formulated with anatase. At the 
moment, this is speculation for which there is no proof except that it fits the 
observations. 

Because the effect of radiation does not appear to be proportional to its 
intensity, it is not considered advisable to attempt to accelerate the rate of 
weathering by increasing the intensity. 

Construction o f  the weatherometer 
The investigations have so far studied the influence of humidity1$ 2, the effect 
of water and simultaneous irradiation* on the paint film, the air temperature3, 

- 

*Unpublished results. -4 wet paint film irradiated will chalk to a much greater extent than 
one at very high humidities (>90 per cent). 



1972 (2) W E A T H E R I N G  OF P A I N T  F I L M S  113 

the wavelength3 and intensity of the incident radiation. The relative humidity 
and wetness appear to be the most important of these variables. 

In the xenon arc weatherometer being used at the Division, it is virtually 
impossible to keep the relative humidity above 65-70 per cent for any length 
of time, and this is the value at which the effect of increasing humidity begins 
to show most strongly2. Higher humidities are difficult to obtain because of 
the large amount of heat developed by the xenon arc. The lamps draw approxi- 
mately 5000W and barely 20 per cent of the radiation has any influence on the 
weathering process" The large amount of heat generated has to be removed 
by cooling, which is done partly by air, and this makes it difficult to achieve 
a high relative humidity. It would be much better if the active radiation could 
be generated by other light sources that have approximately the same intensity 
and spectral distributions as those found in sunlight under 450nm. Any necessary 
heating could be done by ordinary heating coils. 

It may be pointed out that the xenon arc weatherometer is suitable for 
plastics because the humidity has very little influence on their weathering. 

Conditions in tlte weatherometer 
Accelerated tests are generally applied in two ways. First, the specimen is 
subjected to the worst conditions likely to be encountered in normal use. 
This would mean a very high relative humidity (say > 90 per cent), the highest 
intensity of ultraviolet light, the highest air temperature, and the longest time 
the paint film is likely to be wet with radiation falling upon it. Any paint judged 
to be satisfactory after exposure under these conditions for (say) two years 
would last much longer under less demanding circumstances. 

Secondly, the values of the important variables in the weathering process 
of the coating can be established for the site and the weatherometer can then 
be programmed to correspond to these values. These would be the air tempera- 
ture, relative humidity, ultraviolet radiation at different times of the day, the 
time during which a paint film remains wet with dew in the morning, the time 
for which it is wet by rain and also the average time during which it is irradiated 
whilst wet. Because the effect of radiation is not proportional to its intensity, 
it would be advisable to run the accelerated test so that the specimen is under 
three different intens~ty levels during 24h. This can be easily achieved by inclining 
the panels at suitable angles to the vertical. 

The first type of test is very unsatisfactory because it cannot give an indication 
I how long the paint will last under different conditions. The second type of test 
takes much longer but is likely to give much more accurate results. 

Conclusions 
It is not advisable to attempt to accelerate weathering tests on paint films by 
a considerable increase in the intensity of radiation above that which occurs 
naturally. 

[Received 10 May 1971 
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The glycerolysis step in the 
~roduction of oil-modified al kvd 
resins: Part V. Glycerolysis d 
castor oil and dehydrated castor oil 
By N. A. Ghanem, M. A. El-Azmirly and Z. H. Abd El-Latif 
Laboratory of Polymers and Pigments, National Research Centre, Dokki, Cairo, UAR 

Summary 
Castor oil (CO) and dehydrated castor oil (DCO) were subjected to glycerolysis under normal 
pressure in the manner usually employed in alkyd resin production. The reaction proceeded 
at a higher rate and produced a higher equilibrium content in the order LiOH>CaO>PbO 
when these compounds were used as catalysts. At the same catalyst concentration and with 
similar timeltemperatwe schedules, the amount of a-nlonoglycerides formed was increased 
when the glycerol:oil ratio was raised from 2:l to 3: l .  Traces of water decrease the rate and 
extent of nionoglyceride formation from castor oil triglycerides. 

Keywords 
Raw materials used in the manlrjactitre Processc~s nnil tnethor1.s prinmrily associated 
of ingredients for coatings with nianrrjucturing or synthesis 

castor oil glycerolysis 
castor oil dehydrated 

L'6tape glyc6rolytique dans la fabrication des r6sines alkydes 
modifi6es $ I'huile : 
v:".. Partie: La glyc6rolyse de I'huile de ricin et de I'huile de 
ricin dgshydratge 
Risurni 
L'huile de ricin (C.O.) et I'huile de ricin desliydratCe etaient soumises a la glycerolyse, sous 
la pression ambiante, au moyens du procedk classique pour preparer les resines alkydes. La 
reaction allait a une allure plus elevee, et elle rendait une teneur d'kquilibre plus importante 
au fur et a mesure de I'ordre suivant LiOH: .CaO . PbO, dans le cas ou on utilise ces composes 
en tant que catalysateurs. Aux concentrations pareilles de catalysateurs et aux cotes dureel 
temperature semblables, la quantite des a monoglycerides produites etait augmentee ou 
le rapport glycCrol:huile Ctait haussee de 2:l A 3:l. Les traces d'eau diminuent le taux de 
formation de la monoglyceride ainsi que la quantite de celle-ci produite a partir des triglycerides 
de I'huile de ricin. 

Die Glycerolyse-Stufe in der Herstellung ~ lmodi f iz ier ter~ lk~dharze  
Teil V. Glycerolyse von Rizinusol und dehydratisiertem Rizinusol 

Rizinusol (C.O.) und dehydratisiertes Rizinusol (D.C.O.) wurden unter normalem Druck 
in der bei der Alkydliarzfabrikation iiblichen Weise dcr Glycerolyse unterworfen. Die Reaktion 
verlief schneller, und die Bestandteile waren ausgeglichener, wenn in folgender Anordnung die 
Verbindungen LiOH> Ca 0 > Pb 0 als Katalysatoren angewandt wurden. Bei gleicher 
Konzentration der Katalysatoren und lhnlichen Zeit/Temperatur-Exponierunge~r bildcte 
sich mehr o< -Monoglycerid, wenn das Verhiiltnis Glycerin: bl von 2:l auf 3:l erhijht 
wurde. Spuren von Wasser vermindern die Geschwi~idigkeit und das Ausmass der Mono- 
glyceridbildung von Rizinusoltriglyceriden. 



C~anna mnqeponn3a B ~ P O W ~ B O A C T B ~  anlcnnnblx cMon ~onn@nunposa~~a~x 
MaCJIOM. 
Yac~b. r~lnqeponn3 IcacTopoBoro Macna a nerunpnposannoro KacToposoro 
Macna. 

Kac~oposoe Macno M nerunpupoeallHoe KacToposoc Macno nonsepranucb rnuqeponu3y npH 
HOPManbHOM AaBneHHM, MCTOnOM 06blY~0 IlPMMeHIleMblM B flPOM3BOACTBe anKHnHblX CMOn. 
Pea~uun  npOTeKana C 6onbmcR CKOpOCTbW C BblRBneHclCM 6onee BblCOKOrO PaBHOBeCHOrO 
conepHtarwiR B nopnaKe Li OH >CaO > PbO. Korna coenutieHwn npuMcHRnucb B KasecTee 
~ a ~ a n w 3 a ~ o p o s .  Jlpu T O R  xe KoHucHrpaquu Ka-ranu3aTopoe u n p u  cxonrlbix r e ~ n e p a ~ y p ~ o /  
BPeMeHH blX pCXMMaX, KOnUVCCTBO 06pa3y IOUMXCII Ci-MOHOrnHUePMnOB YBenH9HnOCb KOrna 
o ~ ~ o u ~ e ~ u e  rnuuepma K Mncny 6bino nosbllucHo c 2:1 no 3 : l .  Cnenb~ ~ o n b ~  noHuHtator. 
CKOPOCTb # CTeneHb O ~ ~ ~ ~ O R ~ H M I I  MOHOrnMUePWAOB H7 TPMrnUUePHllOB KaCTOPOBOrO MaCna. 

Introduction 
The production of alkyd resins modified with oils for surface coatings is usually 
preceded by conversion of the oil into its monoglycerides. This process is 
termed glycerolysis, since the oil is split by glycerol to give, in the simplest 
case. the following equilibrium mixture: 

CH2.COOR 
I 

CH,OH 
I 

CH2.COOR 
I 

where R is a fatty acid chain. 

The hydroxyl functionality of the oil in the mixture is thus raised from zero 
to a value which depends on the extent of the reaction but never exceeds two. 
Hence, it is possible to proceed to the completion of oil-modified alkyd resin 
preparation without too much risk of premature cross-linking and gel formation. 

The trend to the preparation of alkyds via the monoglyceride step is justified 
by the rapidity of the glycerolysis reaction and because, commercially, the 
vegetable oils required are normally cheaper than the equivalent quantities 
of fatty acid and glycerol1. It is therefore of importance to gain as much insight 
as possible of the nature of the glycerolysis reaction and the factors which 
influence monoglyceride formation, since an improperly formed monoglyceride 
mixture would undoubtedly be reflected in the final physical and chemical 
properties of the alkyd resin produced1. 

The glycerolysis of cottonseed and linseed mixed triglycerides has been 
intensively ~ t u d i e d ~ - ~ .  When LiOH, CaO or PbO was used as a catalyst, the 
reaction with linseed mixed triglycerides proceeded at about twice the rate 
and produced a yield of about 17 per cent more monoglyceride than with the 
cottonseed triglycerides. Activation energies were found to be in the range 
of 20-32 Kcal mole-l, and the formation of monoglyceride was found to follow 
zero order reactions. The influence of some of the initial constants of the oils 
on the rate and extent of monoglyceride formation was also examined; it 
was found that the reaction of oils with higher iodine values proceeded at a 
higher rate and gave a higher equilibrium content of monoglyccrides4. It was 
also found that, with cottonseed and linseed mixed triglycerides, the reaction 
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rate did not increase to any appreciable extent upon increasing the molar 
concentration of glycerine and that the reaction time was almost doubled when 
the glycerolysis was carried out in absence of a blanket of inert gas, that is, 
oxygen retards -the glycerolysis reaction5. 

It was thought important to extend the above studies to CO and DCO for 
various fundamental and technological reasons. A study of DCO would provide 
an opportunity to examine the effect of conjugation on the glycerolysis reaction; 
a parameter which has not, to the best of the authors' knowledge, hitherto been 
investigated, and CO would allow a study of the effect of the hydroxyl group 
in its molecule on the reaction. Technologically, CO can be used directly in 
alkyd manufacture by virtue of the compatibility caused by the hydroxyl 
groups present. The product may serve as a drying or a non-drying alkyd 
depending on whether or not dehydration of the oil is allowed to take place 
during the reaction. But as the dehydration process is liable to yield a mixture 
of the conjugated and non-conjugated dienes, it would be expected that a 
higher ratio of the more useful conjugated dienes would be obtained when the 
dehydration is carried out separately under well controlled conditions6. In 
the latter case, the DCO so obtained should then be converted to glycerides 
before incorporating it into the alkyd structure. 

Most of the work carried out on the glycerolysis of castor oil employed high 
pressure. Thus, refined castor oil and glycerol were heated in an autoclave 
with CO, at 200 psi and 250°C for two hours and then gradually cooled to give 
a product containing about 91 per cent monoglycerides7. The use of high pressure 
increased the equilibrium monoglyceride concentration, whilst the rate of 
monoglyceride formation and the concentration at equilibrium increased with 
temperature up to 250°C8. A fractionation method has recently been proposedg, 
by which the castor oil monoglyceride content could be enriched by partitioning 
the mixture between aqueous ethyl alcohol and n-hexane; this may provide an 
alternative to the high pressure technique. The importance of the high pressure 
or fractionation techniques for improving the yield of monoglycerides lies in 
the fact that the monoglycerides of castor oil, in particular, are usually intended 
for end uses as plasticisers, detergents or lubricants. 

In this investigation, the course of glycerolysis of castor oil and DCO under 
normal pressure was followed by quantitative analysis and qualitative tests, and 
the effects of some of the factors influencing the reaction, such as the catalyst, 
temperature, oi1:glycerol ratio and prolonged reaction time, were examined. 

Materials, methods and analytical techniques 

Materials 
Castor oil: An Egyptian product manufactured by cold pressing of the seed 
in Abu-Saada Mill, Alexandria; its analytical constants have been given 
previously6. Acid value 0.72mg KOH/g. Moisture was completely removed by 
adding benzene and distilling off the azeotropic mixture. 

Glycerol: A local product obtained from Salt & Soda Company. Glycerol 
content not less than 99 per cent. 
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Dehydrated castor oil: Obtained by dehydrating castor oil. Its specification 
has been given previouslylO. Acid value 4.23mg KOH/g. 
Glycerolysis catalysts: LiOH, CaO and PbO, all of analytical reagent grade. 
Dchydration catalyst: The ion exchange resin Dowex-50, (Sulphonated poly- 
styrene/divinyl benzene) was used. Sieve analysis 82 per cent by weight between 
62 and 125 micronslO. 
Periodic acid: Prepared from potassium periodatell for use in determining 
the monoglyceride content. 

Preparative methods 
Glycerol-vsis: 50g portions of oil and the calculated amount of glycerol were 
heated in a specially constructed apparatus6 which permits uninterrupted 
sampling. The charge was heated initially under reduced pressure to remove 
dissolved air, and thereafter was protected from oxidation by blanketing with 
oxygen-free dry nitrogen. When the desired temperature was reached, the 
weighed catalyst was *added. The time of addition was taken as zero reaction 
time. The temperature was maintained within -f 1°C. Continuous moderate 
stirring was maintained throughout the reaction. At the end of the reaction 
the mixture was cooled rapidly. 
Dehydration: Dehydration of castor oil was carried out at 270°C under reduced 
pressure using Dowex-50 as catalystlo. 

Analytical techniques 
Testing of DCO: The acid, iodine and diene values were determined using 
standard methods. Viscosity was measured using the bubble tube method13 
and the colour using the Gardner 1933 standards. 
Determination of the extent of glycerolysis: The glycerolysis product usually 
contains free glycerol, a-monoglyceride, P-monoglyceride, a:y- and a$- 
diglycerides. The most important of the above constituents is the a- 
monoglyceride. The latter is qualitatively determined by the tolerance test in 
methanol14 and quantitatively by the periodic acid method. 
Methanol tolerance test: This is based on assessing the solubility of a portion 
of the glycerolysis reaction mixture in 2.5 times its volume of methyl alcohol; 
absolute MeOH in case of DCO and 90 per cent MeOH in water in case of 
CO. Alternatively, titration of a given sample of the glycerolysis mixture with 
methanol to a faint but persistent turbidity was also used. 
Periodic acid method: Small samples were introduced into small weighed conical 
flasks. The partition technique of separating the monoglycerides from unreacted 
glycerol was applied, as it is claimed to give more precise results15. The analysis 
was performed according to the method of Pohle and Mehlenbacher16 which 
depends upon the preferential oxidation of adjacent OH groups with periodic. 
acid. The equilibrium of the a-and P-monoglycerides was considered to be 
entirely in favour of the a-form1', especially in the range of the reaction tempera- 
tures used18, thus - 

( x - y ) .  N .  M .  100 O/, a-monoglyceride = 
W .  1000 
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where 
x = ml Na2S203 solution required for blank. 
y = ml Na,&O, to titrate sample. 
N - Normality of Na2S203 solution. 
M = Molecular weight of monoglyceride. 
W = Weight of sample in g. 

Results and discussion 
Glycerolysis of castor oil 
A series of experiments was performed to evaluate the relative efficiency of 
the exchange catalyst on a weight basis, and to examine the effect of tempera- 
ture on the reaction rate. The reactions were followed qualitatively by determin- 
ing the turbidity temperatures. and by titration with methanol, and quantita- 
tively by the periodic acid method. A typical example of the course of the 
reaction as followed by the above methods is shown graphically in Fig. la. 
The glycerolysis reaction proceeds quite rapidly but, as with normal fatty 
triglycerides, the extent of monoglyceride formation does not exceed a certain 
equilibrium value under the conditions used. However, in contrast to normal 
triglycerides, the turbidity temperature at the equilibrium content was not 
observable unless the mixture was immersed in a cooling mixture well below 

a-MONOGLYCERIDE, % 

o 9 0 %  MeOH 

o 85% MeOH 

g TURBIDITY TEMP.. OC 
(90% MeOH) 

0 O- 
OO 5 0  100 150 

TIME (MIN.) 

Fig. la. The glycerolysis of CO catalysed by 0.04 per cent 1,iOH at 240°C 



TIME (MIN.) 

Fig. lb.  The glycerolysis of DCO catalysed by 0.04 per cent LiOH at 240°C 

0°C. An interesting observation was that titration with 90 per cent methanol 
after the equilibrium time has been reached gives a decreased titre, whereas 
with 85 per cent methanol the decrease is only slight. In the quantitative deter- 
mination, only a slight decrease in the monoglyceride content was generally 
observed when the time was prolonged beyond the equilibrium point. These 
findings will be commented upon later. The type and amount of catalyst and 
temperature have a great influence on the rate and extent of the glycerolysis of 
castor oil. At 220 "C and a fixed concentration of 0.04 per cent of catalyst, the 
reaction proceeds at a higher rate and produces a higher equilibrium content 
of a-monoglyceride in the order LiOH> CaO> PbO (see Fig. 2) which is in 
agreement with previous findings on other oils3. 

Within a certain range of catalyst concentration, the rate and the extent of 
monoglyceride formation increase with the increase of the catalyst concentra- 
tion. Fig. 3 shows the effect of catalyst concentration on the glycerolysis reaction 
at 240 "C. Fig. 4 shows the influence of temperature at a fixed concentration 
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o LiOH 0.04% AT A LiOH 0.02°/e AT 
o CaO 0.02% AT 
d PbO 0.02°/0 AT 

Fig. 2. The effect of different catalysts on the gylcerolysis of CO 

(0.04 per cent) of catalyst (LiOH); at  240°C the rate of monoglyceride formation 
is 13.8 x mols 1-I sec-' and the equilibrium content of a-monoglyceride 
is 42.8 per cent, and at 200°C these figures are 2.56 x mols 1-I sec-I and 
41.6 per cent. The conversion/time curves vary with temperature near the 
equilibrium point; at high temperatures the equilibrium is reached quite sud- 
denly, showing a sharp inflection in the curve, whilst at low temperatures some 
sluggishness is observed as the equilibrium is approached. 

It has been suggestedlg that the presence of water affects the rate and extent 
of the glycerolysis process. This effect was investigated for CO at a fixed tempera- 
ture and catalyst concentration; the results are shown diagrammatically in 
Fig. 5. The rate and extent of monoglyceride formation are higher in the absence 
of water. 

Glycerolysis of dehydrated castor oil 
The course of glycerolysis of DCO, as followed by the three methods described 
above, is shown graphically in Fig. Ib. Although DCO differs widely in its 
hydroxyl value and conjugation from CO, the curves show essentially the 
same features: monoglyceride formation proceeds linearly with time until 
very near the equilibrium point. Its lower rate of formation is probably due to 
its initially higher acid value4. The turbidity temperature rises and the titre 
with MeOH falls when the reaction time is prolonged beyond the equilibrium 
point. These last two determinations do not represent a decrease in the mono- 
glyceride content owing to the back reaction as much as a change in the composi- 
tion of the mixture owing to side reactions. This can be illustrated from the 
quantitative monoglyceride curves in Figs. l a  and I b, where the monoglycerides 
isolated from the mixture decrease only slightly upon prolonged heating. On 
the other hand, longer heating of the glycerolysis mixture, especially in presence 



Fig. 3. The increase of the glycerolysis rate and the monoglyceride content for CO with the 
increase of catalyst concentration at 240°C: (1) 0.02 per cent LiOH; (2) 0.04 per cent LiOH 
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C.O. 0.04°/0 LiOH AT 200°C 
o C.O. 0~04° /o  LiOH AT 220°C 

,d C.O. 0.04% LiOH AT 240°C 

10 

'0 2 0  4 0  6 0  80 100 120 140 
TIME (MIN.) 

