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Transactions and Communications 

Atmospheric corrosion testing of metal lised, 
metallised and painted, and painted steel* 
By S. H a a g e n r u d  
Ncrwegian Institute for Air Research, P.O. Box 130, 2001 Lillestrom, Norway 

Summary 

Long term corrosion testing of ditferent types of metallised, conditions of atmospheric exposure. Measurements and analyses 
metallised and painted, and painted steel at test stations in Norway of the environnlental parameters determining the local corrosivity 
is described. The objective is to obtain experimental data as a basis are being carried out in order to make the results applicable under 
for the choice of optimum protection systems under various thosc conditions where the environmental factors can be specified. 

Keywords 

Tjpes atrd clrr~scs of ,/~trirc.rnrcs or srrrfnces to 6c coatcrl 

steel 

Eqlriptttent pritt~orilj os.soci~z~cd a.itlr: 

analysis, n~easrrrettrcr~l or fr.slitr~ 

exposure facility 

Processes and nrethotls prirtrarily associa~efl witir: 

analysis, testing or nteaslrret?rent 

corrosion testing 
exposure testing 

Properlies, characterislics and conrlitions pritnnrily 
associated with: 

dried or curedfilms 

weather resistance 

U n e  p r o p o s i t i o n  B 1'6gard d e s  e s s a i s  p o u r  d o s e r  la  c o r r o s i o n  a t m o s p h b r i q u e  d ' ac i e r  metal l i s6 ,  me ta l l i s6  
et pe in t ,  et p e i n t  s e u l e m e n t  

On dCcrit les essais B long terrne pour doser la corrosion de divers tions atniosphCriques d'exposition. On fait des observation et des 
types d'acier, soit metalllse, soit metalllsk et peint, ou peint seule- analyses des parametres climatiques qui determinent le taux de 
ment, qui se produit 1 des stations d'essai en Norvege. Le but est corrosion regnant dans la localite, afin de rendre les rksultats valables 
I'obtention des donnkes experinlentales pour etablir la base de la dans le cas ou I'on saurait preciser les facteurs climatiques. 
choix des systemes de protection optimale sous de diverses condl- 

V o r s c h l a g  f i i r  a t m o s p h a r i s c h e  Kor ros ionsp r i i fung  v o n  me ta l l i s i e r t em,  me ta l l i s i e r t  u n d  
a n g e s t r i c h e n e  u n d  a n g e s t r i c h e n e m  S t a h l  

Eine Beschreibung langfristiger Korrosionspriifung von ver- bedingungen. Messungen und Analysen der klimatischen Parameter, 
schiedenen metallisierten, metnllisiert und angestr~chenen und welche die lokale Korrosionsvorgange bestimrnen, werden 
angestrichenen Stahlsorten in norwegischen Versuchsstationen. durchgefiihrt um die Ergebnisse unter Umstanden, unter denen 
Bezweckt wird, experimentelle Werte zu erhalten als Ba~is fiir die kl~mabedingten Faktoren spezifiziert werden konnen, vetwenden 
die Wahl bester Schutzsysteme unler verschiedenen Bewitterungs- zu konnen. 

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

Refs. 1-4 

The objective of the programme is to obtain experimental 
data which can serve as a basis for the choice of optimum 
protection systems under various atmospheric exposure 
conditions, taking intoconsideration the technical, economical 
and environmental aspects. The testing is being carried out by 
long term exposure at six atmospheric corrosion test stations 
in Norway. 

The atmospheric corrosivity is usually classified in terms of 
rural, indt~strial, urhon and marine atmospheres. This 
classification is far too inexact. This is illustrated by test 
results from NILU's atmospheric corrosion test stations 
showing that the corrosion rate of steel can differ by a factor 
of five in different industrial 

The term "rural" is also ambiguous with respect to 
atmospheric corrosivity. Due to greater and more acid 
precipitation3 zinc coatings corrode twice as fast at rural 
sites in the southernmost part of Norway, compared to 
inland sites in eastern Norway. 

The vague classification of atmospheres is due mainly to 
the lack of definition and measurements of the parameters 
determining the local corrosivity. Allowance for these factors 
will be made by the detailed measurements of metwrological 
and air pollution parameters at the NILU test stations. The 
data will then be subjected to multiple regression analyses and 
therelationship between corrosionandenvironment evaluated. 
The use of the relationships found, and a knowledge of 
environmental data at other localities, will enable the test 
results to be more generally applicable. The test stations 
established are also intended to serve as standard test sites 
for users and producers of metals and protection coatings. 

An aspect of environmental concern in corrosion protection 
is the possible damage to the environment by the paint 
maintenance work on steel structures it1 siru. This maintenance 
work often includes sand blasting and causes the dispersion 
of sand together with old and new paint waste on to cultivated 
land, rivers efc. As paints are more or less toxic, maintenance 
procedures can thus represent a serious pollution problem4. 
A change to more durable and less toxic corrosion protection 
systems, for example, less toxic paint systems on metal 
coatings, would, therefore, lead to a much better solution of 

*Paper presented at the Association's Biennial Conference held at the Grand Hotel, Eastbourne, Sussex from 16-19 June 1977 
469 
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the environmental problems connected with maintenance 
work. Most of the sand blasting could be carried out at the 
workshop in the first instance, whilst maintenance work in 
field would be limited to the renewal of the top coating. 

Expe r imen ta l  

Refs. 3. 5 

As the exposure programme started in December 1976 no 
results are available yet for report in this paper. The field 
stations and the exposure programme will, however, be 
described. 

Atmospheric corrosion test stations 

The test programme is being carried out at six stations 
situated in different types of atmosphere. Description and 
location of the stations are given in Table 1 and Figure 1, 
whilst Figure 2 shows station no. 1 .  

Table l 
Atrilosplreric corrosion test stalio~rs 

Station no. Name Type of atmosphere 

I Borregaard Acid industrial atmosphere, Fig. 1. Location of atmospheric corrosion test stations in Southern 
(Sarpsborg) strongly SO,-polluted and Western Norway (inset) 

I1 Folehavnen 10m Mar~nc atmos~here with 
from sea sea spray 
(Sandefjord) 

111 Folehavnen 250m Marine atmospherc 
from sea 
(Sandefiord) 

As a reference for the aggressiveness of the atmosphere, the 
corrosion rates of identical samples of unalloyed carbon steel 
and pure zinc are determined on a monthly, quarterly and 
yearly basis at each station. The corrosion is determined by . . 

IV Brevik Alkaline industrial atmosphere, height loss. 
heavv dust.nolluted ~~- 

2 ~~- r~ 

V Birkenes (30kn1 Rural atmosphere with much All stations have identical equipment for sampling 
north of acid rainfall (long range 
Krisliansand) transport of air  pollutants (3 ,  of rainfall and air. Precipitation is collected both in a 

VI Marineholmen urban, industrial and marine polyethylene gauge with a 20 cm diameter opening, and in 
(Bergen) atmosphere. an open polyethylene jar. Both samplers are placed 2 metres 

above the ground in a stand which has a ring above the rim of 

Tuble 2 
Corrosiorr and envirorrn~ental (lala at corrosiotr rest staliorr fro I (Borrepaard) 

CORROSION DATA CHEMICAL DATA 
-- 

Zn C-steel P-steel In precipitation (mg/m2) Air vg/rn3 
Year and - -- - 
month G/m2 MY G/m"Y G/m2 MY pH NH, Ca SO* C1 MY S So2 

74 Oct 
74 Nov 
74 Dec 
75 Jan 
75 Feb 
75 Mar 
75 Apr 
75 May 
75 June 

I 

METEOROLOGICAL DATA 
A- - - - -- - 

Termohygrograph Pluviograph (precipitation) 
Year and -- 
month % rel. hum h > 85 % h > 90% h > 95 "; d< 0°C d.w/prec h.w/prec nim prec 
-- -- 
74 Oct 78 264 168 88 2 25 8 1 58 
74 Nov 84 392 320 80 12 20 100 122 
74 Dec 85 488 357 80 2 1 17 80 74 
75 Jan 83 441 301 146 18 17 92 121 
75 Feb 88 501 446 315 24 3 41 23 
75 Mar 74 338 282 160 20 7 49 3 1 
75 Apr 62 170 115 5 1 14 7 46 26 
75 May 62 132 100 35 1 9 42 33 
75 Jun 45 11 2 1 0 2 9 5 
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Eff?ct o f  environmental parameters on corrosion 

Examples of the data on a monthly basis are shown in 
Table 2. 

By a Scandinavian co-operative research project on 
atmospheric corrosion, these six test stations are integrated 
into the net of thirty Scandinavian stations5. The corrosion 
rates for unalloyed steel on these stations are shown in 
Figure 3 for the period July 1975 to July 1976. 

Fix. 2. Atmospheric corrosion test station No I (Borrexaard) 

the sampler to prevent contamination from bird droppings. 
The rain samples are analysed for pH, ammonium, calcium, 
sulfate, chloride and nitrate. 

Air sampling is carried out with a NILU automatic air 
sampler in which the air is drawn (about 3 m3 per day) through 
a Whatman 40 filter for the collection of sulfate. After 
filtering, the air is bubbled through a solution of 0.3 per cent 
hydrogen peroxide for absorption of atmospheric SO,. The 
amount of sulfate formed in the solution is determined by the 
barium perchlorate method. The minimum detectable 
concentration3 of SO, is 0.5-1 @g/m3. 

Temperature, humidity and duration and intensity of 
rainfall are continuously recorded. 

COUNTRY /STATION 
SWEDEN 

GALLIVARE 

RYOA 

E?%!%LM i 
BOHUS MALMON J 
KVARNVIK (BM 3) 
BOHUS MALMON j 
KATTESAND (BM 11 
GOTEBORG 

FINLAND 
SALMISAARI 

HARMAJA 

OTANIEMI 

KOSKI 

k 
HARJAVALTA 

SOLITHFRN NORWAY .. - 
BORREWRO. 
SARPSBORG ) 
0STFOLD SARPSBORG SLAKTERI. 1- 
PORSGRUNN 1- 

voss 
CHR MICH. INST. 
BERGEN 
MONGSTAO 

STENO 

STORD 50m ~FOM SEA \ 
:L%RRDELPNE I 
EE;R,CSBERG, ) 
-- -- 
:%b~ElMj  I I I I I I I 

0 10 20 30 LO 50 60 70 80 
REDuCTloN OF THICKNESS: pmlYEAR 

Fig. 3. Corrosion rate of unalloyed steel at 30 atmospheric corrosion 
test stations in Scandinavia 

Based on data of the type shown in Table 2, the effect 
of parameters on corrosion has been analysed by 
plotting the corrosion rate and each single parameter 
in the same diagram, and by statistical evaluation of the 
results. This analysis has not yet been fully completed, so that 
the results must be regarded as preliminary to some extent. 

The correlation coeflicients between the monthly corrosion 
of steel on three corrosion stations for a two-year period 
show that the corrosion velocity is well correlated with sulfur 
dioxide in air (R = 0.82), sulfate (R = 0.64) and strong acid 
(R - 0.51) in the rainfall. 

In the multiple linear regression analysis the ten best 
equations including two, three or four climatic parameters are 
calculated. The best equation for the three parameters is: 

( R  = 0.87) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (1) 

where 

Y = monthly corrosion of carbon steel (g/m2) 

XI = concentration of SO2 (wg/m3) 

X 2  = days with precipitation 

X 3  = concentration of strong acid in precipitation (y eqv. H+/1) 

The correlation coefficient indicates that 76 per cent of the 
corrosion can be explained by this equation. The calculated 
monthly corrosion from this equation is plotted in Figure 4 
against the measured corrosion. 

-500 50 100 150 200 250 300 
MEASURED CORROSION 

Fig. 4. Relationship between calculated and measured monthly 
corrosion of unalloyed steel over a two-year period at three 

corrosion test stations 
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In this way, the test results from one station can be 
extrapolated to other localities where the environmental 
parameters are known or can be evaluated. 

Test programme 

Rex 6 

Protection systems 

The protection systems being tested are divided into six 
series (Table 3), including a total of 57 systems. All systems 
are exposed at all the six test stations. 

Table 3 
Test programme 

SERIES 

A Hot-dip galvanised, flame-sprayed zinc, arc-sprayed, 
flamesprayed and aluminised aluminium (system Al- 
A9). 

B Hot-dip galvanised, flame-sprayed zinc and arc-sprayed 
aluminium, topcoated respectively with alkyd, epoxy, 
chlorinated rubber (1 and 3 coats), vinyl ( I  and 3 coats) 
and polyurethane (system B10-B30). 

C Zinc-rich primers: inorganic water reducible (Na-Li), 
inorganic solvent reducible (ethyl-silicate) (system C31- 
C32). 

D Top-coating of the zinc-rich primers in series C with the 
same top-coating systems as in series B alkyd, epoxy, 
etc (system D33-D46). 

E Organic zinc-rich epoxy shop-primer top-coated with 
the same systems as in series B (system E47-E53). 

F Tie-coat (basic zinc-chromate vinyl butyral washcoat) 
plus respectively alkyd chlorinated rubber, epoxy, vinyl 
(system F54-F57). 

The aim with series A is to compare various metal coatings 
of zinc and aluminium on steel. Different thicknesses of the 
coatings are also being tested. 

Under the severely aggressive conditions the metal coatings 
may be top-coated with various paint systems. In series B, 
various types of duplex systems are being investigated. 

Zinc-rich paints have been widely applied during recent 
yearsa. In series C two zinc-rich primers without top-coating 
are investigated, and in series D the same zinc-rich primers 
top-coated with the systems in series B are investigated. The 
purpose is partly to compare zinc-rich paints (plus top- 
coating) with metal coatings (series A), and partly to 
investigate top-coating for zinc-rich paints. 

Also included in the test programme are some paint 
systems on bare steel (series E andF), although these systems 
will have less resistance than the duplex systems. 

Test panels 

The test panels being metallised/painted are untreated 
unalloyed carbon steel with dimensions 150 x 100 x 1.5 mm. 

Types of paints 

The paints tested are proprietary paints, chosen by the 
Working Group of the project, and the identity of these 
paints will not be published. However, the paints are analysed 
in the laboratory and the analytical results will be given. 

Painting of test panels 

The panels have been painted according to the manufacturers' 
specifications with respect to coating thicknesses, drying 
conditions etc. The temperature during painting was 20°C 
and the relative humidity did not exceed 70 per cent. 

Scratches in the coating 

The life timeof a coating is very often limited by the occurrence 
of scratches and other damage. Because of this scratches 
down to bare steel have been made in all the panels. The 
scratches which are parallel to the short edge of the panel 
have been cut on both sides of the panels. The corrosion on 
the damaged and the undamaged parts of the panels will be 
evaluated separately. 

Panels for reference 

For each system ten extra panels are prepared and stored in 
the laboratory. 

These panels will be used as references when evaluating 
the exposed panels, and also they can be used for short-time 
testing in the laboratory. 

Programme of evaluation 

Panels will be evaluated in the field and in the laboratory 
after 1.5, 2.5 and 4.5 years of exposure. In addition, panels 
will be left for further exposure for any desired period, say 8, 
16 years etc. The first results will be available in summer 1978. 

Parallel to this exposure programme, panels of unalloyed 
steel and pure zinc are exposed for successive quarters of the 
year on all stations to determine the corrosiveness of the 
climate. 
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Discussion at Eastbourne Conference 

MR A. F. SHERWOOD said he had noticed in one of Dr 
Haagenrud's slides that he was using a rather unusual damage 
pattern on his panels. He was using a horizontal rather than 
the normal diagonal scratch, and also pointed out that it 
appeared to be tapered. He asked if this taper was deliberate 
and what was the thinking behind using the horizontal 
scratch rather than the normal pattern. 

DR HAAGENRUD said that the apparent tapering shown on 
the slide was not intentional and that it was, in fact, much 
more regular and it was a poor slide. Regarding the type of 
scratch used on the test panels, Dr Haagenrud said that the 
horizontal scratch had been decided upon after consultation 
with the paint manufacturers and that there was a scratch 
both on the front and on the reverse sides so that an indication 
of the effect of being washed by the rainfall or being sheltered 
from it would also be gained. He pointed out that air 
pollutants would accumulate on the scratches on the reverse 
side and create a different corrosion climate. 

MR E. H. WATSON said that he was pleased to see that 
Dr Haagenrud had taken cognisance of the difference in the 
environment on the underside of the test panels as opposed 
to the washed surface. However, he was not convinced that 
the particular design of the racks would give all the answers 
on this point. He asked if any further information on the 
actual paints used would be available rather than simply the 
analytical data. He questioned whether all the paint systems 
were of equal thickness and if the pigmentation was 
standardised-he wondered whether any included micaceous 
iron oxides which was commonly used in the UK. He 
suggested that if more data was given on the paints used then 
the results of the tests would become much more useful. 

DR HAAGENRUD replied that the thickness of the paints had 
been based upon the recommendations of the producers of 
the paints and the thickness and the variance in the thicknesses 
had been measured and that this information had been 
correlated in Norway and a report was being written at that 
time. They had decided not to publish the names of the paints 
used, but only the analytical data; however, he assured 
Mr Watson that they were paint systems which are in everyday 
use and that complete analyses would be available. 

DR L. A. VALENTINE pointed out that Dr Harrison, one of 
the leaders in the field of corrosion, was very keen on the 
theory that the presence of ammonia is a crucial factor in 
corrosion and he noticed this was one of the measurements 
Dr Haagenrud had made in the various tests. He asked if any 
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correlations had been established on the influence of ammonia, 
either directly or as an interaction with any of the other 
impurities present, such as SO, or the pH. Secondly, he asked 
Dr  Haagenrud how much of the corrosion in Norway he 
attributed to atmospheric effluents coming across the North 
Sea. 

DR HAAGENRUD said that the correlation between the 
ammonia and rate of corrosion in the tests was of the order 
of 0.2 and as most of the ammonia was transported in the 
air in the form of a sulfate, it is strongly correlated with the 
amount of sulfate in the air. As regards the transport of 
pollutants across the sea to Norway, he said it was clear after 
about 4 or 5 years' research that this was a very considerable 
amount. It appeared that only 20-25 per cent of the total 
pollutants in the air actually originated in Norway, but 
clearly this varied from site to site. Dr Haagenrud pointed 
out that this problem was worst in the south of Norway and 
they had reason to believe that corrosion on their hydro- 
electric power plants, caused by pollutants dissolved in the 
water, was on the increase. 

MR T. R. BULLETT, referring to Dr Haagenrud's remark that 
it took a long time, sometimes years, to establish an equili- 
brium corrosion rate for steel, suggested that perhaps it was 
more important to determine the initial corrosion rate. He 
gave an example of the low alloy steels which have a distinctly 
lower equilibrium corrosion rate, without there being any 
evidence that they were easier to protect or had particularly 
low initial corrosion rates. 

DR HAAGENRUD said he agreed with Mr Bullett on this 
point. He pointed out that very often the corrosion rates in 
the first three months were a very good indication of the 
aggressiveness of the environment and that it is this aggressive- 
ness that must be taken into consideration when a material 
or a paint protection system is chosen. The equilibrium 
corrosion rates were, of course, also very useful in estimating 
the minimum life times. He pointed out that in practice 
structures did not stand in the open without protection, but 
were covered with some protective system and so the equili- 
brium corrosion rate was important. 

MR D. J. R. MASSY asked if Dr Haagenrud could give the 
units used in the term X3 in his corrosion rate equation, the 
concentration of strong acid in the precipitation. 

DR HAAGENRUD said that he was not sure what the units 
were, but that obviously it was very important and he would 
have the units forwarded for inclusion in the paper when it 
appeared in the Journal (now included in paper). 
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Ultraviolet light curing: some benefits and recent 
advances* 
by M. A. P a r r i s h  

Ward Blenkinsop Et Co. Ltd. Fulton House, Empire Way, Wernbley, Middlesex HA9 OLX 

Summary 
A brief review of the status of World energy supplies is given. 
Attention is drawn to the effect of exponential increase in energy 
usage-rate on reserves, and the necessity for conservation is 
indicated. In the field of surface-coatings and printing inks, 
quantitative data are presented to show that the technique of 
ultraviolet light curing can result in significant energy savings. 

Keywords 
Processes and methods primarily associated with 

drying or curing coutings 
ultraviolet curing 
infrared drying 
photopolymerisation 
pollution control 
photoinitiation 

Although the technique is becoming widely accepted in various 
areas of application, the curing of thick pigmented films still gives 
some problems. Some ideas are given concerning the solution of 
these problems, involving the use of a new photoinitiator-photo- 
activator combination. 

Miscellaneous ter111s 

cost 
operation cost 

manufucturing or synthesis 
photoinitiation 

D u r c i s s e m e n t  par r a y o n s  ultra violets: Q u e l q u e s  avantages et a m b l i o r a t i o n s  rbcentes 

On donne un bref apercu de la situation actuelle des sources importantes en energie. Bien que la technique devienne largement 
mondiales d'energie. On fait remarquer I'effet sur les rCserves utilisk dans divers domaines, le durcissement des Cpaisses couches 
qu'exercs la croissance exponentielle de la cadence de sonsommation pigmenties met en Cvidence encore quelques problhnes. On propose 
d'energie et I'on indique la nkessite de les conserver. Dans le certains idtes en ce qui concerne la solution de ces problbmes, 
domaine de revetements de surface et d'encres d'imprimerie, on grace 2. I'emploi d'une nouvelle combinaison de photo-amorceur 
prCsente des donnks quantitatives qui dCmontrent que la technique et de photo-activateur. 
de durcissement par rayons ultra violets peut offrir des Cconomies 

H a r t u n g  m i t  U l t r av io l e t t e rn  Licht :  E in ige  V o r t e i l e  u n d  neue F o r t s c h r i t t e  

Eine kurze Obersicht des Standes der zur Verfugung stehenden nisse ergeben kann. Obwohl diese Technik fiir verschiedene 
Weltenergie wird gegeben. Auf die Auswirkung exponentionaler Anwendungsgebebiete mit offenen Armen aufgenommen wird, ist 
Steigemng des Energieverbrauchs auf Reserven wird aufmerksam das Harten dicker pigmentierter Filme noch problematisch. Einige 
gemacht, und auf die Notwendigkeit damit sparsam umzugehen die Losung dieser Probleme betreffende ldeen werden vorgelegt. 
wird hingewiesen. Fur das Lackund Druckfarbengebiet werden welche den Einsatz einer neuen Photoinitiator-Photoaktivator- 
quantitative Werte vorgelegt, um zu zeigen, dass Hartung mittels Kombination einschliessen. 
der Ultraviolett-Lichthratungstechnik bedeutende Energieerspar- 

E n e r g y  and Fuel  R e s e r v e s  F a I 
Refs. 1-6 e USA 

At a Conference concerned with the conservation of energy 
and materials it is appropriate to emphasise the dependence 
of an  industrial society on energy availability. 

V) 

Figure 1 shows1 the relationship between energy consump- 
tion and gross national product (GNP). There is clearly a e SWEDEN 
relationship between the two although this is not precise, as e UK 
variations can occur due to extent of energy-intensive in- * GERMANY 

dustries and to the efficiency of energy-usage. At present, $ 20  e JAPAN 
however, it may be said that energy availability is strongly W 

linked with material living standards. 
I 

8 10 
LK 

The short-term crises in the early 1970% concerning coal $ 
and oil, underline the fact that energy supplies are becoming w 
increasingly susceptible t o  man-made politico-economic 00 $20'00 I $ad00 ' @do0 ' 
pressures. but it is of greater importance to understand the GNP/HEAD 
status of energy availability in absolute terms: Fig. 1 Relationship between energy consumption and GNP 

*Paper presented at the Association's Biennial Conference held at the Grand Hotel, Eastbourne, Sussex from 16-19 June 1977 
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If a term Q is defined as BTU (or 2.93 X lo1' kwh), 
then it has been estimateda that from the beginning of the 
Christian era until the mid-19th century, mankind used 
about eight Q of energy. In the 19th century four Q were 
consumed, and assuming growth-rate in energy-usage typical 
of the 1960s then the requirement in the 21st century would 
be 100-400Q. Against this, one can compare the World 
reserves of fossil fuels (238) and nuclear fuels (1309). A 
more recent study3 indicates a value of 20.9-21.90 as the 
value of the World's supply of proved and recoverable 
reserves. Estimated total remaining recoverable fossil fuel 
reserves are 107.5-322.58. To put these figures in perspective, 
consider that in 1963 hydroelectric plants in the United 
States2 produced 0.0006Q. ie. a rate of 0.06Q per century, 
and that the total solar input to the Earth is approximately 
5200Q per year4. 