Fig. 4. The influence of temperature on the glycerolysis of CO catalysed by 
0.04 per cent LiOH 
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Fig. 5. The effect of water on the rate and extent of the glycerolysis of CO: (1) 0.04 per cent 
LiOH, 240°C; (2) 0.04 per cent LiOH, 240°C, 2 per cent H,O 

of the glycerolysis catalyst, promotes etherificatio~i of glycerol to give 
polygly~erols~~ of the type: 

Etherification might also occur in the case of CO owing to its hydroxyl 
groups, and polymerisation is also feasible20 in the case of-DCO, by way of 
the double bonds, with the formation of compounds such as (2). These side 
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reactions result in a decreased polarity of the mixture and hence in decreased 
tolerance in polar methyl alcohol. 

The side reactions are naturally much slower than the glycerolysis reaction 
and therefore become competitive only at high temperatures and after longer 
times. As shown in Fig. 6, increasing the reaction temperature causes a rapid 
increase in the rate of monoglyceride formation, but the equilibrium a-mono- 
glyceride content tends to be lower. In order to assess the effects of 
temperature and time on the equilibrium monoglyceride contents, reactions 

TIME (MINJ 

Fig. 6. Glycerolysis at high temperature: (1) 0.04 per cent LiOH at 220°C; 
(2) 0.04 per cent LiOl-l at 240°C 
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were performed with different catalyst concentrations and the monoglyceride 
contents were determined after the mixture had been heated for fixed times. 
Some of the results are graphically illustrated in Fig. 7; prolonged heating, 
particularly in presence of a relatively high concentration of catalyst 
(0.2 per cent), causes a rapid fall in the equilibrium u-monoglyceride content. 

TIME (MIN.) 
Fig. 7. Effect of prolonged heating of the monoglyceride mixture: 

(1) 0.04 per cent LiOH at 240°C; (2) 0.2 per cent LiOH at 240°C 

Reactions were performed under two different conditions of temperature; 
at 240°C initially and then at 2X0°C, or at 280°C throughout. Two molar ratios 
of oil:glycerol, namely, 1 :2 and 1 :3, were used. 

The results are summarised in Table 1. 

At the same catalyst concentration and for similar timeltemperature schedules, 
the amount of u-monoglyceride is higher the higher the glycero1:oil ratio. 
This does not contradict previous findings that excess glycerol has no appreci- 
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Table 1 
Variation of the a-monoglyceride content with the conditions of the glycerolysis of DCO and 

its further heating 

Catalyst 
0 / 

0.04 
LiOH 

Temperature 
"C 

Time 
hours 

0.04 
LiOH 

0.1 
LiOH 

0.1 
LiOH 

0.1 
KOH 

-- 
0.1 
KOH 

able effect on the rate or extent of the glycerolysis r e a c t i ~ n ~ . ~ .  The higher 
monoglyceride content obtained at higher glycero1:oil ratio can be expla~ned 
by the existence of the side reactions, especially the etherification reaction by 
which hydroxyl groups are consumed (see formula 1). This would seriously 
affect the 2:l mixture, since the concentration of the OH groups will fall below 
the stoichiometric ratio, but it will not do so in the 3:l mixture where the OH 
groups are present in 50 per cent excess. Again, in view of the relatively higher 
acid value of DCO and its lower capacity to disscrlve glycerol4, the conditions 
favour a slower glycerolysis (see Fig. lb) but do not affect the simultaneous 
side reactions; a situation which results in lower monoglyceride content at 
low glycero1:oil ratios. 

When the reactlon time is prolonged, losses in the monoglyceride content 
occur. The loss is greater in the 2:l mixture than in the 3:l mixture because 
of the consumption of the reactants by side reactions, and hence the tendency 
of the equilibrium to shift towards the left hand side of the equation1. The 
loss is also greater in the runs performed initially at 240°C and for a longer 
reaction time than in the runs performed directly at 280°C and for a shorter 
reaction time, indicating that the side reactions are slower than the glycerolysis 
reaction. Using high catalyst concentrations under these conditions does not 
produce any appreciable increase in the monoglyceride content and, moreover. 
increases the losses upon prolonged heating, which means that the glycerolysis 
catalysts also catalyse the formation of side-reaction products. 

[Rcceivcvi 14 April 1971 

Glycerol:oil - 2:l 

280 
280 

- 
240 
280 
280 

-- 

280 
280 

240 
280 
280 

- - 
280 
280 

G1ycerol:oil = 3:l 

a-MG % 

39.05 
31.61 
28.79 

-- -- 
40.62 
37.68 

- 

41.16 
31.01 
22.95 

35.13 
24.72 

- 

- 

-- - 

0.5 
1 .O 

-- 

0.5 
0.5 
I .O 

0.5 
1 .O 

0.5 
0.5 
1 .O 

- - 

0.5 
1.0 

I-MG % 

- 
46.19 
39.91 
36.95 

45.22 
44.65 

47.67 
- 

36.12 

48.26 
43.32 

45.61 
39.38 
36.33 

-- 
decrease 

in MG % 
-- 

- 

19.05 
26.27 

- 

-. 

7.24 

- 
24.66 
44.2 

- 
29.6 

- 

- 
- 

-- 

decrease 
in MG % 

- 
13.60 
20 

- 
1.26 

- 

- 

- 
24.20 

- 
10.20 

- 

13.70 
20.40 

A 

- 

2.70 
- 
- 

- .  44.44 

- I 43.25 
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A mathematical review and 
comparison of ink transfer 
equations* 
By M. Cropper 

Formica International Limited, Maidenhead, Berks. 

Summarv 
Several equations have been published in the past concerning the transfer of printing ink from 
plate to substrate. This paper accepts these equations at their mathematical face value, makes 
comparisons and finds several similarities amongst them. The coefficients in these transfer 
equations have only limited correlation with ink, paper and machine characteristics. Further 
investigation is required to ascertain the optimum number of coefficients in order to 
equilibrate the highest degree of accuracy with a workable mathematical formula. 

A simple graphical method is proposed which enables the position of the peak in the 
familiar "percentage transfer curve" to be obtained rapidly from the "transfer curve". 

Keywords 
Types and classes of coating Process and methods primarily associated 

printing ink with application of coatings 
ink transfer 

Une analyse math6matique et une comparaison des Gquations a 
I'6gard du transfert d'encre d'imprimerie 
RPsumk 
Plusieurs Cquations ont ttC publiees deja pour Clucider le transfert d'encres d'imprimerie a 
partir du cliche au support. Cet expose accepte ces equations a leur valeur mathematique 
apparente, il fait des comparaisons et trouve plusieurs similaritks entre elles. Les coefficients 
postulks par ces equations ne posskdent que d'une correlation limitee aux caracteristiques 
de I'encre, du papier, et de la presse. I I  faut que I'on fasse d'etudes supplementaires afin de 
determiner le nombre optimal de coefficients necessaires a faire accorder le degre de precision 
le plus Cleve une formule mathematique practicable. 
On propose une mkthode graphique simple qui permet la determination rapide de I'emplace- 
ment de I'apogCe de la bien connue "courbe de transfert en pourcentage" h partir de la 
"courbe de transfert." 

Mathematisches Betrachten und Vergleichen von Druckfarben- 
Umdruckgleichungen 
Zusammenfassung 
Seither wurden verschiedene Gleichungen veroffentlicht, welche sich mit der ijbertragung 
der Druckfarbe von Platte zum Substrat befassen. In der vorliegenden Arbeit werden die 
Werte dieser Gleichungen .als mathematisch richtig ubernommen, auch werden Vergleiche 
gezogen, und dabei einige Ahnlichkeiten gefunden. Die Koeffizienten in diesen Umdruckglei- 
chungen stehen nur in beschranktem Masse in Korrelation mit Druckfarben-, Papier- 
und Maschinencharakteristika. Um die optimale Anzahl von Koeffizienten mit Sicherheit 

*This paper was prepared in the course of work for a post-graduate CNAA degree at the 
Watford College of Technology. 
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festzustellen, niussen weiterc Untersuchungen vorgenolnmen wcrden, um hochste Genauigkeit 
rnit einer praktisch brauchbaren mathematischen Forrnel ins Gleichgewicht zu bringen. 
Eine einfache grafische Methode wird vorgeschlagen, mit Hilfe derer die Lage der Spitze in 
der vertrauten "Prozentsatz Transferkurve" aus der "Transferkulve" schnellstens aufindbar 
ist. 

M ~ T ~ M ~ T H ~ ~ c K H ~ ~  0630~  u cpaBueuue ypa~ueunii nnr nepeuoca ne.iaTuaIx 
rcpacotc. 

Pnn y p a e ~ e ~ n i i  6b1n o n y 6 n u ~ o e a ~  3a nocnenHee BpeMn, onucblBatoqux nepeeon ~unorpa4-  
CKHX KpaCOK OT nJlaCTUHKU Ha cy6c~pa-r. Hac~onuaa  CTaTbR aHanU3HpyeT 3TH YpaBHeHRX C 
HX M ~ T ~ M ~ T M Y ~ C K O ~ ~  TOYKH 3peHHR, CPaBHHBdeT MX H HaXOAClT CpeAU HHX Pan CXOACTB. 
K O ~ @ @ C I U H ~ H T ~ I  3TUX nepeHOCHblX ypa~HeHHfi 06nanato~ nllUb O ~ P ~ H H Y ~ H H O R  CTeneHbto 
Koppennuuu c ~ p a c ~ o i i ,  6 y ~ a r o i i  H ~ a u n i ~ o i i .  H ~ O ~ X O ~ M M L I  nanb~eiiume HccnenoeaHm Ann 
OnpeDeneHHR OnTHManbHOrO YUCJIa KO~@@WUU~HTOB,  Ann Tor0 Y~06bl COrnaCOBaTb MaK- 
CUManbHYH) CTeneHb TOYHOCTU C npaKTH'iCCKM ~ ~ M M ~ H U M O ~ ~  M ~ T ~ M ~ T U Y ~ C K O ~  @opMyJI~fi. 

Introduction 
The transfer of printing inks from plate to paper has been the subject of world- 
wide study. This paper discusses eight transfer equations attributed to the 
following sources: American Newspaper Publishers Association8 (1953), 
Walker-Fetskol (1955), Central 1,aboratory parameters7 (Ginman 1957), 
Rupp-Rieche2 (1959), Wultsch-Schubert5 (1959), Laraignou6 (1960), Ichikawa- 
Sato-Itol0 (1962) and Joyce-Fuchs' (1966). Unfortunately, each researcher has 
tended to use his own individual terms of reference, a fact which necessarily 
complicates a comparative approach. This paper attempts to survey and inter- 
relate some of the more significant findings, accepting the equations at their 
mathematical face value and making the adjustments necessitated by divergent 
units of measurement. The approach is purely theoretical and does not attempt 
to evaluate the practical significance of the various equations. Hence it has 
been possible to make the following comparisons: 

Walker-Fetsko with Rupp-Rieche 
Laraignou with Walker-Fetsko 
Ginman with Walker-Fetsko 
ANPA with Walker-Fetsko 
ANPA with Joyce-Fuchs 
Ich~kawa-Sato-Ito with Walker-Fetsko 

Ink transfer 
The traditional methods of printing (letterpress, litho, gravure, screen, 
flexography) require pressure to transfer the inked image from the plate surface 
to the material to be printed. The manner in which the ink is transferred depends 
on many factors, such as: the nature of the surfaces, the pressure, quantity 
of ink available for transfer, printing speed, ink rheology, etc. The conventional 
study of ink transfer relates the quantity of ink transferred (expressed as a 
percentage) to the quantity of ink available for transfer. If these parameters 
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are recorded on a graph with per cent transference along the vertical axis, 
a characteristic curve is obtained which increases to a peak and then falls to- 
about the 50 per cent level as the quantity of ink available for transfer increases. 
By changing the' printing speed, ink viscosity, pressure, or printed material, 
a number of families of curves can be obtained. Mathematical relationships 
have been proposed by the workers discussed here which relate the amount 
of ink transferred (y) to the amount of ink on the plate before impression (x). 
These equations involve between two and six coefficients which may be related 
to the factors already mentioned influencing ink transfer. 

It is clear that one particular equation may fit the empirical results more 
closely than another. An initial appraisal of the equations, however, enables 
their relative flexibilities to be assessed. Moreover, if a number of equations 
have been shown to be sufficiently flexible, i.e. incorporating enough coefficients 
to fit most observed results, comparisons of this kind are legitimate and useful. 

The first point of confusion occurs when the units of measurement are 
investigated. It has already been stated that the ink transfer curve relates 
percentage ink transference to original ink quantity on the plate. In the interest 
of clarity, such a curve should be called a "percentage ink transfer curve". 
Ink transfer may also be recorded as a plot of the quantity of transferred ink 
against the original ink quantity on the plate. Such a curve is shown in Fig. 1, 
which should be compared with the (quite different) percentage transfer curve 
in Fig. 3. 

(U 

E 
Dl 
A 

n 
W 
E 
CK 
W 
(I 
U) 
z 
Q 
CK 
b- 

' 
AMOUNT OF INK ON PLATE BEFORE TRANSFER 

x g m-2 

Fig. 1. Amount of ink transferred in relation to amount of original ink on plate 

It should be noted, however, that an ink transfer equation invariably relates 
the quantity of ink transferred ( y )  to the quantity of ink originally on the 
plate (x), but care should be taken to make sure whether y and x are measured 
in microns, grams or grams per square metre. 
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The Walker-Fetsko equation 
One of the most significant ccntributions to the study of ink transfer is the 
Walker-Fetsko equation1: 

where y = amount of ink transferred to paper 
x = amount of ink on plate before transfer 
b = amount of ink immobilised on the paper 
f = film splitting constant 
k = smoothness factor 

This equation contains three coefficients, b, f and k ,  generally related to the 
ink, paper and printing conditions. Even in the work of the originators, .u is 
sometimes measured in microns and sometimes in grams per square metre. 
Weight per unit area is easy to measure because this involves a simple weighing 
operation on a sample of known size. Measurement of ink film thickness is 
subject to larger errors. 

On the other hand, film thickness would appear to be more appropriate 
than film weight when investigating the mechanics of film splitting. I t  would 
therefore be of greater fundamental significance to measure x, y and h in length 
units, e.g. microns. If, however, areal weight units are selected (g m-2), h will 
also be in g m-2 units, f will be dimensionless and k will be in (g m-2)-1 units. 
The equation will, of course, hold for measurement in either mlcrons or g m-2 
provided consistency is maintained. 

It y is plotted against x, a curve similar to that shown in Fig. 1 is obtained. 
Walker and Fetsko observed that, at heavier ink film weights, the curve 
approaches a straight line. In this case, the exponential components in the 
equation have approached zero and the equation now approximates to: 

This graph is used to obtain f (the value of the slope) and h (intercept of 
extrapolated straight portion of the graph on the y axis divided by (1 - f ) ) .  
More complicated procedures are required to determine'k, which is usually 
achieved by considering the thin film region of the curve. 

Fortunately for the study of ink transfer, as already indicated, the convention 
has been established that transfer should be recorded as per cent transference: 

I ooy 
Per cent transfer = --- ................ 

X (3) 

where x and y are measured in identical units. 

A typical per cent transference curve is shown in Fig. 3. This graph has 
been computed from the transfer curve of Fig. 4. It shows a peak of 81 per cent 
at x - 2.2, an equilibrium level of 53 per cent and the lower practical limit 
(point of minimum inking and transfer for adequate printing quality) has been 
inserted at x = 3.7, which are the three aspects of the per cent transfer 
curve which have been given the greatest attention. 



1972 (2) C O M P A R I S O N  O F  I N K  T R A N S F E R  E Q U A T I O N S  

TRANSFER 
x=a CURVE 

W 
LL 
u, 2 
z 

X 
INK ON PLATE BEFORE TRANSFER (MICRONS ETC) 

Fig. 4. Transfer curve 

Comparison of the Walker-Fetsko and Rupp-Rieche equations 
The alternative approach adopted by Rupp and Rieche2 and by Pihl and 
Olsson3p4 was based on an ink transfer number* defined as: 

Y Ink transfer number, Y = --- .................. 
x - Y  

(4) 

A few selected values show the relationship between per cent transfer 
and ink transfer number: 

The relationship between ink transfer number (Y)  and per cent transfer 
(lOO.P) is: 

P y =  -- ............................ ( 5 )  
I - P  

Percentage transfer 

1 0  

25 

50 

75 

90 

This relationship is shown in Fig. 2. The graph indicates that the ink transfer 
number is more sensitive to a change in y above 50 per cent transference than 
below. 

Ink transfer number 

119 

113 

1 
- 

3 

9 

* Also called "ink distribution number":' and "Verteilungszahl" after Rupp and Riechea. 
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Considering first the fractional transference ylx which will be called r. 
A turning point in this function (maximum or minimum) will occur at x = a, 
where 

Differentiating again, 
d? r- 1 249 1 2y - - -  - - -1- - 
(Ix2 - 2  X clx ' .Y2 ' s:' 

Substituting from (6) ,  
d2r I lPv - = - . -  (at x = u ) .  . . . . . . . . . . . . . (7) c/x2 .Y d-y2 

If the ink transfer number, Y, is considered a turning point in the function 
y/(x - y)  will occur at r = a when: 

For x # .v (i.e. apart from the origin), 

i.e. the same condition as in (6). 

Differentiating again, 
d2 Y dz-v - -.-. - I -  . . . . . . . . (9) 
dx2 dx2 ( x  - y)2 x = u 

Therefore, d2Y/dx2 at the turning point has the same sign as d2y/dx2. 

d2y 1 is negative and hence the turning It will be tacitly assumed that - 
dx2 x = a 

point is a maximum. This will be subetantiated later for the Laraignou equation. 

The condition for a maximum in either the percentage transfer or the ink 

transfer number is that - . In Fig. 4, a typical plot of v 

against x has been drawn and the straight portion of the graph extended to cut 
the y axis. The function will conform to the equation y = b + f (x - b) at the 
point q. A straight line through the origin has been drawn to be a tangent to 
the function. This line touches the curve at the point p. At p, the gradient of 
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the curve is 9 / . The slope of the straight line through p is also - 
dx x - a  

The equation of the straight line is y == dy - 1 .u. Since point p lies on the 
L X  x =-=  u 

curve, its co-ordinates (x', y') satisfy equation (I). Therefore, the gradient of the 

tangent through (x', y ' )  is - I . Hence a maximum value of either the per- 
X X - = u  

centage transfer 100yl.u or the ink transfer number yls--y will occur when x=a. 
This analysis holds provided the function y = f(.u) is monotonic increasing 
for x > a. 

It can be noted that p and q cannot coincide unless the intercept is zero. If 
the intercept is zero, b(l - f )  = 0. As f < I and b = 0, such a case could 
occur when printing on non-absorbent plastic foil. Generally, p and q will not 
coincide and it follows that the point p must lie on the curved part of the 
graph. An analysis of the point p can be made only by using the full form of 
the transfer equation. 

Fig. 5a. Per cent transfer curve using ANPA equation 

This graphical approach enables the investigator to ascertain the position 
of the peak very rapidly from the transfer curve. As indicated in Fig. 2, the 
ink transfer number is more sensitive than the percent (or fractional) 
transference to changes in y greater than 50 per cent transference. The ink 
transfer number is therefore preferred when analysing the peak value. Such 
an approach will also assist in comparing ink transfer and percentage ink 
transference data. 
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Fig. 5b. Ink transfer curve using ANPA equation 

The Walker-Fetsko equation (1) will only become y = h + .f(x - h) when 
e-kx - 6, i.e. k x  = co and e-"lh = 0, i.e. xlh = co. As-k and h are required 
to be finite, the equation only tends to be that of a straight line as x tends 
to  infinity. In practice, it is found that the curve approximates to a straight 
line for finite values of x. It  must therefore be assumed either that the equation 
is inaccurate or that it is accurate to (say) 5 per cent. The values of x that in 
both cases will give 95 per cent of unity of the functions (1 - e-kx) and 
( I  - e-xlb) for specified values of k and b can be calculated. From the work 
of Fetsko and Walker, typical values of k and b might be 3 (g m-2)-1 and 
5 g m-2 respectively. Fig. 7 shows the plot of p = (1 - e-9). For an accuracy 
of 95 per cent, the required value of the exponent is given by: 
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Fig. 6. Calculated percentage of nominal paper surface covered by ink versus amount 
of ink on plate before transfer compared to the function P = ( 1 -e-gx) 
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In the case of the function (l-e-kx), it approximates unity to 95 per cent 
at the value of x = qlk = 1.5g m-2. 