A forceful reminder of the finite nature of fossil fuel 
reserves has been given by ESS05-if oil consumption grew 
at five per cent per year continuously from this time onwards, 
the total amount consumed within the next 500 vears would 

light (UV)-curing of inks and coatings is an example of such 
a process. 

Indirect energy conservation with UV-curing 

The production of raw materials and materials of con- 
struction involves the expenditure of energy, therefore, 
economy in the use of materials represents, indirectly, the 
saving of energy. Unlike conventional inks and surface 
coating formulations, UV-curable systems contain no volatile 
solvent to be lost on drying. Instead, viscosity modification 
is achieved by the use of reactive diluents such as 
the multifunctional acrylates, which are subsequently involved 
in the polymerisation process. 

In many cases, the equipment used for UV-curing is more 
compact than the corresponding thermal unit. For example, 
a UV oven for metal can-coating can occupy a third of the 
space occupied by an oven powered by natural gas7. This 
could imply a smaller usage of constructional materials. 

be equivalent to the total cubic capacity of the ~ a r t h .  
Direct energy conservation with W-curing 

A study of the interaction between such vital factors as 
reserves.   ovulation. ~ol lut ion efc. has been conducted by Rcfi.s-'4 

~eadows'et 'al  for the 'Club of Rome's project on the predica- 
ment of Their assessment of the situation concern- The use of UV-curing in certain areas of application will 

ing fossil fuels is shown in Table 1. result in direct energy saving. This is demonstrated by the 
following quantitative data8: 

With a sustained annual growth-rate in usage in the order 
of 3-5 per a n t ,  therefore, it is possible that virtual depletion of (a) Printing inks . . 
natural gas and petroleum reserves could occur by the end 
of this century or in the first half of the next century. Direct operational comparisons are possible in cases where 

UV-curing has replaced thermal curing of heat-set inks. 
Any improvement in process technology which also involves Two suchcomparisons (which refer to web-offset presses) are 

energy saying is thus particularly welcome: the ultraviolet shown in Table 2: 

Table I 
Fossil fuel resources 

Resource Known global Static Projected Exponential Exponential 
reserves (a) index average index (yrs) index (yrs) 

(h) growth rate (d) "times 5" (e) 
( % per yr) (4 

Coal 5 x 10" tons 2300 4.l(f) I l l  150 
Natural 1.14 x loL5 38 4.7 22 49 

gas cu. feet 
Petroleum 455 X lo9 31 3.9 20 50 

barrels 

(a) Source: US Bureau of Mines "Mineral Facts and Problems-1970" (Washington D.C., 
Government Pr~nt~ne Office 19701. 

(b) The number of years known global reserves will last at current global consumption (from 
ref. (a)). 

(c) From ref. (a). 
((1) The number of years known global reserves will last with consumption growing exponen- 

tially at the annual rate of growth in column 4. 
(e) The number of years that 5 times known global reserves will last with consumption 

growing exponent~ally at the average annual growth rate (column 4). 
(f) US Bureau of Mines contingency forecasts based on the assumption that coal will be used 

to synthesise gas and liquid fuels. 

Table 2 
Cornparison of energy cottsu~i~pfion 

Rate of energy consumption Approx. cost at 
current UK prices* 

Printers 
Thermal curing UV curing Thermal UV 
(Gas-fired ovens) 

.. - - - .. - - - - - - - -- -. . - - 
Dunfermline Press 1 x lo6 BTUIh 30 kW El .66/h 60oih ~~~~ 

Telegraph Press, 8 x 10" B T U ~ ~  I50 kW f13.2'8/h ~3.00ih 
Harr~sburgh, USA 

*gas 16.6~ per therm electrictty 2p per kwh 
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(6) Wood Finishing 

Table 3 shows the energy requirements for four different 
curing methods, and refers to wood-fillers cured to the extent 
of being "just sandable". The formulations used in each case 
were among the fastest curing available for that particular 
method8. 

Table 3 
Energy requirements 

Energy required per unit 
Curing method area of material. kJ/rn2 

Infrared 
Radiofrequency 
Ultraviolet 
Electron beam 

Although the electron beam process is the most efficient 
in terms of energy consumption, it is considered to be 
competitive only in finishing operations which coat more than 
20 000 000 feet8/year because of the high capital costlo. 

In an earlier comparison of UV-curing of a polyester 
formulation versus infrared curing of a urea-modified 
alkyd", power requirements were given as 100 kW and 
250 kW respectively for a dry coating thickness of 50 micron 
and a line-speed of 60 feet per minute. The width of particle 
board being treated was unstated but assuming that this was 
4 feet, energy consumption per unit area of material can be 
shown to be 269 kJm-8 by UV and 673 kJm-Z by IR. The 
apparent discrepancy between the data given in references 
(10) and (11) could result from differences in formulation 
type, coating thickness, or criteria for determining when 
satisfactory cure has been achieved. 

(c) Metal Finishing 

An approximate estimate of comparative energy consumption 
of UV versus thermal curing may be derived as follows: 
in the case of UV curing, consider the energy consumed per 
unit area of substrate, when the latter passes under a 200 W 
per inch UV tube at 100 feet per minute. This can be shown 
to be 15.5 kJm-a. This can be compared with the energy 
required to raise the temperature of 0.02cm steel sheet (density 
approximately 7.9 g. cm-$, specific heat 0.1 cal. g-1°C-') from 
25°C to 200"C, the latter being taken as a typical temperature 
required for thermal curing. The energy required in this case 
can be shown to be 116 kJm-'. This represents an estimate 
of the minimum energy required for a typical thermal curing 
cycle, since the value does not include the efficiency of 
conversion of input energy to heating of the sheet, or the 
heat required to maintain the temperature for the duration 
of the curing cycle. 

Comparison of the thermal and UV values indicates that 
a t  least seven or eight 200 W per inch UV tubes would be 
required, for a line speed of 100 feet per minute, before the 
energy consumption approached that required for thermal 
curing. Experience in the metal decorating field indicates 
that one or two UV tubes suffice for a line speed of approxi- 
mately 200 feet per minute and film thickness approximately 
12 microns. In this case, therefore, the energy requirement 
for UV-curing (Energy,,) apears to be considerably lower 
than that for the corresponding thermal curing process 
(Energ~thcrmal). 

In order to compare energy consumption in other areas of 
metal finishing consideration must be given to: (i) substrate 

thickness; and (ii) film thickness and pigmentation level. 
Energyth,,,,l will increase in proportion to substrate thickness 
assuming that the whole of the substrate has to be heated to 
the curing temperature, whereas Energy,, will be independent 
of substrate thickness. Conversely, Energythe,,l will be 
practically independent of film thickness and pigment level, 
whereas Energy., will increase with increase in these two 
parameters. 

Some idea of Energy,, for relatively thick, pigmented 
films may be obtained from the data given" in Ger.Offen,. 
2 514 249, in which UV-curing using two different sources 
consecutively (metal halide doped lamp emitting mainly 
350-460nm, followed by high pressure mercury-vapour 
lamp emitting mainly 230-400nm) is described. A composition 
containing 17 per cent by weight titanium dioxide 35-40 
micron thick on tinplate, gave a good cure after 10 seconds 
exposure to the halide lamp (2227 Wm-=) followed by 50 
seconds exposure to the mercury-vapour lamp (1350 Wm-9). 
Thus total energy required = 90kJ m-a. 

This value is of the same order as that obtained using the 
data of Northls for curing a 25 micron paint film on a coil 
coating line 1.2 metres wide. For a line speed of 20 metres 
per minute, the power requirement for UV-curing is given 
as 50 kW (or 125 kJm-7. The corresponding power 
requirement for thermal curing in gas-fired ovens is given 
as 2900 kW (or 7250 kJm-l). In another publication, 
North et all4 quote Energy,, equal to 400 kJm-l compared 
with an average Energyth.,,,l of 877 kJm-e for a range of 
thermal curing formulations. These figures include overall 
thermal efficiencies of 70 per cent gas-fired ovens and 28 per 
cent for electricity. 

The problem of thick pigmented coatings 

As stated above, Energy., will increase with increase in 
film thickness and level of pigmentation, mainly because the 
pigment will tend to absorb or reflect incident UV light. In 
both cases the availability of UV radiation to the photo- 
initiator system will be diminished. 

One of the most important pigments used in relatively 
thick films (up to, say, 50 microns) is titanium dioxide, used, 
for example, in decorative coatings on metal cans and board. 
The UK production of conventionally-cured white coatings 
for metal decorating is currently in the order of 1000 tons 
per annum. The strong desire in the coatings industries to 
change to UV-curable formulations underlines the importance 
of finding a suitable photoinitiator system for use with 
titanium dioxide. 

Titanium dioxide exhibits high reflectivity throughout the 
visible range of the spectrum (which accounts for its excellent 
hiding characteristics). At about 400 nm, reflectivity dim- 
inishes and absorption increases until it reaches a maximum 
at around 350-360nm. The region 350-400nm represents a 
transition between reflection and absorption of light by 
titanium dioxide, and is therefore optimal with regard to 
light availability to a photoinitiator. 

Figures 2 and 3 show the spectra for titanium dioxide and 
2-chlorothioxanthone. It can be seen that 2-chlorothioxan- 
thone (CTX) exhibits an absorption peak at 385nm and is 
therefore a particularly suitable photoinitiator for white- 
pigmented coatings15. 
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Svlvachem makes just 
thit little difference to... 

hot melts 
Sylvachem's newest tall oil rosin, 

PRIMAREXS-80, and Sylvachem's standard rosins, 
SYLVAR0S'-80 and SYLVAROS-R, all have 
excellent viscosity stability: tests show viscosity 
increases as little as 10'%, to 14°A, after five days at 
200"C, versus 4 " 4 1  to 128'%, for many gum rosins 
under similarconditions. 

To underline the importance of this viscosity 
stability in hot melt applications, tests were made 
using a hot melt adhes~ve fornlulation of equal parts 
of ethylene-vinyl acetate copolymer, paraffin wax 
and rosin. Gum, wood and hydrogenated wood 
rosins were compared with Sylvachem products. 
Blends using SYLVAROS-80 and PRIMAREX-80 
showed no increase in viscosity after three days at 

200"C, compared with 84.89% increases for gum and 
wood rosins. After six days, thegum and wood rosin 
blends had gelled, but the PRIMAREX-80 blend had 
even lower viscosity than that made with 
hydrogenated wood rosin. 

Sylvachem tall oil derivatives are now available 
throughout Europe. For more information and a 
copy of our Tall Oil Rosins handbook please contact 
SCM Glidden Organics, Heron House, 
327 avenue Louise, Bte 8,B-1050Brussels, 
Belgium. Tel. (02)648 30 80. Telex 22738. 

sylvachem COrli~ORni ION 

UK Agents: Ferguson A Menzies Ltd, 14 Park Parade, 
London W3 9RV. 'Tel. 01-993 0375. Telex 27891 
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White Out 
In Front 

Sachtleben. The only name worth recalling 
when you need snow white pigments and 
extenders. 
Please contact Mr. Brian Mayhew at our 
U.K. sales office. 

Sachtleben Chemie GmbH 
56 High Street, Edenbridge, Kent TN8 5AJ 
Telephone : Edenbridge (073271 ) 3694 
Telex : 95297 

Manufacturersof HombitanTiOz. Sachtolith, Lithopone, 
Blanc Fixe. Super White and Off White Barytes. 
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Films of 25 microns thickness consisting of an acrylated 
urethane resin1% containing 40 per cent by weight of titanium 
dioxide1' together with CTX and a photoactivator were 
irradiated for 0.075 seconds in a single lamp "Minicure" 
ovenBR. The properties of the cured films were tested by 
finger touch and by pencil hardness (28 (softest) to 6H 
(hardest)), with results as shown in Table 4. 

100L 

- 
$80-  - 
6 6 0 -  - + 
a 
5 4 0 -  

3 2 0 -  

The  result^'^ show that by weight, EPD is six times more 
efficient as a photoactivator for CTX than the next best, 
N,N-dimethylaminoethanol, and that the colour of the 
photocured film is less yellow. 

--- 
\ 
\ 

ANATASE 

0 1  I Physiological Aspects of CTX and EPD 320 340 360 380 400 420 
WAVELENGTH (nrn) 

Fig. 2. Absorption for ,.,,tile and titanium dioxide A considerable additional advantage to be @ i n 4  by using 
CTX and EPD is their lack of adverse physiological effects. 

CTX. The acute oral toxicity is low, the LD,, for mice being 
greater than 1 gram per kilogram body weight. The dermal 
LDS, for rats is greater than 0.5 gram per kilogram body 
weight. CTX has been subjected to mutagenicity testing by 
the Ames method and within the context of this method 
does not have carcinogenic potential. 

EPD. The acute oral toxicity is also very low, the minimum 
lethal dose for mice being greater than 4 grams per kilogram 
body weight. EPD has been used for many years as a topical 
sunscreen agent for cosmetic use, with no evidence of adverse 
effects. 

I 
1 Conclusion 

I I 
3 00 385 

WAVELENGTH (nm) 
Fig. 3. Transmission spectrum for 2-chlorothioxanthone 

Absorption of light by CTX results in the promotion of 
the ketone group to a chemically reactive excited state. In 
the presence of a hydrogen donor such as a tertiary amine, 
the excited-state ketone group abstracts hydrogen, and this 
results in the formation of free radicals. These free radicals 
can then initiate polymerisation of the resin binder system: 

The conservation of energy reserves is becoming vitally 
important in an industrial society. UV-curing provides surface 
coating technologists with a powerful new tool to enable 
them to contribute towards energy economy. 

A safe and effective answer to the problem of UV-curing 
thick pigmented coating formulations containing titanium 
dioxide may be found in the combination of 2-chlorothioxan- 
thone and ethyl 4-dimethylaminobenzoate. 

[Received 5 April 1977 
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Discussion a t  Eastbourne Conference 

MR F. ARMITAGE said that Mr Parrish had claimed that the 
use of CTX and a photoactivator gave six times the normal 
efficiency (ie one-sixth of the curing time) with a particular 
resin and monomer combination. He asked if this new 
combination of photosensitiser and accelerator gave the same 
increase of efficiency with any resin monomer system or only 
with this particular combination. 

Referring to Table 4, MR PARRISH said the increase in 
efficiency obtained by the new combination was based on the 
amount of photoactivator required. In other words, one-sixth 
of the quantity of CTX could be used. Mr Parrish said he 
had only looked at two or three other resin monomer systems, 
but the same order of advantage had been achieved with each, 
although it was not exactly six times as efficient. 

Mr Armitage asked if he thought it was a fairly universal 
application. 

Mr Parrish replied that he did. 

DR G. D .  DIXON pointedout that by using photosensitisers, 
such as CTX, the wavelength needed for curing was moving 

away from the 360nm, at which the traditional mercury lamp 
was strongest, towards the red end of the spectrum. He 
wondered whether special lamps were available that were 
strongest in the 400 nm region as he was concerned with the 
efficiency and speed of cure. 

MR PARRISH said that in experiments he had used a standard 
mercury vapour lamp, and although this lamp was strongest 
at the shorter wavelength, the range of wavelengths emitted 
was sufficient to cure effectively at 400nm. He stated that 
lamps were available giving other wavelengths, but that this 
system worked perfectly well with the standard medium 
pressure mercury vapour lamp. 

Dr  Dixon asked whether the same speeds of reaction would 
be obtained despite the lower energy being used. 

Mr Parrish stated that it is not possible exactly to equate 
the concentration of wavelengths from the lamp with the 
efficiency of cure, because other factors such as the reactivity 
of the radicals produced, the effect of resin, pigment and other 
additives on these radicals could also affect the rate of cure. 
He repeated the point that the standard mercury lamp had 
been used for this work with adequate results. 
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Analysis of the constant-rate period of ink drying* 
By H. Hardisty 
School of Engineering University of Bath. Claverton Down, Bath BA2 7AY 

Summary 

High velocity impinging air jets are commonly used to accelerate contact infra-red technique for continuously monitoring the ink 
evaporative ink drylng on rotary presses for the packaging and dry~ng process is described and drying curves for an ink based on 
converting industry. To provide data for dryer designers a a single solvent (4-Methyl-2-Pentanol, MIBO are presented. The 
programme of research has been implemented to study the heat and constant rate sections of the 1R curves are analysed and experimen- 
mass transfer processes which underlie the drying of thin ink tally determined drying times are compared with those calculated 
films. The heat transfer situation under impinging jets IS using established heat and mass transfer theory. 
outlined and some experimental results are presented. A non- 

Keywords 

Tsprs onrl classes qfconfinfl and allic?! prorl~rrfs 

printing ink 

Processes and mefhorls prhtarily associrrfml n i rh  
drying or curing of roafings 

solvent evaporation 
forced drying 
air drying 

L'analyse de la pbriode de sbchage B vitesse constal 

Aux industries de conditionnement et de transformation on se sert 
tres friquemment des jets incidents d'air A grande vitesse disposes 
sur les presses rotatives, pour accelerer le sechage par evaporation 
des encres d'imprimerie. En vue d'assurer au personnel charge 
de I'evolution des siccatifs. on a effectue un nroeramme d'etudes . - - ~-~ 

sur le\ processus de l'thange therm~que et du tr.tncfert de m;is.;e 
q u ~  son1 au fond du phi.nomcne Ju sCchagede< ieu~lc nilnces d'encre, 
d'imprimerie. Dans cet expose on trace les grandes lignes du 
processus de l'bhange thermique qui se produit dcvant les jets 
incidents et I'on presente certains resultats experinientaux. On 

Properties, chararterisfirr and conditions prin~arily 
associated with coatings &ring application 

drying rate 

nte des encres d'imprimerie 

dicrit une technique i I'infra rouge, qui n'entraine aucun contact 
avec le feuil d'encre, pour surveiller d'une manitre continue le 
processus du sechage d'encre, et I'on presente les courbes de 
sbhage a I'egard d'une encre bake sur un seul solvant (4-methyle- 
2-pentanol, MIBC). On fait une analyse des parties des courbes 
a I'infra rouge ob il s'agit de skhage a vitesse constante el I'on 
compare les periodes de skhage determinks par exptriment 
auprt-s de celles qui ont ett calculies selon la thtorie Ctablie pour 
I'echange thermique et le transfer1 de masse. 

Analyse der Konstanten-Geschwindigkeitsperiode der Druckfarbentrocknung 

ijblicherweise werden zur Beschleunigung der durch Verfliichtigung 
auf Rotarypressen fur die Verpackungs- und Weiterverarbeitungs- 
~ndustrien trocknenden Druckfarben Luftstrahle, die mit grosser 
Geschwindigkeit auftreffen, angewandt. Um Zahlen fiir das 
Entwerfen von Trocknern zu beschafien, wurde ein Forschungs- 
programm durchgefiihrt, um WPrme-und Massentransferprozesse, 
welche der Trocknung von Druckfarbentilmen zugrunde liegen, zu 
untersuchen. In der Abhandlung wird die Wirmeiibertragungs- 
situation unter auftreffenden Strahlcn kurz aufgezeigt, sowie 

Introduction 

On most modern high speed rotary presses in the printing and 
packaging industry, the ink coating is dried by the physical 
process of evaporation. Drying is accelerated by using 
nozzles. with their axes normal to  the direction of the moving 
coated web, to  direct jets of hot air  on  t o  the solvent laden 
coating. Impinging jets of this type are used, rather than jets 
blowing parallel t o  the surface, because of the high rates of 
heat and mass transfer which occur in the primary stagnation 
region where the jet axis intersects the moving surface. 

The nozzles which emit the jets may be of any shape, but 
most commonly are either long (one-dimensional) slots o r  
circular (axi-symmetric) holes. In practice. a bank of nozzles 
may be supplied with high pressure air  from a common 

werden einige experimentelle Resultate vorgelegt. Es wird eine 
Nicht-Kontakt Infrarottechnik beschrieben fur ununterbrochene 
Uberwachung des Druckfarbentrocknungsprozesses, und es 
werden auch Trockungskurven vorgelegt fur eine, auf einem 
einzigen Losungsmittel (4-Methyl-2-Pentanol, MIBC) basierende 
Druckfarbe. Die konstanten Geschwindigkeits-Sektionen der 1R 
Kurven werden analysiert, und experimentell bestimmte Trocken- 
zeiten werden mit Hilfe der gebrauchlichen Warme- und Massen- 
transfertheorie berechneten verglichen. 

plenum chamber. After interaction with the ink, the air and 
its burden of solvent vapour must be removed from the 
vicinity of the web by a suitable extraction system. In  practice 
plenum chamber, nozzles and extraction ducts are often 
combined into a unit dryer box. 

The high cost of rotary presses for the converting industry 
provides incentive to  run them at  the highest practical 
throughput (web speed). Inter-colour drying o n  a multi-colour 
press may present the dryer designer with a particularly 
difficult problem because of space limitations between colour 
units. Alternatively, the specification of a low value for 
"retained solvents" may entail that final drying requires 
critical appraisal. Even to-day, final dryness at  the press is 
estimated subjectively by touch or  smell o r  by manifestations 
of incomplete drying such a s  blocking or  pick-off. For  
purposes of quality control, gas chromotography may be used 
to  monitor the retained solvent; although accurate, this 

*Paper presented at the Association's Biennial Conference held at the Grand Hotel, Eastbourne, Sussex from 16-19 June 1977 
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method is retrospective and reveals nothing of the drying 
process as a whole. 

The dryer designer's task is a difficult one in that he must 
match a multi-variable solution to a multi-variable problem. 
The designer must specify size, shape, pitch and distance from 
web of the nozzles: temperature and velocity of the air: air 
supply and extraction system: source of energy efc. To do this 
the designer must have detailed information on substrate, ink 
and solvents, ink thickness and coverage and web speed. The 
cost of heating the drying air must be scrutinised. Fan power 
rises roughly in proportion to the cube of air velocity and 
high jet velocities may lead to unacceptably high noise levels 
at the fans. 

The research into drying at Bath, by Black and Hardisty', 
can be sub-divided into two complementary lines of investiga- 
tion. The first is concerned with the effect of different nozzle 
arrangements and air conditions on the surface heat transfer 
coefficient. In the second, an infra-red technique is used to 
obtain a continuous record of ink solvent content throughout 
the drying process. 

Notation 

Surface Area 
Slot (nozzle) width 
Concentration 
Diffusion coefficient 
Enthalpy of evaporation 
Surface heat transfer coefficient 
Surface mass transfer coefficient 
Specific thermal conductivity of air 
Characteristic length (in Re) 
Ink film thickness 

m2 
mm 
Kg/m3 
m'js 
J/Kg 
W/m2 "K 
mls 
W/m "K 
m 
micrometre 

k 
Le Lewis number -- 

PDCP 
M Molecular weight 
m, Mass transfer rate Kg/s 

hB 
Nu Nusselt number -- k 

P Pressure N-m2 

Pr Prandtl number* k 
Q Rate of energy transfer 
RMOL Universal gas constant 

Re Reynolds numberVBP 
P 

Sc Schmidt number 
Do 

W 

kJ/kg mole OK 

'he 
Sh Shenvood number D 
T Temperature OC 
r Time s 
V Air velocity m/s 
V Infraguage output signal volt 
x Lateral distance from stagnation point m 
xn Distance between adjacent nozzles 
Z Vertical distance from nozzle outlet to 

plate m 

Properties of air or vapour 
p Viscosity Kg/m s 
p Density Kg/m3 
Cp Specific heat at constant pressure J/Kg "C 

Suffices 
A Air 
S Ink Surface 
E Nozzle exit 
o Stagnation point 

Evaporative drying-background 

The drying process is most easily characterised and described 
in terms of threeempirical graphs, Figure I .  From experiments 
on the forced convective drying of thick slabs of substances, 
such as wet clay, Shenvood2 found that initially the slabs 
dried at a constant rate and subsequently at a diminishing rate. 
In the initial period, the rate of drying is entirely controlled 
by the fluid dynamic state of the drying air. The drying rate 
in the final period, which may take up a significant proportion 
of the total drying time, is limited by the rate at which liquid 
can pass through the solid to the free surface. 

EQUILIBRIUM 
SOLVENT 
CONTENT OF 

TlME 

~E"$gDG-Ci&oNmNT 1 
TE PERIOD 

F TIME 

Figure 1. Characteristic drying graphs 

INK 

The combined heat and mass transfer processes which 
occur during the constant rate period may be described as 
follows. By virtue of the temperature difference which exists 
between the hotter drying air and the colder ink surface, heat 
is transferred to the surface to supply energy (latent heat, hfg) 
to evaporate the solvent. In an analogous manner, the 
concentration difference which exists between the saturated 
vapour condition at the free surface and the lower vapour 
concentration in the drying air, is the driving force for mass 
(solvent) transfer away from the free surface. Thus heat is 
transferred in one direction, whilst simultaneously, mass is 
transferred in the opposite direction. 

Provided that liquid can pass through the solid sufficiently 
quickly to maintain an equilibrium condition at the free 



1977 (12) ANALYSIS OF THE CONSTANT-RATE PERIOD OF INK DRYING 

surface, then liquid will evaporate from this surface at a 
constant rate. Evaporation proceeds as if from a free liquid 
with its surface at the wet-bulb temperature. In this situation, 
the rate of evaporation of a particular solvent is largely 
dependent upon the values of the surface heat and mass 
transfer coefficient. 

Heat transfer-general 

When a fluid is in turbulent motion past a solid surface, the 
fluid adjacent to the wall is retarded by viscous and turbulent 
drag and at the wall the fluid velocity is zero (the no-slip 
condition). This layer of retarded fluid is termed the boundary 
layer. Even though flow in the outer region of the boundary 
layer is turbulent, in the region immediately next to the wall 
the flow is essentially viscous. Because heat must be transferred 
across this viscous layer entirely by molecular conduction, it 
often constitutes the principal resistance to heat transfer. 
Indeed, it is conceptually useful to picture the fluid adjacent 
to the surface as a stagnant film whose "effective" thickness 
is such as to offer the same resistance to heat transfer as does 
the real boundary layer. 

Steady state heat transfer across a turbulent boundary 
layer to a solid surface may be expressed by the rate equation: 

For a given value of the temperature difference (TA-TS), h is 
dependent upon both the effective thickness and the thermal 
prcperties of the stagnant film. 

h = f (V,L,p,p,Cn,k, shape of surface) 

It is usually necessary to resort to experiment to determine 
actual values of h. Forced convective heat transfer data may 
be expressed in terms of non-dimensional groups as follows: 

where C, a and b are numerical constants associated with a 
surface of a particular geometrical shape. 

Heat transfer under an impinging air jet 

The flow field under an impinging air jet is shown in Figure 2. 
At the nozzle outlet the turbulence level of the jet is relatively 
low. However, due to the intensive mixing in the shear layers 
on either side of the potential core the turbulence level on the 
jet centre-line increases and reaches a maximum at roughly 
8 slot widths from the nozzle exit, Gardon4. The position of 
this turbulence maximum is an important factor in the 
nozzle to plate spacing, Z/B,  for maximum heat transfer. The 
high static pressure in the primary stagnation region deflects 
the jet; the subsequent flow along the solid boundary is 
termed a wall jet. The point where two adjacent jets meet, the 
secondary stagnation point, is a region of increased turbulence 
which in turn causes some enhancement of the heat transfer 
coefficient. 

The experimental heat transfer rig shown diagrammatically 
in Figure 3, essentially consists of a jet of air at ambient 
temperature directed down on to a horizontal aluminium 
plate. The temperature of the plate is maintained at 100°C 
throughout by means of a steam jacket fitted to its under 
surface. Heat transfer coefficients are measured by means of 
a small " G a r d ~ n " ~  type fluxmeter, positioned so that its 

4 
I 

W E B  

WALL JET SECONDARY PRIMARY 
STAGNATION STAGNATION 
PO l NT POINT 

Figure 2. Flow field under an impinging air jet 

sensor (3mm diameter) is flush with the heat surface. The 
variation of heat transfer coefficient is recorded by connecting 
the electrical output of the probe to the vertical axis of an XY 
plotter. The probe and plate are traversed under the jet with 
the recorder horizontal axis set to time base. 

PLENUM --AIR SUPPLY 1 CHAMBER r 

TRAVERSING 
SCREW 

'GARDON' TYPE HEAT FLUX METER 

CONSTANTAN FOIL 
COPPER BO TO 

BODY 

A 

COPPERICONSTANTAN THERMOCOUPLE 
WELDED TO CENTRE OF CONSTANTAN DISC 

Figure 3. Heat transfer research rig 

Figure 4 shows the x-wise variation of heat transfer 
coefficient under a slot jet for various values of the jet exit 

Reynolds number, R ~ E  ---- . The high values of h directly ( ":") 
beneath the jet are apparent. The following correlation was 
obtained from these results by logarithmic plotting 

Nu, = Nusselt number at the primary stagnation point. 

Figure 5 shows the effect of nozzle to plate distance, Z/B, 
on heat transfer coefficient. The maximum value of the 
stagnation coefficient is seen to occur when Z/B is roughly 6,  
but this will depend upon nozzle shape and initial turbulence 
level. 
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SLOT NOZZLE B=3mm 
Z/B=6 
h MEASURED WITH 
GARDON TYPE PROBE 
Re - "E 'P 

E - 7  

I I I I I I I 
15 10 5 0 5 15 

DISTANCE FROM STAGNATION P0lN:O2 

Figure 4. Effect of ReE on heat transfer coefficient 

15 10 5 5 10 15 
DISTANCE FROM STAGNATION POINT 

Figure 5. Effect of ZjB on heat transfer coefficient 

Mass Transfer 

Refs. 5-8 

The same fluid dynamic processes which cause heat to be 
transferred across a temperature difference also cause mass 
to be transferred across a concentration difference. Heat and 
mass transfer are analogous, Sherwood and Pigfords. 

Invoking this analogy, a mass transfer rate equation can be 
written, which corresponds to equation I ,  as follows 

rrr, = Itp A,(& - p,) .............. (4) 
lrp : the surface mass transfer coefficient 

P - solvent vapour density 

Also, by analogy with equation 2, the dimensionless mass 
transfer relalion may be written 

. . . . . . . . . . . . . . . .  Slr = C Ken Sch. .(5) 

Where the constants C, rr and h of ( 5 )  are identical with those 
of (3) provided both equations apply to surfaces of similar 
shape. Thus by analogy with (3). the mass transfer relation 
for impinging jet is 

At equilibrium the surface takes on the wet bulb temperature 
and the following energy balance equation is satisfied: 

where p, is the saturated vapour density corresponding to T,. 
Assume that pa = 0 then: 

. . . . . . . . . . . .  TA - TS = ;: P,v IIJZ (8) 

To obtain the ratio Irp/lr divide ( 5 )  by (7): 

substitute (9) in ( 8 )  giving: 

Using (4) and assuming p~ - 0: 

. . . . . . . . . . . . . . . . . .  r i rD  = 19, As ps (11) 

From (6), assuming fixed values of air flow rate and surface 
geometry: 

. . . . . . . . . . . . . . . . . .  Sll K Scl13 (12) 

Assume that at small vapour concentrations the properties of 
the airlvapour mixture approximate those of pure air, then: 

hp a ~ 2 1 3  . . . . . . . . . . . . . . . . . . . . .  . ( I31  

and 
PS M 

P, -- . . . . . . . . . . . . . . . . .  .(14) 

where P, is the saturated vapour pressure corresponding to 
T,. 

Finally, for a surface at a given temperature 

Evaporation rate per unit area rr D'~' p, M ..... .(IS) 

Equation (IS) is consistent with the evaporative index of 
Gardner%hich was based on the stagnant film hypothesis. 





Figure 8, is a diagrammatical layout of the optical sensing 
head of the Infragauge. The optical head directs a beam of lo 
IR radiation about 2cm in diamater and at a precise wave- 
length of 2.95 micron on to a stationary inked specinlen placed AIR CONDITIONS AT NOZZLE BOX 

on a reflecting aluminium plate. Solvent present in the beam 8 TEMPERATURE 30PC 
HEAD l c m  H20 absorbs IR radiation, so reducing the radiation returning the 5 1. INK VISCOSITY 4 m  5 0 s  N a 2  ZAHN 

sensing head. The electrical output of the IR detector is 2 
electronically processed so that, over the linear portion of its - 6 

range, the output voltage of the lnfragauge is directly % 
proportional to the quantity of solvent in the beam. Drying 
curves were recorded using the following technique. The ' 
lnfragauge output was connected to the Y-axis of an X-Y $ 
recorder. A short length of web was printed and then brought Z 
to rest a t  the IR scanning point adjacent to a slot nozzle, 
Figure 6. Starting the time base in the recorder produced a 
continuous record of the drying process in a stationary 
specimen. 

Fig. 9a 
, ~ L R A N S M ' T T E R  - - - - - - - - - - 

1 

AIR CONDITIONS AT NOZZLE BOX 
TEMPERATURE 30°C 
HEAD l c m  H20 

PARABOLOIDAL 

RECEIVER 

I I RADIATION Fig. 9h 

Figure 8. Infrared meter layout of sensing head 

Tests showed the ink deposit from gravure band 4 to be 
sufficiently thick to saturate the sensitivity of the Infragauge. 
Because of this no drying curves were recorded for this band. 

Effect of solvent content and ink thickness on 
drying time 

The drying curves shown on Figures 9a-9d are the results of 
a series of tests, whose object was to determine the effect of 
ink thickness and percentage solvent in the ink on drying rate. 
At least three drying curves were recorded a t  each test 
condition and repeatability is seen to be good. The initial 
rising part of each curve is a consequence of the Infragauge 
response time. At voltages greater than 7 approximately, the 
output of the IR instrument is non-linear and at voltages 
greater than 12 the sensitivity of the instrument is saturated. 

In Table 2 the gradients (voltlsec) of the linear portions of 
the drying curves shown in Figures 9a-9b are given: 

12  

AIR CONDITIONS AT NOZZLE BOX 
1 0  TEMPERATURE 30'C - HEAD l c m  H20  

m INK VISCOSITY 58s No. 2 ZAHN 
5 8 
0 - 
$ 6  

2 
6 
Z 

2 

'0 1 0  2 0  30 4 0  50 6 0  
TIME (SECS) 
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\\ 4. INK VISCOSITY 30s No.2 ZAHN 

TIME (SECS) 

Figures 9 (ad). Effect of solvent (MIBC) content on ink drying time 

Table 2 

Gradients of drying curves 

Band 9a 9b 9c 9d 

Band I, ink thickness, 6 . 6 ~  0.5 0.49 0.52 0.54 
Band 2, ink thickness, 9 . 4 ~  0.48 0.45 0.45 0.55 
Band 3, ink thickness, 11 .3~  0.43 0.41 0.41 0.52 

Average gradient 0.48 V/s 

Although there is some evidence of systematic variation 
(discussed below) the gradients are roughly constant, which is 
consistent with wet and dry bulb theory. 

By extrapolation of the linear portion of thc drying curve 
back in rime to cut the voltage axis, the virtual voltage at 
zero time, V., may be estimated. A check, both on the 
consistency of the test results and the linearity of the Infra- 
gauge, may be obtained by comparing values of V, with the 
corresponding estimates of solvent deposit, Figure 10. 

Table 2 shows that thicker ink layers have somewhat 
lesser gradients. This trend may be a real one in that thicker 
layers may dry more slowly than thinner layers. Alternatively, 
the effect could arise from an inconsistency in the Infragauge, 
but such an inconsistency is not apparent in Figure 10. 

Characteristics of constant-rate drying 

An alternative parameter to characterise drying is the 
hypothetical time (T,.) for the initial solvent content to fall 
to zero, the drying rate being maintained at the constant-rate 
value throughout. T,, may be estimated graphically by 
extrapolating the linear position of the drying curve to the 
point where it cuts the time axis. 

Based on the heat and mass transfer theory set out earlier 
and making the assumption that during constant-rate drying 
the surface takes up the wet-bulb temperature, a computer 
program was written to predict T,, for various values of 
jet velocity and jet temperature. Heat transfer data was 
based on the correlation of Gardon and Akfiratl0. Results 
from this programme are summarised in Figure 11. 

+ BAND No. 1 
- o BAND No.2 

A BAND No.3 
(1) 50% SOLVENT IN INK 
(2) 57% SOLVENT IN INK 
(3) 70°/o SOLVENT IN INK 
(4) 77% SOLVENT IN INK 

Figure 10. Comparison of infragauge voltage and initial solvent 
deposit 

SOLVENT MIBC (SG=0.808) 
' O I z 5 \  INITIAL INK DEPOSIT: THICKNESS 1 1 . 3 ~  

77% SOLVENT 

(WET AND DRY BULB THEORY 
EVALUATED AT A POINT 10 crn 
FROM JET CENTRE LINE) 

Pigure 11. Characteristics of constant-rate drying 

Figure 12 illustrates the effect on the IR drying curves of 
systematically varying air jet velocity whilst maintaining air 
temperature constant. To test repeatability three drying 
curves were recorded at each test condition. In Table 3, 
values of T,, from experiment are compared with those 
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predicted on the basis of constant-rate theory; the agreement 
is reasonable. 

IHN 
POlM 

I I 
0 I I I 

10 2 0  30 40 50 
TIME (SECS) 

Figure 12. Effect of air velocity on drying time 

Table 3 
Cornoarisan of TPo. values 

Airvelocitym/s 20 30 40 50 60 70 

Teen, sec Expt 31.7 23.4 18.0 15.8 13.9 13.2 
Theory 25.5 20.0 17.1 15.0 13.4 12.3 

Figure 1 3  illustrates the effect on the IR drying curves of 
systematically varying air temperature whilst maintaining air 
velocity constant. To test repeatability, two drying curves 
were recorded at each condition. Comparative values of T,, 
from experiment and theory are tabulated below; again the 
agreement is reasonable. 

Conclusions 

( I )  A technique has been developed for the continuous 
recording of drying curves from thin ink films, which 
appears to yield consistent and repeatable results. 

(2) Analysis of the curves shows that initially the ink dries at 
a constant-rate. This is in agreement with earlier theories 
for thick slabs. 

( 3 )  During the constant-rate period the drying rate is con- 
trolled by the external air conditions and is found to be 
largely independent of both coating thickness and 
percentage solvent in the ink. 

(4) The effect of changes in air velocity and temperature on 
experimental constant-rate drying times have been 
compared with predictions based on the theory of the 
wet-bulb hygrometer. Agreement is reasonably good. 

(5) Future research will investigate solvents with higher 
evaporation rates and continue the analysis of the falling 
rate period. 
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Table 4 
Comparison a f Tcon valtres 

Tcon,sec Expt 16.5 15.2 11.5 8.8 7.0 6.0 5.0 4.3 
Theory 20.1 15.8 12.5 9.9 8.1 6.7 5.6 4.7 

Discussion at Eastbourne Conference its evaporation when using it in conjunction with a polar 
resin. 

MR D. J. TUCKER asked Mr Hardisty to comment on the 
choice of solvent used in his work. It was evident that the MR HARDISTY said that their choice of an alcohol solvent 
choice of an alcohol made detection of solvent remaining in with a relatively slow evaporation rate had been made largely 
the film very easy but he asked if they had any difficulties with to facilitate their research into drying. The solvent selected 
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had suitable IR absorption characteristics and its slow speed 
of evaporation allowed sufficient time for the drying process 
to be analysed. However, when selecting the ink system they 
had sought advice from industry and he considered that the 
conclusions they had reached would be applicable to the more 
conventional faster solvents. 

They hadstarted their research with littledetailed knowledge 
of the theory of evaporative ink drying. The simple, single 
solvent ink system had been chosen to provide basic data on 
the drying of thin ink films and to see the manner in which 
this data could be fitted to theories developed by chemical 
engineers for the drying of thick slabs. It should be noted that 
these latter theories assume a single, pure solvent and only 
the enthalpy of evaporation (latent heat) had been considered. 
Having obtained basic drying data they were now in a position 
both to extend the theory and to examine other, more 
practical. solvents. To extend the constant-rate theory 
developed in the paper, applicable to the initial period of 
drying, the properties of solutions would require inclusion. 
This was also required for the proper consideration of the 
later periods of drying and of the retained solvent problem. 
They would be grateful for any advice on these chemical 
aspects of the problem. 

Mr Tucker said that he was no expert in ink drying, but 
he thought most people present would probably be more 
concerned about the problems of retained solvent. 

Mr Hardisty agreed that this was possibly so. 

Mr Tucker said that he could see advantages of using 
alcohol as a solvent from the point of view of detection as a 
starting point in the investigation, but he suggested that using 
hydrocarbon solvents with a less polar medium would be 
very difficult to deal with, especially using infrared drying, 
and he thought there might be difficulties in detecting a change 
inconcentration of hydrocarbon solvent in a resinous medium. 

Mr Hardisty said he accepted this point, but pointed out 
that when they had started there was no experimentally 
validated theory about the mechanism of ink drying, that is 
whether it was a constant rate or a falling rate process, and 
in this respect they had made some progress. Obviously, 
there were going to be difficulties when they changed to 
faster solvents and this was the stage they had now reached. 

DR F. M. SMITH asked whether the reflectance of infra-red 
was influenced by the nature of the pigments in the ink. He 
asked how much infra-red was reflected from the surface and 
from within the film, and whether Mr Hardisty was printing 
on a black or on a white substrate. 

MR HARDISTY said that this was something that had been 
carefully considered at the beginning of the work. They had 
chosen a dark coloured ink in order to reduce any reflection 
that might occur, but in theory, because the head was angled, 
what reflection there was would not be directed towards the 
head. When the beam strikes the ink film the only infra-red 
radiation directed back to the head is that scattered by 
interaction with the film. Clearly, if there was any direct 
reflectance, the system would not work. 

Mr Hardisty sumrnarised by saying that by using a 
combination of an inclined head and a dark coloured ink 
they had not encountered any problems in this respect. 

MR P. FINK-JENSEN asked what would be the influence of 
the heat conductivity of the substrate on the drying rate of 
the ink film and whethcr different results were obtained when 
the ink film was on metal foil or polyethylene foil. 

MR HARDISTV said that all their experiments had been 
carried out on a plastic foil and he thought that the heat 
conductivity effects were practically negligible. Mr Hardisty 
said that so far they had done no work on metal foils. 
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Determination of solubility parameters of polymers 
by a group contribution technique 
By H. Ahmad and M. Yaseen 

Regional Research Laboratory, Hyderabad-500009, India 

Solubility parameters of an acrylamide polymer series calculated because more substitution around the carbon atom lowers the value 
by the group contribution technique using four different reported of the F constant of the compound. Substitution of methyl and 
contributions are Soh > Ss > SH. K > SH. phenyl groups at two different positions results in an increase in 

6 values, because of stearic effects. Results also show greater 
Solubility parameters of polymers decrease with their increasing solubility parameter values for polymers than their parent mono- 
molar volumes. It is observed that Snormar > Ssecondarv > Srcrriorv, mers. 

Keywords 

Properties, characteristics and conditions primarilj, associated Miscellaneolrs terms 
with internal cohes~ve energy 

materials in general 
solubility parameter 

La determination des parametres de solubilitb des polyrnhres au rnoyen d'une technique basbe sur la 
contribution specifique des groupernents chirniques 

Les paramttres de solubilitt d'une sbie de polymkres acrylamides, S,CC,~O;W > S~,,ri,,, puisque la valeur du constant F du 
calcules par une technique baste sur la contribution sptcifique des cornpos6 se diminue ob le degrt de substitution autour de I'atome 
groupements chimiques et utilisant les valeurs deja rapportees de de carbone devient plusimportant. L'introduction adeux differents 
auatre diverses contributions se rangent dans I'ordre suivant Scoh> sites des aroumments ohenvle ou methvle entraine une auementa- 
h> SH, K> SH. tion desialebrs S, en raiion des effits steriques. Les Gsultats 

dtmontrent d'ailleurs que les valeurs des parametres de solubilit.5 
Les paramttres de solubilitt des polymtres se diminuent A mesure des polymbres sont sukrieures celles des monombres interessts. 
que le volume molaire s'augmente. On a observt que Snormor> 

Bestirnrnung der Loslichkeitsparameter von Polyrneren rnittels einer von einer Gruppe Gerneinsarn 
durchgefiihrten rnethode 

Loslichkeitsparameter einer Akrylamidpolymerserie mittels einer der Verbindung herabsetzt. Substitution der Methyl- und Phenyl- 
aus vier verschiedenen und beschriebenen Beitragen berechneten gruppen an zwei verschiedenen Stellen hat wegen der sterischen 
Gruppentechnik sind Abfall des Loslichkeitsparameters von Wirkung hohere 8-Werte zur Folge. Die Ergebnisse zeigen auch 
Polymeren mit steigendem molaren Volumen. Es wird beobachtet, hohere Loslichkeitsparameter fiir Polymere als fiir die elterlichen 
dass 6n,,m.r> S,,,,dOr> 8rerriar ist, weil mehr Substitution Monomere. 
rund um das Kohlenstoffatom berum denWert der-F Konstante 

Refs. l a ,  10-19 

The knowledge of solubility parameters of film forming 
polymers and of solvents has been found to be useful for 
assessing their compatibility characteristics, either in solution 
or during evaporation of solvents in the course of drying 
of polymeric coatings. The studies on the theoretical concept 
of solubility parameter and the theories that relate it to other 
interaction parameters of a compound were the field of 
interest of earlier workers1-'. However, Burrell6 demons- 
trated the application of solubility parameters of polymeric 
materials and solvents to simple and complex organic coating 
systems. 

The theoretical determination of solubility parameters of 
polymers by using fundamental equa t ions l~~-~  has not been 
possible, because the data on various physical constants of 
polymers, ie. boiling point, heat of vaporisation, van der 
Waal's constant, compressibility factor, surface tension,etc., 
are not available in the literature. However, the solubility 
parameter of a polymer can be determined by dissolving it 
in a series of solvents and then equating its solubility para- 

meter to that of the solvent in which the polymer is soluble 
in all  proportion^.^ 

The process of dissolution of the polymer in a solvent 
depends mainly on the heat of mixing, which is negligible 
when the cohesive energy densities of the polymer and solvent 
are almost equal. The free energy of mixing AF,,, of polymer- 
solvent system can be expressed: 

AFm = AH, - T A S,, . . . . . . . . . . . . . . . . . . . . . . (1) 

and AHm = Vm I(%)' - e)'}'. yl pl.. . . . . . .(2l 

= vm{ 61-S2 )%, (pl 92 .. . . . . . . . . . . . . . . . . (3)  
Where, 
AH,,, = the heat of mixing 
AS, = the entropy of mixing and is always positive 
Vm = total volume of the two components 
Vs' = their molar volumes 
Es' = their cohesive energies 
ys' = their volume fractions 
6s' = their solubility parameters 
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In a system where the long chains of the polymer uncoil 
in the course of dissolution, it results in high AS,  value, 
which in turn favours the AFm value to be negative. If the 
heat of mixing AHm is not greater than TAS,, dissolution 
of polymer in the solvent is possible. In the other case where 
heat of mixing is very low (61 ~ 8 2 ) ,  the miscibility of two 
components is assured, but the extent of dissolution is 
governed by the entropy factor, AS,. 