With the second function (I - e - ~ l ~ ) ,  this will approximate unity to 95 per 
cent at the valuk of x = bq = 15g m-2. 

If second order errors are ignored, a significant approximation to a linear 
plot is obtained for values of x > 15. 

Rupp and Rieche2 found the function (I - ecxlb) to fit their results satis- 
factorily. However, they derived a smoothing factor ( I  -e-a"x') by assuming 
that the increase in the fractional ink coverage was proportional to the fraction 
of paper not covered and the amount of ink on the plate before printing. The 
coefficient a was related to paper smoothness in a similar manner to k. If D is 
the fraction of ink coverage when x is small, and by choosing the constant of 
proportionality as 2a2, 

Integrating, - In ( 1  - D) = a2x2 
1 - D = e-a2~X'  

They therefore proposed the following equation: 
y = ( I  -e-azx"{b(l -e-~lb) + J'[x-b(l -e-xlb)]}.. . . . . . . . . (1 0) 

(bearing in mind that their original symbols have had to be transposed for the 
sake of consistency). 

The basis for proposing an equation in the form of (10) was similar to that 
of Walker and Fetsko (I), viz.: 

initial incomplete contact of paper with ink (as above), 
acceptance of ink up to a maximum capacity, 
split of excess ink in any constant percentage. 

It is seen that Rupp and Rieche's a2 is similar to walker and Fetsko's klx, 
which is non-restricting as k and x are always positive. The difference between 
equations (10) and (1) is the exponent within in the first bracket. The Rupp 
and Rieche exponent has an x2 term compared to the x term of Walker and 
Fetsko. The difference is best shown graphically as in Fig. 8. Curve 1 shows 
the pIot of the Walker-Fetsko function with k = 2, which can be compared 
with the Rupp and Rieche function with a2 = 2. Curve 3 has been drawn to 
coincide at the average value p = 9. 

At this point, e-2q = 2 1 

q = 0.35 
(I -e-a'q') = 0.5 a t q  = 0.35 

e - O " s L  0.5 
a2q2 = 0.7 

a = 2.4 (a2 1? 6) 
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Fig. 8. Plots of p = (1 - e/ (4)) 

It can be seen that a2 has to be approximately three times the value of k to 
give the same effective smoothing in the middle of the range. The values of k 
used in practice by Walker and Fetsko were between I and 10 (g m-2)-1. The 
values of a according to Rupp and Rieche were much lower, namely about 
0.15 to 1.0. If higher values of a had been used by Rupp and Rieche, the plot 
of the theoretical trace would be further to the left of the graph (smaller values 
of x) and hence closer to the observed results. But clearly a compromise is 
reached as the peak value is inclined to be increased. As the theoretical trace 
conforms well to the observed results, a value close to the optimum has been 
selected. An alternative approach might be to explore an exponent with a 
power of x between 1 and 2. This, in fact, forms the basis of the work by 
Wultsch and Schubert5. They found a better fit was obtained with the factor 
(1 - e-(kx)"") compared to either the Fetsko-Walker or the Rupp and Rieche 
expressions. 

In Fig. 8, curve 4, the trace of (I - ef(4)) has also been plotted with 
f(q) = - q/b and h = 5, which is a typical vaIue from the Walker-Fetsko data. 
This curve shows the pronounced difference in the smoothing factors (1 - e-%) 
and (1 - e-ql"). In the range 1.5 < q < 15, the (1 - e-2g) factor can be 
ignored as it is within 5 per cent of unity. 

Rupp and Rieche have shown their preference for concentrating on the peak 
areas at the expense of the very thin film region where measurement is difficult. 
Despite this fact, it is surprising that the values of a as recorded are so low 
compared to the Walker-Fetsko values. The actual value of y is dependent 
on the product of the two smoothing factors. By selecting low values of k and b, 
the net change in y need not necessarily be very large. This may account for 
the differences in the values of k and a selected by the two groups of 
investigators. 

It has been shown in this comparison that the ink transfer number after 
Rupp and Rieche and the per cent ink transference after Walker and Fetsko 
are similar. Peak values occur for both at the same value of x. This common 
value of x may be determined from the transfer curve (see Fig.-4) by drawing 
a tangent to the curve passing through the origin. 
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The Laraignou equation 
It has already been seen that (1 - e-kx) e l  for x > 1.5 and typical values 

of k. The Walker-Fetsko equation may be written in the approximate form: 

. . . . . . . .  y = &(I - cxIb) + f'[ x - h(l - ecYlb)] for x > 1.5 (1 1) 

The turning point occurs in the region 0 < x < 1.5 and this equation cannot 
be used to analyse the value of x at which the peak in the percentage transfer 
curve occurs. It is possible, however, to compare the modified equation with 
Laraignou's e q ~ a t i o n , ~  which may be written: 

y = ( 1  + c2/x2)-l. [.fx + b(l - f ) ] .  . . . . . . . . . . . . . . . . . . . .  .(12) 

The coeficient c is associated with the smoothness of the paper and could 
be shown to be proportional to E (see Ginman7). 

The similarity between the functions (1 - e-x!b) and ( 1  + c2/x2)-I is most 
striking. Fig. 9 shows the two curves taking b = 6.25 and c = 5. The two 

X 

Fig. 9. Plots of y = (1 - e-xlb) and y = (1 -1- C ~ ~ X 2 ) - 1  

curves can be made to fit at any one point. If the functions are equated, the 
relationship derived is: 

(x2 + c2) e - ~ l b  -- C2 

If a typical value of x (say x - 10) is taken with c = 5, then b = 10/1.61 == 
6.25. As shown in Fig. 9, the functions are equally valued at x = 10. 
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An advantage of the Laraignou equation is that differentiation is relatively 
simple: 

Y ' (1 + c2/x2)-' [fx + h( 1 - f )I 

when 

By inserting particular values in (14) the position of the peak value can be 
obtained. For example, with f = 0.5, h - 9, c = 5 there is a turning point at 
.u = 8.8. By using these values and differentiating again it can be shown that 
d2y:'dx2 is negative. This means the turning point is a maximum. 

Central 1,aboratory parameters 
The Central Laboratory7 parameters E and H were proposed by Ginman and 
associates of the Finnish Pulp and Paper Research Institute. E is the amount 
of ink in microns* on the printing plate prior to printing at which 50 per cent 
transfer occurs in the thin film region. In this area where x < x,,,, E is 
largely determined by the function ( I  - e-kx) and is related to k, the printing 
smoothness. H, also in microns, is the ink transferred in excess of 50 per cent 
at the peak of the curve. (From the original work of Ginman7 it appears that 
E and H may have been expressed in g m-2, q.v.) - 

In Fig. 10a a typical y versus x curve is plotted with a tangent to the curve 
through the origin, thus locating the point and its xco-ordinate, OR, at which 
maximum per cent ink transference occurs (Fig. lob). The point A is the 
point at which v = x/2 in the thin film region. If the .Y co-ordinate of polnt A 
has a value OS, distance OS is the parameter E as shown. The line y = x12 
has been drawn which passes through A and cuts BR in C. The length BC is H. 
In Fig. lob, OT is E. 

l ooy X Percentage transfer = -; y = -. (pe 
1 00 

r cent transfer). 
X 

If p is the peak transfer per cent, y,,k is given by OR ~/100.  

From the above definition 

If M is in per cent as shown in Fig. lob, 

*According to Fetsko, Tappi, 1958, (21, 5 1 .  
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Fig. 10a. Transfer curve 
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Fig. lob. Per cent transfer 

The importance of units has already been mentioned when comparing data. 
Ginman's parameters are usually expressed in microns which can be converted 
to g m-2 using the relationship 1 micron (micrometer) = pg m-2, where p is the 
ink specific gravity (in g ml-l). To obtain the thickness of the film in microns 
( I  micron = 10-*cm), the areal weight in g m2 is divided by the density in g ml-l. 

Comparison of ANPA and Walker-Fetsko formulae 
As early as 1953, the American Newspaper Publishers Association8 had put 

forward the premise that the total non-absorbed ink divides equally between 
the substrate and the plate. Their equation 
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observation that logarithmic plots of both percentage transfer and film thick- 
ness transfer against original film thickness on the plate appeared to be linear 
in two distinct portions for the thin and the thick film regions, on either side 
of the peak value in the percentage transfer curve. At the intercept (break) of 
the two sections of the plot, some discrepancy was observed. This is the region 
where the one type of transfer mechanism could have been having a significant 
effect on the other. 

On either side of the break, either: 
log y/x -~: C' - S log s . . . . . . . . . . . . . . . . . . . . . .  ( 17a) 

. . . . . . . . . . . . . . . . . . . . . .  or logy = c' 1 s log .Y ( 1 7b) 

where S and s are the slopes of the two logarithmic plots and C and c are 
constant. (See Figs. 5a and 5b.) 

These equations may be written: 
y1.y = Cx- . . . . . . . . . . . . . . . . . . . . . .  ( 1 7 ~ )  

where C' = log C, and 
. . . . . . . . . . . . . . . . . . . . . .  )'= ex' ( 1 7d) 

where c' = log c. 

As logy,'.\- - logy - log x: 

. . . . . . . .  logy - C' f ( I  - S)  l o g x . .  (17e) 

Comparing (l7e) with (l7b), it is seen that: 

C' = c', (I - S) = s, and hence c - C. 

From the value on the logarithm plots at the point s - I ,  c' can be obtained. 
Equations (17c) and (17d) are completed by reading off the slope on one 
graph and computing the other as (I - S )  = s. 

By using the technique as described by ANPA of extrapolating the thick 
film plots into the thin film region, the percentage of paper surface covered by 
ink can be obtained. These curves approximate to the function P = ( I  - e-xx), 
as shown in Fig. 6. Curve 3 from Fig. 6 of the work of the ANPA has been 
selected and approximated to P -- ( 1  - e-xx) with ,g - 0.27. 

The transfer equation could now be written: 

. . . . . . . . . . . . .  ( I  -- e-y.') c s'. (1 8) 
containing three coefficients. 

Comparison of ANPA and Joyce and Fuchs formulae 
The ANPA technique of obtaining the smoothing factor ( I  - e-kx), also 
called F, can be compared with the procedure adopted by Joyce and F u ~ h s . ~  
By plotting In(l - F) against the quantity of ink available for transfer, they 
established the relationship In(l - F) - -(mx 1- c) where -m is the slope 
of the observed straight line and - c  is the intercept. Hence F is of the form 
( 1  - e-(mxfc)). This introduces a fourth coefficient, c, which was found to 
be zero for a contact screen etch and 0.5 for a conventional etch. 
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The transfer equation can be written as: 

y .-- F{ cp (h) -1-.f'(.u - y (h))) . . . . . . . . . . . . . . . . . . . .  (19) 

If it is assumed that cp (h) is of the form h(l -- e--"Ih), values for this 
expression for the ink immobilisation can be calculated using the known values 
of b and f and selecting particular x values in the thin film region. Hence, 
values of F can be obtained for values of .r from: 

The results obtained appear to be similar to smoothing curves of the type 
y = ( I  - e-cmX ')) which approach unity asymptotically. 

A comparison of these two methods shows that a function Fl - ( I  - e-cmX '-" 
is obtained from the Joyce and Fuchs equation. and a function 

1 

c, 1 - mllog x 
F.. = from the work of the ANPA. 

c2 f - m210g .r 

The nature of F, is clearly seen from Fig. 5b where m, is the slope in the 
thin film region and m, is the slope in the thick film region: c, and c2 are the 
intercepts on the vertical log axis. 

These two functions can be expanded as follows: 

m2x2 
- - 1 - e-C - 4  myp-c - -- e - c + . . . . . .  2 ! 

Also, if it is assumed that 

F2 - -  a, -1- a,s 1 -  a,s2 t -  . . . . . .  
then 

c, t m,log s - (c, t m,log .r) (a,, t a ls  f a,.r2 4- . . . . . .  ) 

(a, - { -  a,x -1- a,.u2 -t ..... .) 
that is 

and adn, + a1c.2 = m, 
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Comparing these two expansions, it is seen that they are identical if 

1 - c-' = (-1 . . . . . . . . . . . . . . . . . . . . . .  
cz 

( 20) 

and 

(21) etc. 

This shows a close relationship between the two approaches, although they 
were developed for different printing methods. The two functions appear at 
first sight to be quite different in nature, but, provided the units are modified, 
they are interchangeable. The Joyce and Fuchs function is marginally simpler 
to derive, but the ANPA expression is more general as it contains twice as 
many coefficients. 

Ichikawa, Sato and Ito 
Alternative functions to the exponential types hitherto mentioned have been 

used by the Japanese workers, Ichikawa, Sato and Ito.1° Two normal 
logarithmic functions with different standard deviations ( a )  and means ( p )  
have been used in the same positions in the transfer equation as the exponential 
types. The logarithmic normal function is: 

log ['-:* exp [ - (log .r - ,.)'I NL(pa2) - O\/ 2* 7 ,7' d.v - 
.I 0 

The variables in this expression for a particular value of s are a and p. By 
inserting two such logarithmic normal functions with standard deviations 
o, and a, and means p,  and p2 into the transfer equation, the following 
expression is obtained: 

. . . . . . . . . . . .  J, - N L  ( p l  a 1 2 ) { b  NL ( p . , ~ : )  1- . f ' [ . ~  - h N,. (p2c$)] } ( 3 2 )  

In this case, there are six coefficients. A trace of the logarithmic normal 
function is shown in Fig. I I which is seen to be similar to the function 
(I - e-""). Hence, a close similarity between the work of the Japanese and 
the other investigators already discussed in this paper is apparent. 

Strong arguments have been put forward for using a logarithmic normal 
type of function based on the statistical distribution of porc sizes in paper. 
This equation has the greatest relevance to fundamental aspects of ink transfer 
and could form a sound basis for future studies. In view of the greater number 
of coefficients involved, a closer fit to observed results can be expected. 
although the interpretation of the significance of the constants may be more 
difficult. 

Conclusion 
A simple expression is preferable to unwieldy functions, particularly if the 
coefficients can be related to well defined physical properties of the ink, paper 
and machine. It has not been possible to do this with complete satisfaction 
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l . O L  

LL - 

F = ( I - ~ - ~ ~ )  WITH m=0.5 

I 
0 2 4 6 8 10 

INK FILM THICKNESS ON PLATE (p) x 

Fig. 11 .  Comparison of logarithmic normal distribution and exponential type function 

for functions containing three coefficients (e.g. Walker-Fetsko equation). It 
can be concluded that three coefficients are insufficient due to interactions. 
Expressions containing a greater number of coefficients can be expected to 
match empirical results better. However, as the number of coefficients is 
increased, generally the divergence from an original simple hypothesis is 
correspondingly increased. 

Ad hoc empirical equations have their place in research, but fundamental 
laws are mostly simple in form. The ink transfer process should be capable 
of explanation in simple physical laws, but in the foreseeable future more or 
less empirical equations will have to be used. 

Every scientist welcomes new contributions, but the number of isolated 
investigations carried out so far in ink transfer clearly indicate that units of 
measurement and terms of reference have been ill-defined in the past. 
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Next month's issue 
The Honorary Editor has accepted the following papers for publication, and they 
are expected to appear in the March issue of the Jnrrrir~l. 

"The blistering of paints on wood induced by moisture: 
Part 1 The influence of some structural variables of pine wood on the blistering induced 
by moisture of an alkyd paint film, 
Part I1  The influence of various treatments of pine wood on blistering caused by 
moisture," by C. Pe~ttyrcmic~ rrnrl U. Ulfiarsorr 

"Composition of dehydrated castor oil alkyds prepared by different routes," hy 
N. A. Ghmtcn?, M. A.  El-Azniirly u~re/Z.  H. .4/>d El-Latif 

"The Koenig and Persoz pendulum damping tests," hv R. A. Fislr ancl R. L. J. Morris 



Correspondence 
SIR,-I seem to recall a time when the Journal provided a source of information 
for paint chemists, as the title implies. Lately, however, 1 observe a tendency 
for the physicists and mathematicians to take over. Their contributions, however 
elegantly presented, and whether of any practical value or not, will remain 
for me eternally incomprehensible. Would it not be possible to publish the 
odd article specifically oriented towards the chemistry of paints and polymers, 
reserving these tedious pages of integrals and probability statistics for a more 
appropriate publication? 

Yours faithfully, 
E. M. Cowen. 

45 Broachcay, Whickharn, 
Nervcastle upon Tyne. 
19 November 1971. 

Hon. Editor replies 
The comments made by Mr Cowen are appreciated. However, the sources 
from which papers for the Journal are drawn were given in a reply to an earlier 
letter to the Editor (JOCCA 197 1, 54, 795). 

The policy of the Journal for many years has been to solicit papers only under 
most exceptional circumstances. The papers published, because of the sources 
from which they are drawn, must largely reflect the broad interests of the 
Sections and our readers. 

If suitable papers were to be presented on more chemical topics, they would 
certainly be given favourable consideration, but it would seem that at present 
little work (where publication would be permitted) is being carried out. The 
current trend would appear to be towards more physical and mathematical 
investigations. 



Reviews 
INTRODUCTION TO POLYMER SCIENCE 

BY L. R. G. TRELOAR. London: Wykeham Publications (London) Ltd. 1970. 
pp vii + 183. Price £1.50 

The only fault to be found with this book is its title. Those who know Professor 
Treloar will not be surprised to find that he writes on the chemical physics 
of polymers, but the sixth-formers to whom he addresses himself may be misled 
into expecting some chemistry as well. There is nothing on polymer synthesis, 
reactions or kinetics, or on functionality theory. 

The aim of the book is to inculcate a broad understanding of the relationship 
between structure and physical properties. This is achieved with crystal clarity 
and with no more demand on the reader than an A-level knowledge of science. 
The achievement is the more remarkable in that maths is almost entirely dis- 
pensed with: skilful verbal presentation and superb diagrams are the secrets 
of the author's success. If one were to read it in bed, one would be kept awake 
by interest rather than by the need for mental gymnastics. 

A brief introduction to polymer types leads to a discussion of molecular 
weight, size and shape which enables the ideas of conformation and 
configuration to be introduced without any of the obscure jargon which so 
often makes these topics appear more difficult than they are. There follow 
chapters on rubber elasticity, the glassy state, crystallinity, fibres and fibre 
formation, strength and fracture, water absorption and swelling, and viscoelas- 
ticity. Each chapter builds logically on what has gone before, and ends with a 
half-page summary of the essential points made. 

This little book may be read with profit and enjoyment by all who 
are interested in the why's and wherefore's of polymer properties. I t  provides 
a balanced perspective which many with specialised leanings towards polymer 
chemistry would do well to acquire. 

A. R. 1-1. TAWN 

PIGMENT DISPERSION-A SELIZCT BIBLIOGRAPHY 2ND EDITION 
BY N. L. MOORE, Hertfordshire County Council Technical Library and 

Information Service, Hatfield Polytechnic, Herts. pp 65 f xiii. Price 25p 
The appearance of a second edition of this booklet so soon after the first 

(JOCCA 1971, 54, p. 290) is an indication of its success. The literature coverage 
has been extended up to mid-1971. The general form and context of the booklet 
remains the same, and the reviewer is pleased to see the inclusion of 26 references 
to foreign language literature (mainly German), following the comments 
made in several reviews of the first edition. The book is well classified, and 
there is a combined author/subject index which is reasonably complete. By 
some strange chance, the present reviewer's work is indexed under Cozzens. 
V. T., while S. L. Cozzens' work (abstract 158) is missed. 