Efforts were made to determine the solubility parameter 
of a polymer by measuring the degree of its swelling in 
various solventsa, but difficulties were experienced in measur- 
ing the relative swelling of the polymer accurately because 
of the poor sensitivity of the measuring device. The other 
methods for determining solubility parameters of polymers 
also have certain limitations when carrying out the practical 
 measurement^.^+^ Therefore, the theoretical method based 
on the principle of additivity of contributions due to the 
groups present in the molecule was used for calculating 
solubility parameters of the  polymer^.'^^^'^-'^ 

Acrylamides, methacrylamides, their polymers and copoly- 
mers and other derivatives are mostly used in film forming 
materials. Hence, it was felt worthwhile to determine solu- 
bility parameters of a series of acrylamide polymers by 
using values of group contributions suggested by various 

For the sake of comparison of the results, 
solubility parameters of some monomers have also been 
calculated from their heat of vaporisation data. 

Materials 

The structural formulae of monomers were collected from 
the book "Functional M o n ~ m e r s " . ~ ~  The formulae of the 
monomers were rewritten in the form of repeating units of 
their corresponding polymers for the purpose of calculating 
the solubility parameters of polymers. The data on boiling 
points of monomers were also taken from the same source 
for calculating their solubility parameters by heat of vapori- 
sation method. 

Procedure 

The total molar attraction constant F o r  the cohesive energy, 
E, of the polymer was obtained by summing up the reported 
values of Fi or Ei due to the individual groups present 
in the molecules. Examples for calculation of F. E and 6 
have been illustrated earlier.21 

As the data on their molecular weights and densities were 
not available, the molar volumes of polymers have been 
calculated by adding up the contributions due to atoms 
and bonds to the molar volume.z2 Two examples of the 
method for calculating molar volume of a compound are 
illustrated here: 

Poly N-(iso-propoxy methyl) acrylamide 

CONH CH20 CH(CHd2 1 . 
The atoms and bonds contributions to molar volume at 25°C 
arez2: 

Atoms and bonds Vzsoc 

7(C) 7 r 1.85 
13(H) 13 x 6.59 
2io) 2 x 7.40 
1iN) 1 x 4.82 
I(=) 1 x 8.94 

Polymer repeating unit 2.97 

and the molar volume of poly N-(iso-propoxy methyl) 
acrylamide is 130.78 cc. 

Esomple 2: 
Poly N-Benzyl acrylamide 

Atoms arid hottd.~ 

IO(C) 
11(H) 
l (0 )  
I(N) 
4( =) 

1 (6-membered ring) 
Polymer repeating unit 

The molar volume of this polymer is 143.69 cc. 

Molar volumes of monomers, selected for the determina- 
tion of their solubility parameters, were also calculated by 
this method. 

Results 

Symbols Bs, RH, sHK and represent solubility parameter 
values calculated by using group contributions suggested 
by Small, Hoy and Hoftyzer-Krevelen and by cohesive 
energy method respectively (Tables 14) .  The values of solu- 
bility parameters of some monomers were calculated by a 
heat of vaporisation method' for comparing them to the 
values of solubility parameters of their polymers (Table 4, 
column 5). 

The group "CONH-" is common in all polyacrylamides, 
but the value of its F constant has not been reported by 
Small. Hence, the value of the Fconstant due to the "CONH-" 
group was calculated so that the contributions due to other 
groups reported by Small could be used for determining 
R of polyacrylamides. It has been observed that 8 values 
calculated by Small's contributions and cohesive energy 
contributions are fairly comparable to each other.2' There- 
ore, the following relationship: 
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..-. 
FCONH- = (EV)? - Z Fi (Small). . . . . . . . . . . . . . . . . . . . (7) 

has been used for calculating the value of contribution due to 
n-l 

FCONH-. Here, Z Fi (Small) is the total of contributions 
(reported by Small) due to all groups present in the molecule 
except for the CONH- groups. 

The total molar attraction constants for a large number of 
polymers were calculated by Small's contributions and 
cohesive energy method. The values of FC~NH- for individual 

"-1 
polymers were calculated by substituting the values of C. F, 
(Small) and (EV)* in equation 7. The mean average value of 
contribution due to the CONH-group has been calculated. 
The calculated mean average value of contribution due to 
F C O ~ ~ -  group is 776 and this has been used for calculating 
solubility parameters of polyacrylamides by Small's method." 

Discussion 
Ref. 4 

The scrutiny of the solubility parameters of polyniers shows 
that values calculated by adding up the group contributions 

suggested by Hoy are the lowest of the values calculated 
by various other methods (Tables 1-3). The values obtained 
from the cohesive energy method are found to be relatively 
a little higher in magnitude than the other values. But in 
the case of compounds where groups such as fluorine, 
chlorine etc., are substituted into their structural chains the 
values calculated by Small's method are slightly higher 
than the values. Mostly the values calculated by the 
Hoftyzer-Krevelen method are lower in magnitude than 
8s. 

The values of solubility parameters of alkyl substituted 
polyacrylamides have been listed in increasing order of the 
substituted groups. A similar order has been followed 
when tabulating solubility parameters of branched substituted 
polyacrylamides, and also the linear and substituted poly- 
methacrylamides. In doing so the molar volumes of the 
polymers automatically become arranged in increasing order 
in each classification (Table I). An identical feature has been 
observed when solubility parameters of aryl substituted 
polyacrylamides, polymethacrylamides and other polymers 
have been arranged in the increasing order of the substituted 
groups (Tables 2 and 3). 

Table 1 
Soluhilit~ paranteters of alk.1.1 substituted pol~~ocrylai~~ides (cal/cc)l 

Molar 
volume Solubility parameter 

Nanie of polymer 
V 6s 6 fl  6 ~ .  K 6coh 

- 
I 2 3 4 5 

Linear po1yacrylan1ide.c: 
1. Poly n-methyl acrylamide 
2. Poly n-ethyl acrylamide 
3. Poly n-iso-propyl 

acrylamide 
4. Poly n-n-butyl acrylamide 
5. Poly n-iso-butyl acrylamide 
6.  Poly I-t-butyl acrylamide 
7. Poly n-s-amyl acrylamide 
8. Poly n-s-iso-amyl acrylamide 
9. Poly n-t-amyl acrylamide 

10. Poly n-n-cyclohexyl 
acrylamide 

I I. Poly n-n-heptyl acrylamide 
12. Poly n-n-octyl acrylamide 
13. Poly n-11-dodecyl acrylamide 
14. Poly 11-11-octadecyl 

acrylamide 

Branchedpolyacrylainides: 
15. Poly n-(1.1-dimethyl 

butyl) acrylaniide 
16. Poly n-(I,]-diethyl 

propyl) acrylaniide 
17. Poly 11-(1.1-dimethyl 

amyl) acrylaniide 
18. Poly 11-(1,l-diethyl 

butyl) acrylaniide 
19. Poly n-(1.1-diniethyl 

heptyl) acrylamide 
20. Poly n-(l,l-diethyl amyl) 

acrylaniide 
21. Poly n-(1.1-dibutyl aniyl) 

acrylamide 
22. Poly n-(l,l,2-trimethyl 

propyl) acrylamide 
23. Poly n-( I,1,2-trimethyl 

butyl) acrylamide 
24. Poly n-(1,1,3-trimethyl 

butyl) acrylamide 
25. Poly n-(1,lA-trimethyl 

amyl) acrylam~de 
26. Poly 11-(1,1,3,3-tetra- 

methyl butyl) acrylamide 
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Poly n-(I-methyl-I-ethyl 
propyl) acrylamide 

Poly 114 I-methyl-I-ethyl 
butyl) acrylamide 

Poly n-(I-methyl-I-ethyl 
amyl) acrylaniide 

Poly n-( l -methyl-l -propyl 
butyl) acrylaniide 

Poly !I-( l -methyl-l -propyl 
amyl) acrylaniide 

Poly rr-(I-ethyl-I-butyl 
amyl) acrylamide 

Poly n-(I-propyl-I-butyl 
amyl) acrylamide 

Poly n-(I-methyl-I-ethyl-2- 
methyl propyl) acrylaniide 

Poly ?I-( I A-d~methyl-I- 
ethyl amyl) acrylamide 

Poly 11-(1,3-dimethyl-I- 
ethyl butyl) acrylamide 

Poly n-[I-(2-methyl propyl)- 
I-(.?-methyl butyl)) 
acrylamide 

Poly 11-(1-methyl-I-butylJ- 
methyl butyl) acrylamide 

fSubsriruter1 alkyl) pol!, acr~~lanticles: 

39. Poly 11-(hydroxymethyl) 
acrylamide 

40. Poly 11-(2-hydroxyethyl) 
acrylaniide 

41. Poly 11-(~~iethoxymnethyl) 
acrylamide 

42. Poly n-(ethoxymethyl) 
acrylaniide 

43. Poly n-(11-propoxymethyl) 
acrylamide 

44. Poly 11-(bo-propoxymethyl) 
acrylamide 

45. Poly 11-(n-butoxymethyl) 
acrylamide 

46. Poly n-(2-cyanoethyl) 
acrylamide 

47. Poly n-[-l(l-methyl-I- 
hydroxymethyl)-ethyl] 
acrylamide 

48. Poly !I-( I-methyl-2- 
oxopropyl) acrylaniide 

Linear polyn~ethacr.vlarr~i~Ies: 

49. Poly n-~nethyl nieth- 
acryla~nide 

50. Poly n-ethyl meth- 
acrylamide 

51. Poly rr-Do-propyl 
methacry laniide 

52. Poly n-butyl methacrylamide 
53. Poly 11-I-amyl rnethacrylamide 
54. Poly }I-cyclohexyl 

methacrylamide 
55. Poly 11-11-octyl methacrylamide 

Bratrclred pob.r~athacr:,.lart~ides: 
56. Poly 11-(1.1,3,3-tetramethyl 

butyl)-methacrylamide 

(Sr~bsrirured alk~j l )  t?~etlracrylartri(les: 
57. Poly n-(hydroxyniethyl) 

niethacrylamide 
58. Poly n-(methoxy) 

niethacrylamide 
59. Poly n-(ethoxy~nethyl) 

methacrylamide 
60. Poly rr-(allyloxy methyl) 

methacrylamide 
61. Poly 11-2-(3-oxobutyl) 

niethacrylamide 
62. Poly n-(propoxymethyl) 

methacrylamide 
63. Poly 11-(butoxymethyl) 

niethacrylamide 
64. Poly 11-(hexoxymethyl) 

lnethacryla~nide 
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Table 2 
Solrrbilify parantete~s of a w l  srrhsfifrrfedpol)~acryIanrides (ral/cc)1 

Molar Sohrhi1if.1, paran~efers 
Name of  polynier volume 

V 6s 6~ 6 ~ .  K &oh 

Linear ar:vlpolyacrylan~iiIex: 
1. Poly n-phenyl acrylamide 126.50 13.29 10.44 12.33 13.92 
2. Poly n-p-tolyl acrylamide 141.62 12.72 10.62 11.89 12.99 
3. Poly n-benzyl acrylamide 141.62 12.62 9.40 11.78 12.81 
4. Poly n-p-methyl benzyl 

acrylamide 156.65 12.32 10.43 11.53 12.56 

(Suhsfifufed arjd) ocry1an1ide.s: 
5. Poly n-(benzyl-oxomethyl 

acrylamide 164.09 14.29 12.24 13.85 13.57 
6. Poly u-(aeryl-2-phenyl- 

d-I-alanine 183.46 - 10.03 11.14 - 
7. Poly n-(I-benzyl-2- 

oxopropyl) acryla~nide 190.79 12.17 10.34 11.72 - 

8. Poly n-methacrylanilide 144.59 12.21 9.95 11.65 12.61 
9. Poly n-p-tolyl meth- 

acrylamide 159.62 11.91 10.06 11.40 12.38 
10. Poly n-benzyl meth- 

acrylamide 159.62 11.89 9.84 11.40 12.26 

(Substifrrfed ar1.1) rrrefhacrvlamides. 
I I. Poly n-p-chloro phenyl 

methacrylamide 158.92 15.69 13.59 14.79 14.24 
12. Poly n-p-methoxy phenyl 

methacrylamide 167.32 11.79 10.30 11.63 12.47 
13. Poly n-p-ethoxy phenyl 

methacrylamide 182.35 11.57 10.19 11.45 12.18 

Table 3 
Solubilify parameters of generalpoly-(acryla~nides and cinna~rride,s), (cal/cc): 

Molar 
Name of polymer volume Solubility parameters 

Alkoxy poly acrylamides: 
Poly n-ethyl-2-ethoxy 

acrylamide 
Poly n-ethyl-3-ethoxy 

acrylamide 
Poly n-2-chloroethyl- 

3-ethoxy acrylamide 
Poly n-n-propyl-2-ethoxy 

acrylamide 
Poly n-n-butyl-2-ethoxy 

acrylamide 

6. Poly n-butyl cinnamide 175.42 12.06 10.12 11.94 12.36 
7. Poly n-(],I-dimethyl 

propyl cinnamide 190.45 11.80 10.00 11.71 12.08 
8. Poly n-(1.1-dimethyl butyl 

cinnamide 206.48 11.53 9.86 11.47 11.81 
9. Poly n-(l,l,2-trimethyl 

propyl) cinnamide 206.48 11.41 9.73 I 1.47 11.89 
10. Poly n-(l,l-dimethyl 

pentyl) cinnamide 221.51 11.35 9.79 11.31 11.44 

Crotonamides: 
I I. Poly n-ethyl-2-ethoxy 

crotonamide 156.78 13.22 10.83 13.18 13.53 

Vifryl ~i i ' r~rct io~ral  arrj,lafrlkle: 
12. Poly 11-Qvinyl oxyethyl) 

acrylamide 126.51 12.44 10.17 11.78 - 
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(Substituted alkyl) poly acrylamides: 
13. Poly n-acetyl or ethanoyl 

acrylamide 96.45 14.78 11.11 13.95 - 
14. Poly 11-(2.2.2-trifluoroethyl) 

acrylamide 102.92 13.95 9.42 11.49 13.44 
15. Poly n-acryl-d-I-alanine 119.18 - 10.77 10.00 - 
(Substituted alkyl) poly methacr)~la~nides: 
16. Poly n-methacrylamido 

acetonitrile 111.02 14.17 11.17 14.04 14.70 
17. Poly n-acctvl 

metha~r~iamide 11 1.48 13.59 11.03 13.30 13.95 
18. Poly n-(2-cyanoethyl) 

methacrylamide 126.05 13.54 10.88 13.45 14.08 
19. Poly 11-acetonyl acrylamide 126.51 13.07 10.76 12.82 13.40 

Table 4 
Solrrbility parameters of polymers and their respective rnonorners (cal/cc)l 

Solubility parameters 

Name of polymer SS SH SH, K 6 o h  8monomcr 

Poly n-dodecyl acrylamide 
Poly n-n-octyl meth- 

acrylamide 
Poly n-hexoxymethyl 

methacrylamide 
Poly n-t-arnyl meth- 

acrylamide 
Poly n-n-octyl acrylamide 
Poly n-n-butyl-2ethoxy 

acrylamide 
Poly n-butoxy methyl 

methacrylamide 
Poly n-n-heptyl acrylamide 
Poly n-butyl methacryl- 

amide 
Poly n-propoxymethyl 

methacrylamide 
11. Poly n-ethoxymethyl 

methacrylamide 12.08 9.79 11.83 12.97 7.68 
12. Poly n-methoxymethyl 

methacrylamide 12.50 9.93 12.18 13.47 7.85 
13. Poly n-11-butyl acrylamide 12.59 9.69 10.90 13.03 7.68 
14. Poly n-benzyl acrylamide 12.65 9.40 11.78 12.81 8.08 
15. Poly n-ethyl methacryamide 12.75 9.58 11.90 13.44 8.05 
16. Poly n-ethoxymethyl 

acrylamide 12.84 10.25 12.18 13.59 8.07 
17. Poly n-iso-propyl 

acrylamide 12.89 9.37 11.15 13.70 8.17 
18. Poly n-acetonyl 

methacrylamide 13.07 10.76 12.82 13.40 7.99 
19. Poly n-ethyl-2ethoxy 

crotonamide 13.22 10.83 13.18 13.53 6.50 
20. Poly n-n-phenyl 

acrylamide 13.29 10.44 12.33 13.92 8.08 
21. Poly n-methyl 

methacrylamide 13.37 9.71 12.34 14.10 9.25 
22. Poly n-acetyl methacryl- 

amide 13.59 11.03 13.30 13.95 7.93 
23. Poly n-ethyl acrylamide 13.80 9.78 11.48 14.25 8.61 
24. Poly n-methyl acrylamide 16.67 11.26 13.48 16.50 9.43 
25. Poly n-cyclohexyl 

acrylamide - 9.59 10.94 - 7.59 

For  the sake of convenience, the solubility parameters of of all types of polymers reported here, although in calculations 
these polyme~s  determined by using Small's contributions the solubility parameter, being inversely proportional to  
are used when analysing the data. The interesting feature molar volume, is likely to decrease with a n  increase in molar 
noticed is that solubility parameter values exhibit a decreasing volume. But as the size of the molecule increases the total of 
order with respect to  increasing molar volumes in the case contributions ( F )  due t o  groups present in the molecule also 
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increases, hence the increase in molar volume is likely to be 
equivalent to the increase in the total of contributions in the 
case of bigger molecules. This is the reason why the decrease 
in bvalues is not of the order of the increasing molar volumes. 

The accumulation of groups around carbon atoms result 
in the lowering of total contribution due to groups, ie F 
~ o n s t a n t . ~  The comparison of 8-values of a linear polyacryl- 
amide with the branched polyacrylamides having the same 
molar volumes illustrate this effect (cJ: compounds 11, 17 
and 23, Table I). When comparing the 8-values of acryl- 
amides with methacrylamides it is further found that the 
substitution of the methyl group in the functional acryl- 
amide group lowers the F constant.' 

The presence of groups surrounding the central atoms 
also lowers the 8-values of the isomers. The order of decrease 
observed in the case of isomers reported here is 6,,,,,1> 
8secondary> Etertiary However, the position of substituted 
groups does not alter bvalues of one type of polymers 
(cf: compounds 23.24, Table I), because here only the shifting 
of groups from one position to another occurs. 

The stearic hindrance due to bulky substituent groups is 
responsible for high Fconstant values owing to the high energy 
level of the compound. For example, when methyl and 
phenyl groups are substituted at two different positions in 
the molecule, the %value of the compound is found to be 
relatively higher than the compounds substituted with 
smaller groups (cf: branched substituted compounds in Table 
1 and Table 21. 

The values of the solubility parameters of a few polymers 
of general interest are listed in Table 3 according to their 
classification based on the main substituted group, viz., 
alkoxy polyacrylamides, polycinnamides, substituted alkyl 
polyacrylamides, err. 

Solubility parameters of monomers calculated from 
heat of vaporisation data, and also of the corresponding 
polymers calculated from group contribution technique are 
listed in Table 4. It is not reasonable to make a definite 
comparison of the results, as the methods of calculation 
of solubility parameters of monomers and the polymers 
are different. However, for the sake of having some idea of 
the comparative increase in the solubility parameter of a 
monomer when it is converted into a polymer, the results 
are reported here. 

Conclusions 

organic solvents, in general, do not fall in such a high range 
of solubility parameters, they do not usually act as solvents 
for such polymers. On the other hand, water and other polar 
organic solvents having fairly high solubility parameter are 
likely to dissolve these polymers. 

Acknowledgments 

The authors would like to thank Dr P. H. Gedam, P. S. 
Sampathkumaran and Dr M. A. Sivasamban for the critical 
review of the manuscript and discussions. 

One of the authors (Dr H. Ahmad) acknowledges the 
financial assistance given to him by the Council of Scientific 
and Industrial Research, New Delhi. 

[Rcrcivpd 1 February 1977 

References 

I. Hildebrand, J. H.. and Scott. R. L., "The solubility of non- 
electrolytes", Reinhold Puhli.slri~~g Corp., New York, 1949. 

2. Gee, G., Trans. Faradav Soc., 1944, 40, 468. 
3. Scalchard, G. ,  Cheni. Rev., 1949, 44, 7 
4. Small, P. A., J. Appl. Cl~enl., 1953, 3, 71. 
5. Burrell, H., Oficial Digest, 1955, 27, 726. 
6. Haggenmacher, J. E., J. Anler. Cllem. Soc., 1946, 68, 635. 
7. Hoy, K.  L., J. Paint Tecllnol., 1970, 42, 76 
8. Ahmad, H., and Yaseen, M., J. Colorrr Society, 1974, 13, 7. 
9. Mangarej. D., Bhatnager, S. K., and Rath, S. B., Mokrontol. 

Che~n., 1963. 67, 75. 
10. Bondi, A,, Cllenr. Encg. Data, 1963. 8, 371 
11. Bondi, A., J. PoI.vnter Sci., 1964, A2, 3159. 
12. Bunn, C. W., J. Polynler Sci., 1955, 16, 23. 
13. Di Benedetto, A. T., J. Polymer Sci., 1963, Al, 3459. 
14. Dunkel, M., Z. Physik. Chem., 1928, A138, 42. 
15. Hayes. R. A., J. Awl .  Polymer Sci., 1961, 5, 318. 
16. Hoftyzer, P. J., and Van Krevelen. D. W., Paper (Nr.  llla-15) 

presented at tlre international s)~niposiunt on macromolecules of 
IUPAC Lyrlen, 1970. 

17. Rheineck, A. E., and Lin, K. F.. J.  Paint Technol., 1968,40,611. 
18. Van Krevelen, D. W., Fuel, 1965, 44, 229 
19. Van Krevelen, D. W., and Hoftyzer, P. J., Properties of poly- 

mers correlation with chemical structure, Elsevier Publishing 
Co~tipany, Amsterdam, 1972. 

20. Mac Will~anis. D. C . ,  Functional monomers, their preparation, 
polymerisation and application, edited by Yocum and Nyquist, 
Vol. I, Marcel Dekher, New York, 1973. 

In general, the solubility parameters of an acrylamide poly- 21. Ahmad, H., and Yaseen, M., J.O.C.C.A., 1977, 60, 99. 
mer series are in the range of 10-17 (cal/cc)l. As non-polar 22. Sewell, J. H., J. Appl. Polynter Sci., 1973, 17, 1741. 

Next month's issue 
The Honorary Editor has accepted the following papers for publication, and they are Pxpected to appear in the January 1978 
issue of the Jrurnal: 

A new zinc phosphating process designed for automatic control of composition l ~ y  N. M. Ne.s.s and B. A.  Cooke 

The determination of the formation times of films cast from polymer dispersions hy I. A~tirtr, U. Osredkar and I. VizoviSrk 

Anomalous swelling in reactive polymers hy J. Sickfielcf 

Recent aspects on the preparation and evaluation of some polyesteramides for surfacing coatings. Part 11: Preparation and 
evaluation of amide containing resins by A. M. Naser and A .  2. Comma 



Newcastle 
Second UV polymerisation symposium 

Ultraviolet polymerisation and the coatings industry 

The Newcastle Section's Second European Symposium. 
"Ultraviolet polymerisation and the coatings industry", was 
held at the University o f  Durham on 14 and 15 September 
1977. 

The interest currently being generated by ultraviolet curing 
was illustrated by the Pact that all the 206 places available were 
taken by delegates from 14 countries, including the USA, 
Japan and Australia and morc than 5 0  applicants were 
reluctantly turned away due to lack o f  accommodation. 
Eleven papers. covering not only the technical. but also the 
commercial and theoretical aspects o f  the subject, wcre 
presented on monomers. oligomers, photoinitiators and 
equipment by organisations involved with the technique o f  
U V  polymerisation, from Western Europe, the USA and the 
U K .  

Group photograph of lecturers and organiserc at the Symposium. 
Rack row ( / e l l  to r i ~ l r r  ) Mr  A. .I. Eranc. I)r van Keerl~os, Dr Berner, 

M r  Parri5h 
Second row (Rfr ro riglfr): M r  H. Fuller (BTP Tioxide, Secretary 
of sub-committee). C .  P. A. Turner, Prof. I.edwith, M r  Pelgrims. 

Dr Phillips and M r  .I. Clark (RTP Tioxide, Treasurer) 
Front row (Iefr ro riphf): Dr R. E. Hulme, M r  .I. Vona, MreF. 
Hellens (Chairman. Newcastle Section), M r  A. McLean (President), 

M r  S. R. Finn (Hon. Editor) and M r  S. Lynn 

As expected, every paper generated many questions and 
much lively discussion took place i n  the periods set aside for 
this purpose at the end o f  each session. 

M r  A. McLean. President o f  the Association, speaking at 
the informal symposium dinner, proposed a toast to the 
visitors after welcoming them in Gaelic as well as i n  the 
English language. 

I n  addition to the advertised proceedings, a meeting o f  
interested parties was held to discuss the Health and Safety 
aspects o f  U V  curable coatings. One o f  the reasons for the 
less than anticipated growth o f  U V  curing is the potential 
hazard associated with some o f  the monomers used. Many 
are known skin irritants, and for this reason there is a certain 
reluctance to handle the new technology inks and varnishes. 
but i t  is doubtful whether these monomers are worse i n  this 

respect than some o f  the stronger solvents i n  present day use 
in conventional coatings. For this reason a sub-committee has 
been set up by the Newcastle Section to consider the Health 
andSafety aspects o f  U V  curable systems. I t  is hoped to initiate 
a programme o f  toxicological studies in conjunction with 
other appropriate organisations, with the aim o f  ultimately 
producing sufficient data to be able to determine which 
materials can be used safely i n  U V  curable coatings. 

Anyone interested in this aspect o f  UV  curing, or who feels 
they have some useful information to contribute should 
contact the Symposium Manager: 

M r  S. Lynn. 
Resinous Chemicals Divigion. 
Berger. 
Wellington Mills, 
Dunston, 
Tyne & Wear, N E I  I 9HQ 

The organising Committee wishes to thank everyone for 
attending the Symposium, particularly those who presented 
papers, and the Session Chairmen, who were not members o f  
the Committee, namely M r  C. H. Morris o f  Resinous 
Chemicals and Prof. A. Ledwith o f  Liverpool University, for 
ensuring success o f  the Sympo5ium. 

S. Lynn 

Hull 
Agitation 

The first ordinary meeting o f  the 1977178 session o f  the 
Section was held at the "Humber Bridge Hotel", Barton, 
South Humberside on Monday 3 October 1977. This was a 
joint meeting with the Institution o f  Chemical Engineers. M r  
T. W. Wilkinson. the Section Chairman, introduced D r  M .  F. 
Edwards, Senior Lecturer at Bradford University, who gave 
a lecture entitled "Agitation". 

D r  Edwards gave a review o f  the industrial problems 
encountered i n  liquidiliquid, gasjliquid, and solid/liquid 
agitation. The type o f  impeller used was dependent on the 
viscosity o f  the system; high speed propellers were best for 
very low viscosity liquids, whereas slow speed Z-blade mixers 
were ideal for very viscous solutions. The design o f  the mixing 
vessel was just as important as that o f  the impeller. D r  Edwards 
discussed the problems pertaining to scale-up and the 
considerations relating to the mechanical design o f  new 
installations. 

D r  Edwards' talk was fully illustrated with a large number 
o f  coloured slides and sonie practical demonstrations. The 
lecture, which was attended by 20 members and visitors, was 
followed by a prolonged discussion. The meeting was finally 
brought to a close with a vote o f  thanks from M r  N. Lythgoe; 
the audience responded in the usual manner. 

D.M.W. 

London 
Chairman's Evening 

The first evening technical meeting o f  the 1977-78 sesslon was 
the Section Chairman's evening and was held on Thursday 
22 September, 1977 at the "Princess Alice", Forest Gate, E7. 
Over 40 members and guests heard an entertaining and 
instructive lecture from the Section Chairman, M r  D. Bayliss 
on the "Customer's Point o f  View". M r  D. Bayliss, o f  the 
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Scientific Services Department, Central Electricity Generating 
Board, Gravesend, discussed the problems associated with the 
painting and protection of power stations and showed, with 
slides, how various surface coating systems performed on 
site. 

The trend, in recent years, had been away from the relatively 
small brick built to much larger structural steel, externally 
clad power stations and had created the need for exterior 
durable finishes for the cladding. Over the years the CEGB 
had carried out tests on various systems, both on site and at 
its testing station at Dungeness, Kent. Coil coated paint 
systems eg plastisol, polyvinylidene fluoride, laminates such 
as PVC, and post finished paint systems (alkyd) had been 
evaluated on plain and galvanised steel and on aluminium. 

On south facing panels all precoated systems showed 
failure of the paint films within 3 to 5 years, whilst north 
facing panels exhibited corrosion of the substrate, primarily 
from the preformed edges, with little change in the coatings. 
In contrast, post finished paint systems on preformed sections 
were in very good condition after eleven years exposure, even 
when finished with domestic alkyd paints. On coil coated 
steel none of the systems available-PVF,, polyester or 
acrylic-had given any confidence of extended exterior 
exposure. Testing had shown that uncoated galvanised steel 
and aluminium had better durability than coated substrates, 
although the whims of architects meant that some coated 
cladding was used-much to  the relief of representatives of 
paint companies present ! 

The paint finishes inside power stations were primarily 
decorative. However, the structural steelwork needed to be 
protected while the station was being built. Modern building 
procesess entailed construction of the framework, erection of 
the roof and some walls and laying of the floor. The open ends 
allowed for easy access and installation of the generating 
sets etc. Often taking 5-7 years to build, the semi-enclosed 
power station was exposed to the atmosphere, invariably in 
damp conditions as the concrete floor dried out. Corrosion of 
the steelwork was inevitable. In addition, the steelwork was 
often stored in extremely adverse conditions in stockyards at 
the building site for months or even years. Such steel was 
invariably only protected with a coating of shop primer. The 
results of exterior exposure of various coating systems on 
structural steelwork at a CEGB exposure station at Brighton, 
Sussex were discussed. Metal sprayed galvanised finishes were 
showing extremely promising results and had an additional 
advantage in that no maintenance painting was subsequently 
required. 

As with all maintenance painting the gleatest problem in 
power stations was that of surface preparation. Removal of 
the soluble salts present on the surface was essential, as these 
appeared to be the prime cause of subsequent paint failures. 
When surfaces were cleaned to SA3 quality by conventional 
methods, testing showed that soluble salts were still present. 
Extensive evaluation ofvariouscleaning processes by theCEGB 
had shown that a water cannon technique (low water pressure, 
high air pressure and abrasive) was the only method that 
could remove such salts from steel. It was ineffective on cast 
iron, however, because of the porous nature of the surface. 

Other specific problem areas in painting power stations 
were briefly discussed. Surfaces on control consoles were 
liable to be rubbed and scuffed repeatedly as operators leaned 
across them to adjust and read controls etc. Coatings used 
in these applications had to be hiehly scuff resistant. Nuclear 
power stations were another area which needed specialised 
coatings. 

In conclusion, Mr Bayliss emphasised that correct surface 
preparation and paint application methods were just as 
important in attaining a trouble-free, long life finish as was 
correct formulation of the paint system in the first place. The 
large scale construction problems of power stations were such 
that particular attention hall to be paid to the substrates and 
coatings used to ensure that the maintenance costs were kept 
to a minimum. 

After a discussion period, in which the audience fully 
participated, Mr J. Tooke-Kirby proposed a vote of thanks to 
the Chairman for his presentation. 

A.J.N. 

Scottish 
The use of microvoids as pigments 

A lecture on "The use of microvoids as pigments" was given 
to the Scottish Section by Dr N. Reeves of BTP Tioxide Ltd 
in the Bellahouston Hotel, Glasgow at 6.00 p.m. on Thursday 
13 October. 

During his lecture Dr Reeves covered various aspects of 
basic theory, manufacture of microvoids, manufacture of 
paint and resultant paint film properties. The lecturer 
indicated that the products of real interest were the resin 
beads ot so called 251  fraction (< 5 per cent >25p) with 
titanium dioxide in the microvoids. A description of the 
theory of opacity was illustrated by excellent slides and paint 
illustrations. 

Mr .I. D. W. Davidsnn, Chairman, Scottish Section, presenting a 
Commendation Award to Mr G .  H. Hutchinson at the meeting of the 
Scottish Section held on Thursday 13 October. P l r o l ~ ~ ~ v ~ i p l ~  11). A.  

McLc>olr ( A . r , > k l r ~ ~ r )  

Following the lecture there was a wide ranging discussion 
on the potential of these products and their future possibilities. 
Considerable discussion centered on the possibility of applying 
this technology to glossy oil based systems: Dr Reeves 
indicated that the particle size required here was different and 
the overall technology was not yet fully developed. Following 
the discussion a vote of thanks was accorded to Dr Reeves 
with the audience showing its appreciation in the normal 
manner. 

G.H.R. 
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West Riding 
Reclamation and disposal of waste solvents 

A meeting o f  the West Riding Section was held o n  Tuesday 
4 October 1977 at the Mansion Hotel, Leeds. Mr G. A. 
Bingham o f  Chemstar L t d  gave a talk dealing with the above 
subject and started by drawing a distinction between the 
smaller companies such as his own and the larger ones 
operating i n  this field. The larger companies are more 
concerned wi th  large "campaigns" of, say, minimum o f  
500 tonnes o f  any one product and tend to  concentrate on a 
simple range o f  products. The smaller companies deal w i th  
smaller quantities with a minimum o f  about 5-10 tonnes. 

as a blend o f  solvents to a loose specification. I f  excessive 
water is present this can be reduced by inorganic salt drying 
or by adding excess hydrocarbon solvent to  throw out the 
water. By these simple means water content can be reduced 
to about 2 per cent, which is adequate for some purposes. 
The acidity o f  the recovered solvent can be a problem i f  not 
corrected. The low p H  arises from the thermal cracking o f  
the resins which are frequently present i n  waste solvents. 

Mr Bingham made an appeal for some segregation o f  waste 
solvents to  be undertaken. There is a tendency for al l  wastes 
to  be dumped i n  the same drum and the resultant mixtures 
are frequently not recoverable i n  a satisfactory manner. Good 
housekeeping o f  this sort w i l l  be increasingly necessary, since 
there are fewer sites available for disposal and expensive 
incineration w i l l  be needed. There is already a shortage o f  

Solvent recovery is a growing business due to  the con- "COveV capacity i n  the UK and hence some selectivity can 

siderable increase in solvent prices over the past or years be practised by the recoverers. I t  was also likely that "in house" 

and the increasing cost o f  waste disposal. solvent recovery would become increasingly necessary. 

There were a number o f  general questions and the vote o f  
Fo r  cleaning purposes the nature o f  the mixed solvent is thanks was proposed by  M r  N. Cochrane. 

relatively unimportant since the recovered product can be sold R.A.C.C. 

Information Received 
Prussian Blue expansion 

Manox Ltd. an RTZ Chemicals company, 
is to proceed with the modernisation and 
expansion of its plant for the manufacture 
of  Prussian Blue. This decision is in line 
with the company's policy to consolidate 
and develop its central activity at Miles 
Platting in the production of Iron Blues, 
pigment raw materials and related fcrro- 
cyanide products. Prussian Blue is a widely 
used pigment in printing ink, carbon paper 
and paint manufacturing industries, and 
Manox is one of the largest suppliers to the 
United States market. The expansion ofthe 
Miles Platting plant will give an increase of 
40 per cent in capacity and is expected to 
be completed by October 1978. 

Berpler develooment 

Berger Paints have completed another 
phase of the £500000 development plan 
for their Hengrove. Bristol site which 
specialises in the production of  decorative 
paints. This has resulted in a 20 per cent 
increase in the outnut of  water thinned 
paint\, uhlch is due in part to the advancci 
automated rau matcrlal I-andling <)\te~ns. 

UK agency 

Samuel Banner & Co Ltd have been 
appointed sole U K  agents for Jayant Oils. 
a major Indian company processing castor 
oil products. Samuel Banner is a long 
established processor and distributor of  
\egetablc o ik  utth a natlunu~de network 
opcratlng from ctrateglcally placed depots. 
cer\lclng ~ndustr) w~ th  product.; formulated 
to meet customers' specifications. 

Technical co-operation in Turkey 

Rohm & Haas Co.. Philadelphia, has 
announced that i t  has reached an agree- 
ment for technical co-operation to secure 
local manufacture in Turkey of Rohm & 
Haas acrylic emulsions and other chemical 
products used in surface coatings. The 
agreement has been made with Akril 
Chemicals Manufacturing and Trading Inc., 
a Turksih company located in Istanbul, 

which has previously acted as the local 
agent and distributor for Rohm and Haas 
products in Turkey. Local manufacturing 
will be carried out under the technical 
assistance of Rohm and Hass in conformity 
withits formulationsand technicalstandards 
using the raw material to be supplied by 
Rohm and Haas or 11s subridiaries. Akril 
has been authorised to use Rohm & Haas 
registered trade marks. 

lrish agency 

Drynalnels Ltd, the thermoset powder 
coatings manufacturer, has combined with 
Goodbodv Ltd. an lrish suoolier of  in- 
du.;trlal finichlng matcr~als an'& equipment. 
to provlde Ir~hh industry u ~ t h  a unlque 
powder supply and technical back-up 
service. The lrish comoanv. which has 
considerable experience 'in ail aspects of 
industrial finishing. will be increasing the 
range of powder coatings they offer in 
Ireland by incorporating the high quality 
thermoset powder coatings manufactured 
by Drynamels. 

Polyvinyl alcohol expansion 

D u  Pont has announced the completion of 
a 20 per cent capacity expansion of its 
"Elvanol" polyvinyl alcohol (PVAL) plant 
at La Porte, Texas. The product, which 
is available in five fully hydrolysed grades, 
is used for textile warp sizing, paper and 
paperboard coating, paper tube and core 
winding, and in the formulation of water- 
based adhesives. I t  is marketed in Europe 
through Du Pont's local subsidiary com- 
panies and distributors. 

Bayer agents 

Bayer U K  Ltd have appointed two U K  
companies as agents for the marketing of  
Levasint, a fluidised bed dip coating powder 
specially developed by Bayer for corrosion 
control. Levasint wil l be marketed in 
Britain by Mallatite Plastics Ltd of Stock- 
port, Cheshire, and McPherson Powders 
Ltd of  Barking, Essex. Bayer is confident 
that Levasint will fill a significant gap in 
the British coating materials field as i t  

provides high resistance to weathering, 
chemicals and atmosohere i n  almost all 
applications, while at 'the same tlme being 
clean and safe to use. 

Tate &Lyle complex 

Talres Development Ltd. a wholly owned 
subsidiary of Tate & Lyle, have announced 
plans for a 210 million speciality chemical 
complex on the Knowsley Industrial Park, 
Merseyside for the production of  non-toxic 
chemicals. This is an entirely new area for 
Tate & Lyle and is their first venture into 
this part of the chemical business. I n  the 
first phase of production, sucrose surfactant 
and microbial polysaccharides will be 
produced for use i n  detergents and to 
stabilise mixes of oils and water. The 
co~nmercial oroduction and marketing nf 
microbial pdysaccharides h i l l~be in-aG&t 
venture with Hercules Powder Co, who 
will bring to the joint venture their world- 
wide marketing experience in this field. 

Agency change 

The agency for the Langer range of waxes 
and additives has been transferred with 
effect from the beginning of October from 
Cray Valley Products Ltd to Capricorn 
Industrial Services Ltd. 

New products 

New pigment paste and binder 

BASF UK Ltd  has placed on the market a 
new product for the manufacture of gravure 
inks containine toluene called Helioeen 
Blue 716 T faste, and a new poly&er 
dispersion called Styronal S 342 D ca. 50% 
which can be used as an all-purpose binder 
for coating colours on paper or board. 

Flying splicing adhesive 

Cray Valley Products L td  have available a 
new adhesive based on high molecular 
weight synthetic resin marketed in the form 
of high viscous blue coloured solution 
(solvent ethanol) which is easily repulpable 
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in water due to its water solubility. The 
F.S.A. can be used by paper converters and 
printers. Brush and roller applicators and 
containers can be easily cleaned with warm 
water. Full adhesive strength develops 3 
minutes after application and remains for 
2-3 hours without any reduction in ad- 
hesion. 

Infrared drying 
Lorilleux & Bolton Ltd have developed a 
new ink series specifically designed for 
infrared drying. The ink, called I-R 2000, 
is designed to help printers increase through- 
put whilst simultaneoucly improvingquality. 
The ink contains a catalyst which responds 
to the temperature in the pile in the region 
of 35-40°C. Use of the new ink reduces or 
eliminates the need to use anti set-off 
sprays when stacking the sheets, and over- 
printing or back-up is possibly within an 
hour. 

Suntest 
Original Ilanau, Germany, have avallilble 
the new Sunlest m~nl- l~ght exposure Inctru- 
ment fur the exanitnatlon of liahtfastnes\ of  
paints, plastics, wood, rubber and other 
surface coatings. Suntest supplements the 
series o f  well known and proven Xenotest 
instruments, and within a short time can 
provide reliable information about be- 
haviour of materials under the effect of 
sunlight radiation. Suntest possesses as a 
source a 1.4 kW Xenon radiator, the 
filtered spectrum of which is very near to 

ink industry to its progranime. The series 
now consists of  the D 3 and D 4 pastes. 
which have the pure blue shade of the 
Vossen Blue 705, and the two new particu- 
larly colourful types D 3/R and D 4/R 
which correspond in shade with the Vowen 
Blue 362. 

New solventless insulation coating 

A solventless insulation coating, where the 
electrical resistance is in excess of 400 volts 
per mi l  coating thickness, has been intro- 
duced by E. Wood, Ltd a member of  the 
Samuel Hodge gioup. An addition to the 
"Copon" range of products, the material 
has already been used as a membrane lining 
for steel electrophoretic tanks and as an 
electrical res~sting coating for steel electrical 
switch boxes. The mater~al is supplied as a 
liquid coatlng which dries quite quickly and 
single coats of up to 7 111ils are easily 
attained. 

Vacuum strainers for paint filtering 

Kremlin Spray Painting Equipment Ltd 
have added the TVK system for quick 
filtering of thick materials to their expand- 
ing range of surface coating application 
equipment. The special TVK system uses 
compressed air to create a vacuum within 
the container thus reducing filter~ng time. 
Additionally, suction from underneath 
allows the use of finer mesh screens than 
with a normal gravity lid. 

natural sunl~ght. Wlth addlt~onal filters 
the part~cularly Important UV range for New safety labels 
plast~cs can be var~ably adjusted. 

A unlque new chem~cal labell~ng servlce 
has been establ~shed by Peace Transfers 
Ltd to overcome the numerous hazards 
presented when ~dent~ficat~on labels fall 
from chem~cal contamers or become 
obl~teratcd by the chem~cals they contafn. 
By close liaison with the customer on the 
formulation of  the chemicals to be manu- 
factured, the firm prepares individual labels 
to suit each chemical by means of an 
underprinting process on vinyls, polyesters, 
polythenes and other synthetic films, 
rollowed by a sealing process and the 
application of  adhesives. 

Furnace blacks 

Degussa have introduced two new qualities 
to their range of high colour furnace 
blacks, named Printex 80 and Printex 90, 

The new Suntest light exposure instrument which are available in fluffy and beaded 
form to complen~ent the existing range of 

New Vossen blue pastes Printex 75, 85 and 95. They are character- 
The Pigments Division of  Degussa, Frank- ised by easy dispersibility, h ~ g h  tinting 
furt am Main, has altered the formulation strength, and conform to current legislation 
of the former Blue Paste D3 and has added regarding the incorporation of  carbon 
two new red-tinged pastes for the printing blacks into plastics in the EEC. 

Report of Council Meeting 
A meeting of  Council took place at the N. C. Locke who wished to retire due to 
Great Northern Hotel, London N I ,  on pressure of work. M r  D. M .  Varley was 
12 October 1977 with the President, M r  A. appointed to represent the Association on 
McLean, i n  the chair. There were 26 the Society of  Dyers and Colourists Terms 
members of  Council present. & Definitions Committee i n  place of M r  

J. C. Hurst. 
Council noted with sadness that the sole 

surviving Founder Member of the As- I t  was reported that the Paintmakers 
sociation, M r  H.  R. Wood, had died in Association had asked i f  M r  A. T. S. 
July at the age of 90. Rudram could serve over a period of a 

year on two of their committees and that 
M r  W. R. Moon was appointed to this invitation had been accepted. 

represent the Association on the Technical 
Training Board of  the Printing I nk  and The half-year accounts were considered 
Roller Making Industry to replace M r  by the Council together with the estimates 

Literature, courses etc. 

Organic coatings technology 

The 4th Annual lnternational Conference 
in Organic Coatings Technology is to be 
held In Athens. Greecc from 17-21 July 
1978. 

Corrosion resistance guide 

Ensecote Ltd, a subsidiary o f  Newton 
Chambers, have published a new Guide to 
corrosion resistance which lists 250chemical 
products indicating suitability, or otherwise, 
for vessels protected by various types of 
Ensecote lining. The results have been 
obtained i n  most cases after more than 
5000 hours of  testing. 

Electrostatic painting leaflet 

Gray-Campling L td  have published an 
illustrated leaflet on electrostatic spraying 
with a new 'Spray-0-Round' gun nude by 
Waaner of West Germanv. The leaflet eives 
full-1ch111sal data, detil~i\ optional equip- 
ment :I\,:III.I~IS and II\I, the ilrl\antagch of 
the Wagner system. 

Rubber industry review 

The International lnstitute of  Synthetic 
Rubber Products Incorporated (IISRP) has 
published the first lnternational Statistical 
Review of the Synthetic Rubber Industry, 
also known as the Facts Book. 

Chemistry and colour 

The Chemical Society and the Royal 
Institute of Chemistry have organised a 
Sy~iiposium on "Chemistry and Colour" to 
be held on 17-18 April 1978 at University 
College, I.ondon. 

Further information Inay be obtained from 
P. B. Baker. 6 Poplar Road. Merton Park. 
London SWIO. 

Bolt from the blue 

We were pleased to receive a copy of Team 
volume 2, nu~nbcr 2, the house journal of  
RTZ Borax Ltd, which contains an article 
by Ronald Bolt, forr~ier!v tke onlk h e ~ e t l e r  
of Manox Blue, and long standing member 
of the Association. The article describes of 
how the company began production of 
Manox Blue and the part played In t h~s  by 
the author. 

We would be pleased to receive copies of  
articles written by members for house 
journals, or other publications, as a mention 
of  these is often of interest to other mem- 
bers, who may wish to write to the organ- 
isations concerned for a copy. 

for the second half of the year. I t  was noted 
with particular pleasure that for the first 
time the balance sheet showed the purchase 
of Priory House as the Headquarters of  the 
Association, and the Honorary Treasurer 
asked all Sections to continue to send 
surpluses from Section symposia for the 
purpose of redecorating the interior of the 
building, re-equipping office machinery 
which had not been carried out since the 
move fro111 Wax Chandlers Hall i n  1972. 
and for security arrangements which would 
be necessary. 

The Honorary Treasurer reported that 
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the nutiiber of  removals from the Register 
for non-payment of subscription had been 
less than i n  1976 and that applications from 
14 countries, including for the first time 
Japan, had already been received for the 
1978 Exhibition. 

The Honorary Editor reported that he 
had received the papers preqented at the 
second Sympo?ium on Ultraviolet Poly- 
merisation held by tlie Newcastle Section 
in September and these would be appearing 
In the Jouural In due course. 

Reports were submitted to Council on 
the Reunion Dinner and on the arrange- 
ments for the 60th Anniversary celebrations 
which would take place on the I 1  and 12 
May 1978, full details of which would be 
circulated to members in due course; 
preliminary inforniat~on is given elsewhere 
in th~s issue. 

I t  was reported that the Professional 
Grade Committee had met earlier and had 
adnlitted four Fellows and eight Associates. 
I t  had been noted by that Committee that 
the Oil & Colour Chemists' Association 
Australia, were introducing a Professional 
Grade and i t  had been agreed that the 
same designatory letters would not be 
used without reference to their Australian 
origin. The Professional Grade Comnlittee 

Report of 1977 Co 
A Reunion Dinner of past and present 
members o f  Council was held on Wednes- 
day 12 October at the Piccadilly Hotel, 
London WI. There were 42 members 
present, including five Past Presidents. The 
Dinner followed a Council meeting held 
earlier in the afternoon. 