In all, the book is to be recommended both to the student and to the advanced 
worker in the field as a valuable guide to the literature. 

V. T. CROWL. 
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Paint Technology Manuals. Part Seven : Works practice 

Chapter II. Raw materials: Storage 
and handling 

The average paint factory mi~st store a subsl:~ntial number of raw materials- 
some of which, by virtue of their high inflammability, are subject to legislation. 

Materials handling 
Whatever the size of the factory, the liandling of niaterials warrants carefill 
thought, as tlie cost of handling and losses arising fro111 careless storage can 
be substantial. The number of operations involving the handling of raw materials 
during which losses can occur is considcr;ible, for instance: 

( 1 )  during transport to the factory site; 
(2) oftloading fro111 tlic transport: 
(3) when loading on to internal transport, conveyor etc; 
(4) unloading into the stores; 
(5) during removal from tlie stores weighing or measuring, and tinally loading 

into the machine: 
(6) during renioval fro111 one machine to another for tinting, tanking, straining 

etc; 
(7) during f lling and labelling; 
(8) when taking to warehouse or loading bay; 
(9) when loading on to transport for delivery or despatch; 

(10) during omoading at a depot or tlie customers receipt point. 

None of the above operations is avoidable. but the list serves to illustrate 
the iniportance of tilaterials handling and why it should never be neglected. 
Considerable econotiiies in production costs may be efTected by employing 
mechanisation where practicable. Comnionsense must be applied to each of these 
operations, and consideration given to the frequency of occurrence of any 
particular operation, the quantity of material to be shifted, and so on; for 
example, a known requirement of 25kg of dry pigment at a certain point three 
times weekly would hardly warrant a conveyor system. but if the same conveyor 
could be used continuously in moving other goods, then its installation should 
soon repay the capital outlay involved. Generally, it may be reckoned that, in 
medium to small pa~nt  factories, movetilent of dry raw material is not sufficiently 
continuous to necessitate the install;ition of ~iiechanical conveyors, and handling 
equipment usually comprises (a) cranes, lifts, hoists, or similar mechanical 
elevating or cross-moving apparatus, (b) fork lift trucks (of pedestrian operated 
or passenger type) capable of moving about the factory and also of raising the 
goods to a tiiaxinii~~ii height of 15ft. (c) electric trucks, (d) gravity roller tracks 
which allow goods to travel downwards to the point of use from-an elevated 
store (usually employed froin filling department to packing department), (e) 
pallets. (invarinhly ninde from wood or reinforced plastic) which may be 
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moved by (b) or (c) or by manually operated stillage trucks-whose value lies 
in the easy movement of up to 1,000kg at a time-and on which goods may 
often be stored ready for use. 

It should be noted that fork lift trucks can be sub-divided into dimerent types. 
each designed for a particular job: counter-balanced (forks projecting at 
front for lifting); outrigger or straddle (front wheels pass outside the load and 
can handle up to 1.1, tonnes): reach (forks travel horizontally from beyond front 
wheels to bring load back over wheel base). 

Recently, interest has been aroused in a systeni of bulk or semi-bulk handling 
for liquids and solids. The basic principle of this system is that a single container 
is employed from beginning to end (i.e. from raw material supplier to the point 
of usage), and is re-usable. These containers are designed to handle and dispense 
liquids or solids, and are themselves rnoved and stacked by means of fork-lift 
trucks; the general advantage is their suitability for any means of transportation. 
A properly thought-out lay-out using this type of system can undoubtedly 
assist in cutting materials handling costs. I t  is claimed by one American paint 
manufacturer that a saving of 5 per cent on raw material costs resulted when 
this type of system became fully operative. 

Consideration of the handling equipment most suited to the unit being planned 
should also embrace the actual stores concerned: e.g. a fork lift truck might 
be employed in the stores for stacking suitable packages to a safe height. thus 
utilising airspace to the niaximuni. The same truck might also be used for 
handling I80 litre drums, in order to i~tilise its time to the maximum. I t  should 
be remembered that the same truck may also be used to handle bulk material 
in process and containers of ti nished goods produced by the unit. so that its 
idle time could eventually become practically negligible. 

Liquid handling 
Liquid handling by pipeline and pumping is frequently adopted, since in niany 
cases the quantities to be moved warrant the capital outlay involved. If such 
mechanisation is not justified, then gravity discharge. siniple pouring. or mobile 
pumps (either power or manual) are the methods usually employed. Gravitv is 
the usual motivating force where bulk storage is of the elevated gantry type. 
but for ground level or underground storage tanks. the method of discharge 
is usually either by compressed air or pump. Compressed air is usefill, and an 
arrangement such as that shown in Fig. 5 is employed. The compressor should 
be capable of generating about 350-560g cm-"or eflective solvent movement 
and, provided a large enough air storage tank is installed in the system. such a 
scheme will handle a number of solvent storage tanks if each in turn can be 
connected to a number of measuring tanks; flow meters can be used in place 
of the measuring tanks but this is more costly. Discharge from the measuring 
tank may be gravitational or by pump, and the liquid is led to whatever re- 
ceptacle is intended to receive it. One drawback with compressed air delivery 
is the need to "blow down" (i.e. release the pressure in each solvent tank) 
when the plant is not working. This may mean a daily operation and, when 
working with low boiling point solvents, losses by evaporation may become 
excessive. 
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G DRAINAGE T 3  

Fig. 5. Measuring tank using a solvent supply under compressed air 

Pumps may be used to move practically any liquid encountered in the paint 
industry, but it must be realised that different types of liquid often call for 
different types of pump. Table 2 indicates the types of pump commonly used 
and gives some comments on them. 

Solvents are frequently handled in bulk by the type of pump/flow meter 
conibination commonly used for dispensing motor fuel. It is possible to employ 
one pumplmeter unit connected to several different tanks, using independent 
supply pipes and cut-off valves to eliminate any risk of back contamination; 
it is not possible to drain the pumps and flow meters involved completely, and 
carefill consideration must be given to the solvents linked together to any 
particular pump and flow meter; it would for instance be disastrous to pass 
a low boiling solvent through a system also dispensing white spirit, since the 
flash point of paints containing only the latter solvent would become lower 
than the statutory limit for high flash materials. Similarly, solvent sensitive 
products must not become diluted by even small amounts of lion-solvents 
liable to cause precipitation of the medium. The meter installed should be of 
a range which will give the degree of accuracy required in the volume range 
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Tuhle 2 
A f i w  simple notes uhorrr prnrtps 

General Uses I Remarks 

Rotary 

Centrifugal 

I 

I -  
Displacement i 

I 

Viscous liquids or paste-like 
materials, heavy paints. Any 
liquid where head of pressure 
may vary. 

Function by holding material between 
pump casing and either a fast moving 
toothed gear or  a screw-type rotor. 
Liquid must be free from grit. 
abrasives etc. Usually electrically 
driven by universal coupli~ig on 
nrmatule shaft. May be mobile. 
Delivery pressures up to 140,00Og~rn-~ 
possible and output up to 23,000 
litres per minute. 

Liquids of low viscosity, high 
volatility or flammability. Hot 
liquids. 

Employs piston plunger or diaphragm 
as motivating device. May be driven 
by steam or electricity. Output 
dependent on size of pump but 
usually quite high. 

Useful for puniping solvents, 
oils, varnishes. 

May be one or  two-stage, but one 
is usually suficient. Certain liquids 
can leak through glands with some 
types. The impeller may be high speed 
or low speed. Drive similar to rotary. 
Can be mobile. Output up to 14.000 
litres per minute. 

Used for corrosive or abrasive 
liquids. Sometimes useful for 
moving and metering high visco- 
sity materials. 

Size of pump and type of product to 
be moved affect (a) output (b) power 
consumption (c) rate of wear. 

concerned, e.g. a meter capable of metering 200 litres would not deliver 
accurately 0.5 litre, and so on. Another point to be considered is the 
delivery of liquid in bulk from tank waggons. This is most easily achieved 
by installing the pump house adjacent to the tank farm. 

Table 2 should make it abundantly clear that the selection of the correct 
pump for the operation involved needs expert advice and the fullest guidance 
of a pump specialist should be sought before making a decision. Manufacturers 
will always give such advice and it is essential to make sure that sufficient 
information is available to then1 concerning the specific gravity and viscosity of 
liquids to be handled, the height to which the liquid is to be lifted (if any), the 
rate of delivery expected, what sort of operating periods are envisaged and what 
abrasion, corrosion or other difficult problems may be encountered. All these 
points are important in helping the pump man~lfacturer to decide what type of 
unit and what materials of construction should be used. 

The decision as to whether to instal one or several stores will depend on the 
type and quantity of output of the factory under consideration. A method 
frequently adopted is to have a central stores for handling materials used in 
large quantities with a subsidiary store attached to what is often referred to as 
the "smalls" department. 
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Liquid raw material storage 
Flasli poirlt heloti- 73°F 
The conditions under wliicli tlicse liquids arc stored are governed by the Petro- 
leum Act if the materials are of either petroleum or coal tar origin. Otherwise, 
no uniform control is exercised, but the local authorities may have special 
bye-laws. However, in the interests of safety, if low flash point solvents which 
are not covered by the Petroleum Act are concerned, the precautions taken 
should be as thorough as those set out in the Petroleum Act. When application 
for the petroleum licence is made, storage conditions have to be stated; and 
as there are always likely to be requirements for small quantities of materials 
in this category, the storage application should cover drums. Where the amounts 
of material are considerable. facilities for bulk storage should be installed. 

Bulk storagc: Standard tanks which comply with the construction necessary for 
storage of petroleum spirit are readily available in a range of sizes but, before 
ordering, the connections required should be carefi~lly considered. The minimum 
number of these shot~ld be: a manhole of ample size for cleaning, a suction 
pipe for discharge, a stand pipe for filling, a vent pipe, and an opening equipped 
with a graduated rod for measuring the contents. Consideration should be 
given to possible additional connections for renioval of water, an additional 
dip pipe for pneumatic measurement of the contents, and any other services 
which may be required. Once in position. access to the tank may be difficult, 
so that the exterior must be heavily protected by an anti-corrosive coating, 
and the use of a solvent resistant coating on the interior should also be 
considered, as some solvents can slowly attack unprotected mild steel. The 
usual bye-laws of the local authority may require the tanks to be below ground 
level; the specific requirements of an area can be obtained from the council 
offices. In general. however, the tank must be enclosed in a brick and concrete 
construction, and the space between the tank and the walls and floor may have 
to be filled with dry sand. (See Fig. 6) 

If personnel must enter the tank to carry out cleaning operations, great care 
must be taken to clear all vapour before entry, or to use breathing apparatus 
with an external air supply. The man in the tank must have a rope attached to 
him for rescue purposes, and an assistant should be standing at the manhole at 
all times. 

If a number of tanks is required, it is advantageous to group them so that 
a centrally situated pump house can be erected that will serve all the tanks; 
this allows a reduction in the number of pumps and meters required. The 
pumps, motors and associated gear should be of flame-proof construction, and 
the pumps must be fitted with by-pass valves of ample size. Accurate meters 
are now available, including pre-set types which deliver the quantity required 
automatically, and these can be sited in a measuring room adjacent to the pump 
house. Where a liquid is required frequently at several points in the factory, 
it is convenient to instal separate lines from the pump to each of these positions. 
A further convenience is to instal switches to operate the pumps and graduated 
meters near to each outlet point, in order that supplies may be-drawn as re- 
quired without the necessity to send messages to the pump house. Each meter 
can be fitted with a recorder to register the total volume taken so that the daily 
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Fig. 6. Typical solvent tank installation 

usage at each outlet may be ascertained. Such pipelines nlay be used only for 
one particular solvent. If long pumping lines to deliver the solvents to a process 
building are considered, it is essential that the petroleunl inspectors and the 
local authorities are consulted for advice on the method to be adopted and 
the safety precautions to be taken. In general, however, it is better to site the 
tanks as near as practicable to the building they are required to serve. Bulk 
storage means bulk delivery, so that the siting of the tanks and buildings 
should allow easy access by the delivering tanker. whilst ensuring that no 
obstruction of the roadway takes place during delivery. 

Storage in cirums: If materials with a flash point below 73°F are required to 
be stored in drums, an outside site is essential; if possible, this should be fenced. 
with the access gates capable of being locked. In order to reduce corrosion 
risk to the packages, the floor should be adequately concreted. whilst the 
fencing may be of link netting. This construction is quick and easy to erect 
and the access gates can be arranged easily. A suggested niinimun~ height for 
the fencing is 6ft. Storage space for each type of material should be marked 
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on the concrete, and care taken to see that the drums are used in rotation. 
Whenever the quantities to be used are less than complete package lots, the 
area should be equipped with a hand-operated drum lift device, capable of 
raising the drums to a reasonable height for emptying. Since these low flash 
point materials are generally of very low viscosity, it is suggested that, when 
using 180 litre standard drums, the end air vent opening should have a valve 
and a short length of pipe fitted into it. Using the drum lift and the valve to 
control the rate of flow will result in accurate measurement, safety in handling, 
and reduction in waste by splashing. Notices milst be displayed showing that 
the materials stored are highly inflammable and prohibiting any naked lights or 
smoking. If the area is to be operated at night, adequate illumination can be 
achieved by overhead lighting outside the area. 

Flasl~ point crho vc 73" F 
The liquids in this category constitute the majority of paint and varnish solvents 
and their oil constituents. Bulk and dri111i storage may be used for all these 
materials. but careful siting of the storage for the solvents should be arranged 
on account of considkrable fire risk. 
Bulli storage.: Tanks containing these solvents or oils need not be buried, and 
there are two methods of erection. 

( i )  Storugc. hclo~l* grounrl Iet~el. An excavation is made, of sufficient plan size to 
accommodate all the tanks which it i5 proposed to use, and of such depth that 
the tank tops are at or near ground level. The bottom of the excavation is 
concreted and side walls are erected to ground level. The tanks are supported 
by brick or steel saddles so that they are not in contact with the ground or base 
and are arranged so that their under-surfaces can be inspected and maintained 
easily. A bridge erected over the tanks will allow for easy access to valves and 
dip measurement positions. The filling pipes can thzn be grouped at a convenient 
point of easy access for the road or rail tankers: suction pipes can be similarly 
grouped to end at a central puliip house. A sump is provided in the concrete 
floor so that surface water can be pilniped out. The sump should never be 
connected to the drainage system. so that no solvent or oil can accidentally 
reach the sewers. 

This storage system has much to commend it from the point of view of' 
safety. No materials can escape into drains or over extensive areas, and in case 
of fire the construction helps in the use of foal11 extinguishers. 
( i i )  Storage at ground level. Alternatively. tile supports for the tanks can be 
erected at ground level on a concrete foundation area. In this case. the concreted 
area must have a considerable fall in its surface to allow all sp~llages to drain 
into a conveniently sited sump, but this must not be connected to the drains 
directly. In practice. surface water flowing from this sump passes through one 
or more baffle tanks to the drains; the oil and solvent thus separated can be 
skimmed from these tanks and disposed of. Appropriate modifications to the 
system must be made when dealing with liqirids which are heavier than water. 

In both cases, the tanks should be fitted with appropriately sized manholes, 
and equipped with the same series of connections as describ6d for use with 
inflammable liquids. with one possible exception, that is any water accumulating 
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in the tank can be removed by a botto~ii drain at the lowest part of the tanks. 
which should always have a slight fall towards one end. This drain is best 
closed by two valves in series; as these valves are not often operated, they should 
be the lubricated plug type. All other connections to the tanks should be 
through the tank top, since this considerably reduces the risk of leakage. 
During cleaning, no matter what material has been stored, the precautions 
outlined above should be taken. The distribution and pumping arrangements 
may be as already described. 
Storage in packages: For the storage of these liquids in drums, the fencing 
suggested under the storage of low flash point solvents is not necessary, but 
the concrete surface should, in the main, be adopted, together with the handling 
methods, particularly the spacing of the various materials, and the rotational 
use of the packages. Since there is no restriction on taking full packages into 
the process area, provided the nornial safety precautions are taken, full drums 
are usually taken from the storage area. Drum supports and means of lifting 
the drums on to them niust be provided to eliminate wastef~tl methods of handl- 
ing. In the case of easy flowing liquids, valves fitted to the air vents are a con- 
venient method of delivery; when v i sco~~s  materials are to be used, drum spouts. 
the drum being on rollers attached to the stand, are satisfactory. 

Use of material fro111 drums can be wasteful if co~iiplete drainage is not 
obtained. All used d r ~ i ~ i i s  s h ~ ~ l l d  be returned to their original storage area and 
inspected before they are discarded. Empty drums which have contained low 
flash point materials sho~lld be stored in tlie restricted area pending return to 
the suppliers. 

Empty raw material dru11is should be kept in tlie uncovered stores zone, 
and here again a little thought and care in planning the layout will save much 
time and probably money (returnable packages usually carry a refundable 
charge). Points to  remember in this respect are: (a) allow si~fficient ground 
space for the maxiniu~n number of packages likely to be on hand, or have 
some form of stacking, (b) have one or  tilore notices displayed: "Make sure 
that all bungs or  lids are properly replaced," (c) train all personnel handling 
empties to pack them tidily. in group according to supplier, and in such a way 
that rain water cannot get into the empty drum, (d) ensure that, when a delivery 
of full drums is being made the empties are taken away, wherever possible, by 
the same vehicle, otherwise work o ~ i t  a sitnple system for the regular return 
of the empties, (e) if empties are non-returnable, arrange for their prompt 
disposal through a drum reconditioning firm, the local scrap merchant, or 
other available means; but re~neniber that empty drums often constitute a 
high fire or explosion risk. 

Static electricitj~ 
When handling volatile inflammable liquids, considerable care must be taken 
to prevent the build-up of static electricity. If care is not taken. sparking. 
followed by explosion and fire, can result. 

Flowing liquids may acquire a static charge, which can result in the ignition 
of this vapour by any sparking which may arise. Precautions must therefore 
be taken to ensure that all tanks, pipes, hoses and delivery vehicles shall be 
adequately earthed during pumping and discharging operations. 
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Solid raw materials 
Nowadays substrinccs such as pign~cnts. extenders, solid resins and some 
additives are delivered packed in either multi-ply paper or plastic bags, or in 
metal containers of keg form, generally lined with paper or polyethylene. The 
storage conditions should be such that there will be no increase in the moisture 
content of the pigments. the materials must be handled so that the earliest 
deliveries arc used first, and access for delivery and for use must be easy. 

The first requirement demands control of the atmosphere i n  the store area. 
and this can be achieved by heating the area with fan heaters. If well sited, 
these keep the air inoving as well as providing the necessary heating to reduce 
the relative humidity. The most careful maintenance of the roof and walls 
should be carried out to prevent leakage of water into the area. Considerable 
moisture can be absorbed from concrete floors, so that the bottom layer of 
all bag stacks should be insulated by the use of a false wooden floor with ample 
ventilation space underneath; alternatively, the stacks can be build on pallets. 
Moisture may also be absorbed by contact with exterior walls. In this connec- 
tion, it should be re;iIised that walls are not usually constructed so as to resist 
much horizontal thrust; further, old stock tends to accumulate adjacent to 
the wall. Consequently, bagged materials should be kept out of contact with 
walls. Stability can only be achieved by careful stacking. and alternate layers 
of bags shoi~ld lie at right angles. Accurate stacking also fr~cilitates the counting 
of bags during stocktaking. 