After the loyal toast. the President M r  
A. McLean. gave the Address of ~ e l f o l n e  
stating that on this occasion he was 
particularly pleased to have been able to 
welcome for the first time two lady Chair- 
men to the function. Miss P. Magee of the 
Irish Section, and Mrs E. Harper of the 
Bristol Section. 

M r  McLean then reviewed the year since 
the last Reunion Dinner in October 1976, 
during which period he had taken office. 
The twenty-ninth Technical Exhibition of 
the Association had been held at Alexandra 
Palace from 22 to 25 March. Visitors to the 
Exhibition had come from 50 countries. 
and the response from Exhibitors was very 
favourable. tnanv havine written to the 
Association to 
organisation. 

offer thanks for the 

A noteable event i n  the year had been the 
acquisition by the Association of its own 
headquarters building, Priory House, and 
the President gave his particular thanks for 
the work i n  this matter of M r  A. T. S. 
Rudram, Immediate Past President. D r  
H. R. Hamburg. Honorary Treasurer, and 
M r  R.  H. Hambl~n, Director and Secretary, 
without whose efforts the opportunity 
could not have been taken. 

M r  McLean reported that the arrange- 
ments for the celebrations of  the 60th 
Anntversary of the Assocrat~on were now 
well advanced, and he announced that the 
speaker for the Comnlemorative Lecture 
on I I May would be John Methvcn, 
Director General of the Confederation of  

had earlier met representatives o f  the Paint- Details were received of Section activities, 
makers Association Train~ng & Technical including the Convention held by the New 
Education Committee, who wtshed to Zealand Division in August, the meetings 
discuss the possibility of  arranging courses held by the Rhodesian Branch of the 
for the new Technician Education Council Transvaal Section and the Eastern Cape 
in a way which would lead either to can- Branch of the Cape Section. 
didates being able to proceed to the 
Licentiateshtp, or possibly to a Technician 
Certilicatc offercd by tlie Association at a 
lower level. 

Reports were received on the arrange- 
ments for the Annual General Meeting of 
the Associatton which will take place on 
21 June 1978 at the P~ccadilly Hotel. 
London WI, and will take the form of a 
luncheon followed bv a lecture to be eiven 

It W ~ F  reported that the Chairman of the 
C.ipa Scct~on. M r  E. Ci. Warman, had 
arrtved in the Un~ted Kinedom In Sentember 
and contacted the Director & secretary, 
who expressed his thanks to the Midlands 
Section for their agreement in inviting M r  
Warnian to be present at their Dinner 
Dance at very short notice. Counctl 
warmly commended this co-operation 
between Sections. 

by D r  D. Davies, chief Sc~entist oT the 
Department of  Industry, entitled "Replace- It Was reported that the next Conference 

ment of petrochemical inter~nediates for of lhe SLF lake from 3-5 
downstream chemical industries", and the September 1979 and that it was hoped to 

Annual General Meeting will take place at arrange for a paper to be given on behalf 

3.00 p.m. or a.. soon thereafter as the lecture lhe Association' 

shall terminate. There wa? a possibility l-he president reported that on the recom- 
that the President and Executive Vice mendation of the Bristol Section Com- 
President of,the FSCT would be present as ,,,ittee the presidentqs ~ d ~ i s o r y  Committee 
the Associatton's guests. proposed that a Commendation Award for 

iong service to the Section should be made 
The New Zealand Division had submitted to M~ D. N. Fidler and this was agreed 

a draft Constitution which would be con- I ~ ~ ~ , ~ ~ ~ ~ ~ ~ ~ I ~  
sidered by the President's Advisory Com- 

"''L.' ' ' ' ' 'Y"-'J' 

rnittee and a full rcport would be made to a There being no other business the meeting 
subsequent Council meeting. was declared closed at 3.35 p.m. 

uncil Reunion Dinner 
British Industry. He stated that further 
details of the functions on I I and 12 May 
1978 would be given in the Novetnber issue 
of the Jorirrral (see page 465). 

The Association's Biennial Conference 
had been held this year at the Grand Hotel, 
Eastbourne, from 16 to 19 June with the 
title 'The conservation of  energy, materials 
and other resources in the surface coatings 
industry'. The overall attendance at the 
Conference had been somewhat down on 
the figure expected, in part due to a clash 
of dates that had occurred with the Paint- 
makers conference at Bournemouth. As an 
experiment, the Conference had been 
organised so as to Incorporate a weekend 
with the objective of attracting younger 
delegates who might only be able to attend 
on a day registrat~on on the Saturday, but 
in this respect, the innovation had not been 
successful. and M r  McLean announced 

new admissions werc published periodically 
in t he Jorrmnl. 

M r  McLean concluded his address by 
offering his sincere personal thanks for 
the work nerformed for the Association by 
a11 lhc llonoriir) Ollicer\ of thc ~\.;octat~on. 
thc D~rcctor 8 Scirelsry and the permanent 
.;taK;~t Pr~or, liouse nho kc111 the orgnnl\a- 
tion runningso efficiently. 

Following M r  McLean's speech, D r  
S. H. Bell, OBE, President 1965-67, made a 
short speech reviewing the Association's 
achievements in the past years, and for safe 
keeping he presented to the Association the 
original plaster make-up of the Presidential 
Ins~gnia which had been presented to him 
niany years earlier. The model was received 
by Mr  McLean on behalf of the Association 
with thanks. 

that tlie next Conference, which would be 
Iield in Stratford, would revert i n  part to AftertheDinner, theassembl*company 
its Inore traditional timing. Nevertheless. r~t j red to.a room to new and 
the Conference had been an extremely Old 'nends 
friendly occasion. The standard of the 
papers presented had been high and ~t had 
been a very ~uccessful and happy occasion. 

M r  McLean then gave a brief review of 
the trends in membership of  the Associ- 
ation, and he commented that the achieve- 
ment of maintaining the niembership was a 
noteable achievement in these times of 
amalgamation of firms and economic 
restriction. He reported that the number of 
members who had been admitted to the 
Professional Grade in the years since its 
introduction was in keeping with expecta- 
tions, and he was pleased to report that 
the qualification was now gaining wide- 
spread acceptance, and was being used i n  
classified advertisements for situations 
vacant. Recently a number of  enitnent 
111c1nbers had bccn admitted, and lists o l  

Council wishes to inform past mem- 
bers of Council that in 1978 the 
Reunion Dinner will not be held in the 
autumn, hut will he incorporated i n  
the 60th Anniversary Celebrations of 
the Association on I1 and 12 May 
1978. Details of the events organised 
to mark this Anniversary are given on 
page 502. 
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"The OCCA" 
The annual technical exhibition of the Oil and Colour Chemists' Association (known to many simply as "The 
OCCA") has become the world's most important event for all those connected with the paint, printing ink, polymer, 
adhesive colour and allied manufacturing industries. The OCCA exhibition is held every year in London, England. 
The symbols for the 1974-78 exhibitions were specially designed by Robert Hamblin, Director and Secretary of the 
Association, to emphasise the very wide coverage which all the Association's aclivities attract: 

The mon/ lor OCCA-26 urrd rhr flag7 o/ the Thc mot i / for  O c (  A-30 urrs thr svmbol of" l h r  lV74 rhcmr continued at  UCCA-27 h,, 
rnlorgrd EEC rorrrergznfi on thr Bntdrh /IRK to moving indicator on o rolendor to ~ r n ~ h o s i r c  thr rhow,inp the wc~rld-wndc rnrrrrrr oruurrd hv thr 
svmboldse rbr *~rlrome rxk.nded to rnntnrs Jrom intporronrc of rhc rontinuour dtolo#ur yror by Arroriot,nn's onnzrol E.8hih,ttonr in London whzc-h 
ol r rsnrs  lo  the E.rhrhif,onrJor mcrr than 25 yrarr. ?car br r~ , ren  rupplirrr and monufortur~rr. Thc orlrncr 1,i$8rorr I rom all psrtr of the glr,hr. 
(19741 inwurd painting 1crtpr.s reroll the intrrnotionul 

aspect o/ thir unique nnnvoi f i,roi ~ e m l  /or lhc In 1977 thr m<,li/ f irr O( ( A - 2 9  used inward 
The motif Qlr OCCA-28 m#~hos i s rd  rho, rhc rur/nrr roorinxs ~nr lur rnrr ,  rhwh  m 1977ollroctr.d poin1in.q arnwr ro show rhr mnnv plucrs from 
torgel /or 1976 was London ~lhere 011 the L-Ihnhi- I . I J z ~ ~ ~ s / ~ o ~  50 ~ 0 u n 1 n ~ ' l .  w'hich prn~pk ran!. to  the Exhibirion. ond thcrr 
tionr hove brrn held. and continued the thrmr orrowr h r m r r l  ourward poinr8n~ orrows to show 
of its internvt8onol o rpc l .  thr rubsc.rlurnt sqrodirrg of Ano*,kdgc. 

--- 



Notes and News- 

OCCA-30 Exhibition 
A l e x a n d r a  Palace, London. 18-21 April 1978 

The international forum 
for the 

surface coating industries 
* Exhibits from 14 countries* 

The Exhihition, which is known as the inter- 
national forum for technical display and 
discuwion in the surface coatings industries. 
is the most important annual event of its kind 
in the industries and i t  offers an unparalleled 
opportunity for a continuous dialogue on 
tcc!lnical adtances and prohlems hetwccn 
suppliers and manufacturers in an informal 
atmosphere. 

Many young bchnologists and scientists 
who tisited the earlier Exhihitions have now 
risen to high positions within their organ- 
isations and the advantage to exhihitors of 
keeping in constant contact with their 
counterparts in the manufacturing industries 
needs hardly to he stressed. 

In recent years the Exhibitions have heen 
visited annually by representatives from 50 
countries and bringing all these interested 
parties together at a regular meeting is in itself 
invaluable when exhihitors consider the cost 
in time and travel which would he entailed 
in making personal contact with these visitors 
each year. 

Information in foreign 
l a n g u a g e s  - - 
As In prc! lour yearc, the Acsoc~at~t,n tr 111 he 
clrculot~ng ~nfornidllon Ic.~flcl\ In \I\ 
languages, which will contain application 
fornis for those wishing to purchase copics 
of the Oficial Glririe atid season admission 
tickets before the Exhibition. 

Off ic ial  Guide 
This unique publication contains descrip- 
tions of all companies and their exhibits at 
the Exhibition and is issued to each Member 
of the Associat~on at home and abroad 
together w ~ t h  season adni~cclon tickets As 
In 1977, several Sectionc will he org.mlctng 
coach parties to v~sit the Exhibitionand any 
Members interested should contact their 
local Section Hon Secretary (Full Scctlon 
Committee Ilst\ for 1978 uere publ~\hcd In 
the August issue of the Journal.) I t  is also 
hoped that several parties will be organised 
from overseas to visit the Exhibition. 

A d v e r t i s i n g  facilities 
Advertising space is available in th~s 

important publication to both exhibitors 
and other organisations which are not able 
to show at the 1978 Exhibition. The Official 
Guide will be oublished earlv in 1978 50 

that visitors can obtnln coples'and plan the 
Itinerary lor the~r \~.;lte. Cle:lrly, the Official 
Guide is a publication that will constantly 
be referred to both before and after the 
Exh~b~tlon and coneeq~~cntly any company 
wlshlng to advertlee In the t iu~de should 

book space as soon as possible. Details of address on thecontents page. As in previous 
the advertising rates are available from years the Official Guide and season 
M r  D. M. Sanders (Assistant Editor) at the admission tickets will be available several 

-- 

d m  palaCe $I@@ 

Facilities at Alexandra Palace 

During the period o f  the Exhibition the Association has full use o f  the 
facilities at Alexandra Palace which include restaurants, a cafeteria, and 
two licensed bars. I n  addition, at OCCA 30, following the successful 
innovation i n  1977, Exhibitors will be allowed to serve alcoholic refreshments 
to visitors on their Stands. 

For those travelling to the Exhibition by car, ample free parking space is 
available and recent improvements to the road system include the extension 
o f  the southbound carriageway o f  the M I  Motorway to the Nor th  Circular 
Road. 

The extension o f  the Piccadilly Underground Line to the Heathrow Central 
Terminal at the airport wi l l  be open by the time o f  the Exhibition and 
visitors arriving at Heathrow Airport will have a direct l ink both to Central 
London and to Turnpike Lane Station on the Piccadilly Line, from where 
the Association wi l l  be running a free bus shuttle-service to and from 
Alexandra Palace. 

Exhibitors 

A full list o f  Exhibitors will be published i n  the January issue o f  the Journal 
following the Exhibition Committee Meeting to allocate the space and the 
notification o f  Stand areas to Exhibitors, and applications for space have 
already been received from organisations i n  Belgium, Canada, France, East 
Germany, West Germany, Holland, Hungary, Italy, Japan, Poland, Spain, 
Switzerland, the UK and the USA. 

Exhibitors are now sending i n  details for their editorial entries i n  the 
Ofiiol Gtticlc and, f01lo;ving the innovation for OCCA 29, they wi l l  also be 
submitting news items and photographs o f  latest developments for publication 
in the Jotrr.rro1 i n  the months leading up  to the Preview issue:(April 1978). 
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weeks i n  advance o f  the Exhibition (pre- 
payment only) from the Association's 
offices but they wil l  also be available for 
purchase at the entrance to the Exlubition 
Hall. A charge is made for both the Official 
G u ~ d e  and the season admission tickets to 
the Exhibition. The policy was introduced 
several years ago to deter casual visitors 
who otherwise collected large quantities of 
technical literature from exhibitors stands; 
the policy has been welcomed by exlubitors 
and has in no way acted as a deterrent t o  
bona fide visitors to the Exhibition. 

London Transport 
Heathrow Central Terminal 

London Transport have announced that the 
extension of the Piccadilly Underground line 
to the new Heathrow Central Terminal at 
Heathrow Airport will he opened hg Her 
Majesty the Queen on 16 Decemher 1977. 

The first stage of the project was completed 
with the opening o f  the Hatton Cross station 
on the outskirts o f  the airport in  July 1975. 
Work on the Heathrow Central Terminal was 
begun in April 1971 and has cost ahout f27 
million, hut upon opening i t  wil l  provide a 
direct link for visitors arriving at the airport 
to travel into the centre of Idondon. 

The advantage to overseas visitors travel- 
ling to OCCAJO is enormous, as i t  now 
greatly simplifies the journey, both to hotels 
in central London where they may be stay- 
ing, and to the Exhibition. Visitors arriving 
at Heathrow Airport will now he able to 
hoard a I'iccadilly Line train at the airport 
huilding itself which will take them directly 
to Turnpike Lane Station, from where the 
Association will he running a free hus 
shuttle service to and from the Exhihitinn. 
The journey from central London to 'Turnpike 
Lane station takes approximately 18 minutes. 

The Piccadilly Line is k i n g  equipped with 
new trains in readiness for the opening of 
Heathrow Central. Many o f  the new trains 
are already in service, and are similar i n  
appearance to the latest "silver" tuhe trains, 
hut have a different size and layout which 
give more space for passengers with luggage. 
This makes the new enlarged Piccadilly 
Line one of the most reliable and comfortalile 
forms o f  transport in  London. 

A l l  OCCA Exhibitions have been held i n  
London, which affords excellent travel 
and hotel facilities for visitors from both 
oversea5 and the United Kingdom. I n  
pursuance o f  the theme o f  the Exhibition 
-The continuous dialogue-it is felt that 
Exhibitors wil l  like to know that the 
Exhibition Committee has also reserved 
Alexandra Palace for April 1979 and will 
hold its annual Exhibitions there suh- 
sequently in April each year. 

I t  wil l  also be appreciated that for 
exhibitorsandvisitorsstayingin London, 
the capltal city offers the finest variety o f  
entertainments for the eveningsafter the 
Exhibition. 

OCCA 

As members wil l  be aware. the Association 
celebrates the 60th Anniversary o f  its 
foundation in May 1978. and it is felt that 
members would l ~ k e  some details of the 
proposed celebrations which wil l  take place 
on I I  and I 2  May 1978. 

The actual date o f  the foundation of the 
Asscxiation was 16 May 19 18, but ~t has 
been decided that the Thursday and Friday 
are more appropriate times to hold the 
celebrations. 

The May 1978 issue o f  the Journal wil l  
contain an i~rticle by D r  S. H. Bell. ORE 
(President 1965-67) on maln Association 
events since the 50th Ann~versary in May 
1968. Already niany conipanies have re- 
served advertising space in this important 
issue in order to congratulate the Associ- 
ation on this achievement. and others wish- 
Ing to do ,<) can obt;l~n full dcto~l, fro111 the 
Aw\tant  I:d~tor at the A\toc~;it~on'. ollisc\ 
at the address on the contents page. 

Commemorative Lecture and Dinner 

John Hethven 

Thc Comnie~iiorativc l.oundati~n 1-ecturc 
(instituted in 1963 in memory o f  the latc 
H. A. Carwood, Esq., the first Honorary 
Secretary o f  the Associationl wil l  be glven 
in the Court Room at the Painters' I lall, 

Little Trinity Lane. London EC-1, on the 
cvening o f  Thursday I 1  May by John 
Methven. Director General of  the Con- 
federation o f  British Industry. The title he 
has chosen 1s "The place o f  business in our 
society". Admittance to the Lecturc wil l  be 
by ticket only and wil l  be followed by a 
short reception. Dinner wil l  be taken i n  the 
Dining Hall of the Painter Stainers' 
Company at 8.00 p.m. lnfor~iial dress wil l  
be worn. 

Tickets for the Lecture and Dinner wil l  
be available froni the Association's offices 
at a cost o f f  12.00 plus VAT, and members 
will be sent an application form g~ving 
details In  due course. The price of the 
ticket also includes the reception between 
the Lecture and Dinner. wines with the 
meal, and port or brandy after the meal. 
I';lst Presidents, Past Honorary Officers o f  
the Association and Honorary Members 
wil l  be invited as guests of the Associat~on. 

Commemorative Dinner Dance 

The Association's Dinner Dance wi l l  be 
held at the Savoy Hotel. London WC2. on 
the evening of Friday I 2  May, and Presl- 
dents of other societies, together with their 
1;ldies. wil l  be ~n'v~ted to attend. Tickets. 
price f 15.00 pluc V A T  wil l  be ava~lable 
from the As~oc~ation's offices, and lneliibers 
wil l  again be sent full details. 

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

H. R.  Wood 

Founder Member 

As 1 joined Storry Sni~thson & Co Ltd as 
a Junior Laboratory Assistant, under M r  
Wood in 1940. some of the earlier memories 
given below are culled from other o f  his 
collcaguc\. 

M r  H. R. Wood joined Storry Smithson 
& Co Ltd froni a conlpany called Major 
& Co., who were In the tar distillation and 
lubricating oil business. around 1919, at the 
age of 33 years. 

Hc remained with Storry Smithson & Co 
Lld. first as Works Manager and Chief 
Chemist and latterly as Technical Manager 
unti l  his retirement in 1957, at the age o f  
70 yean. 

During his career he was a founder 
member of both the O i l  & Colour Cheemlsts 
Associat~on and the Research Organisation 
o f  Ship5 Conlposition Manufacturers. He 
was also co-author o f  a book on drying 
oils with A.  S. Morrell. 

M r  H. R. Wood wa5a br i l l~ant  thinker, at 
times unorthodox in hi5 approach to 
problems. Hc crossed the front~er froni the 
art o f  the old technology "The paint 
~ndurt ry I\ .I three legged \tool. \ \h~ tc  lead. 
I~~i,cc<l 011  .inJ turpunt~ns". to the ,clencc 
of thc ncn. \ \ ~ t l i  11, h ~ a h  polynler cnlul\lcm\. 
alkyds and titaniu~ii dioxide, and was 
equally adept in both fields. 

He was a kind man, but a strict disci- 



DECEMBER 

Celebrating 
Our 29th Year 

DESERT SUNSHINE 
( 1  EXPOSURE TESTS 

INC 
We Expose Everything Under the Sun 

for Our Clients- 

THE FINEST COMPANIES I N  THE WORLD 

D=DURABILIN 

S =SUNSHINE 

E =EVALUATION 

T =TESTS 

Services include- 
Instrumental colour and 
gloss measurements, thermal 
performance testing of solar 
collectors, reflectance and 
transmittance spectro- 
photometry. radiometer 
calibration. lSVo of 
photovoltaics. 

We ore o highly technicolly- 

s,: oriented, independent test facility--ask your competitors 
about our service. 

Weathering and Related Services are 

Our Only Business 

, , 

MEMBERS: 

AATCC, ACIL. ANSI, ASTM. 

AWPA. FSCT. ISES. ISO. 

OCCA, SAE 

BOX 185 BLACK CANYON STACE 
PHOENIX, ARIZONA 85020 (602) 465-7525 
IWX NO. 910-950-4681 DSET PHX 

Special Reduction! 
TEN-YEAR 

CONSOLIDATED 
INDEX 

of Transactions 

and Communications 

1966-1975 
Volumes 49-58 

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

The special rate will be: 

f2.00tonon-Members; £1 . W t o  Members 

AVAILABLE (prepayment only) from: 

OIL AND COLOUR CHEMISTS' ASSOCIATION 

Priory House, 967 Harrow Rd., Wembley HA0 2SF 

Biennial Conference 
PREPRINTS 

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

1977 Eastbourne The conservation of energy, materials 
and other resources in the surface coatings ir~drcstries. 
Fourteen papers presented. Price: £5.00 

1975 Scarborough Performance of surface coatirigs- 
does reality match theory? Seventeen papers pre- 
sented. Price: E5.00 

1973 Eastbourne Towards 2000. Sixteen papers 
presented. Price: $5.00 

AVAILABLE (prepayment only) f rom: 

OIL AND COLOUR CHEMISTS' ASSOCIATION 

Priory House, 967 Harrow Rd., Wembley HAO2SF 
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. , . in a different way, of course, so do the advertisers in this Journal,' for 
they know that it has an unrivalled A.B.C. circulation among the technical 
personnel in the paint, printing ink, and allied industries. 

I n  such a work of reference, which i s  constantly consulted, the adver- 
tisements are naturally widely read b y  the very persons t o  whom 
companies wish t o  appeal. 

Full information on advertising in this important medium, sample copies, 
rates cards, media data forms etc. can be obtained from: 

Journal of the Oil & Colour Chemists' Association 
P r i o r y  H o u s e ,  967 H a r r o w  R o a d ,  W e m b l e y ,  M i d d l e s e x  H A 0  2SF,  E n g l a n d  

Telephone 01-908 1086 Telex 922670 (OCCA Wernbley) 
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plinarian, always willing to pass on his News of Members 
knowledge i f  the pup11 showed a willingness 
to learn. Round about the age of 65 yearc 

Newcastle 
he took up photography as a hobby ~r E. J. ~ercy. an ordinary  ember Sect ion 
joining the local photographic society: attached to the General Overseas Section. 
after that he was rarely seen without his has been appointed a Technical Director of 
camera. Synres International. The Brilish Titan Cup 

R~ght up to retiring age. Mr  Wood rode 
a bicycle from his home lo  the Works. M r  D. Sharpe, an Ordinary Member 
through all weathers. attached to the [.ondon Section and an 

A remarkable man. ~ssocGe  in the ~ i o f e i s i o i ~ l ~ ~ ~ r a d e ,  has 
been appointed Head of Short Term 
Research & Developnient with Sericol. 

M r  C. A. Soman, an Ordinary Member 
attached to the General Overseas Section, 
has been elected to the Board of Directors 
of  Terpenos Espanoles S.A. Olmedo. 
Swain. and oromoted to the oosition of 
director, operations & ~esearc'h. 

M r  D. Murray, an Ordinary Meniber 
attached to the Manchester Section, has 
become the first recipient of the Queen 
Elizabeth 11 Silver Jubilee Award from the 
Institute of Quality Assurance in recog- 
nition of  his outstanding contribution to the 
cause of quality assurance during the period 
1972 to 1977. 

D r  J. D. Sanders, an Ordinary Member 
attached to the Manchester Section, has 
been appointed the Marketing Manager 
for printing ink and wallpaper of Ciba- 
Geigy's Pigments Division. 