The second require~nent demands that the space allocated to cach raw 
material shall be estimated and marked on tlie storage area floor. The estimate 
depends on the ~naxi~nu~l i  stock of each item it is intended to carry. A stock 
control system will be described in a later review, but the quantities of each 
raw material held should never exceed a certain quantity, which fixes the 
overall floor space required for the material. Some additional floor space 
should be provided to allow for possible early or excessive deliveries. Fresh 
material is not ordered until a specified lower level of stock is reached. If the 
area covered by the niaximum stock is divided into two or three separate 
stacks. supplies for use can be talcen from one of these until it is exhausted. 
A second stack can then be used. and when a further delivery takes place. 
ample space will be available. I n  the ~neantime, the second and, if so arranged, 
the third original stacks can be used up, and rotational use of the stacks depend- 
ing on the date of delivery can be organised. A similar system can be arranged 
in the case of keg packed materials but. as the contents are generally used in 
small quantities. there should be close supervision of the re-lidding of the kegs 
after use. 

The third requirement deals with acccss Ihr delivery and removal. Whether 
or not n~eclianical handling n~ethods are used at the stacking area, the stacks 
of raw materials should be accessible from at least two opposite sides. 

Mechanical handling in conjunction with pallets can often save considerable 
space by increasing the ~nanageable height of the stacks, even though increased 
width of the passages is required to allow for the turning circle of the lifting 
truck. Adequate lighting of tlie access passagzs can be obtained from roof 
window space. which is preferable to that in vertical walls. 
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Further points for consideration in connection with storage of solids are 
shown below. 

Make sure that materials are grouped to give minimuri~ risk of contamina- 
tion; thus for pignient storage, bays should be separated by light frame walls 
into areas for whites. extenders, colours, reds, blacks, blues etc. 

The stores and the weighing section should be so constructed (solid floors. 
good doors) as to prevent dust dropping or drifting to mixing bays; e.g. a 
white undercoat being ground on an open mill can easily be ruined by helio-red 
drifting down on to it from an overhead store. 

Ensure that adequate ancillary equipment (brooms, shovels etc.) is provided 
to assist in keeping the place clean and tidy. Equipment should be kept at a 
fixed, known point and, after being used, should be returned to that point. 

If the stores acts as a conibined storage area and weighing department. 
adequate and suitable scoops for handling dry powders should be available. 
Many materials delivered in bags, casks, etc. will be opened, small quantities 
withdrawn, and the container left until the material is needed again. Proper 
receptacles with lids should be installed so that the whole initial package can 
be put inside and kept protected, e.g. a bag of vegetable black can quite success- 
fully be stored in an ordinary dustbin with a lid, which can be chained to the 
bin, and must, of course, be clearly ~narked. This eliminates all risk of broken 
bags, with consequent loss of stock, and also simplifies stores layout since a 
standardised receptacle can be used. 

The installation of racks to utilise vertical storage space is sometimes 
advantageous, but requires consideration as to height, loading, and depth from 
front, otherwise the racks will almost certainly become receptacles for rubbish. 
redundant stock and so on, eventually ending up as a liability rather than an 
asset. 

If possible, one person should be put in charge of the general running of 
the stores and should be held responsible for the points discussed above; this 
individual need not be the stock record controller but quite simply a custodian 
of the whole section. Good housekeeping in the raw ~iiaterial stores is essential 
for the efficient running of the factory. 

The equipment for actually dispensing materials from the stores will be 
decided in each factory on the basis of quantity and accuracy required, and 
should be placed at the ~iiost strategic points. Scales or balances should be 
supported on rigid benches, which should have perfectly smooth tops for easy 
cleaning and preferably be completely clear underneath (i.e. no cupboards or 
shelves). It should be noted that the type of appliance installed should always 
be assessed in the light of possible maintenance requirements. e.g. hydraulic 
dial balances need proper servicing by a fully trained scale mechanic at regular 
intervals, so, unless such servicing can be arranged easily, their installation might 
not be advisable (most users of this type of apparatus have it checked every 
two or three months). Generally, the sinlplest and most robust apparatus 
possible, capable of giving reliable service for long periods, should be installed. 
Special arrangements should then be made for service engineers to visit the 
works at fixed intervals to keep the apparatus in good order, since inaccuracies 
can cause havoc with a finished product. The idea of sub-dividing the stores 
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into sections as shown in Fig. 7 introduces the question of the mobility of 
weighing equipment; if the usage is sufficient to warrant one weighing set-up 
for each section. then no probleni arises, but if one set of instruments is to be 
used for the whole stores, then either the balances have to move from section 
to section, or alternatively. the operator must move the materials to a central 
weighing-out area. 
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Nitrocellulose 
This is a highly dangerous niaterial which, if used in a factory, rnust be stored 
separately from other raw materials. Some differentiation is necessary between 
the storage of nitrocellulose and cellulose solutions. The conditions of storage 
and use of cellulose solution have been mentioned i n  Part I of these manuals 
on pages 96-97* and while this aspect is not entirely relevant to this section on 
raw materials, it may be mentioned that the Act concerned refers to all cellulose 
solutions, not solely to nitrocellulose and that [lie Act applies only to solutions 
having a flash point below 90°F when tested in the Abel apparatus. 

The concern here is with the storage of nitrocellulose as received from the 
manufacturer. Dry nitrocellulose is extremely dangerous and it is always supplied 
damped with about 30 per cent of a non-solvent such as butanol. It is available 
damped with lower boiling alcohols but these are   no re hazardous because 
the damping agent is more easily lost by evaporation. 

The local authorities must always be consulted regarding the storage of 
nitrocellulose and it must always be stored in a separate building some distance 
from other buildings (sometimes storage in the open air may be permitted). 
The store niust be equipped with flameproof lighting and switches and if any 
motors are present they must also be flameproof. No naked lights, electric fires 
or smoking are per~iiitted. All tools used for opening the drums and scoops 
used for weighing out niust be of non-ferrous metal to avoid any risk of spark- 
ing. 

To avoid loss of the damping agent, containers must be properly closed at 
all times, except when in actual use. Instances have been known where on long 
storage the top surface of the nitrocellulose has become dry in a drum which 
had not previously been opened, due to sinkage of the damping agent. This 
can be avoided by periodically rotating or reversing the drums held in store. 
Nitrocellulose must not be allowed to become dry after it has been weighed 
out for use and must be immersed at once into an appropriate liquid. Wherever 
possible not more than one drum of nitrocellulose should be taken into the 
factory at a time and any handling of it must be done in an appropriately 
approved, flameproofed building. Any drums taken into use niust be kept 
closed, except when material is actually being drawn from it. 

The "chip" form of nitrocellulose (pigmented and plasticised) described in 
Part I, page 110 of the manuals is much less hazardous, but nevertheless storage 
should be under conditions appropriate to nitrocellulose itself. The manufacture 
of nitrocellulose chips is a highly specialised operation and is not considered 
appropriate to this review. 

Bulk storage of cellulose solutions would not be permissible in a general 
raw material store and it may be mentioned here that the storage of 
filled cellulose paints is not permissible in a general warehouse; an approved 
fla~iieproof store is necessary. 

Storage of containers 
The container store should be sited adjacent to the filling department with the 
main doorway providing easy access to the delivering vehicle. The store should 
-- - - - - . - - - - - -- - - 

"Cellulo~c Solr~tion Regulalions 1934 (SR I 0 1934 No. 990) 
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be heated and ventilated, since rusting of tins may occur i n  a cold unheated 
store; furthermore, tins taken from a cold store into a warm filling section will 
be prone to internal condensation of atmospheric moisture, which can cause 
trouble with certain types of products. 

It is necessary to carry stocks of relatively large numbers of empty containers 
to ensure fulfillment of planned production schedules. Storage of tins, parti- 
cularly, can be a costly item. They are usually delivered from the manufacturer, 
in unit quantities either completely wrapped with payer either (e.g. 20 x I 
pints), or tied into bundles unwrapped (e.g. 10 r. 1 gallon). The greatest 
economy in storage of these packages is achieved by methodical stacking to 
the maximum permissible height. Unwrapped tins should be stacked upside 
down to prevent the entry of atmospheric dust. Each consign~iiet~t of tins should 
be stacked individually and the lids delivered with them should be used only 
for thst particular consignlr,ent. It should be noted that racks are only useful 
for storing small quantities of tins. 

Drums and kegs aye best stocked on pallets, or on their sides wit11 movable 
supporting posts (or Dexion framework) to the ~liaximuni convenient height. 
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Thames Valley Section 
Acrylic resins 
The second meeting of the Student Group ot Thames Valley Section was held on 
2 November 1971 at Slough College. with Miss M. Searle in the chair. A lecture 
entitled "Acrylic resins" was given by Mr A. R.  H .  Tawn of Cray Valley 
Products Limited. 

Mr Tawn con1menced by saying that acrylic resin systenis were comparative 
newcomers in the coatings field. having been in use for only ten years. They 
accounted for about 10-15 per cent of total resin consu~nption conipared with 
60 per cent for alkyds. 

They were derived from acrylic or ~nethacrylic acids, Perspex being the 
classic example. It had reasonable abrasion resistance. water white colour. 
superlative clarity, slight flexibility and good weathering resistance. It could 
be seen that a polymer with such properties was of considerable interest to 
the surface coating.techno1ogist. provided it could be adapted to a solvent 
environment. When dissolved in a solvent it gave a lacquer of low solids and 
high viscosity owing to its high niolecular weight. and its deposited films were 
also brittle and lacking in adhesion. I t  was a short step from the methyl to the 
butyl ester which made the monomer less polar and its polymer more soluble 
in paraffinic solvents with increased flexibility and softness and lower softening 
point. Mr Tawn showed the relationship between softening point and hardness 
in polyniethyl methacrylate and he conlpared a branched chain and a straight 
chain polymer with the same nilniber of C atoms. Branching gave decreased 
hardness. 

He then turned to acrylate polymers and tabled the relation between brittle 
points and the number of C atoms in the alkyl group. Copolymerisation was 
the next significant step. I t  enabled polynler properties to be drastically modified 
e.9. cost was materially reduced by the inclusion of styrene or vinyl toluene 
monomers; adl1esio1i was improved by the presence of carboxyl or hydroxyl 
~naterials such as maleic acid or 2-hydroxyl ethyl acrylate. Because all the basic 
polymers mentioned had an essentially linear structure. they retained their 
thermoplastic or non-convertible characteristics. By further modification they 
coi~ld be made to cross-link. e.g. by the inclusion of OH groups which react 
with melamine/fc~rmaldehyde resins; by the use of monon~ers containing epoxy 
groups. cross-linking could bc achieved with amines. atnides. or acids. The 
Tramensdorf efrect was mentioned. in  which conversion tinle could be hastened 
by the use of a simple artificial thickener. 

Finally Mr Tawn referred to ionomers having ionic rather than covalent 
bondins. Mr J .  D. Ping thanked Mr Tawn for a very usefiil and enlightening 
talk which was war~nly acclaimed by the 27 lnelnbers and visitors present. 

K.E.G.  
P.MCM. 
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It has recently been announced that the firnis of the Kronos group are following 
their British a s s o h e  Kronos Titanium Pigments Ltd. by incorporating the trade name 
Krottos in their company name. As from January 1972, Titangesellschaft MBH will 
be known as Kronos Titan-GmbH. The two remaining prodi~cing units have already 
become Kronos SA/NV (Belgium) and Kronos Titan A/S (Norway) and the other 
companies in the group are now named Kronos Titanpigment AB (Sweden) and Societe 
Industrielle du Titane SA (France). These changes are of names only; there will be no 
change in the organisation or product range of the Kronos group. 

An agricultural research centre is to be established at King's Lynn, Norfolk, by 
Dovv Chemicals, it has recently been announced. The centre, which will be Dow's 
first major European research centre, will commence operations in 1972, building its 
programme up over the next five years. 

Tioxide International Limited has issued two new booklets describing its products. 
"Tioxi(1c~ R-FC5 for plastics" (BTP/169) gives technical data on this general-purpose 
plastics pigment, and has an appendix detailing suggested formulations and processing 
methods. "Tioxidc~ pigments in paper and paper coatings" (BTP/161) recomnlends 
grades for these end uses, and gives background data on the principles governing 
their most efficient use. 

Two new products have recently been introduced by Evans Electroselenium Limited. 
The EEL 251 High Se~tisitivity Absorptionlctc~r was originally developed to measure 
steamlwater purity at power stations, and is claimed to have ten times the sensitivity 
of any other calorimeter on the market. The instrument covers the r a n g  380 to 
850nm, and typical sensitivities are 0.0002ppn1 silica, O.004ppm iron and 0.001ppm 
copper, achieved by using the scale expansion facility, which extends the range of the 
instrument up to .* 10. The other product is a portable pH system based on the 
Cort~irlg-EEL Mo(/el6/0 Exprrrt(Ie(/ SctrlepH Mercv-. The meter comes in a black attache 
case complete with a combination electrode, buffers, filling solution, beakers, short- 
ing strap and electrode holder/stand, all positioned within the case in foam rubber 
mouldings in position ready for use. 

EEL has also announced the acquisition of Activation Glass Limited, of Kinglassie. 
Fife, as from 2 December 1971. Activation Glass manufactures a comprehensive 
range of low cost pH electrodes, and the merger is claimed to strengthen the interests 
of both companies in pH markets. 

A new service offered by R. H. Chandler Ltd. is the preparation of condensed 
translations in English of foreign language articles containing experimental work. 
Intended to bridge the gap between bibliographies, in which little detailed information 
is given, and translations of foreign language articles, which are expensive, the newr 
publications will be 500-1,500 word condensed translations of one or more articles. 
including experimental figures where possible. The first in the series is entitled "Testing 
the curing of stoving finishes by applying dye solution," in which the experimental 
results and figures from articles in "Plaste und Kautschuk," "Farbe und 1,ack." 
and "Peintures, Pigments, Vernis," have been collected, and reproduced at a cost of 
f4.00. The company welcomes enquiries and suggestions for similar topics for treatment 
in this way. 
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It has recently been announced that Engtime Limited, the industrial finishing 
specialist that trades under the name Pegasus, has been acquired by the Schubert 
Group of companies. The company will continue to trade under the name of Pegasus, 
but a new image and marketing approach is planned. 

Instrumental Colour Systems Ltd. has introduced a new computer-based system for 
colour control, measurement, correction and prediction. The Pretema Coloirr Computer 
PCC 2000 is based on the Pretema Spectromat FS-3A and the Micro 16P minicomputer 
manufactured by Digico Limited, and is the result of three-way co-operation between 
Pretema, ICS and Digico. 

The key to the system is the computer software, which is based on Matlrchat, a 
specially designed high level programming language. A pigment mix to provide an 
acceptable match for a given sample is supplied in about 45 seconds, allowing 40 
seconds for measurement. Pignients are chosen from a bank supplied to the computer 
as being available, and forn~ulations can be made against criteria of lowest meta- 
merism, lowest cost, or a balance between the two. 

The system is priced at f 17,000, or can be Icased at a cost of £75.00 per week. 

It has recently been announced that NV Allied Chemical International SA, the 
wholly owned subsidiary of the American Allied Chemical Corporation, is to set up 
a branch in the United Kingdom. This step is being taken, say Allied Chemical 
International, to provide closer contact with the market and to enable the company 
to take steps leading to fuller participation in the economic expansion following the 
entry of the British Isles into the EEC. This will involve a change in the company's 
long-standing association with Kingsley & Keith (Chemicals) Ltd. The relationship 
will continue, but after I May 1972, will no longer be exclusive, taking the forms of 
sub-distribution, manufacturing and international trading. 

An agreement has been reached between Pira and Churchill Instrument Co. Ltd. 
for the manufacture and marketing of the Pira Ink/ Wafer Monitor as an attachment 
to lithographic presses, it was announced recently. The prototype of the instrument 
was first reported by Pira in October 1970; Churchill, which already handles the 
Pira Ink Monitor, will make the Ink/ Water Monitor available after product development 
and field trials. 

Dow Chemical Europe SA has published a new brochure giving details of the 
company's European activities, from chemical production sites to end-uses. 

The Agrement Board has awarded a certificate to Hardman and Holden Limited 
for Manalox 403160. WS, a water repellent for masonry. This product, a poly-0x0 
aluminium stearate dissolved in white spirit, is used on stonework after cleaning, 
providing a water-repellent coating and thus decreasing dirt rentention. 

The Sanbri Covermeter is the latest addition to the range of instruments marketed 
by Elcometer Instruments Limited. It is a small portable instrument that can be used 
to determine the position and depth of reinforcing bars in concrete, or for the detection 
of any ferrous metal lying beneath non-ferrous material up to a depth of 2in. 

Burrell and Co. Ltd. has announced that, as from December 1971, it will cease 
the pigment manufacturing operations carried out in Australia by its 50 per cent owned 
subsidiary, Smith Reichold Colours (Aust.) Pty. Limited. The company was owned 
jointly by Burrell, through its wholly owned subsidiary J. W. and T. A. Smith (Aust.) 
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Pty. Limited, and Australian Chemical Holdings Limited. Burrell will continue to 
export to Australia through its sales company, SCC Colours Limited, but has disposed 
of the stocks and goodwill of the Australian company on favourable terms. 

A regular series of "Bulletins on the Swedish Chemical Industry," is to be published 
by the British-Swedish Chamber of Commerce. The first issue was published in 
November 1971, and interested firms can obtain regular copies of the bulletin, which 
contains comprehensive marketing information, from the British-Swedish Chamber 
of Commerce on request. 

A new thermosetting acrylamide acrylic resin has been developed by the Surface 
Coatings Resins Division of Synthetic Resins Limited. Marketed as Scopucron 400, 
the resin has been developed for use in one coat stoving applications at temperatures 
over 130°C, particularly where extremely hard, durable coatings are required, and is 
supplied in different solvents depending on the application method. 

Coatings based on the resin are claimed to be extremely hard and durable, while 
being flexible and stain resistant and having good adhesion and colour retention. 
It is also suitable for modification with epoxy resins where exceptional chemical 
resistance is required. 

The Coding and Marking Division of Lawtons of Liverpool Ltd. has introduced 
the Lawco Can Coder, a hand-operated can marking instrument. Operated by rubber 
self-inking blocks, the machine automatically prints any code proposed by the user 
on a series of square or cylindrical cans. Greater time savings over labelling methods 
are claimed. 

A new grade of Melinex polyester film-Opaque White X934-is now available from 
the Plastics Division of ICI Ltd. Full details of its properties are given in "ICI Informa- 
tion Note MX IN 45." 

ICI Paints Division has opened a new training centre at its Slough works, for 
personnel in the automobile refinishing industry. The new centre, which has a working 
area of 2,800sq.ft, will increase the number of courses in refinishing that ICI can offer 
to 60 per year-courses of this type have been organised by ICI for over 40 years- 
taking in a total of 700 trainees. 

Albright & Wilson Ltd., Oldbury Division, has recently published new product 
sheets on several pvc stabiliser products: Mcllitc~ 26, a butyltin maleate, Mellite 31 
and 32, dibutyl thiotins, Mellite 101 and 202, solid cadmium/barium, Mellire 250, 
food grade liquid calcium/zinc and Mellite 83lC, and 8310, dioctyl thiotins. 

It has recently been announced that Cabot Carbon Limited has appointed Kingsley 
and Keith (Chemicals) Limited as distributor for Clrh-0-Sil fumed silica in the United 
Kingdom and Eire. 

Cabot Carbon has also announced that continued increases in manufacturing 
costs have necessitated an increase in prices of carbon blacks, in spite of savings from 
economies and improved productivity. In accordance with the CBI undertaking. the 
increase has been restricted to less than 5 per cent on a weighted basis. In making this 
announcement, which is effective from 3 January 1972, Cabot points out the good 
price record for British produced black: the new price for a typical grade, V/rlccrn 3 
N.330) in bulk being only 6 per cent more than it was ten years ago. 
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The CIBA-GEIGY group of companies has established a new educational trust, 
the CIBA-GEIGY Fellowship Trust, and will provide the trust funds of £20,000 
per annum. The main objective of the trust is the research training at European 
universities of graduates of United Kingdom and Irish universities in chemistry, 
biochemistry, biology, chemical technology and chemical engineering. 

Two classes of award are proposed: CIBA-GEIGY Fellowship awards, for recent 
first degree students wishing to take higher degrees at an agreed European university, 
and Senior CIBA-GEIGY Fellowship Awards, for graduate lecturers, senior lecturers, 
readers or those holding similar positions who wish to undertake special study at an 
agreed continental European university. Six Fellowships and four Senior Fellowships 
will be available each year. 

Full regulations are available from CIBA-GEIGY. 

A new additive to enhance gloss in gloss emulsion paints has been introduced by 
Allied Colloids Manufacturing Co. Ltd. The range of additives, trade-named GIascol H, 
is based on acrylic copolymer, and remarkable improvements in gloss are claimed 
when small amounts of dry latex are replaced with one of the range. Full details are 
available from Allied Colloids. 



Bristol 
Some aspects of metal pretreatment and priming 
The first meeting of the Bristol Section was held on Friday 24 September at the Royal 
Hotel, Bristol. This was the occasion when the new Section Chairman, Mr P. L. Gollop 
presented the customary Chairman's Address, his paper being entitled "Some aspects 
of metal pretreatment and priming." 

Mr Gollop began by stressing that the optimum benefits of painting of metal surfaces 
could only be obtained when the metal surfaces involved had been thoroughly cleaned 
and prepared prior to painting. Such pretreatment involved a variety of chemical 
and physical techniques. Degreasing with strong alkalis could alter the crystal structure 
of metal surfaces, resulting in the deposition of phosphate crystals on the surface 
during later stages of treatment. The size and shape of the phosphate crystals, which 
conferred improved adhesion of paint films to the metal, could be varied by the use 
of modifiers during the degreasing stage. 

The initial cleaning stage was usually followed by thorough rinsing with deionised 
water-failure to carry out this step properly could lead to poor phosphating and 
premature breakdown of the surface coating. Controlled acid pickling and abrasive 
blasting were methods used to remove rust, but once steel had rusted it was extremely 
difficult to clean thoroughly. Mr Gollop went on to consider primers. Careful selection 
of additives to deactivate sulphate ions in primer formulations was extremely useful 
in improving the performance of the final finish. 

Finally, the choice of primer systems for metal which was later to be welded was 
considered. Here, consideration had to be given to possible problems caused by heat 
bl-eakdown, slow welding or weakness in the weld joints and also the chances of toxic 
fumes being emitted from the primer during the welding operation. 

Following the paper several queries were dealt with by Mr Gollop and a vote of 
thanks was finally proposed by Mr L. J. Brooke and warmly supported by all members 
and visitors present. 

T.I.P. 

Hull 
Some aspects of drying oil technology 
A meeting, attended by 18 members and I2 visitors, was held at the Queens Hotel, 
Hull on 1 November 1971. The Section Chairman, Mr N. F. Lythgoe, introduced Mr 
G. H. Hutchinson, of A. B. Fleming & Co. Limited, who gave a lecture with the above 
title 

In reviewing the constitutive aspects of drying and semi-drying oils, Mr Hutchinson 
indicated that the linolenic content of linseed oils was dependent upon the geographical 
origin and was greatest with samples from cold, wet regions. In general, properties 
such as the speed of polymerisation and the rate of drying and hardness of oil films 
correlated well with iodine value for well refined oils. The presence of anti-oxidants 
in the crude or poorly refined oils sometimes resulted in apparent anomalies. Two 
methods for contrasting the drying behaviour of different drying oil and tall oil fatty 
acid samples were commended by the speaker. They involved paper chromatography 
and the measurement of refractive index and both were carried out on films dried at 
slightly elevated temperature. 
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Mr Hutchinson discussed briefly the current theories of drying, referring to 
Bernstein's theory of hydrogen bonding between hydroperoxides and to Poisson 
and Petit's theory of polynlcr fornlation through reactions of oxidised scission 
aldehydes and unsaturated chains. An important difference in the behaviour of 
conjugated and non-conjugated systems was that the former yielded cyclic peroxides 
resulting ultimately in the fc>rmation of carbon/carbon linkages by a chain reaction. 
In support of this view Mr Hutchinson quoted the oxygen uptakes at the dry point 
of linseed and tung oil films as 14 per cent and 3 per cent respectively. 

An interesting investigation relevant to ink odour in food packaging applications 
was next described. The volatile products released during the drying of a series of 
lithographic varnishes were sampled and analysed by gaslliquid chromatography. 
Saturated and unsaturated aldehydes, as well as aliphatic hydrocarbons, were identified 
in the chroniatogranis, the concentrations decreasing with increasing viscosity of the 
varnish. 

Mr Hutchinson concluded his lecture with a survey of synthetic routes to a wide 
range of novel vegetable oil derived polymers, e.g. polyesteraniides and unsaturated 
polyvinyl ethers. 

A discussion period. followed with contributions from Mcssrs. Gibson, Lythgoe. 
Green and Gay. The vote of thanks for an interesting and enjoyable lecture was 
proposed by Mr N. F. Lythgoe. 

Mr Hutchinson's pilper has been acceptcd Ibr publication in the Jormml, and should 
appear later in 1977. 

J.A.H.  

Irish 
Powder coatings 
On Friday 19 November 1971, at the Clarence Hotel, Dublin, Mr C. Lonsdale. of 
BJN Paints Ltd.. gave a very interesting talk on "Powder coatings." 

With the help of slides and a lilni, Mr Lonsdale covered the composition, manu- 
facture, application, advantages and disadvantages, and possible trends in the future 
developnlent and uses of powder coatings. It was mentioned that epoxy-based powder 
coatings were currently the most con~monly used, but that development work on 
polyester. alkyd, acrylic and methane powders was taking place. 

A lively question and answer period followed the talk, and Mr Barry proposed the 
vote of thanks to Mr Lonsdale on behalf of the 37 Members and visitors present. 

A.R. 

London 
Changes in the physical characteristics of paint films in differing environments 
A meeting of London Section was held on 10 November 1971 at East Ham Technical 
College, with Mr D. E. Eddowes in the chair. Mr R. L. J. Morris, of QAD (Mats) 
gave a lecture with the above title. 

Mr Morris said that there were three main methods for physical testing of paint 
films; first, to bring the paint film to a uniform state for testing; secondly, to use a 
forcing environment to promote a change in the paint which could then be measured, 
e.g. accelerated weathering; and thirdly, to apply a localised change of environment, 
e.g. the use of solvents, acids, etc. to attack the film. - 

A film had to be conditioned to a standard environment for correlation testing 
in different laboratories. Mr Morris then described work which had been done jointlv 
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for a BSI Committee, by his own organisation, the Paint Research Association, 
and the Greater London Council. This was concerned with the use of pendulum testing. 
Two instruments were in common use, the Koenig and the Persoz pendulums, and 
Mr Morris desc-ribed them in detail. 

In  earlier work, a lack of correlation had been found using the Koenig pendulum, 
and statistical analysis had shown a positive correlation with the amount of illumination 
in the laboratories while the films were drying. A programme was devised to examine 
a series of seven paints, applied to glass plates (to avoid any possibility of flexing of 
metal panels). These panels were stored in two separate tanks, with forced air circula- 
tion, one of the tanks having a transparent lid and being illuminated from a fluorescent 
tube, and the other with an opaque black lid. The panels were examined daily, using 
both pendulunls. 

It was found that there was a significant difference resulting from the level of 
illumination with a gloss styrenated alkyd, a gloss medium oil alkyd, and a gloss long 
oil alkyd. However no effect was detected with a matt linseed oil phenolic, a matt 
linseed, an epoxy and a polyurethane paint. The linseed oil phenolic did not develop 
to a steady state, so that testing could not be done under equilibrium conditions. As 
a check on the pendulum hardness measurements, a Wallace indentation test was 
carried out. With the polyurethane film, agreement with the pendulum tests was 
obtained, but with the styrenated alkyd there was no difference between light and 
dark drying. 

A comparison of two Koenig pendulums was made, one at the PRA and the other 
at the GLC, using a series of seven paints, tested seven days after application. Syste- 
matic discrepancies were shown and these were found to be due to minor temperature 
differences; the PRA tests were at 21°C. and the GLC at 19.5"C (Both temperatures 
were within BSI limits). When the temperature coefficients were determined, the 
corrected results fell on a good 45" line. 

A comparison was made between the two types of pendulum, with a series of 12 
paints. Both pendulums placed the paints in the same order, with the exception of 
three paints. I t  was found in this case that it was necessary to use the same per.ldulum 
for all the tests to get correlation. 

In  general, comparing the two pendulums, i t  was concluded that the Koenig 
pendulum was best for hard films (where the Persoz tended to slip), and had the 
advantage of more rapid measurement. The Persoz pendulum. with i t s  longer damping 
time, discriminated better between softer paint films. 

The lecture was followed by an extensive discussion, after-which a vote of thanks 
to the speaker was proposed by Mr Aaron, a student at the college. 

A paper based on the work Mr Morris described has been accepted for publication, 
and will appear in the March issue of the JOIII'IINI. 

\'.T.C. 

What's bugging your paint? 
A meeting of London Section was held on 8 December 1971, at the Polytechnic of 
the South Bank, London, SEI. with Mr D. E. Eddowes in the chair. 

Catherine E. Skinner, of the Paint Research Association, gave a lecture with the 
above title. 

M.rs Skinner said that the microbiological problems of the paint industry fell into 
two distinct categories, biodeterioration of water-based paints on storage. and attack 
on paint films by micro-organisms. Dealing first with aqueous-based paints, Mrs 
Skinner said that any substance containing water was potentially subject to biological 
attack by micro-organisms. Bacteria could multiply rapidly; a life cycle could be as 
short as 20 minutes. Correct industrial hygiene was essential to minimise the occurrence 
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of micro-organisms in storage facilities and production equipment. Contamination 
could produce viscosity loss of emulsion paints, putrefaction, or gassing. The active 
agent was the enzyme produced by the organism; for example cellulase was active 
on cellulose derivatives. Even as little as 0.lppm of cellulase could cause a 20 per cent 
reduction in viscosity of a latex paint. Cellulase could be deactivated by heat (20 
minutes at IOO'C) or  by lowering the pH considerably; neither of these procedures 
was possible for emulsion paints, and so it was necessary to prevent its formation 
e.g., by choice of a suitable cellulosic thickener, followed by the use of a broad- 
spectrum biocide in the paint. 

The breakdown of proteins in some types of paint gave rise to putrefaction, with 
the accompanying foul odour. A third example of breakdown was gassing, frequently 
caused by crc~rohacter crcro~c~tc~s, which was a very widespread organism, and could 
be introduced at low concentrations in the water. Mrs Skinner emphasised the impor- 
tance of industrial microbiological hygiene in the production and storage of water- 
based paints. 

Deterioration of paint films could occur by mould, algal, o r  lichen growth. Mould 
growth was a serious problem in tropical climates, and also in certain environments 
in temperate climates, e.g., breweries or bakeries where there was high humidity and 
possibly inadequate ventilation. Mould growths could occur from beneath the paint 
film-these were present before the paint was applied-and on the film. originating 
from spores which were always present in the atmosphere. 

The most common species of fungi found on exterior paintwork was the dark- 
pigmented uureohusi(1i1mi pull~r1c11i.s (also known as prill~rlrrri(~ pull~rl~rris). A not her 
fungus, clrclospori~mr Iic~hcrr~i~tr, was frequently found on both interior and exterior 
paintwork. Another important fungus was pliortrtl ~~iolrrcc~cr, which gave rise to a pink, 
oil-soluble colouring matter. Most often, several species of fungus were found on one 
site, and unfortunately a single fungicide was often not active against all. 

Tests had been developed at Teddington for wide-spectrum fungicides, in which 
potential compounds were screened against a series of sixteen species of fungi. This 
was a rapid procedure, and it was possible to screen two hundred compounds a month. 

A fungal test cabinet had been developed in which paints could be tested for 
resistance to fungal attack. The paints, on various substrates, were subjected to 
controlled condensation conditions for three weeks, after being treated with sterile 
soil and inoculated with the test organisms. An extensive series of tropical exposure 
trials had been carried out, and good correlation was obtained on two years' tropical 
exposure and the three-week period in the cabinet. It was necessary to vary the test 
conditions to match those of the different climatic exposures, in particular the amount 
of artificial weathering given before exposure in the cabinet. 

Paint films were subject to attack by terrestrial algae, which in some cases in the 
tropics could be an even greater problem than fungal growth. Algae needed light and 
water for this growth, and the test cabinet had been modified to suit these conditions 
by illumination with fluorescent tubes and by the passage of a stream of air with 
5 per cent carbon dioxide into the cabinet. 

Lichens consisted of an alga and a fungus living together in a state of symbiosis. 
Lichens were slow growing organisms, and could tolerate great extremes of 
temperature. 

Mrs Skinner then considered the problem of ship fouling. The two principal marine 
algae were the green c~~itc~ro~~rorpl t~ sp. and the brown ectorccrrprrs sp. In the past, the 
only methods of testing potential toxicants or anti-fouling systems had been raft 
trials. or ships' trials involving coating strips or panels on ships' hulls. There were also 
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laboratory leaching rate experiments. These all had considerable disadvantages, and 
so techniques had now been developed at Teddington to grow these organisms in the 
laboratory. These methods had been very successf~~l, and it was now possible to use 
these organisms to assess the activity of potential toxicants under controlled con- 
ditions in the laboratory. 

Mrs Skinner concluded her lecture, which had been illustrated throughout by a 
very large number of coloured slides, by noting that while there were many effective 
biocides of very specific applications, there was a great need for the development of 
wide-spectrum biocides of low mammalian toxicity. 

The lecture was followed by an extensive discussion, after which Mr P. Whiteley 
proposed a vote of thanks to Mrs Skinner for what had been a highly detailed and 
interesting lecture, and for her work over the years in developing soundly based 
laboratory techniques in this difficult and highly subjective field. 

V.T.C. 

Colloidal aspects of printing inks 
A joint meeting of London Section and the Colloid and Surface Chemistry Group 
of the SCI was held on 13 December 1971 at 14 Relgrave Square, London SWI. 
Dr J. A. Hill took the chair for a lecture by Dr W. Carr of CIBA-GEIGY (Pigments 
Division), with the above title. 

Dr Carr commenced with definitions of the colloid state taken from the literature. 
The lower limit of size of particles was taken as 1 millimicron but there was some 
uncertainty about the upper limit of size, definitions ranging from 0.2-1 micron. 
Printing inks consisted of solutions of dyestuffs or dispersions of pigments in media, 
which dried quickly when applied to a suitable substrate such as paper or other films. 

The pigments used in printing inks consisted of powders with a wide range of 
sizes of aggregates and agglomerates, and a considerable energy input was necessary 
to disperse them in media. The ink-maker attempted to break down the sizes of the 
agglomerates as far as possible; in this he was only partly successful. Dr Carr listed 
various methods of particle size analysis, and then described the use of the ICl/Joyce 
Loebl disc centrifuge, which he had used for his work. 

It was possible to use BET nitrogen adsorption figures to calculate the size of the 
primary particles of the pigments; exanlples quoted included a carbon black of 
IOOmQ-' surface area, equivalent to particles of 0.033:~m: phthalocyanine blue, 
6 0 m Q  l ,  equivalent to 0.066lrm; and titanium dioxide, IOm2 g-I, equivalent to 
0.15ym. These, however, were the priniary particles; the actual particle size distribution 
was much larger. In most inks (and also paints) the particle size was in the range of 
0.1-l.Oym. Based on the particle size distribution determined with the disc centrifuge, 
and the BET surface area to give the primary particle size, it was possible to calculate 
the efficiency of dispersion. 

Dr Carr then presented results of particle size analysis of aqueous flexographic 
inks pigmented with Pigment Blue I, Pigment Red 49, Pigment Blue 15, and 
Pigment Red 4. Some of these inks contained a considerable proportion of the pigment 
below 0.2ym in size, but others were considerably coarser, extending up to I-2:~m in 
size. On storage for 3 months, it was found that the proportion of smaller sized 
particles remained the same, but in the upper si7e ranges the inks had coarsened 
considerably; this had been accompanied by a weakening in colour strength, and 
loss of brightness and gloss. It was concluded that 0.31rnl represented the upper 
limit for true colloidal behaviour in the inks. 

It was suggested that similar effects would occur with gravure and oil based inks 
such as letterpress and lithographic inks. Dr Carr described a method of constructing 
a niaster curve for each pigment, relating colour strength to particle size. From these 
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curves it was possible to estimate the 50 per cent diameter from colour measurements 
of tints of the inks with a wliitc base, and i t  became clear that with the majority of 
inks a substantial portion of the pignient was in the colloidal range. Unfortunately, 
it was not possible to apply directly the principles of colloidal dispersion theory to 
inks with a high pignicnt concentration (e.g. up to 40 per cent in litho inks). 

It had bcen found that, on dilution of sonie inks, a slight decrease in the mean 
particle size of the inks occurred. This took place with two of the flexographic inks 
and some lithographic inks, and indicated an improvement in dispersion. These inks 
had also bcen examined on tlie Fcrranti-Shirley visconieter. At low pigment con- 
centrations, the viscosity was independent of particle size, up to a certain limit. At 
higher concentrations a reduction in particle size resulted in a marked increase in 
viscosity. It was concluded that, in addition to the effects due to pigment concentration 
and level of dispersion, a further factor influenced the flow properties. that of 
adsorption of the resin on the pigments. 

A number of points were raised in tlie extensive discussion which followed the 
paper, including the effects of particle size on adsorption, and the efTect of particle 
shape on flow properties, which Dr Carr did not consider to be important in the 
systems studicd. The relevance of relating the degree of dispersion to measurement. 
of nitrogen adsorption was questioned; the nitrogen niolecules were very small, and 
it might be more realistic to use adsorption froni so l~~t ion  of sonie larger adsorbate 
molecules. 

After the discussion, Dr V. T. Crowl proposed a vote of thanks to Dr Carr for a 
very interesting and stimulating lecture. 

V.T.C. 

Manchester 
Management of human resources 
On Friday 12 Noveniber 1971, sonic 90 Members and gi~csts attended at the Manchester 
Literary and Philosophical Society lecture hall to hear Mr J.  Munro Fraser, of the 
University of Aston-in-Birmingham. give a paper entitled "Management of human 
resources." 

Mr Fraser gave a witty and professional lecture. Starting with "motivation," he 
described some of the siniple experiments with animals and proceeded to define some 
of the basic niotivations of hunian beings, pointing out that in simple societies this 
was food and drink, whereas in a coniplicated society these basic needs were translated 
into money. Once these needs were satisfied, he suggested further social needs came 
into play, "The need to belong to a group and also status within the group." Again, 
in modern society he suggested that there were a plurality of groups to which an in- 
dividual would belong, home, work, and local pub being a few of these. 

He went on !o say that if needs were not fulfilled then frustration was the result, 
and anti-social behaviour could often be traccd to this cause. 

Concentrating on the work group he detined two types-a flexible primary in 
which the individual was involved and the inflexible authoritarian secondary in which 
the individual had only a limited and rcstrictcd role. He suggested that the "family 
tree" chart of works organisation very often indicated the "secondary type" of group 
organisation, with the result that shop floor workers tended to form their own primary 
groupings, and loyalty would be towards the niorc attractive primary. - 

Mr Fraser concludcd by quoting a number of examples from his experience which 
he felt supported his ideas. 
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A lively question time followed, with Mr Fraser expanding various points made 
during his lecture. 

The vote of thanks was proposed by Mr H. Cook, and accepted with acclamation. 

A.  MCW 

Midlands 
Electrokinetics in electrodeposition 
The 153rd meeting of the Midlands Section was held at the Birmingham Chamber 
of Commerce on Friday 15 October 1971 with the Section Chairman, Mr H. J .  Griffiths, 
in the chair. The minutes of the 152nd meeting were taken as read and signed. A small 
but enthusiastic audience of 16 members and guests listened to a lecture entitled 
"Electrokinetics in electrodeposition" by Professor G .  I?. Parfitt of Tioxide Interna- 
tional Ltd. 