I l r  . I .  D. Sanderc 

The sixteenth annual tournament for the 
British Titan Cup was held on Saturday, 
24th September 1977 at the Bolden Golf 
Course. 

The tournament was originally arranged 
for the 18th June, at Whitby, but the date 
had been delayed due to commitments by 
tnany members of the section. The com- 
petition, a Stapleford, was won jointly by 
1. B. Bolam and R. G. Carr. 

M r  1. B. Bolam and M r  R. C. Carr, joint 
winner.; of the Br i t i~h  Titan Cup 

Register of Members 
The following elections to membership have been approved by 
Council. The Section to ~ h i c h  each new Menibcr is attached is 
given in italics. 

Ordinary Members 

DAWSON. GFO~FREY JOHN. BSc, Flat One, 5 0  Palatine Road. 
Didcbury, Manchecter M20 YJL. (Matrrlre.sfer) 

ELI-IS. HURERT GEOFFRFY. BSc, PO BOX 6621, Kopje, Rhodesia. 
(Trurrsvaal) 

ERICHSEN. BJOERN M, Wasserwcrkstr I I, D-5870 Henier 2, West 
Germany. (Gerreral 0rer.sea.s) 

GLOS~P, KEITH, 5 Bridge Road. Rodley, Leeds 13. (Wesf Rilitrg) 

HAMMOND. DENNIS ROY, PO ROX 2596, Sali3bury. Rhodesia. 
( Tra~rsvaal) 

HOLEY. DAVID. LRIC. 791 High Street. Lower Hutt. Wellington. 
New Zcaland. ( Wellitt~fot~) 

LAWTON. KENNETH. 67 Norton Crescent. Towcester. Northants 
N N l 2  7DW. (7lranre.s Valley) 

LEYLAND. JOSEPH NFVILLE, 9 Woodside Avenue, Burnage. 
Manchester 19. (Marrclre.sfer) 

M~RRIS, ADRIAN JOHN, BSc, 17 Brocks Way, Shiplake, Henley-on- 
Thames. Oxon. ( T1rarrre.s Valley) 

MYMIN. MORRIS ISAAC, BSC. PO BOX 4396, Johannesburg 2000, 
South Africa. ~7i.arrsvual) 

NEMETI, DESMOND, BSC, 7 Iris Road. Norwood. Johannesburg 2192. 
South Africa. ( Transvaal) 

PARKER, TERRY, 3 Boston Close. Chaddesden. Derby DE2 6WB. 
~Mi~l lu~r~l .s-T~etr~ Valley Bratrrlt) 

PICKFTT. ROY ALI.AN, RSc. 33 Melrose Street, Melrose, 
Johannesburg 2196. South Africa. (Troti,s~~aal) 

POTTER, FRANCIS, 14 Bishop's Road, Belvedere, Salisbury. Rhodesia. 
(Trartsv..al) 

PREECL, LESLIE G R ~ H A M ~ .  5 Traill Road. Mount Pleasant. Salisbury, 
Rhode3ia. (Tratr.svaal) 

Qureshi, Javed Munitaz, BSc, 7 Candover Street, London W.I. 
(Lon~lott) 

RYAN. WINIFRED CONSTANCE, RSc. Standards Association of  
Central Africa. Box 2259, Salisbury, Rhodesia. (Tmrrsvaul) 

SAMUEL, DAVID NUTTALL, BSC, WR Grace Ltd, Technical Centre, 
Cromwell Road, St. Neots, Huntingdon, Cambs. (Lon~lorr) 

SCHI.ENKE, JOHANNES EWALD, 3 Braemar Avenue, Northwood, 
Salisbury, Rhodesia. ( Trarrsvaal) 

SKOTARAS, YANNIS, 2 Siokou Street, Agia Paraskevi, Attikis,Athens, 
Greece. (General 0ser.seu.s) 

TURNRULL, RODERICK BRYAN. D U ~ U X  Rhodesia Ltd, Box ST 92. 
Southerton, Salisbury, Rhodesia. ( fiunsvarrl) 

TURVER. ALAN RORERT, PO BOX 3229, Salisbury, Rhodesia. 
(Trarrsvaal) 

WRAY, JEREMY RICHARD. Canal Basin. Brome Hall Lane. Lapworth, 
Warwicks. ( Midlan~Ls) 

Registered Students 

CARR. KEVIN MARK FRANCIS. 17 Sandhurst Drive. Buckingham, 
Bucks. (711at~1e.s Vulley) 

DUCKITT, GRAHAM PAUL, 9 Rosetta Drive, Four Lane Ends. 
Bradford, West Yorks BD8 9SA. (West Riditrg) 

JOHNSTONE, PHILIP JAMES, 9 Carrwood Road, Bramhall, Cheshire 
SK7 3EL. (Matrrlresnr) 
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Optional Profess 
Routes to the three Grades 
Anyone who had allowed his membership 
of the Association to lapse and now desires 
to rejoin the Association is reminded that 
previous service as an Ordinary member 
(or Registered Student) can he counted 
towardsthe qualifying period of memher- 
ship set out in the regulations. 

The attention of senior members of the 
Association is particularly drawn to the 
Licentiate Grade and they are asked to 
encourage younger technical personnel to 
take advantage of this important Associa- 
tion activity. Several Colltges are now 
willing to help suitable candidates with 
the preparation of dissertat~ons and a list 
of Colleges was given on page 349 of the 
September 1976 issue of the Jor~rnnl. 

Reprints of the regulations covering the 
Professional Grade are obtainable fro111 
the Association's offices, together with 
application forms. 

List of successful candidates 
As laid down i n  the report of the Working 
Party on Education, Training and Quali- 
fications which was adopted in the institu- 
tion o f  the Professional Grade, a list of all 
those Members who have entered the 
Grade will be published i n  the Decemher 
issue o f  the Journal each year. The sixth 
such list appears below and includes the 
names of members resident in 39 countries. 

The Section to which the Member is 
attached is given in italics. 

The certification fee? at present are: 
Fellows £10.00 + VAT, Associates £6.00 + VAT, and Licentiates £3.00 t VAT. 
The amended regulations for admission 
to every grade last appeared in full in the 
April 1977 issue of the Journal. 

Fellows 

Anderson, George (Scotrislr) 
Apperley, Thomas William James 

(West Riding) 
Archer, Harold (Manchesrer) 
Arnold, Michael Henry Miller (Lorirlo~r) 
Ashworth. Norman (Manchester) 
Atherton, Donald (Scottish) 
Austin, Denis Leonard (Brisrol) 
Bailey, John Noel (Newcastle) 
Ralbi, Giorgio (General Oversers-lta11.) 
Banfield, Thomas Arthur (London) 
Beachen, John Frederick (Aucklarrrl) 
Beere, Andre Jaimie (Thames Valle),) 
Bell, Sydney Hector (London) 
Bennett. Norman Arthur 

(General Overseas-MuIra) 
Bester, Lawrence Percy (Tran~vaal) 
Bews, Ian Charles Randall (London) 
Bhumkar, Chidanand Jayram 

(General Overseas-Irrdia) 
Birrell, Peter (Ontario) 
Bishop, Eric Harold Abbott 

(Thames Vallei4 
Bdhringer, ~berhard (London) 
Boroky, Joseph Stephen 

(Gerreral Overseas-Auslralia) 
Bourne, John Robert 

(Midlands-Trent Valley Branch) 
Brooks, Leo James (London) 
Brown, Arthur Ernest Girdlestone 

(London) 
Butcher, George Alfred (Midlands) 

ional Grade for 0 
Butcher. Kenneth William George 

( Miarclrester) 
Butler. Cecil ( Wesl Rirlirlg) 
Caldwell. David George ( Wellirrgron) 
Campbell. George Alexander 

(Monclrester) 
Carr, William (Mairclrester) 
Carter, Eric Victor (Mirllarafi) 
Chatfield, Herbert Walter (Lorrrlorr) 
Chessman, ClilTord Reginald 

(Traravaal) 
Clarke, Harry James (Mirllurnl~s) 
Colborn. Douglas Charles 

(Tlrarnes ~ a k v )  
Cole, Derek 

(General Overseas-A~rsrraliu) 
Cole. Reginald Joseph (Lonrlon) 
Collier, Claude Will~ani 

(Midlan(1s-Trerrt Valley Branclr ) 
Collings. Arthur Geoffrey (Lorrrlorr) 
Cook, Harold Gilbert (Lorr(1on) 
Coupe, Raymond Richard (Lonrlurr) 
Coverdale. Peter Frederic Muir 

cutter, ~ o h n  Outran1 (Lorrrlorr) 
Davidson, John Dlxon Wilson (Scorti.~h) 
Day, Keith Julyan (Loralon) 
Duckworth, Samuel (hlnnclresrer) 
Dunkley, Frederick George 

(Mi~llunr1.s--Trerlr Vallu,' Brarrclr) 
Durrant, George Geoffrey (Hul l )  
Easton James Douglas (Orrlario) 
~ l l i n ~ e r ,  Marianne Livia (Lorrdorr) 
Entwistle. Thurston (Newcastle) 
Ernst, ~ o e l  (Loinlon) 
Faulkner Raymond Noel (Loralorr) 
Finn, stanley Russell (HrrII) 
Fullard, John Edward (Trarrsvaal) 
Gate. Peter Atholl Jackson 

( Transvaal) 
Gay Philip Janies (HrrII) 
  el la^, Victor Peter (Lorl(/~rl) 
Gellman, Alexander (Lorr~lorr) 
Giesen, hlathias Franz 

(Gerrerol 0ver.sea.s-Gerrrlar~!.) 
Gillan, Janies Graham (Manrlrestt,r) 
Ciollop, Percy Lionel (Lorrrlorr) 
Gosling, Harry (Marrrlresro.) 
Graham, Thomas (Marlchesrer) 
Grainger, William Alan (Irislr) 
Gray, Denis Roy ( West Rirlirlg) 
Grover. Donald Henry (1.orrrlorr) 
Hampton, Horace Arthur (Munrltc,.\t~~r) 
Hawkey, John Albert Lawrence 

(Lorr(1orrs) 
Hess, hlanfred (Loirrlorr) 
Hill, Lawrence Albert 

(General 0ve~sea.s-Arr.sI,rr/iir) 
Hipwood, Hubert Allan (Loirilor~) 
Iiodgson, Kenneth Vickerson (Nrnro.\tle 
Holbrow. Gordon Leonard (Loralurr) 
Holt. Alfred Gordon (Tlrarrrrs Vrrlle?.) 
Hutchinson. Geoffrey Herbert 

(Sroft;.sk-Ea,sterrr Brarrrlr) 
Inshaw, John Leslie (Tlrarrres I'a1le.v) 
Jacob, Basil (T1rar11e.s Valle?.) 
Jolly, Anthony Charles (Manche.srer) 
Kalewicr. Zdzislaw 

(General Ove,:sens-Frarrce) 
Kane, Joseph Richard (Lorrrlorr) 
Keenan. Henry Wilfred (1.orrrlorr) 
Kinsman, Roy Granville (Trarrsvaal) 
Kotwal, Hoshidar Peshotan 

(Gerreral Overseas-Pakistarr) 
Kut. Sieglnund (Lonilo~r) 
Landmann, Axel Wolfgang (Lorr(lf~rr) 
Lasser. Howard G~lbert 

(General 0ve~vra.s-USA) 
Lewin. John Buckingha~n Grey (Loral~rri) 
Lewis, Fred (Marrrl~ester) 
Ley, John Barry (London) 
Lomas, Harold (Orrtario) 
Long, Denis Terence (IrBh) 

lrdinary Members 
Lunt, Walter R~chard (Wesr Rkling) 
McKelvic, Archibald Neil (Loir(lorr) 
McLean. Angus (Srotri.slr) 
McW~lliam, Anthony (Marrclre.ster) 
Mcll. Cedric Charles (Hul l )  
Mitchell, John Edniund (Marrclre,~ter) 
Mole, Seymour Lloyd (Oiiruri(~) 
Moll, lvor Stuart D'anvers (Marrrhrsto.) 
Monk. Cyril James Henry 

( nrislol) 
Moon. William Robert (Marrclrester) 
Morgans. Wilfred Morley (Lorr~loir) 
Munn, Raymond Henry Edward 

( Lorrrlorr) 
Newnhani, Herbert Alan (Lorrrlorr) 
Newton, Dennis Sydney (Lorrrlon) 
Newton, Donald Stringer (Bristol) 
Nutt, William Owen (Lonrlon) 
Oostens. Eniile Elie Eugene 

(Goreral Overseas-Belgirnrr) 
Partitt, Geoffrey Derek (Newca,$rk) 
Penfold, Arthur dc Ramon 

(General 0versea.s-Australia) 
Piggott, Kenneth Elliot (Natal) 
Polaine, Sidney Alan (LorrrIolo,r) 
Kaaschou Neilson, Hans Kristian 

(General Over.seas-Derrrnark l 
Ray, Stanley Arthur (i~lirllanrk) 
Rechmann, Heinz 

(General 0ve1:seas-Gerrrrar?~,) 
Robinson, Ralph Sidney (Natal) 
Roe, David Edwin (Lorr(1orr) 
Rose, Charles (Manchesrer) 
Rouse, Robert Earnshaw (Transvaal) 
Rubin, Wallace (Lorrdon) 
Rudram, Arthur Thomas Stephen 

(Lorrrlort) 
Saunders. Laurence Frederick 

(Nafal) 
Seymour. Norman Henry (Ma~rrlre~ter)  
Slade, Harold Aitken (Mirllarnls) 
Slinn, Thonxls Walter ( Wellirrgton) 
Smethurst, Jack (Marrclresler) 
Smith, Francis Mark (Ahrclrevter) 
Smith. Harry (Marrclre.ster) 
Sniith. Jolin George Nixon (Ne~rra.s~/e) 
Sowerbutts, Frank (Lorr(ion) 
Stoodley, Keith Herbert (Lorrrlorr) 
Stoyle, Francis Wilbert (1ri.slr) 
Talbot, Ernest Alexander 

( Tlrarrres Valley) 
Tatton, William Henry (T11orrie.s Vallej.) 
Tawn. Alcc Richard Hornsey (Lorxlon) 
Taylor, Cyril .lames Allan (Mkllarrdr) 
Tilylor, John Roberts (Brirtol) 
Taylor, Maurice David ( Wellirrgtorr) 
Thorpc. William Frederick Albert 

( Mi~11arr~1.s) 
Tickle. Trevor Cyril Kenneth 

) (Miarrhe.srer) 
Tooke-Kirby. John Theodore (Lonllnir) 
Tooth, Jolin Henry Collins (Loralorr) 
Touchin. Herbert Roy (Marrrlrestrr) 
Torcr, Edwin John 

(Gerreral Overseas-Algerrtirra) 
Turner, John Harry Wallice (Marrchesrer) 
Unsworth. Alfred Kenneth (Loirrlf~ir) 
Valentine, Leslie (Loralorr) 
Walker. Alan Gordon (Neb~~castle) 
Wall. Dennis Charles (Marrchesrer) 
Warner, Eric Albert Andre ( Wellir~~torr) 
Watkinson, Leonard James 

( Wr.st Rirlir~g) 
Westwood, George Ernest (Lorr~ior~) 
White, Robert Arthur (Arrrklarni) 
Whiteley, Peter (Lorrrlorr) 
Wh~tfield. Thomas (Aucklanil) 
Wilkinson, Thomas William ( H r ~ l l )  
Willis, Gervase Hewitson (Marrclre.ster) 
Wood, George (Lortrlon) 
Woodbridge. Richard John (Bristol) 
Worsdall, Herbert Charles (Londorr) 
Yorath, Robert Stanley ( WeNir~gtorr) 
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Associates 

Acey, John Arthur (Lorrdori) 
Adams. John Charles (Midlattrls) 
Adanis, Terry Ernest (Lorrdott) 
Addenbrooke, Brian John (Minlotid.s) 
Aitken-Smith, Frank Joseph (Aerklarrri) 
Allavena, Antonio 

(Getieral Oveneas-Sn.it:erla,trl) 
Anthony, Alan Sydney (Lotrdorr) 
Arni~trong. Edward (Httl l) 
Arnold. Frank (Mattrlfe.ster) 
Asqink. Jo (:1rrckland) 
Awan. Mumraiz Khan 

(Getreral 0sersea.s-Ktrw~ait) 
Baker, John (Lonrlorr) 
Baldwin, George William (Muttrl~e.ster) 
Rann~ngton. ~ i n a l d  tkrlram ILorrrIoto,,) 
R~rgrote. Ke~inetli Ldurcnce (1.01nbtrl 
R~rnec. Pelcr Js~iiec (I.o~irlntr) 
Barton. James Francis (Londott) 
Hatch, l a n  James ~ d w i r d  (~o;alorr) 
Bell, Brian Robert (Midlatrrls) 
Belsham. Barry Michael 

(Gettern1 Overseas-~v~rfts) 
Bentley, Major Gordon . (West Rirlittg) 
Bird, George Donald Chaplyn (Midlartd 
Blackledge. Amos (Marrclrester) 
Bloomfield. Kenneth Vincent (Lottdotr) 
Bluck, Ross Steele (Wellittglan) 
Bolam. Ion Barrow (Nen~castle) 
Rose. Sunil Kumar (Lorrrlorr) 
Bowler, Kenneth Ernest (Mid1and.s) 
Boxall. John (Thanter Va l le~)  
Rraund. Valerie Mavis (Bristol) 
Rrockman, Andrew Leonard Sloane 

(General Overseas-Australia) 
Brooke, Leslie John (Bri.vrol) 
Brown, Peter Thomay (London) 
Caffery, George Francis (London) 
Calder, Robert Malcolm (Avcklartrl) 
Campbell, Douglas Shaw (Transvaal) 
Camwy. Leslie John Randall 

(Otrtario) 
Canterford, Barry Albert (Lorrrloti) 
Cartwrfght, Jcffrey (Lonrlott) 
Catchpole, David Thomat (Scottish) 
Catherall, Kenneth David (Mir1land.s) 
Chebsey. Maurice (Mattclfe.srer) 
Chellingsworth, Horace Thomas 

(Midlands) 
Chippington, Kenneth Alan (Bri.sto1) 
Clark. Laurence Nomian (Lortrlotr) 
Clark. Michael Denis Thomas 

( U'ellirr~toti) 
Clavton. David Walter Norburv 

( Ma~tcliester) 
Clement. Donovan Harry (Midlat111.s) 
Codtes, John Allen (Mat~cltester) 
Cole, Francis Willialii (Mirllu~trls) 
Constantinides, Erricos (Lotrrlott) 
Cordwell, Terrence Allan 

(Midlands--Trent Vallev Brattrlt) 
Cox, Garth Anthony ( We.sr Riding) 
Cunn~ngton, Rob~n Roy Carol (Lottrlott) 
Daggett. Wilfred Francis (Lonrlori) 
Dalton, Frank 

(General Ove~reas-Dentttark) 
Dando, Vivian Charles Owen (Lottrlott) 
Davies, Frank Watkin (.~4anche,sro) 
Davis. Reginald Albert (Bristol) 
de Waal, Tielmann Johannes 

(Cape) 
Delorette. Gustav Otto Hans Jurgen 

I Trnrrrvnnl) .~ .. . --., 
Donkersley, Brian (Lortrlotr) 
Dowsing. George Frederick (Lottrlott) 
Drew, Harold Henry Lennox (Midla~rrls) 
Dunn, Paul Alan (Londan) 
Durant. Leslie Arthur William (London) 
Durdey. Alan James (Nen~castle) 
Dury, Ian Clifford James (Tlrartrs Val le~ 
Eaton, Michael George (Tltantes valle!,j 
Ebdon, James William 

(Getteral 01'ersea.s-Rhorlesia) 
Eltringham, James Norman (Arirkland) 

Ebans, Carey Pearce (Aucklatrd) 
Fairless, Joseph (London) 
Fell, Alan William (Tltarnes Va11e.v) 
Field, Lawrence Edward (Natal) 
F~nlay, Cecil Newton (Newcastle) 
Fisher, Leslie Alexander 

(General 0vn:segs-Venezuala) 
Flood, Geoffrey Terence (Mancltesler) 
Ford, Keith Sydney (Mancltester) 
For~iianek. Leopold 

(Ge~teral Ove,:veas-Czeclroslovakiu) 
Frasec, Jerry Daniel 

(General 0ver.seas-USA) 
Fry, Jack Ian (Well i tr~ton) 
Garratt, Peter Garth 

(Getteral Overceas-Atistria) 
Gay. Alan Stanley (Midlainls) 
Geddes, Kenneth Raymond 

(Manclterter) 
Ghosh, Sunil Kumar 

(Gerreral 0ver.sea.s-Ittilia) 
Gibson, Frank (Matir l~erter) 
Gibson. John Carrington (Ht i l l )  
Goodman. Robert John 

(General Overseas-Spain) 
Green. Basil Ray 

(General Overseas-Trinidad) 
s) Green, Brian James (London) 

Greenall. Brian John ( Wellin~tott) 
Greenfield. Eric (Midlattds) 
Griffiths. Henry James (Mid1and.s) 
Grime. David (London) 
Groom. John Robert (London) 
Gunn. Reginald (Tltarnes Valley) 
Hackney, Thomas (Aucklanrl) 
Hamilton, Alexander (Scortislt) 
Harrison, Cyril Geoffrey (Hrtll) 
Harty. David Basil 

(General Overseas-Atrstralia) 
Hasnip. John Anthony (Hul l )  
Heald. Desmond (Matrrltester) 
Hefir. \'~ctor tieoige ( ~ a t t r h ~ t t e v )  
Herr~ott. Charlcr Edward ILotrrlon) 
H~ckman. Fdmm Pctcr (Mrrl lan~A) 
Hill. Gilbert Victor Geoffrev 

( T1tatne.s Valles) 
Hill. Raymond Forsvth (Scottish) j 
Hirst. John ~ i l l i a m - ~ r t h u r  

(Arrcklarrd) 
Hodge, Robert Alexander Paul 

(Attcklutrrt) 
Holden, William Desmond (Manclfest~r) 
Holt. Clifford (West Ridinx) 
Homden, Kenneth James Arthur 

(Loftdun) 
Honiball, Alan Edward (Manclrester) 
Hopper. Derek Edgar (Midlattd~) 
Hossack, James (Scottblr) 
Howard, Eric (Mattcliester) 
Howells, Rarry John (Hirl l) 
Howes, Edward John (Lortdatr) 
Hughec, Gilbert William (Mancltes~er) 
Huniphrey. Thomas Lawson Myles 

(Sroltislr) 
Jangbahadur. Shyam Sharan 

(Ge1tn.01 Overseas-Irart) 
Jenkins, Brian Gordon Allan (Aacklatrd) 
Johnyen. Svend 

(General Overseas-Dentnark) 
Johnqtone, James William (Marrchester) 
Jones. Derek Frederick Arthur 

( Tltatttes Valley) 
Jones, Geoffrey Peter ( Wellinpton) 
Judah. Jack Everard (Hul l )  
Kenna. Frank William ( Manchester) 
Kerr, Michael Anthony (Matidester) 
Khan. John Mohammed (London) 
Khidher, Abdul Monu~n 

(General 0ve~rea.s-Iraq) 
King, Charles William Henry (Midlattds) 
King. Raymond John (Midlands) 
Kirakoz. Yousif Diran (Manrlresler) 

) Kirlew, Charles Wetley 
(Getteral Overseer-Jarttaica) 

Kitchen, John Robert 
(Mid1and.~-T,uttt Va1le.v Branch) 

Knight, Richard Charles (London) 

Laker, Bernard George (London) 
Lakshmanan, P. R. 