Professor Parfitt began by discussing the fundamental processes involved in electro- 
deposition: electrophoresis, electro-osmosis, electrolysis and electro-coagulation. 
The first two were electrokinetic. After an explanation of the distribution of charge 
on various particles and the potential gradients surrounding them, equations were set 
up to describe the electrophoretic velocity of paint particles in a typical electrodeposi- 
tion bath. Earlier values were said to be much in error owing to an approximation 
having been made to a classic condition of high electrolyte concentration in aqueous 
solution. 

Similarly, some doubts were raised concerning the claim that electrophoretic 
mobilities were high enough to maintain a plentiful supply of material in the anode 
vicinity. Calculations showed that electrophoresis might be a rate controlling factor. 

The deposition stage was covered in some detail, discussing electrolysis of water 
causing a pH drop at the anode and conlpaction by electro-osmosis. The subject was 
treated in terms of colloid stability with a graphical representation of the potential 
energy distribution and the energy hump to be overcome for coagulation to take place. 

Professor Parfitt answered questions raised by the audience and a vote of thanks 
was proposed by Mr R. J. King before the Chairman closed the meeting. 

R.J.K. 

Oil-free alkyds 
A meeting of the Midlands Section was held on Friday 19 November 1971 at the 
Birmingham Chamber of Commerce, with the Section Chairman, Mr H. J .  Griffiths, 
in the chair. A total of 41 members and guests assembled to hear Mr A. G .  North, 
of Cray Valley Products Ltd., give a lecture entitled "Oil-free alkyds." 

Mr North began by outlining the differences in chemical structure between a variety 
of commercial alkyd and polyester resins. He then invited audience participation in 
a short quiz in which it was asked, "Which are the oil-free?" 

pelargonic/phthalic/glycerol alkyd (7 said oil-free) 
dimer acid alkyd (nil) 
olefin oxide/pentaerytharitol adduct alkyd (30) 
terephthalic/glycol polyester (40) 

Since the dimer acid alkyd was oil-free, this served to illustrate Mr North's point 
that there was considerable confusion in tern~inology, whereupon he proceeded to 
enlighten the assembled gathering. 

In considering the merits of the dimer acid based alkyds, attention was drawn to 
the comparatively narrow molecular weight distribution of these mainly linear poly- 
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mers. This was illustrated graphically and with regard to the polydispersity D for 
which the following values were quoted: 

dimer acid alkyd 2.21 
linear polyester 2.26 
coconut alkyd 5.69 
Cardura alkyd 4.53 

The commercial value of these systems had increased on the emergence of a suitable 
amino resin to cross-link them, ie the HMMM type. These fully etherified aminos 
offered the advantage of full participation in cross-linking with the alkyd molecules. 
Certain problems of cissing and crawling in the stove with such systems were attributed 
to the comparatively large surface tension difference between the oil-free alkyd and 
the amino resin. It was possible to bridge the gap with a few percent of a normal u/f 
resin. CAB, or a suitable silicone. 

A comparison of performances of the oil-free alkyds against coconut alkyds and 
acrylics was impressive with the exception of alkali resistance. Uses for these materials 
were expected to be mostly in the area of coil coating, possibly later in powder coatings. 

After a lively discussion period, a vote of thanks was proposed by Mr R. .I. King 
and the Chairman closed the meeting. 

R.J .K.  

Midlands 
Trent Valley Branch 
Chromate and phosphate pigments in anti-corrosive primers 
A meeting of the Trent Valley Rranch was held on Thursday I I November, at the 
British Rail School of Transport, Derby, with 26 members and guests present. The 
Chairman, Mr E. Hare, introduced Mr H. F. Clay and Mr J.  H. Cox of SCC Colours 
Ltd., who gave a talk on the above-mentioned topic. 

As both speakers had a wide experience in the anti-corrosive pigment field, the 
lecture was a very informative one and a wide variety of test pieces amply illustrated 
the main theme. 

The final period set aside for discussion proved to be very lively, but the lecturers 
dealt most capably with the wide range of questions fired at them. 

A vote of thanks was proposed by Mr J. R. Kitchen for a most interesting and 
enlightening paper which i t  is hoped will be published in full in a later issue of JOCCA. 

Scottish 
D.F.G. 

Personalised marketing 
The first meeting of the 1971172 session was held on Wednesday 13 October 1971 at 
St. Enoch Hotel, Glasgow. Mr W. A. Cooms of International Life Assurance Co. 
(UK)  Ltd., addressed the members and friends on the topic " Personalised marketing", 
which he treated in a highly controversial manner. This naturally led to lively dis- 
cussion and comment from the audience, indicating that Mr Cooms' views had 
certainly proved interesting, if not acceptable, to all present. 

H.A.M.  

Amino resins-their use in the surface coatings and paper industries - 
The November meeting of the Scottish Section took the form of a joint meeting with 
the British Paper and Board Makers Association. This was held at St. Enoch Hotel, 
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Glasgow, on 11 November 1971, when Mr R. McD. Barrett of BIP Chemicals Ltd. 
addressed a large assembled company on the subject "Amino resins-t heir use in the 
surface coatings and paper industries". 

Mr Barrett traced the development and the use of amino resins since the 1930s. 
and indicated the wide range of products in which they found application, particularly 
in the coatings and paper industries. Thc continued developn~ent of these products 
was also treated in some detail. 

A lively question and discussion period followed, indicating how well the paper 
had been received by both sections of industry. 

H.A.M. 

Eastern Branch 
Water based acrylic primers for bare wood 
The first ordinary meeting of the session was held in the Carlton Hotel, Edinburgh, 
on Wednesday 20 October with Mr R. Webster in the chair, when Mr J.  H. Sparrow 
of Lennig Chemicals Ltd. spoke on "Water based acrylic primers for bare wood". 
Thanks are due to Mr Sparrow for taking over this lecture at short notice after the 
sudden death of Mr Becalick. 

Mr Sparrow's talk covered work carried out in the USA, comparing acrylic primers 
with oleoresinous primers and conventional emulsion primers. This type of coating had 
to perform two functions, to protect the bare wood while giving satisfactory adhesion, 
flexibility, and blister resistance, and to provide a satisfactory surface to receive a 
top coat. Mr Sparrow showed many slides of test panels illustrating the exposure 
effects of the various primers. 

The results showed that the acrylic primers compared very favourably with the 
other types, in many instances giving improved properties. Also, for maxin~un~ 
adhesion there should be an excess of vehicle to pigment demand, and a maximum 
PVC of 35 per cent was quoted. It was found that adhesion promotion of a standard 
emulsion depended on the enlulsion polymerisation technique and not on the 
chemical type. This was found to be true for pva maleates, mixed and straight 
acrylics. 

J.H.S. 

West Riding 
The fibre optics colorimeter and its application for industrial coloui control 
A meeting of the West Riding Section was held at the Griffin Hotel, Leeds, on Tuesday 
9 November 1971. In introducing the speaker, Mr D. Irish of the Paint Research 
Association, the Chairman of the Section, Mrs K. Driver, expressed thanks to him 
for presenting his talk at very short notice in place of the scheduled lecture. 

Mr Irish briefly presented the contents of the original paper by Dr I. G .  H. lshak 
which appeared in JOCCA 1971, 54, 129. He then described some of the practical 
trials which had been carried out since the original paper was published. These included 
the monitoring of an actual production run on a batch of paint on a member firm's 
premises and use of the equipment for the control of the anodising of aluminium. 
Colour control of plastics and the strip coating of metal were also being examined. 
For the future, it was hoped to work towards in-line computer control of tinting using 
the fibre optics colorimeter. 

Following a lively question and answer period, the vote of thanks was proposed 
by Mr D. Gray. 

R.A.C.  



Technical 
Exhibition 
17-21 April 1972 

Lord Jronside to open 24 OCCA application for tickets for the luncheon, 
Arrangements for 24 OCCA, the 24th which are priced at £4.00, will be circulat- 
Technical Exhibitioll organised by the ed to Mcnlbers of the Association a n i  
Oil and Colour Chemists' Association, scientists and technologists in the surface 
to be held at the Empire Hall, Olympia, coatings and allicd industries throughout 
from 17-21 April 1972, are well in hand, Europe later this month; any interested 
and the Exhibition Committee is pleased person can obtain a copy on application 
to announce that Lord Ironside has in writing to the Association's offices. 
accepted the invitation to be the Guest Following the luncheon, Lord lronside 
of Honour at the Exhibition Luncheon, will open the Exhibition at Olympia at 
and to reply to the Address of Welcome 3.00 p.m. 
given by the President. Copies of the information leaflet in 

Lord lronside the second Baron of six languages have been distributed to  
Archangel and of Ironside, is a vice- paint nlanufacturing companies in Europe 
president of the Parliamentary and and, with the assistance of Embassies 
Scientific Committee, and is deeply and Chambers of Commerce abroad, to  
involved in the electronics industry, other parts of the world. Anyone wishing 
having been associated with Marconi to send invitation cards to colleagues 
and English Electric Ltd. before joining overseas should apply to the Association's 
the International Research and Develop- offices. 
merit Co. Ltd. (then C r ~ o s ~ s t e m s  Ltd.) As the number of overseas visitors 
in 1963. has increased over the years, arrange- 

Principal officers of other scientific ments have been made with various 
bodies, industrial research associations hotel groups in London for hotel accom- 
and organisations representing the modation during the period of the 
interests of suppliers and consuliiers Exhibition, and details will be published 
have been invited by the Colnn~ittee to in the Oficinl Guide. A leaflet giving 
attend the luncheon, which is to be held details of the accommodation offered 
at the Savoy Hotel, London WC2 on by Grand Metropolitan Hotels has 
Monday 17 April, at  12.45 p.m. Copies already been circulated to interested 
of the Oficicrl Gnih containing forms of parties overseas. 
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Professional Grade for Ordinary 
Members 
Members will have been interested to takes some months to complete. 
see the first list of names of Ordinary Non-members of the Association 
Members admitted to the Professional interested in the professional grade 
Grade in the January issue of the Jolrrnul should first read the regulations printed 
and the second list will be published in in the september issue pp. 916-921 and 
the March issue. It is felt that Members should then make application to become 
may like have On the Sttldent or Ordinary Members of the 
number of applications considered for 
each grade by the end of 1971, together Association, since it will be seen from 
with their distribution by the Corn- the regulations that it is necessary to 
mittee through the various grades, as have been an Ordinary Member (or 
follows: Student in certain cases) for a specified 

Applications considered by Professional C~-ade Cotilmittee by 31 December 1971 

1. Fellowship . . 

Apolications 
received 

74 

Applications 
transferred 

between 
grades 

less 13 

Successful, as 
first list in 

January 1972 
Journal 
-- 

57 

Not accepted 
Awaiting 

fulfilment of 
regulations 

- 

2. Associateship . . 

3. Licentiateship . . 

Ordinary Members are reminded that period of time before application can 
sponsors will not be required until be considered for admission to the 
October 1972, but those intending to Professional Grade. Re-prints of the 
make application for admission to the regulations and forms of apvlication for 
professional grade should do so without Membership of the Association are 
delay since, of necessity, the procedure obtainable from the Association's offices. 

Jordan Award 

46 

7 

127 

This award was instituted by the late Mrs 
M. R. Jordan in memory of her husband 
Dr L. A. Jordan, who was President of 
the Association 1947-49 and an Honorary 
Member. and who died in December 1964. 

The Committee invites applications for 
the third award of f100. 

The rules of the Award are: 
1. The Award will be made for the best 

contribution to the science or technology 

of surface coating by a member of any 
nationality working in either the aca- 
demic or industrial field who is under the 
age of 35 at the date of application. 

2. The final date for submission of 
applications will on this occasion be 
29 December 1972 and it is hoped to 
present the award at the Eastbourne 
Conference in the following June. 

acld 13 
less 1 

ad(/ I 

3. The selection of the recipient of the 

44 

2 

103 

9 

6 

15 
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Award will be made by a Committee evidence of the candidate's own contribu- 
under the chairmanship of the Associa- tion will be required if a paper is offered 
tion's Hon. Research and Development under ioint authorship. 
Officer. 

4. There will be two methods of appli- 
cation. First, by the submission of a paper 
describing original work by the candidate 
which is offered for publication in the 
Jourt~nl or has been so published during 
the two years prior to the closing date for 
application. The alternative method will 
be by recommendation by a superior for 
work which for reasons of commercial 
secrecy cannot be published; in this case 
the candidate will be expected to submit 
a dissertation on a topic relating to his 
work and demonstrating his superior 
knowledge of the principles thereof. The 
Award is for it~dividt~al merit and clear 

5. Applications should be addressed to 
the Director & Secretary at the Associa- 
tion's offices. 

The two previous awards were made in 
1969 and 1971. In 1969 it was made 
jointly to Mr M. J. B. Franklin, for his 
paper "The effect of zeta potential on the 
optical properties of paints" (JOCCA 
1968, 51, 499), and Mr R. J. King, by 
recommendation of a superior for work 
which could not be published for reasons 
of commercial secrecy; in 1971 the 
recipient was Mr J. R. Groom, for his 
paper "Milling-a printing ink variable" 
(JOCCA 1971, 54, 266). 

Association Dinner and Dance 1972 
At the end December, Members can commence as soon as possible and 
attached to the United Kingdom, Irish continue unt i l  1 a.m. ~h~~~ will be an 
and General Overseas Sections will have interval at 11.30 p.m. for tea and cakes. 
received the application form for the 
Association's Biennial Dinner and Dance, The price of single tickets is £5.00 
to be held on Friday 12 May 1972 at the each and applications should be made 
Savoy Hotel, London WC2. by Members as soon as possible after 

receipt of the form. Tables will be The will take place at 7.00 arranged to accommodate 12 or 10 for Dinner at 7.30 On this persons each, although it may be possible occasion, there will be two short speeches to arrange a few tables for eight persons. onlv-a Welcome bv the President and 
a Eieply on behali of the guests-so Non-members wishing to receive forms 
that dancing, to The Jerome Orchestra, should contact the Association's offices. 

News of Members Mr R. S. Robinson, an Ordinary 
D. T. L ~ ~ ~ ,  an ordinary ~~~b~~ Member attached to the Manchester 

to the lrish section, has recently Section, was elected Vice-President of the 
been appointed Chairman of the Institute BRMA, and Mr S. H. A. Hirsch, an 
for Industrial Research and Standards in Ordinary Member attached to the 
Ireland. Section, was elected to the Executive 

Committee. 

Mr K. A. J. Sugars, an Ordinary 
Mr C. H. Morris, an Ordinary Member Member attached to the London Section, 

attached to the Midlands Section, and a has been appointed Group Sales Con- 
Vice-President of the Association, has troller of Tioxide International Ltd. Mr 
been re-elected Chairman of the British Sugars was previously Assistant Ciroup 
Resin Manufacturers' Association. Sales Controller. 



Irish Section 

Back row lrish Section Dinner Dance (left to right) Messrs .I. Corrigan, 
D. Sharpe, L. H. Silver, .I. Smethhurst, M. Hanlon 

Front row (left to right) Mrs Corrigan, Mrs A. English, Mrs Sharpe, 
Mrs  J. Kershaw, Mrs Silver 

Dinner Dance 
The Annual Dinner Dance of the Irish 
Section was held on Friday 29 October 
1971 at the Tara Towers Hotel, Black- 
rock, Co. Dublin. Some 130 members, 
guests and ladies were present, but 
regrettably, the President, Mr A. W. 
Blenkinsop, was unable to attend. 

Mr L. H. Silver, a Vice-President of 

London Section 
Ladies' Night 
The London Section Ladies' Night was 
held on 19 November 1971, at a new 
venue, the Strand Palace Hotel, London, 
WC2, which provided very pleasant and 
modern surroundings for a very enjoyable 
occasion. It was necessary to limit the 
numbers attending to 250, by reason of 
space, and unfortunately this meant 
that some late applications had to be 
refused. 

After a very good dinner, the President, 
Mr A. W. Blenkinsop, proposed the 

the Association, proposed the toast to 
the lrish Section, and the Chairman, Mr 
D. Sharpe. replied and proposed the 
toast to the guests. Mr J.  Sniethhurst 
spoke on behalf of the guests. 

Mr G. F. Jones, to musical acconipani- 
ment, proposed a toast to the ladies and 
Mrs M. Grainger replied on their 
behalf. A.K. 

toast to the London Section. He referred 
to the breadth of activities of the Section, 
such as the European Exchange lectures 
with some continental societies; maybe 
in some years' time OCCA might itself 
have closer ties with the European 
societies as a whole. London Section 
had had a great success with their half- 
day symposia, and he congratulated 
the Section on its vigorous approach 
to present-day problems. 

In replying to the toast, the Chairman 
of London Section, Mr D. E. Eddowes, 



At the London Section Ladies Night: The President (Mr A. W. 
Blmkinsop) and Mrs Rlenkinsop (left) and hfr D. II. Eddowes (Chairman, 

London Section) and Mrs Eddowes 

thanked the President for his words of 
praise for the Section. OCCA was at 
present going through a phase of transi- 
tion, following the "forward thinking" 
exercise initiated by Dr Bell; for exanlplc 
the introduction of professional gradcs 
of membership. He wished particularly 
to ask members to encourage their 
younger colleagues to join in the 
Licentiate grade, and then to progress 
to the Associate grade with further 
experience of the industries served. He 
then welconied "the wise, the willing 
and the winsome." Anlong the wise he 
included the President, Mr A. W. 
Blenkinsop and Mrs Blenkinsop, Mr 
and Mrs A. A. Duell, from Newcastlc 
Section, Mr and Mrs P. L. Gollop, from 
Bristol Section, Mr and Mrs B. A. 
Richardson from Southern Branch. Mr 
and Mrs B. Jacob from Thames Valley 
Section, and of course Mr R. H. Han~blin 
the Director & Secretary. He was also 
glad to welconle two past-presidents, and 

scveral former chairmen of London 
Section. 

The willing were his fellow committee 
n~cmbers, and in particular the Hon. 
Secretary, Mr R. H. E. Munn, upon 
whom fell the task of organising the 
evening's entertainment. Finally came 
the winsome-t he ladies. 

Replying on behalf of the guests and 
ladies, Mrs L. Thonipson thanked the 
committee for the gift of a pot plant 
to each of the ladies and proceeded to 
give a very an~using account of her 
horticultural experiences. 

After the dinner came the excitement 
of the tombola, and then dancing com- 
nienced and continued until 1 a.m. to 
the n~usic of Billy Wells' band. Rex 
Canlpbell was the toastmaster. 
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Manchester Section 
Symposium: Paint performance and the 
microbiological enfironment 
The Manchester Section is planning a 
Symposium to be held at the University 
of Manchester Institute of Science and 
Technology (UMIST) on 19-20 September 
1972. 

The subject, "Paint performance and 
the microbiological environment", is con- 
sidered to be of vital and increasing 
interest to scientists working in the 
surface coatings industry, to civil engi- 
neers, and to others concerned with the 
protection of surfaces and structures in 
general. 

This Symposium will be the third such 
event organised by the Manchester 
Section; the previous Symposia in 1966 
and 1969 each attracted wide support in 

that 300-400 delegates from the UK and 
Western Europe attended. 

A dinner (optional) will be held on the 
evening of 19 September and overnight 
accom~nodation in a Hall of Residence 
will be available at moderate cost as 
required. 

The technical programme is at present 
being consolidated following the excellent 
response from academic and industrial 
contributors. 

Advanced information on the pro- 
gramme and arrangements for the Sym- 
posium may be obtained from: 

Dr F. Dalton, 
C/O CIBA-GEIGY (UK) Ltd., 
Pigments Division, 
Wythenshawe, 
Manchester M23 9ND. 

Electrostatics; fundamentals, applications 
and hazards 
The Institute of Physics is to organise a 
seminar with the above title on 18-19 
April 1972 at the University of South- 
ampton. Electrostatic methods of coating 
will form a major part of the application 
study section of the seminar, and electro- 
static hazards will be treated in some 
detail. 