(General Overseas-USA) 
Lander. Wilfred Terence (London) 
Lang, Robert (Scottish) ' 
Langford, Henry (London) 
Langley, Robert (Scortisli) 
Lawton, Cyril Victor (Midlands) 
Lewis, John David (Tharnes Valley) 
Low. Charles (Transvaal) 
Macdonald, Alan (Auckland) 
Macdonald, Arthur Gillings (Newcastle) 
Malik, Javed Haider 

(Genwal Overseas-Pakistan) 
Mandelson, Jack (Scottish) 
Maple, Donald Peter (London) 
Marsden, Chris Eyre (Manchester) 
Martin, Christian Pierre 

(Gerteral Overseas-France) 
Mavnard. Albert William David 

(beerseas) 
McCapra, Ronald (Aackland) 
McDonald. Kenneth Roy (Natal) 
McDonnell, Christopher Robin Stack 

( West Ridinn) 
McFetridge, John Henry ( Wellingtotr) 
McKay, Alan Gordon (London) 
McKean, James Newlands (Auckland) 
McMillan, James (Manchester) 
McQuirk, Peter John (London) 
Mepham, Brian Edwin (London) 
Mikucki, Wikton (London) 
Mills, Thomas Nelson (Natal) 
Mitchell, Seward John (Midlands) 
Moore, Frank Roden (West Riding) 
Moore, James (Manchester) 
Moore, Ronald Henry (West Ridinn) 
Moore, William Alexander (Auckland) 
Morehani, Frank Joseph (Newcastle) 
Morpeth, Frederick Johnson 

( Manrliester) 
Morr~s. David (Lolldon) 
Moss, Noel Sydney (Lottdorr) 
Munro, Hugh Anderson (Scollislt) 
Murray, David John (Manchester) 
Murray, Rohert Frederick (London) 
Myers, Gordon (Transva~l) 
Naess, Erik (General Overseas-Norway) 
Nelson. John George (Auckland) 
Ncss, Robert Alexander (Auckland) 
Nisbet, Peter Samuel 

(Scottisli-Eastern Branch) 
Nolan, Michael Melvyn (Irish) 
Norton. Douglas Kent (Midlat~ds) 
Oakley, Ernest (Newca.stle) 
O'Connor, Eugene Daniel (Manchester) 
Oldring, Peter Kenneth Thomas 

(Bri.stol) 
Orpwood. John Leonard (Londori) 
Oswitch, Stanley 

( Getreral 0ver.seas-Israel) 
Pace, Graham (Midlands) 
Parry, Martin Gerald (Lotidon) 
Patrick, Alan Clive (Irish) 
Peniberton, Joseph James (London) 
Peng, William Yeo Kok 

(General Overseas-Singapore) 
Perry, Leonard C. (Bristoll 
Pessall, Robert George (Midlands) 
Piper, Norman William (Munchester) 
Pobjoy, Reginald Claude 

(General Overseas-Zamhia) 
Poborca, Stefan (Midlands) 
Proudley, Philip Miles (London) 
Provan. Andrew Wilson (Wellineton~ 
~uorn, '~eter  James ( ~ a i e )  - ' 

Rackham, John Michael (Newcastle) 
Rampley, Dennis Neil (London) 
Redman. Frank Benson (Manclrester) 
Reeve, Frank Nicholson (Transvaol) 
Robinson, Arthur Graham (Manchester) 
Robinson. Francis Derrik (Hull) 
Rothwell, Gerald William (Lortrlon) 
Rout. Peter George (West Riding) 
Routley, Alan Francis (London) 
Rus5ell. Frederick, Charles (London) 
Semple, James William (Londort) 
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Sharp, Peter Frank (Auckland) 
Sharpe, David (London) 
Sheikh, Saeed 

(General Overseas-Pakistan) 
Shoham, Joseph 

(General Overseas-Israel) 
Silsby, Denys John (Midlands) 
Silverwood, David (Manchester) 
Smith, David Dorman (Scottish) 
Smith, Harry Bertram (Lonrlon) 
Soman, Chettiparambil 

(General Overseas-Spain) 
Sowerby, Alan Hope (Auckland) 
Spargo, Robert (Auckland) 
Speding, George (London) 
Springett, Robert Arthur Edward 

(Lonilon) 
Sreeves, John Ernest (Midlands) 
Staples, Peter Graham (London) 
Stephenson, Robert Perry (Auckland) 
Stone, James Bryan (London) 
Stott, Raymond (Manchester) 
Stretton, Elizabeth (Manchester) 
Stubbings, Alec Walter George (Lo~tdon) 
Sur~nphong, Julian Suriya 

(General Overseas-Thailand) 
Sutton, Peter Michael (London) 

Talwalkar, Vinayak Sakharam 
(London) 

Tape, Brian William Charles 
(General Overseas--USA) 

Tasker, Leonard 
(General 0ver.seas-Iran) 

Taylor, Richard Anthony John (Lonrlon) 
Taylor, Terence (Manclrester) 
Thomas, Anthony 

(Ge~reral Overseas-Brazil) 
Thoms, Hugh Sydney (Manclrester) 
Tillyer, Richard Brian (London) 
Topping, George David (London) 
Trevitt, Edwin William (London) 
Triggs, Francis Cyril (London) 
Troparevsky, Alejandro 

(General Overseas-.4rgetrtCrn) 
Tye, Terence Thomas (Tlra~~res Valley) 
Van Londen, Anton Matthijs 

(General Ove~seas-Denmark) 
Venus, Norman (Transvanl) 
Walker, Peter (Thames Volley) 
Weineck, Terrence Graha~ii (Natal) 
Westbrook, Ernest Louis Edward 

(Lontdon) 
Whalley, James (Irish) 
Whatling, Allan (Manclrester) 
Wheatley, Kenneth Valentine (Irish) 
Whetstone, Peter John (Lon(10n) 

Whiteside, Alexander Edward (Otrtario) 
Williams, Adrian Arthur Owen (Lonrdon) 
Williams, Cyril (Matrche.ster) 
Windsor, Frederick Barry (Mancl~ester) 
Woof, John Clifford (Lo~rrlot~) 
Wooll. Frederick James (London) 
Wu, Andrew Chi K i t  

(Gerreral Overseas-Hung Kotrg) 
Young. Hugh (West Rifling) 
Zissell, Martin John (Lorrtlorr) 

Licentiates 

Chambers, Anthony (Lorr~lu~r) 
Churchman. Anthonv Edward (Lontlu~r) 
Downham. Stephen kirey (Manchester) 
Elliott, Peter (Lo~tdo~t) 
Fernandes, Larry Ra~hael Francis Joseph . . 

(London) 
Hemmens. Anthony John (Bristol) 
Lodge, David William (Lorrdon) 
Ohene-Kwadade, Kofi 

(General Overseax-Ghana) 
Rogers, Michael Ambrose 

(Gerreral Over.~eas-Triniclarl) 
Sawverr. Olatunii Pckun 

(dene;.a/ 0verkas-~iwria) 
Schierbaum, James Helmut (Midlurals) 
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Newcastle Section: "Some aspects of the 
marketing of paint" by M r  G. Campbell, 
Crown Decorative Products, at St Mary's 
College, University of Durham, Elvet 
Hill Road, Durham. 

Monday 5 December 

Hul l  Section: "Subjective cornparisons- 
what does influence you?" by D r  W. E. 
Craker, Laporte Industries Ltd, at the 
George Hotel, Land of Green Ginger, 
Hull, at 6.30 p.m. 
Manchester Section : Lecture-Joint 
Institute of Printing/OCCA Manchester 
Section meeting - details to be announced. 
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West Riding Section: "Printing ink 
systems for textile colouration by sub- 
limation and diffusion transfer methods" 
by M r  F. D. Hough, Coates Bros. Inks 
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posal" by J. Smith, Re Chemicals 
International Ltd. at the Bellahouston 
Hotel, Glasgow, at 6.00 p.m. 
Thames Valley Section: "Steel blasting- 
recent developments" by M r  T. W. 
Kelsall, KUE Engineering Ltd, at the 
Beaconsfield Crest Motel (White Hart), 
Aylesbury End, Beaconsfield, Bucks, at 
6.30 for 7.00 p.m. 

Friday 9 December 

Irish Section: "Up to date position o f  
EEC legislation on dangerous hubstances 
preparations" by M r  P. Shaughnessy, 

Department of Labour, at the Clarence Scottish Scctiorr: Ladies' Annual Evening 
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Glasgow. 
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Scottish Section - Eastern Bmnch: "Hot 
stamping foils and gold leaf" by M r  B. J. 
Sitch, George M. Wbiley Ltd, at the 
Alfton Hotel, 6 Grosvenor Crescent, 
Edinbureh 12. at 7.30 om. 
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Tuesday 3 January 

Wst  Rirlirrg Sectil~n: "Flexible liquid 
epoxy resin systems" by M r  A. G. McKay 
and M r  P. T. Brown of Ciba-Geiev 
Plastici I~IVIS~II~ at Thc hlantion llot,i. 
Roundhay Pdrk. I.eed$ 8 ,  conilnenckng at 

Thursday 5 January 

Newcastle Sectio~r: "The Central 
Electricity Generating Board require- 
ments for surface coatings" by M r  D. A. 
Bayless, Scientific Services Dept., CEGB, 
at St. Mary's College, University of 
Durham, Elvet Hi l l  Road, Durham. 

Monday 9 January 

H~llSection: "Prediction of performance: 
fact or fiction", by M r  D. M. Bishop, The 
Railway Technical Centre, Derby, at the 
George Hotel, Land of Green Ginger, 
Hull at 6.30 p.m. 

Friday 13 January 

Manclrester Sectiorr: "Modern paint 
manufacturing techniques by M r  B. 
Lucas, Joseph Mason Idd, to be held at 
the Manchester Literary & Philosophical 
Society, Manchester, com~iiencing at 
6.30 p.m. 

Wednesday 18 January 

Scottish Sectiorr-Eastern hra~rclz: "Print- 
inks for paper-present and future 
developmnents" by M r  G. H. Hutchimon 
at the King Malcolni Hotel. Dunferrnline 
at 7.15 p.1;. 
O~rtario Sectio~r: "Anticorrosive func- 
t~onal pigments" by D r  P. Marr, Reed 
Ltd, at the Skyline Hotel, Toronto, at 
6.00 p.m. 

Thursday 19 January 

Lonrlon Sectiorr: "Finishing of exterior 
timber" by D r  E. R. Miller, at the 
Princess Alice, Romford Road, E7 
coninlencing at 7.00 p.m. 

Friday 20 January 

Irish Sectiorr: Ladies' Evening. "Interior 
designs" by Mrs A. Dalton, RIDipl. 
AIDP, of Andrian Inter~ors, at the 
Clarence Hotel, Dublin 2 at 8.00 p.m. 
Mirl1anrl.s Section: "Export/import of 
technology" by M r  A. G. North, Cray 
Valley Products Ltd, at the Birmingham 
Chamber of Industry and Commerce. 

Thursday 26 January 

T11a11re.s Vallej~ Sectio~r: "Chemical 
colouring of metals" by M r  G. Pollock of 
Osro Ltd, at the Beaconsfield Crest Motel 
(White Hart), Aylesbury End, Beacons- 
ficld, Buck$ at 6.30 for 7.00 p.m. 

Friday 27 January 

Brisrol Secriorr: "Abatement o f  paint 
stoving effluent" by M r  N. A. R. Falla of 
The Paint Research Association, at the 
Royal Hotel, Bristol at 7.15 p.m. 
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Association Notices 
Binding of Journal 

Members will be pleased to know that 
J. S. Wilson & Son, 14a Union Road, 
Cambridge CB2 IHE, will undertake the 
binding of back volumes of the Associa- 
tion's Journalsent in by individual Members 
at  a cost of £6.00 (including postage and 
packing) per volume. 

Members wishing to  avail themselves 
of this facility should send the parts, 
securely wrapped, direct to J. S. W~lson 
& Son, enclosing a remittance of £6.00 
(including postage and packing) per 
volume, and ensuring that notes bearing 
their names and addresses are enclosed 
u,i;h the parcels. It is pnrt~cularly important 
that packcts are sutficiently wrapped to 
negate the possibility of damage in the post. 

1978 Members' subscriptions 
Members are reminded that 1978 Member- 
s h i ~  subscri~tions to the Association are 

have approved of the Association for the 
purpose of the 1970 Income and Corpora- 
tion Taxes Act Section 192, so that a Mem- 
ber subject to United Kingdom income tax 
is entitled to a deduction from the amount 
of his emoluments assessable to income tax 
under Schedule E for the whole of the 
annual subscription to the Association, 
provided the subscription is defrayed out 
of the emoluments of his office or employ- 
ment and that the interests covered by the 
objects of the A~sociation are relevant to 
such office or employment. 

.Members residcnt in thc United Kingdom 
are reminded that IF  there 1% any change In 
the standard rate of Value Added Tax 
announced before they send in their 1978 
subscription, the VAT payable on niember- 
ship subscriptions is the amount which 
applies on the date of payment. 

1978 library subscriptions 

can be purchased for £2.50. Remittance 
should be sent with order to the Associa- 
tion's offices. 

Retired members 
Council also wishes it to be known widely 
that in 1962 it introduced a reduced 
Membership subscription rate for Mem- 
bers who have retired from business. 
This applies to a Member who bas 
completed 20 years as an Ordinary or 
Associate Member and has retired from 
business and normally has reached the 
age of 60. he may apply for his name to 
be retaingd on the Register of Members 
at an annual subscription rate of £1.50 
and he will retain the same rights of Mem- 
bership as the class of Membership 
to which he was attached upon retirement. 

Members wishing to avail themselves 
of this concession should write, in 
confidence, to the Director & Secretary 
at t t e  address shown on the front cover . . . . . .  

payable January 1978. were The Journal subscription rate to non- of this Jorn.nal, giving the relevant 
Members in October Or Members, including libraries, for 1978 information under the four headings: 

November, depending upon address. will be £25.00 ($60) post free by surface (a) name, address and Section, ( h )  date 
The Commissioners of Inland Revenue mail, home and abroad. Individual copies of election. ( r )  date of retirement, ( d )  age. 
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*P ' is a growlng concei 
Preservatron without pollutron for Proxel CRL (Irqurd, based on ethylene 

emulsion palnts and latex emulsrons. After diaminesolvent); 
using Proxel you'll never again @ badk to Proxel HL (liqurd, based on mixed amine 
thoseold mercurral, phenolrc and solvents) and 

formaldehyde preparations. Proxel AB (original fluid drspersion). 
Eased an the unique preservatrve Get Proxel protectton now-for further 

(12 benzrsothrazolrn-3-one), Proxel biocides rnformation contact your local ICISaies 
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low toxicity and maximum protectron agamst 
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APPOINTMENTS VACANT 

Senior 
Technologist 1 
Protective Finishes I 
The Open Top Group of Metal Box Limited is 
concerned with high-volume production of cans 
for food and beverage products. 
Due to the reorganisation of the Materialsand 
Container Division at Acton there is a vacancv 
foraSenior~echnolo~ist  to assume 
responsibility underthe Materials Controller for 
the approval of the varlous finishes applied to 
food and beverage cans. You would become 
mcreaslngly involved in ensurlng that these 
materials conform with the re~u~rements of the I 
Health and Safety at Work Act and are 
correctly used. 
Candidatesshould bequalified to HNDIdegree 
level and/or have some years'experience in 
metal decorating, preferably in the food/ 
beveragecontainers field. 
An attractivesalary wil l  be offered plus big 
company benefits. Write, giving concise history 
details with salariesearned to date to: 

B Metal Box QD P. L. C. Havward. 

Required by 

COMMERCIAL PLASTICS LTD 1 
(Makers o f  Fablon and Mayfiur) 

CRAMLINGTON I 
Commercial Plastics manufactures and exports a wide 
rangle of vlnyl products to markets throughout the world. 
Our modern. well-equipped research and development 
facility requires a technologict to join our development 
services team where heishe wil l  be involved w ~ t h  the 
plgmcntatlon of  I'VC k>rniulal~onc and the development 
of prlntlng Inks ancl Incquen C.+nd~dntec chould pchress 
HKC or equl\alenl qudltlisat~on\ ;tnd habe had at leact I 
3 years' experience in a colour-using or surkce-coating 
industry. 
Applicants for this position should be keen experimentalists. 
and must be capable of following development processes 
through to production level. 
I f  you feel you have the relevant qualifications and 
experience for t h ~ s  post, which oH'crs a good startlng 
~a la ry  together with the usual benefits associated with a 
large company. please telephone or wrltc for an application 
form to: 

Colin Hancock 
Personnel Officer 
COMMERCIAL PLASTICS L l M l T E D  
Bassington Industrial Estate 
Cramlington, Northumberland 
TeI: Cramlington 713333. 

1. - Metal ~ o x ' ~ ! m ~ t e d ,  
Queens House, 
Forbury Road, Reading, Berkshire. 

RECONDITIONED EQUIPMENT FOR S 4 L E  BOOKS OFFERED 

Flame-proofed Forklift Truck! ! ! 

Counterbalance and reach-type battery electric models. U p  
to 4500Ibs capacity. Lift ing height up t o  20ft. Triplex masts. 
Guaranteed. Load test certificates. Also a comprehensive 
stock o f  battery electric forklift trucks o f  all types. 

We buy -surplus flame-proof trucks. 

Pleme note our name and address for your future 
requirements. 

Speed Electrics, The Wells Road, Nottingham. Tet: 0602.609782 

The following years copies o f  the Journal 
are available: 1959. 1961-64. 1966. 1967. 

Box N o  450 

MISCELLANEOUS 

Paint consultant-technical author; wil l  
write or update literature, data sheets. 
Ideal for small companies. 

Box No. 451 
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APPOINTMENTS VACANT 

Scope to become Chief Chemist in short term. 

SENIOR PAINT TECHNOLOGIST 
North East-real involvement--good salary plus car etc.  

Applications are invited for this most interesting position with a rapidly 
growing specialist paint manufacturer which will shortly be moving into a 
new purpose-built factory. 

Candidates should be aged 25-40 and should want to accept the responsibilities 
as well as the job satisfaction of being a key member of an enthusiastic and 
hardworking top management team. They will have a good general back- 
ground in paint technology as well as being conversant with the formulation 
and development of H.D. protective systems and structural steel plus the more 
conventional finishes. 

Qualifications should be to HNC (Chemistry) or equivalent and experience 
of production control and customer service is desirable. 

Please reply in confidence with full details to: 

Gordon Carr, Technical Director, Tor Coatings Ltd, 18 Armstrong, District 2, 
Washington, Tyne & Wear. 

Materials 
1 Engineer 

Organ~c Chem~.t/Technolog~st required for  work on a wide variety o f  
surface coating materials and processes. 
The work entails application development and adoption of existing 
and new materials used i n  painting, lacquering. powder coating and 
allied processes and fol lowing through t o  production stages. A n  
important part of the f unc t~on  is closeco-operation and liaison w i t h  
production and qual i ty departments and the abi l i ty t o  get on w i t h  
people. There is prospect of advancement and promot ion t o  higher 
grades for the r ~ g h t  person 
The applicants. male or female, should possess a University degree 
Previous experience i n  surface coating and organic finishing desirable 
but  is not  essential as adequate training wi l l  be given. 
Appl~cations should be made in wr i t ing giving details of age, 
qualifications and experience to .  
Staff Supervisor, 
Lucas Electr~cal Llmlted. 
Great K ~ n g  Street. 
Birmingham 519 2XF .  
Please quote reference S/334.  

Lucas L 

For Sale 

16"x40" Lehmann Triple Roll Mill 
15" x 30" Vickers Triple Roll Mill 
12" x 24" Vicken Triple Roll Mill 
6" x 12" Marchant Laboratory Triple 
Roll Mill. 
One off Heavy Duty 1000 Ib Baker 
Parkins U. Trough mixer twin Naben 
Blades 100 h.p. electrics. Oil heated 
jacket. 
One off 50 Ih Baker Perkins twin Naben 
blade mixer jacketed. 
One off 100 Ib Baker Perkins twin Naben 
blade mixer jacketed. 
One off 500 Ib Baker Perkins twin Naben 
blade mixer jacketed. 
One 10" lddon Strainer. 

E. Newton Engineering Ltd., 
60 Verney Road, 
London, SE16 Tel: 01-237 5171. 

MISCELLANEOUS 

Metal Powders 

Overseas company in developingcountry 
specialising in metal powders wishes to 
contact organisations in UK with view 
to trade. 

AT ANY TIME 
DAY OR NIGHT 

TELEX 

YOUR CLASSIFIED 

FOR 

JOCCA 
Telex 922670 (OCCA Wembley) 

See page xii for details of rates 
for Classified Advertisements. 
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m I : City S t a t e Z i p  1 

: Country . 
JCA n ........ ....... : ......................... ... .... m..: 

field of surface coatings and related tech- 
nologies. The fourth edition contains the 
important addition of a glossary of the terms 
used in the book together with explanations 
of their derivations, as well as the completely 
revised and updated text. 
Price £5.00 (Registered Students of the 
Association £2.50) Prepayment only. 
OIL AND COLOUR CHEMISTS' ASSOCIATION 
Priory House, 967 Harrow Rd., Wembley HAO2SF 
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APPOlNTMENTS VACANT SITUATIONS WANTED 

RE: PHYSICAL CHEMIST 
WOOL TEXTILES RESEARCH AND DEVELOPMENT 
WEST YORKSHIRE 

We are looking for a practical physical Chemist for the TEXTILE 
CHEMISTRY SECTION of our Technical Centre in Ilkley. The work 
wil l  be with a small team and will be mainly on the development of 
polymer treatments for wool textiles. 

Candidates menlwomen should be qualified to degree level with 
relevant experience gained in industry or by studying for a higher 
degree. Previous experience in textile research is not essential. Some 
experience with colloid chemistry would be useful. 

The work of the IWS Technical Centre is very much geared to the need 
of the wool textile industry. The successful candidate will be a self 
starter and must be prepared and eager to extend laboratory develop- 
ment to full scale industrial purpose via our well equipped pilot plant. 

Good working conditions (in one of the most attractive areas in 
Yorkshire) and competitive starting salary are offered together with 
the other terms of service expected of an international organisation. 

Further details and appl icat ion f o rms  may be obtained f rom:  

The Establishment Officer, 
Internat ional  Woo l  Secretariat, 
Valley Drive, 
Ilkley. 

O r  by  r inging Mrs.  C. Conner, l lkley 601555. 

Works  ManagerITechnical 
Adviser 

has returned to the UK after 28 years 
service abroad and seeks a post with a 
colnpany in S.W. England who could 
utilize all or part of his valuable 
experience. This includes: Purchasing of 
raw materials and plant. Stock control. 
Pricing finished products. Production 
planning and statistics. Technical and 
commercial correspondence with 
licensees and suppliers. Planning and 
drafting training programmes for 
technical personnel. Advising dis- 
tributors and specifying authorities with 
regard to company products. 
Box 448 

MISCELLANEOUS 

All types of 
handicapped 
children 

are helped by the 

INVALID 
CHILDREN'S 
AID ASSOCIATION 

Funds are urgently needed for its 
special schools, professional socialwork 
services, pre school play-groups and 
research and information servicen. 

Donations, legacies to: 
ICAA, 126 Buckingharn Palace Road, 
London SWlW 9SB. 01-730 9891 

I 
. 

MANAGER 
SPECIAL PROJECTS 
Foseco Foundries International ceramics, chemistry or chem~cal 
L ~ m i t e d  is a member o f  a large engineering. Some knowledge of 
and successful international Paint/Plgment technology and 
group of companies. We develop the foundry industry would be 
and market a wide range of an advantage but is not essential. 
Foseco products to the foundry The successful person wi l l  be 
and metallurgical industries directly involved in the 
throughout the world. marketing and development of 
We are now looking for a refractory paint on a world wlde 

I marketing orientated person to basis and overseas travel wi l l  be 
be an important member of a involved, 
young progressive management This is a challenging position 
team. offering exceptional 
The Ideal applicant may already opportunities for career 
be wo rk~ng  In a marketing advancement and carrles an 
environment and wi l l  be a attractive salary and frlnge 
graduate i n  benefits package. 

Applicants, male or female, should write in the first instance giving 
details o f  age and career t o  date to:  
N.J.M. Bennett, Personnel Manager, Foseco International Limited, 
285. Long Acre, Nechells, Birmingham 8 7  5JR.  

Foseco 
INTERNATIONAL LIMITED 

A MEMBER OF THE FOSECO MINSEP GROUP 
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The fast, economical weather tests of  

SUB-TROPICAL TESTING SERVICE, INC.  
established 1929 
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