It is planned to limit the attendance to 
about 50 participants, the selection being 
by the organisers, The Institute of Physics, 
47 Belgrave Square, London SWlX 8QX, 
to whom all inquiries should be addressed. 
Closing date for applications is 20 March 
1972. 

Colour 73 
Colour 73, the second congress of the 
International Colour Association, is to 
be held at the University of York from 

2-6 July 1973. Accommodation will be 
mainly on campus, but a very small 
amount of hotel accommodation has been 
reserved in the centre of York. The call 
for papers will be circulated early in 1972, 
and all inquiries should be addressed to 
Professor W. D. Wright (AIC Colour 73). 
Applied Optics Section, Imperial College, 
London SW7 202. * 

European Resins Conference 
A conference of European resin manufac- 
turers, sponsored by the British Resin 
Manufacturers Association, will be held 
at the Carlton Towers Hotel, London, on 
5-6 June 1972. Programmes for the con- 
ference, which is intended to bring 
together resin manufacturers and users 
for all European countries to discuss the 
effect on the industry of the enlarged 
EEC, may be obtained from the Society 
of the BRMA, Alembic House, 93 Albert 
Embankment, London SEl 7TU. 
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Register of Members 
The following elections to Membership have been approved by council. The Section 
to which new Members are attached is given in italics. 

Ordinary Members 
AARON, MICHAEL NISSIM, 30 Carlton Court, Carlton Drive, Barkingside Jlford, 

Essex. (London) 
ADAMSON, EDWARD, LRIC, 13 Denby Court, Oakworth, Keighley, Yorks. 

( West Riding) 
ARNOLD, ALAN EDWARD, 10 Ash Crescent, Kingshurst, Birmingham 37. 

(Midlands) 
BARTON, JAMES FRANCIS, 6 North Mount, High Road, London, N20 OPH. (London) 
BROUGHTON, COLIN MICHAEL, 46 Arrowsmith Road, Chigwell, Essex. (London) 
CHARLTON, PHILIP, 130 Birchwood Road, Wilmington, Kent. (London) 
COGGER, DERRICK ERNEST, 4 Brinds Close, Sonning Common, Reading, RG4 9SR. 

(Thames Valley) 
CONDIE, ANDREW YOUNG, 19 Lochlea, Kirkintolloch, Glasgow, Scotland. (Scottish) 
HIGGINS, MICHAEL BRIAN, 4 Scots Close, Stanwell, Surrey. ( Thames Volley) 
HICKSON, DAVID JOSEPH, Zinkaflex Ltd., Dumers Lane, Bury, Lancs. (Manchester) 
IRWIN, TERENCE, ARIC, 12 North Grove, Wetherby, Yorks. ( West Riding) 
KAYE, DENNIS D., LRIC, 28 Buntingbridge Road, Ilford, Essex. (London) 
MCCLAREN, ALASTAIR MCINTOSH, 4 Rosevale Terrace, Edinburgh, Scotland, EH6 

8AN. (Scottish) 
MOHAMMED, SHAKIR, Sissons Paint (WI) Ltd., Princess Margaret Highway, Chaguanas, 

Trinidad, West Indies. (General 0 verseas) 
MORRISON, WILLIAM ESPIE, 27 Garsdale Road, Whitley Bay, Northumberland. 

(Newcastle) 
MUSTAPHA, KAHLEEL, BSC, Sissons Paint (WI) Ltd., Princess Margaret Highway, 

Chaguanas, Trinidad, West Indies. (General Overseas) 
RIDDOCH, DUNCAN WILLIAM, 166 Amersham Way, Little Chalfont, Amersham, Bucks. 

(Thames Valley) 
Associate Members 
BALL, DONALD, 514 Christian Crescent, Edinburgh 15, Scotland. (Scottish) 
HANFREY, PETER, 57 Pauls Croft, Cricklade, Wilts, SN6 6AJ. (Bristol) 

Students 
BUNCE, JAMES ALEXANDER, 30 Burnside, Road, Gorebridge, Midlothian. (Scottish) 
DAVIE, ALEXANDER KNIGHT, 19 Bollinwood Close, Wilmslow Park, Wilmslow, 

Cheshire. (Manchester) 
DOVE, WILLIAM, 9 Great Junction Street, Edinburgh, EH6 5HX. (Scottish) . 
FIELD, PETER, 49 Kenrick Croft, Castle Vale, Birmingham 35. (Midlands) 
HURST, ANDREW JOHN, 29 Schoolfields Road, Shenstone, Near Lichfield, Staffs. 

(Midlands) 
O'DONNEL, DENIS, 140 Magdalene Drive, Edinburgh, Scotland. (Scottish) 
PATON, LINDA ANGELA, 24 Ryehill Avenue, Edinburgh, Scotland. - (Scottish) 
MACLEAN, RODERICK IAN, 4 Woodilee Cottages, Lenzie, Kirkintolloch. (Scottish) 
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Forthcoming Events 
Details m e  given of' meetiltgs irz the United Kii~~eclonr up to t l r ~  c)ntl of' //re ,~/orrt// 
following publication, artd Soutlt Africrr (r~iri' tlrc. Commorrwccrltll up to tlre erlcl of /he 
second month. 

Thursday 3 February 
Newcustle Section: "Alpha-olefins, new 
monomers for surface coatings" by M r 
K. B. Gilkes and Mr A. Laws of 
Resinous Chemicals Ltd., to be held 
at the Royal Turks Head Hotel, Grey 
Street, Newcastle upon Tyne, at 
6.30 p.m. 

Friday 4 February 
Scottislr Sectio11-Ecrstc>rn Brcrrtc.lr: 
Burns Supper, to be held at the 
Queen's Suite, Royal Mile Centre, 
Edinburgh at 7.30 p.m. 
Tlmmes Vcrllcy Sectiorr: Buffet Dance, 
to be held at "Great Fosters", Eghani. 

Monday 7 February 
H~rll Scction: "Powder coatings" by 
Mr D. Brooker of Shell Research Ltd., 
to be held at the Haven Inn, Barrow 
Haven, Lincolnshire, at 7.00 p.m. 
Please note new venue. 

Tuesday 8 February 
TI~~rncs Vcrll~>y--Stlrrle~rt Grorrp: Works 
Visit toa  furniture factory, starting from 
Slough College Car Park at 1.00 p.m. 
West Riciirrg Sectiorr: "Industrial sur- 
face coatings, and the paint industry" 
by Mr F. Armitage, to be held at the 
Griffin Hotel, Boar Lane, Leeds, at 
7.30 p.m. 

Wednesday 9 February 
Londorr Sectiolr: "A new approach to 
the preparation of alkyds based on the 
glycidyl ester of a branched chain acid" 
by Mr G. Rossa of Shell Research Ltd., 
to  be held at the South Bank Poly- 
technic, Borough Road, SEl, at 7.00 

Thursday 10 February 
Midlu~?(ls Section-Treirt Vcrlley Branch: 
"Micronised pigments and future de- 
velopments" by a speaker from Bayer 
Ltd., to be held at the British Rail 
School of  Transport, London Road, 
Derby, at 7.00 p.m. 

Scottish Section: "The effect of recent 
changes in shipbuilding processes on 
ship painting" by Dr D. Atherton of 
Craig Hubbuck Ltd., to be held at the 
St. Enoch Hotel, Glasgow, at 6.00 p.m. 

Friday 11 February 
Murrclrc~.stcr Scction: "Chrome pig- 
ments up to date'' by Dr D. A. Plant 
of ICI Ltd., DyestuHs Division, to be 
held at the Manchester Literary and 
Philosophical Society, 36 George Street, 
Marichester I ,  at 6.30 p.m. 

Saturday 12 February 
Scottislr Section-Stuclcrrt Grorrp: 
Works visit to Outram Press. 

Tuesday 15 February 
Lonrlorr Section-Soutkern Brrrrrclr: 
"Reflections on an industry" by Mr 
D. E. Eddowes of Polymer, Paint & 
Colour Journal,- to be held at the 
Pendragon Hotel, Southsea, at 7.00 p.m. 

Wednesday 16 February 
Scottislr Section-Etrstcrn Brurrch: 
"Son~e problenls of ink and paper 
performance in printing" by Mr E. W. 
Peacock of PIRA, to be held at the 
Carlton Hotel, North Bridge, Edin- 
burgh, at 7.30 p.m. 

p.m. 
Newcastle Sectior~strrdcnt Group: Friday 18 
"Modern paint production" by Mr lrislr LTection: "The treatment of 
J .  L. Baxter of Dufay Paints Ltd., to timber" by Mr P. J. Coyle of Protim 
be held at the Newcastle Polytechnic, (Ireland) Ltd., to  be held at the 
Ellison Place, Newcastle upon Tyne, Clarence Hotel, Wellington Quay, 
at 3.00 p.m. Dublin, at 8.00 p.m. 
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Midlurrds Sectioir: "The changing struc- 
ture of the paint industry" by Mr 
D. E. Eddowes of Polymer, Paint & 
Colour Journal, to be held a t  the 
Chamber of Commerce, 75 Harborne 
Road, Birmingham, at 6.30 p.ni. 

Newcastle Section: Ladies Night, to be 
held at the Five Bridges Hotel, Gates- 
head. 

Midlands Section- Tr~wt Valley 
Brnrrch: Buffet Social, to be held at the 
Yew Lodge, Kegworth, a t  8.00 p.m. 

Thursday 24 February 
Tlrrrrnes Valley Section: "Training for 
the paint and printing ink industries" 
by Mr A. R. H. Tawn of Cray Valley 
Products Ltd., to be held a t  the Beech 
Tree Hotel, Maxwell Road. Beacons- 
field, Buckinghamshire, at 7.00 p.m. 

Friday 25 February 
Bristol Scction: A lecture by Professor 
E. M. Evans of BP Chemicals Inter- 
national Ltd., to be held at the Angel 
Hotel, Cardiff, at  7.15 p.m. 

Thursday 2 March 
Ne~r,ccr.stlc~ Sectiort: "Inorganic zinc 
rich prinxrs" by Mr D. S. Newton 
and Mr M. Rendu of 111iperial Smelting 
Corporation (Alloys) Ltd., to be held 
at Royal Turks Head Hotel, Grey 
Street, Newcastle upon Tyne at 6.30 
p.m. 

Monday 6 March 
Hrrll Section-Ladies Evening: "A 
conducted tour of the Hull Art 
Gallery" by the Director, Mr Bradshaw. 

Wednesday 8 March 
Lorrc/orr Sectior~: "Statistical evaluation 
of colour difference formulac" by Mr 
K. McLziren of ICI Ltd., Organics 
Division, to be held at the South Bank 
Polytechnic, Borough Road, London, 
SEI, at 7.00 p.m. 
1% wcastle Sectiorr-Strr(1errt Grolrp: 
Film show, to be held at the Newcastle 
Polytechnic, Ellison Place, Newcastle 
upon Tyne at 3.00 p.m. 

Thursday 9 March 
Monchester Sectiorr : Joint meeting 
with North Western Branch of the 
Institute of Printing. "Future trends 
in the printing and communication 
industries in the Seventies" by Mr 
H. Sander of the Bonnier Group, 
to be held a t  the Royal Institution, 
Liverpool at 6.30 p.m. 
Mi(llan(1.s Sectiorr-Trerrt Valle?. 
Brrrr~clr: "Examination of paint systems 
using the scanning electron micro- 
scope" by Mr H. Wells of the Quality 
~s su rance  Directorate, to be held at 
the British Rail School of Transport, 
London Road, Derby, a t  7.00 p.m. 
Scotti.sli Section: "Some aspects of 
managing a new town development 
corporation" by Mr G. B. Young of 
the East Kilbride Development 
Corporation, to be held a t  the St. 
Enoch Hotel, Glasgow at 6.00 p.m. 

Saturday 11 March 
Scottisli Sectioir-Stlidertt Group: 
Annual General Meeting followed by 
a general knowledge quiz, to be held 
at the St. Enoch Hotel, Glasgow at 
10.00 a.m. 

Tuesday 14 March 
Lorrtlorr Section-Soutlrerrr Branch: 
"Zinc phosphate-its history and 
development" by Mr M. Rendu of 
Imperial Smelting Corporation (Alloys) 
I,td., to be held at the Pendragon 
Hotel, Southsea at 7.00 p.m. 
Tlrnnics Valley Sectiorr-Strrc/~wt Crorrp: 
"Titanium dioxide-manufacture and 
treatment" by a speaker from Laporte 
Industries Ltd., to be held at the Main 
Lecture Theatre, Slough College at 
4.00 p.m. 
West R i i  Sectiorr: "Industrial 
espionage," to be held at the Griffin 
Hotel, Boar Lane, Leeds, at 7.30 p.m. 

Friday 17 March 
Micllnrr(1.s Sectiorr: Annual J .  Newton 
Friend Lecture: "Atjtiques" by Mrs 
D. I. Bamber of J. and D. 1. Bamber 
Ltd., to be held at the Chamber of 
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Commerce, 75 Harborne Road, 
Birmingham, at 7.30 p.m. 

Wednesday 22 Ma'rch 
Scottish Section-Eastern Branch: Film 
by Hoechst U K  Ltd., to be held at 
the Carlton Hotel, North Bridge, 
Edinburgh at 7.30 p.m. 

Thursday 23 March 
Thames Volley Section: "Powder coat- 
ings" by Dr 0. Brussman of BASF AG, 
to be held at the Beech Tree Hotel, 
Maxwell Road, Beaconsfield, Bucks at 
7.00 p.m. 

Bristol Section: Annual Dinner Dance 
to be held at the Mayfair Suite of the 
Bristol Entertainments Centre. 

Friday 24 March 
Irish Section: "Solvents" by Mr D. H. 
Scharer of Shell Research Ltd., to be 
held at the Clarence Hotel, Wellington 
Quay, Dublin at 8.00 p.m. 

Wednesday 29 March 
Mnnchester Section-Student Group: 
"Modern applications of polyure- 
thanes" by Mr A. C. Jolly (Synthetic 
Resins Ltd.) to be held at the 
Manchester Literary and Philosophical 
Society at 4.30 p.m. 

Friday 31 March 
Bristol Section: "Industrial relations 
in the surface coatings industries" 
by Mr J. L. Thomas of the University 
of Bristol, Department of Extra Mural 
Studies, to be held at the Royal Hotel, 
Bristol at 7.15 p.m. 

Newcastle Section 
Ladies' Night Mr H. Fuller, 

The Newcastle Section Ladies' Night 
552, Acklam Road, 
Middlesbrough, Teesside. 

Dinner Dance will be held at the Five Hotel accommodation at the Five 
Bridges Hotel, Gateshead7 on 18 February Bridges for the evening of 18 February 
1972. Tickets, price £2.50, are available can be obtained at 50 per cent of the 
from: normal rate. 
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Introduction to 
PAINT technology 

second edition with additional chapter 1967 

over 15,000 copies of  this book, which is 
intended for students o r  technically qualified 
personnel entering the paint industry, have 
now been sold. 

copies are available from the 

O i l  and Colour Chemists' Association 
Wax Chandlers' Hall. Gresham Street. London. ECZV 7AB 
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The Fund was established in 1935 to  
provide assistance by grants o r  loans t o  necessitous 
cases amongst persons engaged in the colour, paint 
and varnish industries and t o  the widows and other 
dependants of persons lately engaged in those 
industries. 

Pension schemes and the "Welfare State " 
are unfortunately not always adequate t o  meet 
difficult circumstances at a given time. It i s  in such 
cases that the Fund can be of  practical assistance. 

Finance is  obtained by voluntary gifts from 
firms and individuals by way of  covenanted sub- 
scriptions, annual subscriptions and donations, 
supplemented mainly by money raised by an annual 
golf competition. The Fund costs very l i t t le t o  
administer as all services are given voluntarily. 

For many years the income from these 
sources proved adequate t o  meet the yearly grants 
paid. This is  no longer so. 

Contributions are therefore greatly needed 
and should be sent t o  : 

HONORARY SECRETARY, 

c/o PAINTMAKERS ASSOCIATION OF GREAT BRITAIN 
PRUDENTIAL HOUSE, WELLESLEY ROAD, CROYDON CR9 2ET 





A new international journal summarizing and Managing Editor: 
analysing significant developments in the field W. Funke 
of organic coatings (paints, varnishes, inks, 
adhesives, etc.) : Consulting Editors : 

P. Fink-Jensen 
Chemical, Physical, and Technological A. R. H. Tawn 
Properties 
Methods of Preparation, Manufacture, and Subscription price 

Application for Vol. 1 (1 971 -) : 

Performance and Testing SFr. 131.75 

For sample copies and further details please contact: 

P.O. Box 851 1001 Lausanne 1 Switzerland 



February xvii 

Oil & Colour Chemists' 
Association 

PAINT 
TECHNOLOGY 
MANUALS 
The second editions of 

1 Non-convertible Coatings 

2 Solvents, Oils, Resins 
and Driers 

are now available 

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

The price of the 2nd edition is £ 1.80 per 
volume. 

Still available in 1st edition is: 

6 Pigments, Dyestuffs and 
Lakes 

The price of the volume is £1.75 

The following parts : 
3 Convertible Coatings 

4 The Application of Surface 
Coatings 

5 The Testing of Paints 
are now in the course of reprinting. 

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

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 nntural base material for 
S W ~ N L A C  BLEACHED LACS (trans- 
pairen,t, 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 VARNISH 
RESINS. WAXES & WATER GUMS 

Agents for Established 1906 

ANGEL0 BROTHERS SHELLACS 
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C L A S S I F I E D  A D V E R T I S E M E N T S  

Classified Advertisements are  charged a t  the rate of 50p per line. Advertisements for 
Situations Wanted a r e  charged a t  12;p per line. A box number is charged at 5p. 
They should be sent to  the Director & Secretary, Oil & Colour Chemists' Association. 

Wax Chandlers' Hall, Gresham Street, London, ECZV 7AB. Telephone: 01-606 1439. 

FOR SALE 

For sale, one No. 2G RlLEY PILLAT INCIN- 
ERATOR, complete with chimney and flue gas 
washing cquipnient. Constr~tcted for  sing 
North Sea gas. New. has not been erected. 
Offers. Can be viewed at:  

BLUNDELL-PEKMOGLAZE LTD.. 
248 Argyll Avenue. 
Trading Estatc, 
Slough, Bucks. 
Tel: Slough 21 374 

paint 
TECHNOLOGY 

Price €I .  

OIL & COLOUR CHEMISTS' ASSOCIATION 

4 4 . . . . . . . . . .  and finally we 
filled the vacancy through a 

classified advertisement in J. 0 .  C. C. A .  " 

The Journal i s  read by technical personnel 

throughout the surface-coatings 

industries, and Situations Vacant may 

be advertised at the rate of  50p per line, 

and 12+p per line for Situations Wanted. 

Professional Grade for Ordinary Members-see page 180 



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. 

~ h e s e  items are available only from:- Lancaster Place, Strand, 
London, W.C.2. 

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

; To : Thresher & Glenny Ltd., Lancaster Place, Strand, London, W.C.2. ! 
As a member of the Association, please accept my orderfor the following: 

; ...... OCCA tie @ S1.40 
i ...... OCCA blazer badge @ £3.90 
; ...... OCCA wall plaque @ £2.30 
i ...... OCCA car badge @ £2.30 

(stote bar or grille) 

i (All prices include postage 
and packing) 

i If tie is required airmail add 
35 P 

Total Remitted 

Name ............................................................... ; 
SectionlNo .............................................. 

Address ................................................... ; 

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



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

GQbOWRB 
for 

PA1 NTS 

PRINTING INKS 

CELLULOSE FINISHES 

LINOLEUM, LEATHERCLOTH 

ETC. 

We invite your enquiries 

c, 

P 

HORACE CORY 
& CO. LTD. 

NATHAN WAY 

LONDON, SE28OAY 

4' 

.. 
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